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LOI NOI PAU

Nhdm ddp ving yéu cau giang ddy va hoc tdp cuia gido vién va sinh vién
thuéc nganh Ky thudt co khi nong nghiép cua cdc truong dai hoc ky thudt,
chiing t6i bién soan cuén gido trinh “KY THUAT THUY KHI” Theo chuong
trinh khung Gido duc Dao tao da duoc Bo Gido duc va Dao tao duyét, voi
khoi luong 3 tin chi (credits). Gido trinh duogc trinh bay ngdn gon, dé hiéu, dé
cdp nhitng ndi dung co bdn trong tam cua mon hoc: Co hoc chat long dai
cuong, May thuy khi. Trong moi chuong ciia gido trinh ¢é dua thém phan vi
du va bai tdp dé sinh vién tham khdo, lam bai tap thuc hanh va cung cé ly

thuyét..

Ngoai ra cuén sdach nay cé thé dung lam tai liéu hoc tdp, tham khdo

cho sinh vién cdc nganh Pai hoc khdc, sinh vién hé cao dang ky thudt co khi..
Tdc gid xin chdn thanh cam on su dong gop y kién qui bdu ciia
GS.TSKH. Vii Duy Quang - nguyén truong bo moén Thuy khi ky thudt va Hang

khong, Truong dai hoc Bdach khoa Ha Noi cung cdc dong nghiép.

Tuy nhién do trinh dé c¢6 han nén khong trdanh khoi thiéu sot, rdt mong

duogc cdc doc gid phé binh gop y.
Tdc gid xin chdn thanh cam on su déng gop y kién cua cdc doc gid!

Ha Noi, thang 02 nam 2008

Tdc gia
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Phan A

CO HOC CHAT LONG Pdl CUONG
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Chuong I
MO PAU

1.1. POI TUGNG, PHUONG PHAP NGHIEN CUU MON HOC
1.1.1. Poi tugng

D6i tuong nghién ctu ctia mon hoc 1a chat 16ng. Chat long & day dugc hiéu theo
nghia rong, bao gom chat 16ng & thé nudc - chat 16ng khong nén dugc (khéi luong rieng o
= const) va chat 10ng & thé khi - chat 16ng nén dugc (khoi luong riéng p # const)

K§ thuat thuy khi 12 mot mon khoa hoc co s& nghién citu cdc qui luat can bang va
chuyén dong cta chat 16ng dong thoi van dung nhiing qui luat ay dé giai quyét cac van dé
k¥ thuat trong thuc tién san xuat va doi song. Chinh vi thé€ ma n6 ¢6 vi tri 12 nhip ciu néi
gitta nhitng mon khoa hoc co ban véi nhitng mon ky thuat chuyén nganh.

K§ thuat thuy khi dugc chia thanh phan chinh:

+ Co hoc chdt long dai cuong: Nghién ctu nhitng qui luat can béing, chuyén dong
clia chat 16ng va tng dung nhitng qui luat 4y dé gidi quyét cdc van dé trong thuc tién ky
thuat, san xuat va doi song. Cac van dé vé tinh toan thuy luc dudng 6ng, vat ngap trong chat
16ng chuyén dong va co s& ly thuyét vé thi nguyén, tuong tu.

+ May thuy khi: (ng dung kién thic dai cuong vé co hoc chat 1ong dé phan loai,
nghién ciu 1y thuyét co ban ctia mot s6 loai mdy thuy khi thong dung nhu bom Ly tam,
bom Piston ...

1.1.2. Phuong phap nghién citu
Trong k¥ thuat thuy khi thudong dung 3 phuong phap nghién cttu phé bién sau day:

Phuong phdp 1y thuyét: Sut dung cong cu toan hoc, chu yéu la toan giai tich,
phuong trinh vi phan véi cdc toan tr vi phan quen thudc nhu: gradient, divergent, rotor,
toan tir Laplas, dao ham toan phan... St dung céc dinh 1y téng quét ctia co hoc nhu dinh 1y
bao toan khai lugng, nang lugng, dinh ly bién thién dong luong, mo men dong lugng ...

Phuong phdp thuc nghiém: dung trong mot so trudong hop ma khong thé giai biang
1y thuyét (xdc dinh hé s6 can cuc bo, hé s6 4 ...)

Phuong phdp ban thuc nghiém: Két hop gitra 1y thuyét va thuc nghiém.

1.2. SO LUGC VE LICH SUPHAT TRIEN MON HOC. UNG DUNG
1.2.1. So luwoc lich sir phat trién mén hoc

Ngay tir thoi xa xua, loai nguoi da biét 1gi dung stic nudc phuc vu cho sinh hoat doi
song, 1am nong nghiép, thuy 1oi, kénh dap, thuyén be...

Nha bdc hoc Acsimet (287-212, tru6c cong nguyén) da phdt minh ra luc dady
Acsimet tic dung 1én vat nhiing chim trong long chat 16ng.

Nha danh hoa y - Léona Dovanhxi (/452-1519) dua ra khdi niém vé lyc cén cua
chat 16ng Ién vat chuyén dong trong n6. Ong muén biét tai sao chim lai bay dugc. Nhung
phai hon 400 nam sau, Jucopxki va Kutta méi giai thich duoc: d6 1a luc nang.
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1687 - Nha bac hoc thién tai nguoi Anh I. Newton dd dua ra gia thuyét vé luc ma sat
trong giita cdc 16p chat 1ong chuyén dong ma mii hon mot thé ky sau nha bac hoc Nga -
Petrop méi chitng minh gia thuyét d6 bang biéu thiic todn hoc, 1am co s& cho viéc nghién
ctru chit 1ong luc (chat 16ng nhét) sau nay.

Hai ong L.O le ( 1707-1783 ) va D.Becnuli ( /700-1782 ) 1a nhitng nguoi da dat co
s& 1y thuyét cho thuy khi dong luc, tich né khoi co hoc 1y thuyét dé thanh 1ap mot nganh
riéng.

Tén tudi clia Navie va Stoc géan lién v6i nghién ctiu chét 1ong thuc. Hai 6ng da tim
ra phuong trinh vi phan chuyén dong cua chat 1ong (1821-1845).

Nha bac hoc Dic - L.Prandtl da sang lap ra ly thuyét 16p bién (1904), gép phan giai
quyét nhiéu bai toan dong luc hoc.

Ngay nay, nganh thuy khi dong luc hoc dang phét trién véi téc do vii bao, thu hit su
tap trung nghién cttu ctia nhiéu nha khoa hoc néi ti€ng trén thé gidi va trong nudc; nd can
thiép hau hét tdi tit ca céc linh vuc doi s6ng, kinh t&€, quoc phong.. .nhdm ddp ing moi nhu
cu cap bach ctia nén khoa hoc cong nghé hién dai cta thé ky 21.

1.2.2. Ung dung

Pham vi ting dung ctia mon hoc khd rong rii: ¢6 thé néi khong mot nganh nao trong
cac linh vuc khoa hoc, k¥ thuat cong nghé va doi song c6 lién quan dén chat long va chat
khi nhu giao thong van tai, hang khong, co khi, cong nghé hoa chit, xay dung, nong
nghiép, thuy 1¢i... ma lai khong tng dung it nhiéu nhiing dinh luat co ban cta thuy khi.

1.3. MOT SO TINH CHAT VAT LY CO BAN CUA CHAT LONG. KHAI NIEM VE
CHAT LONG LY TUONG

1.3.1. Mot s6 tinh chat dé nhan biét
Tinh lién tuc: vat chat dugc phan bd lién tuc trong khong gian.

Tinh dé di déng: do luc lién két gitra cdc phan tir chét 10ong rat yéu, dng suét tiép (noi
ma sét) trong chat 16ng chi khac 0 khi ¢6 chuyén dong tuong d6i giita cdc 16p chat 1ong.

Tinh chong kéo va cat rit kém do luc lién két va luc ma sét gitta cdc phan tir chat
1ong rét yéu.

Tinh dinh w6t theo thanh binh chia chat 1ong.
1.3.2. Su trao déi nhiét luong va khéi luong

Nhiét lugng truyén qua mot don vi dién tich trong mot don vi thoi gian ty 1& véi
gradien nhiét do, con khoi luong chat 1ong khuéch tdn truyén qua mot don vi dién tich
trong mot don vi thoi gian ty 1€ véi gradien nong do cua chat d6 trong dong chat 16ng.

Tinh chat trén dugc biéu dién béi cdc dinh luat sau day:

Dinh luat Furié:

=1L (wm)
dn'
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Dinh luat Fich:
m= Dd—C (kg/m’s)
an’'
trong d6: ¢ va m — nhiét lugng va khoi lugng truyén qua mot don vi dién tich trong mot don
vi thoi gian;
T va C —nhiét do va nong do vat chat;
A va D —hé s6 dan nhiét va hé s6 khuéch tan.
1.3.3. Khoi lugng riéng va trong luong riéng

- Khoi lugng riéng : 1a khoi lugng cia mot don vi thé tich chat 16ong, ky hiéula p:

p= % (kg/m’) (1-1)

trong d6: M - Khoi lugng chat long (kg)
W - Thé tich chat 16ng c6 khéi lugng M (m?)

- Trong luong riéng: 1a trong luong cia mot don vi thé tich chét 16ng, ky hiéu l1a: ¥

Y=w (N/m*; KG/m®) (1-2)
Quan hé gitta p vay: y= pg; g=98Im/s
Bang 1.1
Trong lugng riéng ctia mot s6 chat 16ng
Tén chat 1ong Trong luong riéng, N/m’ Nhiét do
Nudc cat 9810 4
Nudc bién 10000 - 10100 4
Dau hoa 7750 - 8040 15
Xang may bay 6380 15
Xang thudng 6870 - 7360 15
D4u nhon 8730 - 9030 15
diezel 8730 - 9220 15
Thuy ngan 132890 20
Con nguyén chit 7750 - 7850 15

Luu y : Khoi lugng cta chat 1ong 1a mot dai lugng khong thay d6i con trong luong
ctia chuing thi phu thudc vao vi tri cta nd.
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1.3.4. Tinh nén ép va tinh gian nd vi nhiét

- Tinh nén duoc: biéu thi bing hé s6 nén duogc (£3,). Hé s6 nén ép l1a s6 giam thé tich
tuong doi ctia chét 1ong khi ap sudt tang lén mot don vi:
R L (1-3)
trong d6: W - thé tich ban diu clia chat 16ng (m’);
dW - So giam thé tich khi 4p suat tang lén (m’);
dp - Lugng 4p suat tang lén (N/m?).
Vi du: hé s6 [, cha nuéc & nhiet do 0°c dén 20°c c6 tri s6 trung binh 1a

;mz / N ; & nhiét do 100°c, 4p suat 500 at i ———————m?/N.
210000000 250000000

- Tinh gian nd vi nhiét: Biéu thi bing hé s6 gidn nd vi nhiét (£,), 1 s6 thé tich tuong
doi ctia chit 1ong tang 1én khi nhiét do tang 1én 1 do:
1 dw
P=Wa
Vi du: Trong nhiing diéu kién thong thudng: Dau hoa c¢6 £ = 0,000 600 - 0,00800;,
Thuy ngan c6 S, =0,00018.
Luu y: Hé s6 gian nd vi nhiét 16n hon nhiéu so véi hé s6 nén dugc, song chiing déu
12 nhitng tri s6 rit nhd ma trong mot so tinh toan thong thudng cé thé bod qua.
1.3.5. Tinh béc hoi va do hoa tan

(1/d9) 1-4)

Doi v6i chat 1ong thanh hat néu nhiét do soi cang 16n thi do boc hoi giam. Da6i v6i
hé thong thuy luc do boc hoi duge dac trung boi dp suat bao hoa P,,. Trong di€u kién nhiét
do khong déi, néu dp sudt bao hoa P, cang 16n thi do béc hoi cang 16n.

Do hoa tan dugc biéu dién boi cong thitc

Vo o m
Vn P2
Trong dé: V, — thé tich ctia khi hoa tan trong diéu kién thudng;

V, — thé tich chat 16ng;
k - do hoa tan;
P, va p, - ap sudt khi truGe va sau khi hoa tan.

Do hoa tan & 20°C clia mot s6 chat:

Nude Dau xang Dau bién thé
0,016 0,127 0,083
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1.3.6. Stic cang bé mat cia chat 1ong

Trong noi bo chat 1ong, cdc phan tir duge bao boc boi cling mot loai phan tir nam
trong ndi bo thé tich chat 16ng, con gan mat thoang chi con mot phia, vi vay nang lugng cua
céc phan tir trén mat thodng khac véi niang luong cua cdc phan tir ndm trong nodi bo chat
1ong mot dai lugng nao dé. Nang luong d6é dugc goi 1a nang lugng bé mat, né ty 1é véi dién
tich bé mat phan céch S:

E, =o0S
O day: o1a hé s6 stic cang mat ngoai, phu thuoc vao ban chat thién nhién cla hai
moi truong ti€p xuc, dugc xac dinh:
o=-R/ (N/m)
Trong do6: R — Stic cang mat ngoai;
[ — chiéu dai cua hai mat ti€p xdc.
Vi dy: V6i mat phan cch giita nuée va khong khi khi nhiét do t = 20°C: o= 0,073
N/m; d6i mat phan cach gitta thuy ngan va khong khi: o= 0,48 N/m.
1.3.7. Tinh nhét

Trong qué trinh chuyén dong céc 16p chat 16ng truot 1én nhau phét sinh ra luc ma
sdt trong gy ra ton thit nang luong va chat 1dng nhu thé goi 1a chat 16ng ¢6 tinh nhét (chat
1ong Newton).

Nam /687 1. Newton dya trén thi nghiém: c¢6 hai tdm phang I - chuyén dong véi van
téc V c6 dién tich S va II - ding yén (Hinh /-7 ). Giita hai tim c6 mot 16p chat 16ng /4. Ong
da dua ra gia thiét vé luc ma st trong giita nhitng 16p chat 16ng 1an can chuyén dong 1a ty 1&
thuan véi toc do va dién tich bé mat ti€p xudc, phu thudc vao loai chét 16ng va khong phu
thuoc vao ap suat.

Sau d6 Petrop (1836-1920) da biéu thi gia thuyét d6 trong trudng hop chuyén dong
thang bang biéu thiic toan hoc:

T us ™) (1-5)
trong do:
T - luc ma sat trong
M - hé s6 nhét dong luc, dac trung tinh nhét cta chat long;
S - dién tich ti€p xtc gitta hai 16p chat long;
Z—; - gradien van toc theo phuong y vudng goc v6i dong chay;
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A 4
LI11777777 /777777 7777777777777777

Hinh 1-1. Minh hoa tinh nhét cua chét 1ong

Luc ma sét trong sinh ra ting suét ti€p 7:

T dv
T=—=U— N/m? 1-6
g H dy (N/m”) (1-6)
Tt (1 - 6) rit ra cong thiic xac dinh hé s6 nhét dong luc
T 2
p=—r— (NS (1-7)
dv
S -
dy
Ngoai £, con dung hé s6 nhét dong () trong céc biéu thiic c6 lién quan dén chuyén
dong:
p=H m?/S hoic (stoc: 1st =10"*m?s)
Yol

C4c hé so ¢ va vthay déi theo nhiét do va 4p suét. Nhin chung 4 va v clia chét 16ng
giam khi nhiét do tang va tang khi ap suat tang ;

Vi du: hé s6 nh6t dong luc cia nudc &
nhiét do 0°c, ¢ = 0,0179 con & 100°c, 1 = 0,0028
: Dau nhon & nhiét do 0%, 1 = 6,40; & 60°c, u =
0,22 va hé s6 nhét dong ctia dau nhon s€ tang gap
doi khi ap suét tang tir 1 dén 300 at.

Pé do do nhét clia chat long, ngudi ta
dung céic loai dung cu khic nhau. Dué6i day gidi
thiéu mot loai dung cu do do nhét Engole thuong
ding & Viét Nam (Hinh 1 - 2) dé do do nhét 16n
hon do nhét ciia nude. May gém ¢6 binh hinh tru
kim loai 1, c6 ddy hinh cau han vao né mot ong
hinh tru bang déng thau 3. éng hinh tru dat trong
binh chita nuée 2. Trong 16 ctia 6ng hinh tru 3, dat
mot 6ng bach kim hinh nén 4 dé xa chat 16ng ra
khoi binh 16 1.
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L6 cua 6ng 4 duoc dong bang mot thanh dac biét ¢ dudng kinh 3 mm Mudn xédc
dinh do nhét ctia mot chat 16ng & nhiét do nao dé, ta rét 200 cm’ chat 1éng can do vao binh
1 va giit ding nhiét do can thiét.

Do thoi gian chdy t, ctia 200 cm’ chat 16ng do qua 16 ddy.

Sau dé do thoi gian chay t, clia 200 cm® nuéc cat & nhiét do 20°c (khoang 50 giay).

Ty s6' t, / t, goi 1a do nhét Engole (Ky hiéu ° E)

op=li (1.3
5]

Ngoai cdc don vi Stoc va do nhét Engole, thuong gap cac don vi do do nhét khéc
nhau, quan hé giita chiing véi don vi Stoc dugc trinh bay trén bang 1. 2.

Bang 1.2
Tén don vi Ky hiéu Tri so tinh bang Stoc
00631
0 ’

Do Engole ‘E 007310 E - =5 E
Giay Rebon "

S 0,00220 " s - 50

S

Giay Redut "

R 0,00260 " R - 22
bo Bache 'g 485

B

1.3.8. Chat long thuc, chat long 1y tuong

Trong thuc té&, chat 16ng c¢6 day du tinh chat co 1y nhu da trinh bay & trén goi la chat
long thuc.

Nhung dé thuan tién cho cong viéc nghién citu, ngudi ta dua ra khai niém chét 1ong
1y tudng (hay con goi 1a chat 1ong khong nhét).

Chat long 1y tudng 1a chat 1ong c6 tinh di dong tuyét doi; hoan toan khong chéng
duoc luc cat va luc kéo ; hoan toan khong nén dugc khong gidn nd va khong c6 tinh nhdét.

Chat 16ng & trang thdi tinh trong nhiing diéu kién thay déi 4p suét va nhiét do binh
thudng, thi thé tich va khoi luong xem nhu khong déi vi khong ¢6 chuyén dong nén khong
¢6 luc ma sat trong (khong c6 tinh nhét). Nhu vay chat 1ong thuc & trang thai tinh rat gan
v6i chat 1ong 1y tudng do dé c6 thé nghién citu céc qui luat clia chat 16ng thuc & trang thai
tinh trén chit 1ong 1y tudng thi két qua thu dugc hoan toan pht hop véi thuc té.

Trong trudong hop chét 16ng thuc & trang thdi chuyén dong vi ¢6 tinh nhét nén ¢6 luc
ma sat trong, ¢ tiéu hao niang luong do d6 néu dung khai niém chat 16ng 1y tudng dé
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nghién cdu thi két qua s€ khong ding véi thuc t€. Nguoi ta phai dung thuc nghiém, tién
hanh céac thi nghiém chét 16ng thuc. So sanh két qua nghién ctu 1y thuyét va thuc nghiém
dé rit ra cac hé so hiéu chinh dua vao cdc cong thic 1y thuyét cho phu hop véi thuc t€.

1.4. VI DU VA BAI TAP
Vidu 1-1.

Pé 1am thi nghiém thuy luc, ngudi ta d6 diy nudc vao mot dudng ong c6 dudng
kinh d = 300 mm, chiéu dai [ = 50 m & 4p sudt khi quyén.

Hoi lugng nudc cén thi€t phai do vao 6ng 1a bao nhiéu dé dp suét dat t6i 50 at?

’ 1
Hé s6 nén duoc /, =————.— B0 qua bién dang clia ong.
. By =000 04 ang g

Gidi:

Dung tich ctia duong 6ng:

2 2
w=" 20T o353
4
Tir cong thic (1- 3), trong diéu kién cu thé clia bai todn, hé s6 nén dugc 4, dugc tinh
nhu sau:
1 AW
fy=r A
(W +4wW) 4p
Trong d6 A W- luong nudc d6 thém vao;
Ap - do tang ap suat.
w.A
aw = PV 135350 hces s
1-4,4p 20000 /B 50
20000

Hay: AW = 8,85 lit
Vidu 1-2.

Xdc dinh do nhét chia dau Diezel néu biét khoi luong riéng ctia né p = 900 kg/nr’ va

do nhét Engole °E = §°.
Giai:

Do nhét dong duoc tinh theo cong thiic:

0,0631
'k

v=0,0731"E - (cm?/s)

V6i’E = 8’ tacé: v=10,577.10" m’/s = 0,577 stoc
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Do nhét dong luc:
U=vp=900.0,577.10-4 = 0,00529 kGs/m’

Bai tdp 1-1.

Khi lamthi nghiém thuy luc, ding mot duong 6ng c6 duodng kinh d = 400 mm, dai [
= 200 m, dung day nudc & dp suat 55 at. Sau 1 gio ap sudt giam xudng 50 at.

BPadp s6:V = 6,28 lit
Bai tap 1-2.

Mot bé chita hinh tru dung ddy ddu hod & nhiét do 5°C, muc ddu cao 4 m. Xac dinh
muc ddu tang 1én, khi nhiét do tang lén 25°C. Bd qua bién dang ctia bé chia.
He s6 gian nd vi nhiét B, = 0,00072di
0
Ddp s6: h=15,76 cm
Bai tdp 1-3.

Duing mdy do do nhét Engole x4c dinh do nhét ctia dau Diezel 1a °E = 5°. Tinh hé
s0 nhét dong luc clia dau Diezel.

Trong lugng riéng clia dau Diezel y= 9500 N/n'.
Ddp s6- 1t = 0,0342 Ns/m®

Cadu hoi on tip chuong I

Tinh chét clia su trao d6i nhiét va khoi lugng trong chat long.
Phan biét gitta khoi lugng riéng va trong lugng riéng.

Tinh nén dugc va gian nd vi nhiét 1a gi ? cach xac dinh?
Tinh boc hoi va do hoa tan — Cach xac dinh ?

Stic cang bé mat 1a gi ? cach xac dinh ?

Tinh nhé6t (nguyén nhan va cich xac dinh).

N ok w b=

Khéi niém vé chat 16ng thuc, chat 1ong 1y tudng. Tai sao lai phai dung khai niém vé
chat 16ng thuc, chit 1ong 1y tudng?
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Chuong I1
TINH HOC CHAT LONG

Tinh hoc chat 1ong nghién cu nhitng qui luat can bang cta chat 1ong & trang thai
tinh va tng dung nhitng qui luat &y dé gidi quyét cac van dé trong thuc tién k¥ thuat, san
xuat va doi song.

Nguoi ta phan ra 2 trang thdi tinh:

Tinh tuyét doi: Chat 1ong khong chuyén dong so v6i hé toa do co dinh (gén liénvéi
trai dat)

Tinh tuong doi: Chat 1ong chuyén dong so véi hé toa do ¢ dinh, nhung giita ching
khong c6 chuyén dong tuong doi.

2.1. AP SUAT THUY TINH
2.1.1. Luc tac dung lén chat long

O trang thai tinh, chét 10ng chiu téc dung cta hai loai ngoai luc :

Luc khoi lugng (hay luc thé tich) tdic dung lén chat 16ng ti 1¢ v6i khoi luong (nhu
trong luc, luc quén tinh...)

Luc bé mat 12 luc tac dung l1én bé mat cha khoi chat 16ng (nhu 4p luc khi quyén tdc
dung 1én bé mat tu do cta chat long ...)

2.1.2. Ap suat thuy tinh
a ) Dinh nghia

Ap sudt thuy finh 13 nhiing ting suat
gay ra bdi cdc luc khai va luc bé mat. Ta hay
xét mot thé tich chat long giéi han béi dién
tich 22 (Hinh 2 -1). Tudng tugng cat khoi chat
16ng bang mat phang AB, chat 16ng phan 7 tic
dung 1én phan /I qua dién tich mat cat @ Bo [
ma van gitt /7 & trang théi can bang thi phai
thay tdc dung I 1én II bang luc P goi la ap
suét thuy finh tac dung lén mat @ Ap sudt

trung binh: p _r
th a)

Hinh 2-1. So d6 xac dinh ap luc
thuy tinh
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z - . 4 . AP
ApsuattaidiemM: p = lim —
" Ao—0 A@

DPon vi ap suat:
N/m’ = Pa (pascal )
lat = 9,8.10° N/m?’ = 10 KG/m? = 10 mH,0 = 1 KG/cni’ .
b) Hai tinh chat caa ap suat thuy tinh
Tinh chdt 1: Ap suat thuy tinh luén luon tdc dung thang géc va huéng vao mat tiép
xuc (Hinh 2-2) ¢6 thé tu chiing minh bang phéan ching.
Tinh chdt 2: Ap sudt thuy tinh tai méi diém theo moi phuong biang nhau.
Biéu thtc: Py =D,=D. =D, (2-1)
C6 thé ching minh bang cdch xét khoi chat 1ong tit dién c6 céc canh d,, d,, d,, vo
cung bé. Chiing minh biéu thic (2-1) khi d, d,, d.— 0 (tham khao thém [10] ).

Ta cling nhan thdy ap sudt thuy tinh tai mot diém chi phu thuoc vao vi tri clia né:
p=f(xy,z) (2-2)

Hinh 2-2. Biéu dién 4p suit thuy Hinh 2-3. Biéu dién 4p sudt thuy
tinh vuéng géc va huéng vao mat ti€p xuc tinh theo moi phuong déu bang nhau

2.2. PHUGNG TRINH VI PHAN CAN BANG CUA CHAT LONG (PHUONG
TRINH OLE TINH)

Phuong trinh biéu dién m6i quan hé gifta ngoai luc tic dung vao mot phin tir chat
long vGi ndi luc sinh ra trong do.

Xét mot phan tlr chat 1ong hinh hop can bang c¢6 céc canh dx, dy, dz dat trong hé
truc toa do oxyz (Hinh 2-4)

Truong Pai hoc Nong nghiép Ha Noi — Gido trinh Ky thudt Thuy kRi ...........ccocoiiiiiiiiiiiiiiiiiiiineeceena. 17



Ngoai luc tic dung 1én phan tir chat 16ng xét bao gom:
Luc khéi: F~m = pdxdydz
X, Y, Z - hinh chiéu luc khoi don vi 1én céc truc x, y, z.

Luc mat tdc dung 1én phan tir chat 16ng 1a cac dp luc thuy tinh tic dung trén cdc mat hinh
hop chat 16ng.

Diéu kién can bing clia phén tir chat 1ong hinh hop 1a tong hinh chiéu cla tat ca cdc
ngoai luc trén bat ky truc toa do nao ciing bang khong.
Hinh chiéu céac ngoai luc 1én truc x:
s.= P -P, +F =0 (2-3)
trong do:
F. = Xpdxdydz

dx op
P =\p———|dvd

, dx dp
P . =| p+—.— |dvd.
x (P 20—;}())’2

Thay vao (2-3) tacé: z

% dxdydz + X p dxdydz = 0 dp dy
N
hay: g

-—==0 (2-4a) 2

Tuong tu d6i véi truc y va z:

1 X
i =0 2-4b)

p Ay
Hinh 2-4. Thanh lap phuong trinh

7 %% -0 (2-4 ¢) vi phan cua chét 16ng can bang

Cac phuong trinh (2 - 4 a, b, ¢) 1a nhiing phuong trinh Ole tinh viét dudi dang hinh
chiéu (do Ole lap ra nam 1755).

Ta c6 thé viét phuong trinh Ole finh dudi dang Véc to:

;—igmd p=0 (2-5)
P
>
trong do: F = sz + ?Y+}()Z
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Mait khac néu nhan lan luot (2-4a), (2-4b), (2-4c) v6i dx, dy, dz r6i cOng nhiing
phuong trinh nay, lai bién d6i ta c6:
dp=p(Xdx +Ydy + Zdz ) (2-6)
Vi dp 1a mot vi phan toan phan cua ap suat p, p = const, do d6 v€ phai cua (2-6)
ciing phai 1a vi phan toan phan . Nhu vay &t phai ton tai mot ham U, véi:
w_ o w_, W,
ok 2 I

Ham nhu vay goi 1a ham luc va luc dugc biéu thi bang ham trén goi 1a luc c6 thé.
Do d6 chat 1ong c6 thé & trang théi can bang chi khi luc khdi tdc dung 1én n6 1a luc c6 thé.

2-3. PHUONG TRINH CO BAN CUA THUY TINH HOC
2.3.1. Tich phan phuong trinh Ole tinh
Dé gidi quyét mot s6 véan dé thuc t€ ta viet phuong trinh Ole tinh duéi dang :

dp = p[%dx + %dy + %dz] 2-7)

hay: dp = pdU.
Tich phan (2-7) ta dugc:
p=pU+C (2-8)
Dé xéc dinh hing s6 tich phan C can phai ¢6 diéu kién bién, gia st biét dp suét p,
ctia 1 diém nao d6 trong chat 16ng va c6 tri s6 ham s6 luc U, tuong tng, thay vao (2-8) ta
co:

Cc =p,- pU

o o

(2-9)
Thay (2-9) vao (2-8):
p=p, + p(U-U,) (2-10)
Nhu vay, dung phuong trinh (2-10) ¢6 thé xdc dinh dugc ap suat thuy finh tai bat ky
diém nao trong chét 16ng, néu biét dugc tri s6 ciia ham U va diéu kién bién u,; p,.
2.3.2. Mat dang ap
Mat déng ép 12 mot mat trén d6 tai moi diém, 4p sudt déu bing nhau, tir (2-6) ta ¢
phuong trinh mat dang ap:
Xdx + Ydy + Zdz = 0
U U U

trong d6: X=—— ; Y=—" Z=—.

o %

Mat thodng tu do 1 mat dang 4p, 4p suat tdc dung trén né ¢ tri s6 bang ap suat khi
quyén.
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2.3.2. Phuong trinh co ban cta thuy tinh hoc

Xét truong hop chat 10ng can bang dudi tdc dung cta luc khdi 1a trong luc.

Gia str khoi chat 1ong dung trong binh kin, dat trong hé truc toa do oxyz (Hinh 2-5)
Ap suit tac dung bé mat chét 16ng 12 p,. Hinh chiéu luc khéi 1én cic truc x , y , z:

U
X=—=0
dx
y=2_p
dy
U
Z ==
dz ¢
A Phuong trinh (2-6) trong truong hop
z khao sat & day c6 dang:
RN dp=-pgdz=-pzp=-yZ+C (>
i 11)
K, D€ xdc dinh C véi didu kién bién 1
= trén bé mat chat 1ong (Z,, p,) ta co :
. }{A C=p,+7Z,
N Thay C vao (2-11):
p=p,+7(Z,-Z) (2-12)
. ] Nhu vay véi mot diém A bit ky
™
X

trong chit 1ong c6 toa do Z va & do sau &

= Z, - Z ; ta c6 thé viét duoc phuong trinh
co ban cua thuy tinh hoc:
Hinh 2-5. So d6 xac dinh phuong trinh co

p=p,+7h (2-13)
ban cua thuy tinh hoc

Nghia la dp sudt tai bat ky mot diém nao cta chat 10ng & trang thai tinh bing 4p suat
6 mat tu do cong véi trong lugng cot chat 1ong (ddy 1a mot don vi dién tich, chiéu cao 1a do
sau cua diém do).

2.3.4. Y nghia ctia phuong trinh co ban cta thuy tinh hoc
a . Y nghia hinh hoc hay thuy luc

Z - do cao hinh hoc;

P do cao do 4ap;
4
Z +

P _py . cot ap thuy tinh.
/4
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Tir phuong trinh co ban ctia thuy tinh hoc ta dé dang nhan thdy ring cot dp thuy tinh
tai moi diém trong mot moi trudng chat 16ng can bing 1a mot hing so.

b. Y nghia nding luong
Z - vi nang don vi;

L dp nang don vi;

z+ 2 —p= const - th€ nang don vi;
4

Vay thé nang don vi ciia moi diém trong mot moi trudng chét 16ng can bing déu bing
nhau va bang cot dp thuy tinh.

2.3.5. Phan biét cac loai ap suat
Ap sudt thuy tinh duoc tinh theo (2-13) 12 dp sudt tuyeét doi (p,)
LAy 4p suat khi quyén (p,) dé so sénh:
Néu dp suat tuyét d6i 16n hon dp suat khi quyén ta c6 dp suét du (p,)
Pa = P - Da
Néu 4p sudt tuyét d6i nho hon dp sudt khi quyén ta c6 dp sudt chan khong (p,,)
P = DPa - Di
2.3.6. Biéu do6 phan bé ap suat thuy finh

Biéu dién su phan bé dp suat theo chiéu sau trong chat 16ng. Tir phuong trinh co ban
cta thuy tinh hoc p, = p, + 7 la dang phuong trinh bac nhat y = ax + b, ta ¢6 b tuong tng
vGi 4p sudt trén mat thoang cua chat 16ng (p,), con hé s6 goc a twong tng trong lugng riéng
cuia chét 16ng va yh thay doi theo do sau trong chat 1ong.

Tur d6 ta c6 thé dé dang v& dugc biéu d6 dp sudt thuy tinh tuyét d6i va dp suat du tdc
dung 1én mat phang AB chim trong chat 16ng c6 do sau / (Hinh 2-6). Biéu dién ABC va
AA’B’B.

B
Hinh 2-6. Biéu d6 4p sut thuy tinh Hinh 2-7. Biéu d6 4p suit thuy tinh tdc
tdc dung lén mat phang nghiéng dung 1én mat tru tron nim ngang
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Néu truong hgp mat chiu dp sudt thuy tinh 14 mot mat cong thi cach v€ ciing tuong
tu, chi ¢6 diéu véc to biéu thi dp sudt tai cdc diém khong song song v6i nhau nén phai vé
ting diém r6i noi lai. V& cang nhiéu diém thi biéu d6 cang chinh xdc. Hinh 2-7 v& biéu do
ap suat du tdc dung 1én mot thung hinh tru tron nam ngang chita chat 1ong & do sau /.

2.4. TINH TUGNG POI

Chat 16ng chuyén dong so vdi hé toa do c6 dinh, hé toa do theo duoc gén lién véi
khdi chét 16ng chuyén dong. Luc khdi trong trudng hop ndy gém trong luc va luc quan tinh
ctia chuyén dong theo. Ta xét hai dang tinh tuong d6i dic trung sau:

2.4.1. Binh chita chat 16ng chuyén dong thang thay déi déu (gia toc & = const)
Chon hé truc toa do nhu hinh v& (Hinh 2-8)
Xuat phat tir phuong trinh (2-6):
dp = p(Xdx + Ydy + Zdz) z

Ah
°

(9 -
Luc khoi: Trong luc G =mg

Ig -
Luc quéan tinh F,; =—ma

\H
\o
47
oot
l&-c L4
<

Chiéu luc khéi don vi 1én cdc heé truc toa X
do:

X=0,V=-a;Z= ¢ (-
dodd dp =p(-ady - gdz ) L »

- P Eopyopg T Hinh 2-8. Chuyén dong thang
Tai y=0, z=0: p = ¢ = p,- Ap thay d6i déu (a = const)
sudt tai mat thoang.

Vay, phan bo 4p suat tai moi diém trong chat 16ng:
p=p,-play+ g)
Phuong trinh mat dang 4p: p = const , dp = 0
ady + gdz=0 — ay + gz=C
Vay mat dang 4p 12 mat phang nghiéng mot géc o
a

ftga/ = = ;
g

220 = a0 chuyén dong nhanh dan déu;
8

250 = a<0: chuyén dong cham déan déu.
8
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*Luu y: g dung truong hop trén dé xac dinh dugc muc nuée dang 1én cao bao nhiéu
khi xe chia chat 10ng chuyén dong nhanh, cham dan déu. Tim nhitng bién phdp can thiét dé
dam bao viéc cung cép nhién liéu dugc diéu hoa & bo ché hoa khi cua 0td, may bay v.v..

2.4.2. Binh chita chat 1ong quay déu véi van toc géc = const
Chon hé truc toa do nhu hinh vé& (Hinh 2-9)
Luc khoi: 7
G = mg -Trong luc; o
F, =m @r - Luc qudn tinh ly tam. « P
Hinh chiéu luc khéi don vi:
X=wx ; Y=wy ; Z=-g 0 y
do d6: dp =p (@xdx + @ydy - gdz) ig

w
p=p3(x2+y2)—pgz+c

Tai0: x=y=z=0 :p=c=p,
@ <
—>P=P7V2—7Z+Po

Phuong trinh mat dang 4p:

2
,
& —-y=C
P 2 % Fat
XV

b6 la phuong trinh mat paraboloit tron

xoay quay quanh truc oz. Hinh 2-9. Binh chia cht

16ng quay déu (® = const)

Phuong trinh mat thodng (mat tw do): p =p,

a)2r2
p———1%=0
2 2 2 2
do dé: Ar=z=p% T 27
2y 2

*Luu y: Dua trén hién tuong nay ngudi ta ché€ tao cic may do vong quay, cac hé thdng boi
tron & truc, cac hé thong lang li tam, diic cdc banh xe, cdc 6ng gang, thép v.v..

2.5. TINH AP LUC THUY TINH
2.5.1. X4c dinh 4p luc thuy tinh 1én hinh phang

Tinh dp luc P 1én dién tich S (Hinh 2-10), ta phai x4c dinh 3 yéu t6: phuong chiéu, tri
sO va diém dat ctia P
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C4ch tinh: tinh dP tdc dung trén dS, sau dé tich phan trén toan S s€ dugc P.
- Phuong chiéu: P £ S va huéng vao mat tdc dung .
- Tri s6:

P=[dP=pdS={(p,+)dS = [ p,dS +[hdS = p,S +y Sincx| ydS

N N

(2-14)

P=pS + ysinayS = S(p, + yh.) = pS

Trong do:
h. - do sau clia trong tam hinh phang;

p. - ap suat tai trong tam;

I ydS = y.S - mo6 men tinh ctia hinh phing

xét doi vai ox;
Néu p, = p, — ap luc thuy tinh du:
P, = yhS (2-15)
- Diém dat: xét trudng hop hinh phéng
c6 truc doi xung.
Goi D la diém dat cta P.
Ap dung dinh 1y Varinhong: M6 men ctia hop luc (P) d6i v6i mot truc bing tong
cdc moO men cua cac luc thanh phan (dP) d6i véi truc do.

Hinh 2-10. So d6 xac dinh ap luc thuy
tinh lén hinh phang

L&y mo6 men doi véi truc x: Py, = I vdP,
Pyyp = YhSy, = yysinasSy,

ydP, = | yyhdS = | ypy sinadS =y sina y2dS = ysinod .
J v, = yshds = [ J

viJ = IyZdS =J,+y.S -mo men quin tinh ctia S d6i véi truc x.

N

J, - mo men quén tinh trung tam.
Thay céc gid tri J, vao biéu thic trén, ta rdt ra diém dat cta P:
J
Y= Yo+ (2-16)
VS

2.5.2 . Xac dinh ap luc thuy tinh lén hinh cong
O day ta xét mot s& trudng hop thanh cong 1a hinh cdu, hinh tru. Cc luc phan t&

khong song song nhau.
Céch tinh: X4c dinh nhitng thanh phén cuta ap lyc thuy tinh c¢6 phuong khac nhau
khong cuing ndm trong mot mat phang sau d6 cong hinh hoc nhitng luc thanh phén, két qua
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s€ cho ta tri s6 ctia ap luc thuy tinh lén mat cong vé tri s6 cling nhu phuong chiéu. Diém dit
cua ching thi dugc xédc dinh theo phuong phdp d6 giai.

P(P, P, ,P.)

Xét truong hop thanh cong S cua binh chita c6 mot mat ti€p xic véi chat 1ong, con
mat kia ti€p xtc v6i khong khi.

Hé truc toa do chon nhu hinh v& (Hinh 2-11).
Lay mot vi phan dién tich dS (coi lp°

nhu phéang), vi phan 4p luc thuy tinh dP tac = >
dung lén dS & do sau h duge xac dinh: s,
dP = yhdS; dPLds @
| b
P.=[dP, = [hdS, =S, ,/‘ L i |
s, s, | : | |
I
! |
P, =[P, = [hdsS, = ho, 4 T
5, s, ! L __i s
P.=[dP, = [hds, =W S [
trong do: Hinh 2-11. So d6 xéac dinh 4p luc thuy

tinh lén hinh cong
S., S, - Hinh chi€u ctia S 1én mat phang vuodng géc véi ox, oy ;

x o My

h,. , h.-D0o sau cla trong tam S, S,

cx 2 They x 2 Py -
V - Thé tich hinh tru c¢6 ddy dudi la hinh cong S, ddy trén 1a hinh chi€u cta S lén
mit thoang S, (V con goi 1a vat thé 4p luc).

A 2 2 2
Vay: P=,/P, +Py + P, 2-17)

Phuong ctia p luc thuy tinh P lap véi hé toa do oxyz cac goc xac dinh bdi cac cosin
dinh huéng sau:

p
cos(P,x)=—*
(P,x) P

cos(P,y):% (2-13)

)4
cos(P,z)=—*%
(P,z) P

biém dit 1a giao diém ctia phuong luc P vuodng géc véi mit cong. Néu mat cong 1a
mot phan mat tru trong ndm ngang thi dp luc thuy tinh P lén mat d6 lap thanh mot géc o

L P
v6i phuong ngang: tga:Fz

X

Ap luc thuy tinh P di qua truc tim ctia mat tru tron.
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2.5.3. Phuong phap do giai
Ngoai cach xac dinh ap luc thuy tinh theo phuong phap giai tich da trinh bay & trén,
trong mot so trudng hop don gidn ta c6 thé x4c dinh nhanh bing phuong phap dé giai.

Vi du 1: Tinh dp luc thuy tinh tdc dung 1én tam phdng thdng ditng hinh chit nhdt cé
chiéu cao h, chiéu rong b (Hinh 2-12).
- Phuong phdp gidi tich:
Theo cong thic (2-15), ta tinh ap luc thuy tinh du: P = yh.S
Do sau clia trong tam thanh bé thang dang i, = h/2 va S = bh.
\ o ) 1 h
Thay vao phuong trinh trén ta c6: P= 5 Mbh = 7719

Diém dat 4p luc P tinh theo cong thic (2-16): yp, = yo + —"S
Ye

h bh’
trong do: =— vaJ =——, S=bh
g yC 2 o ]2
3
Thay vao ta cé: yDzﬁ bhbh —zh
2 Rt 3
2
- Phuong phap do gidi:

Vé biéu d6 4p suat thuy tinh du tdc dung lén tdim phang ta dugc tam gidc vuong
ABC (ddy 1a yh, cao 1a h). Theo cong thiic tinh 4p luc thuy tinh 1én hinh phang (2-15):

P=7hCS=7§hb=7hgb:.Qb

Trong d6: 2 = ng - dién tich tam gi4c biéu d6 phan b6 4p suét thuy tinh.

A
4 = A 4

‘ =
A
C
< /
eny @

v
A
-~
N\Mi
B

YVYVYVVVYVY \%\

O \ @)

b

<

clomn

Hinh 2-12. Biéu do6 phan b6 ap suat
dinh 4p luc thuy tinh Ién tdm phang

;

Hinh 2-13. Biéu d6 phan bo 4p sudt xac
xac dinh ap luc thuy tinh Ién tru tron
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Vay dp luc thuy tinh ¢6 tri s6 bang trong lugng khéi chét 16ong hinh tru c6 day la

biéu do 4p suat (7h§) va chiéu cao 1a bé rong ctia canh ctra (b)

biém dit clia P di qua trong tam biéu d6 dp suat va vuong géc voi mat tac dung (P
di qua trong tam A ABC, cach A mot khoang 2/3 h)

Vidu 2: Tinh dp luc lén tru tron cé ban kinh R, chiéu dai b

Chon hé truc toa do nhu hinh vé (Hinh 2-13). P & trudng hop nay chi bao gébm P va
P, P =P, - P, duogc xdc dinh theo biéu d6 4p sut :

P.= Y2RR.b - yR.(R/2).b = (3/2) yR’b
2 2
P. =P, + P,=yV,+yV,= y%b+ y%bzgmzb

vy P=yP’+P’

Phuong clia P di qua truc tim va nghiéng 1 géc aso mat phang nim ngang mot géc

o xac dinh boi: cosa:P?X hay sina:%

Diém dat ctia P 1a giao diém ctia phuong P vuong géc véi mit cong.

2.6. MOT SO UNG DUNG CUA THUY TINH HOC
2.6.1. Dung cu do ap suat
a- OA/ng do dp: La mot ong thuy tinh dudng kinh khong nho hon /0mm. Dau duéi noi

v6i noi can do 4p suat, dau trén hd thong vé6i khi quyén (dé do 4p sudt du) hoac kin dugc
hit hét khong khi trong ong ra (dé do dp suat tuyét doi), (Hinh 2-14).

Khi néi 6ng do 4p vao noi can do, chat long sé dang 1én trong 6ng véi mot do cao
nhat dinh ta s& xdc dinh duoc 4p suét tai diém d6: P,= yh va P,= yh’

Dung 6ng do dp dé do céc dp sudt nhd cin ¢6 do chinh xdc cao, do d6 ngudi ta
thuong dung 6ng do ap trong cac phong thi nghiém.

P's=0 lPa

v
B Po
[ |
I % lpo | =
= B < T
g = <
L % | :
&8 : <
A= B
Hinh 2-14. 6ng do 4p Hinh 2-15. Ap ké thuy ngan kiéu chau
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b - Ap ké thuy ngan: La mot ong thuy tinh hinh chit U dung thuy ngan (Hinh 2-15); &
nhanh trai ctia 6ng noi noi véi chd cin do ap sudt c6 mot bau 16n muc dich dé khi do, thuy
ngan di chuyén trong 6ng thi mic thuy ngan & bau hau nhu khong thay doi.
Ap sudt du tai A duge xdc dinh: P, = yh - ya
¢ - Chdn khoéng ké thuy ngan:

CAu tao (Hinh 2-16). Tinh ap suét chan khong tai A ta c6:
Pegy = Yagh + ya
d - dp ké"do chénh: Dé do do chénh léch vé 4p suat tai hai diém . N6 12 mot 4p ké
Py-Py = (Yug - Ph

hinh chit U (Hinh 2-17)
*Liu y - Ngoai thuy ngan ra con c6 thé ding cdc chit 16ng khac trong cdc ap k€, chan

khong k& nhu ¢6n, nudc v.v..
Nhitng loai 4p k& dung chit ldng néi trén thuong duge dung dé do trong cdc phong

thi nghiém véi do cao chinh x4c cao.

Hinh 2-17. Ap k€ do chénh

Hinh 2-16. Chan khong ké thuy ngan

Trong thuc t€ ky thuat thudng dung cdc loai dp k€ bang kim loai nhu ap k& 10 xo

(Hinh 2-18), d4p k&€ mang (Hinh 2-19). Céc 4p k& nay cho ta ngay tri s6 doc dugc trén dong
ho do 1a dp suat du doi véi ap k€ va dp suat chan khong doi vé6i chan khong ké.

P

1/1

|
g
Hinh 2-18. Ap k& 15 xo hinh 6ng Hinh 2-19. Ap k&€ mang
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2.6.2. Pinh luat Pascal va iing dung thuc té

a - Pinh ludt Pascal: “Trong mot binh kin chita chat 16ng & trang thai tinh, dp suat
do ngoai luc tdc dung lén mat thoang dugc truyén nguyén ven t6i moi diém clia chat 1ong”.

Xét mot binh dung chat 16ng day kin bang mot Pittong c¢6 dp suat trén mat thodng 1a p,
(Hinh 2-20). Tai hai diém bat ky 1va 2 & do sau /,va h, 4p sudt bén:
p] = pa + yhl
P2 =P+ Yh
Néu ta nén Pittong dé lam tiang ap

suft trén mat thoang 1én mot luong Ap thi
ap sudt trén mat thoang trd thanh:

p, =p,+4p

va 4p sudt tai cac diém 1 va 2 lic ny bang:

p’=p, +yh =p, + 4
p,=p, +yh, =p,+ 4p

RO rang luong tang dp suat Ap da
duogc truyén nguyén ven dén diém 1 va 2.
Vi hai diém nay duogc chon bat ky nén két 2
luan trén day ciing ding cho moi diém
khéc trong chat long.

Hinh 2-20. So d6 minh hoa dinh luat
Pascal

b. Ung dung cua dinh ludt Pascal: Trong ky thuat, dua trén nguyén tac co ban 1a
truyén 4p suét bén trong chat 16ng, nguoi ta da ché€ tao mot s loai may thuy luc: may ép
thuy luc, may tich niang, mdy ting ap, kich, co, can truyén luc va truyén dong bang thuy
luc...

O day ta chi xét mot ting dung cu thé: mdy ép thuy luc. So d6 1am viéc clia may ép
thuy luc (Hinh 2-21) gém hai bo phan chinh: mot xi lanh B va pit tong 16n T, c6 tiét dién
@,, mOt xi lanh A va pittong nho T, c6 tiét dién @, Hai xi lanh thong nhau va dung chat
long, mot canh tay don quay quanh truc O (Hinh 2-22)

M” ;
b,
<« D>
Hinh 2-21. So d6 nguyén tic Hinh 2-22. So d6 may ép thuy
may ép thuy luc don gian luc don gian
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Khi tac dung vao canh tay don luc Q, gay lén luc P, & pittong nho, dp suat & xi lanh
2 1a P
nho la: p, =—
@,
Theo dinh luat Pascal, dp sudt do pittong nho tac dung vao chat 1ong p, duoc truyén
nguyén ven dén xi lanh 16n ciing 1a p,.
Ap luc tic dung lén mat pittong I6nla: P, = @ p,

thay p, tr biéu thifc trén ta dugc:

P, = ia)2 hay &:&
@, P, o

Néu coi P, @, khong d6i thi muén tang P, ta phai tang dién tich mat

pittong I6n @,.

2.6.3. Pinh luat Acsimét - co s6 1y luan vé vat néi

a. Pinh ludt Acsimét: “Mot vat ngap trong chat 16ng chiu mot luc ddy cta chat 16ng
théang ding tr dudi lén trén bang trong lugng clia thé tich chat 16ng bi vat chodn chd va goi
1a luc dayAcsimét”.

Dé ching minh, ta xét mot hinh tru ngap trong chat 16ng (Hinh 2-23), vat nay chiu
tac dung ctia nhiing luc sau:

- Ap luc P, tac dung 1én mat hinh tru:

P, = yho ) _ y
- Ap luc P, tic dung lén day hinh tru: X o - °
P, = yho - l
- Ap luc Ién mat xung quanh hinh try: C6 T P, &
phuong ngugc nhau va co tri s6 bang nhau
nén triét tiéu 1an nhau . <
. . . G

Tong hop lai vat chiu tdc dung mot luc l ——
day Py < Y

P,=P,—P,=yh,0- yh,w=ywh P, vz
hay: P, =yv

yV la trong lugng cla thé tich chat 1ong bi

A , < Hinh 2-23. So d6 minh hoa dinh luat
vat choan cho. C ’

Acsimet

biém dat cha luc ddy P, la trong tam cua thé tich chat 16ng bi chodn chd goi 1a tam
ddy. Thong thudng thi tam ddy khong triing véi trong tam cla vat, chi c6 trong tam clia mot
vat rin dong chit méi tring vé6i tam ddy.

PN oA A A Py
b. Piéu kién noi ciia mot vt
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Can ct vao tuong quan giita luc ddy Acsimet P, va trong lugng cta vat G, ta c6 3
truong hop sau (Hinh 2-24):

Néu G > P, - Vat chim xuong day;
Néu G =P, - Vat lo ling trong chat long;

Néu G < P, - Vat bi day néi lén khoi mat chét 1ong dén khi nao trong luong phan
thé tich vat ngap trong chat 1ong (luc ddy P,) bing trong luong vat G thi thoi.

Hinh 2-24. Diéu kién néi ctia vat

c. Tinh 6n dinh cua vdt: La kha nang khoi phuc lai vi trf can bing cta vat khi 1am
thay dai vi trf ctia vat.
Ta thdy ring mot vat ndi trong chat 16ng muén can bang thi ngoai diéu kién luc diy
bang trong lugng cua vat con phai cé diéu kién trong tam C va tam ddy D & trén cling mot
dudng thing.

Hinh 2-25. Ba trudong hop 6n dinh clia vat

Thuc t€ c6 thé ¢6 nhitng ngoai luc dit vao vat ndi lam mat trang thdi can bing, vat
bi nghiéng di. Nghién ctiu tinh 6n dinh clia vat ta thay:
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- Néu trong tam C thap hon tam ddy D (Hinh 2-25a) thi vat & trang thdi can bang
bén. Khi vat bi ngoai luc 1am nghiéng di thi vat ¢6 kha nang khoi phuc trang thdi can bang
nhu cil.

- Néu trong tam C cao hon tam ddy D (Hinh 2-25b) thi vat & trang thdi can bang
khong bén. Néu vat bi ddy ra khoi trang thdi can bang thi khong thé khoi phuc lai trang thai
can bang cii dugc ma cang nghiéng di.

- Néu trong tam C va tam ddy D trung nhau (hinh 2-25c¢), ta ¢6 vat ¢ trang thai can
bang phi€m dinh. Khi d6 bat ky & vi tri nao vat ciing van dugc can bang.

Co s& 1y luan vé vat néi néi trén duoc tng dung rong rii trong viéc thiét k& va van
chuyén cta tal thuyén va nhitng vat néi khdc (Tham khéo [10]).

2.7. TINH HQC CHAT KHi

O trén khao sat chat 16ng khong nén dwoc. D4i véi chét long nén duoc ta khao sat
mot sO truong hop sau day:

2.7.1.Chét 16ng nén dwgc
Khdo sdt qud trinh ddng nhiét ta ¢6 dugc phuong trinh xdc dinh thé tich khdi khi la:
V=Y,[1-2(p-p)]
Haylo — L=L[i- 7(p-p)] (2-19)
PP
Trong do: 0 - chi trang thai da xéc dinh;
%o - hé s6 gidn no dang nhiét.
Chon tryc z” theo phwong thiang dimg huéng xudng ta c6 phwong trinh vi phan:

d_p: gdz
P

Thay (2-19) vao phuong trinh trén, sau khi tich phan ta co:

1
P~ Do _Ezo(p - po)2 =P8z

Hay la: (p—po)[l—%(p—po)}=pogz

Vi %( p—p,) qud nhé so véi 1 cho nén ta c6 thé viét:
_ () X
P=Do+ Poga| 1+ 5 Pos? (2-20)
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2.7.2. Khi quyén
Khao sat phuong trinh tranh théi cia khong khi:

L, =2937 =RT (2-21)
4

O nhiét d6 0°C ta c6 chiéu cao twong Gng: i, = 7989m ~8000m

O nhiét 4 7°K: hy— 2-22
ot d¢ hy = v 573 (2-22)
Chon tryc z hudng 1én tir mit dat ta c¢6 phuwong trinh vi phan:
dp =-pgdz

Két hop véi biéu thirc (2-21) — (2-22) ta suy ra:

dp_ 273 dx_ _dz_ & (dz—tinh bang m)  (2-23)
p T 'hy h.  8.000

Du6i day khao sét cdc biéu thirc xdc dinh dp suét va khéi luong riéng theo chiéu cao trong
mot sO truong hop.

- Truwong hop ddng nhiét:
Tich phan phuong trinh (2-23) véi chu y:
T =T,, = const ta duoc:
lni— 273 z—zo __27%
Wy,

Hay la : =P, exp[— ﬁ - ZO]

=D exr{ };;0] (2-24)

Tuong ty (2-24) ta c6 biéu thire xdc dinh khdi lugng riéng:

=P em(—ﬁ - ZOJ
T, h,
— 7%
=P, exp(— W] (2-25)
- Trueong hop nhiét do thay doi tuyén tinh:
T, =To[l-B(z - z0)] (2-26)
B - hang s6
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Thay (2-26) vao (2-23) voichi y:

T
o = hy 2;2 =29.3T,
K= 273 _ 1
h,BT, BT,
Ta c6: InL= = Kn[1- B(z - z,)]
sz
T K
Hay 1a p.=poll-Bz-z)| = on[T—zj (2-27)
z0
Tu phuong trinh trang thai suy ra cong thuc tuong tu:
T K-1
p. = poll-B(z=z)]" =pzo[T—ZJ (2-28)
z0

Thong thudng ddi véi céc bai todn trong khi quyén ta chon gia tbc trong trudng g
khong doi, trong luong riéng khong khi trong diéu kién tiéu chuan 1a 7,293 kg/m3, con
trong lugng riéng cia khong khi & dp suat 760 mmHg & nhiét d6 15°C (Hay 288°K) & do
cao bang khong 1a 71.225 kg/m’.

Khi 0 < z < 11.000 m, nhiét d thay di tuyén tinh theo cong thirc:
t. = 15-0,0065z; (z—m, t,— 0°C)
hay la: T-88(1-22,6.10°z) ; (z—m, T-°K)
Khiz > 11000 mtacé t = - 56,5°C; (T = 216,5°K)
Twr d6 cao 300 km nhiét 30 T — 1500°K
2.7.3. Khi ciu
Goi: G - trong lugng khi cau (ké ca trong luong khi trong khi ciu);
V - thé tich khi céu;
y- trong luong riéng cia khong khi
¥ - trong lugng riéng ciia khi trong khi cau. Ta s& c¢6 biéu thirc xdc dinh luc day:

F.=Vi-G=Vy— (VY +G,)=Vy(1-9)-G,
Trong d6: & = VA trong chat khi;
/4
G, - trong luong ctia khi ciu (khong ké khi bén trong).

Tai vi trf khi cau dat d6 cao cuc dai z) ta c6 Fy = 0; nghia la:

GO = VgZM (] - é)
Khéo sat méi truong khi quyén dang nhiét, két hop véi biéu thirc (2-25) ta c6:
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273 z,,— 2
G,V7.,(z— 8)exp| - 22 M %0
0 yzO(Z )exp( T 8000 j

Zu - 7o — tinh bang m.

hay la :

T vy, (-
2 — % =8000273.2,31g{ mé 5)}

0

2-8. VIDU VA BAI TAP

Vi du 2-1.

Mot toa tau tir ga, di véi gia téc déu,
sau 3 phut dat t6i van toc 30 km/h.

Hay viét phuong trinh mat tu do cua
nudc dung trong toa tau va muc nudc Ah
dang lén & phia cudi toa tau.

Gidi:

Luc khoi tac dung 1én binh chita chat 16ng chuyén dong vdi gia toc a bao gom:
Luc quén tinh: F = —"t
Trong luc: G= m}gJ

Chon hé truc toa do gan lén binh chat 16ng (hinh v&), chi€u cdc thanh phan luc khoi
don vi Ién cac truc toa do:

X=0; Y=-a; Z=-g
Thay nhiing tri s6 trén vao phuong trinh vi phan chét 16ng can bang:
dp = p(Xdx + Ydy + Zdz)
dp =p (- ady —gdz)
Tich phan phuong trinh vi phan trén:
p=-pay-pgz+C (D
Xdc dinh hang s6 tich phan C tai 0 (x = 0; z= 0) trén bé mat chat long: p = p,
Thay vao phuong trinh trén:
p=py-play+gz)
Viét phuong trinh cho mat tu do (p = p,)
Xdx + Ydy + Zdz =0
-ay-gz=0
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a
Hay z=—y
8

Vidu 2-2.

Mot khuon hinh tru cé duong kinh trong s

D = 1120 mm va chiéu cao L = 1000 mm, quay [~ T alni
vGi s6 vong quay n = 500 vong/phiit dugc ding |
dé dic ong bang phuong phdp ly tam. Vita xi |
ming dung didc 6ng ¢6 g = 1600 kg/m’. Néu |
chiéu day xi mang thanh 6ng & ddy duéi J, = V ub
60 mm.

Hay:

dau trén ctia 6ng 0,7

2) Phdi lam gi dé giam su khdc nhau gitta
5 va 8,7 — s, l«

|
1) xdc dinh chiéu day xi mang thanh 6ng & |
I
|
|
D

Giai:
1) Xéc dinh chiéu day xi mang thanh 6ng & dau trén ctua 6ng o>
m _ 3,14.500

- Vantoc quay: w=—=—"-+-"—521/s
30 30

2
© _13951/m
2g
- Téng chiéu cao paraboloit quay H dugc xdc dinh theo cong thiic:
a)ZrZ
2g
Chiéu cao paraboloit quay 4, khi:

H= =139,5.0,56° =438 m

r =2 -8, =560-60 =500 mm
2

> 2
o

2g

- Xdc dinh ban kinh paraboloit quay r, Gng véi chiéu cao h, = h, + L va chiéu day
thanh 6ng & dau trén o,

h, = =139,5.0,50° = 34.9 m

2 2
ar,

h,=h +L=
2 1 2g
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rz:\/Zg(h]+L):\/35,9 0,507

@° 1395

0=R—r,=560-507 =53 mm

2) Do d6 chiéu day thanh 6ng & ddu trén nho hon dudi ddy 1a 7 mm. Trong trudng
hop can giam su khac nhau gitta ¢; va 0, can phai tang s6 vong quay 7.

Vi du 2-3.

Mot clta van AB c6 bé rong b =
7 m; Trong luogng G = 3000 N duogc
nhing chim trong nuéc (Hinh v€). Clra
van quay quanh khép ban 1€ tai B va tua
lén tudng phang tai A.

Hiy x4c dinh muc nuéc h dé clia
van s€ bat dau ma?

Gidi:

Xac dinh ap luc nudc tac dung 1én van AB:

+ Tt phia bén phai:
F, = e,w=9810.8.70 = 5493 N
biém dit:
] 107 si 0
Yoy = Ve + Jo _ Jr7 0°.5in 53,93 _8.833m
V@ 12.8.70

+ Tur phia trai:
F, = the,w=9810.h,.70 = 686700 he.,
biém dit :
jy sin53,93° 6,67

Yp2=Yert T =hey +
Yco 0 he;

Lay mo men céc luc tdc dung lén van d6i véi diém B:

6,67

> My =0:F2[5— .,

j— F,(5-0,833)-G(5 cos 53,93°) =
C2

=686700h, [5 - 2’67

J — 5493600(5 - 0,833)~ 3000(5 cos 53,93°)
C2
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Giairataco: ho, =8,412m
—  h =hy,-4=441m

Vé6i muc nuéc h = 4,41 m thi cira van bat dau mo.

Vidu 2-4.

Mot dap nudc 1a mot phan tu mat 20m
tru ban kinh R = 20 m (cé kich thudc

A
\

nhu hinh vé), rong 50 m. ——Z .Pa= 0
Xac dinh 4p luc du (tri soO, —_—]— - — = AR
phuong, chiéu, diém dat) clia nuéc 1én &l /.
dap ? -R[=X = cry -
| T AR
" 4 4
Giai:
- Xd4c dinh tri s6 ap luc thuy tinh Ién dap:
+ Theo phuong ngang:
P,, = the.,, = 9810.10.(20.50) = 98 100 000 N
+ Theo phuong dung:

P,=yV =9810.2.B/4 = 9810.3,14.20°.50/4= 15 401 700 N

Ap luc t6ng hop tic dung lén dap:

P=\P2 +P} =981 +154017° = 1826057126 MN

- Phuong ap luc theo phuong huéng kinh;
- Chiéu hudng vao mit cong;
- Diém dat clia 4p luc x4c dinh nhu sau:

+ Diém dat P,, di qua trong tam bi€u d6 phan bo dp suét thuy tinh theo phuong

ngang cichmattudo:2/3 R= 13,33 m

+ biém dat P, di qua trong tam biéu d6 phan bo ap suat thuy tinh theo phuong ding
4R  4.20

cachtrucz: —=—=849m
’ 3r  3.3,14

Giao diém cua P, va P,, cit nhau tai 1 diém (K) n6i OK cit dap tai Cp — la diém dat
ctia hop luc P — nghiéng vé6i phuong ndm ngang 1 géc = 57°30.

Toaddo Cp (x = 10,74 m; z = 16,87 m)
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Vi du 2-5.

Van K s& day kin miéng 6ng dan

néu hé théng don bay a, b & vi tri nim
ngang (Hinh v€). Tinh xem v&i 4p suat
ctia nudc trong 6ng dan bang bao nhiéu
thi van K s&€ md ra duoc? Biét rang cdnh
tay don b = Sa, duong kinh ong d = 50
mm, dudng kinh phao cau D = 200 mm.
Trong luong phao va hé théng don by
khong dang ké.

Giai:

Ap luc tic dung 1én van K:

2

P=pw=p——
p P4

Luc ddy Acsimet tdc dong lén phao hinh céu:

Téng mo6 men doi truc O:

Y M,=0=aP—(a+b)P,

Thay gid tri P va P, vao biéu thic trén ta co:

7d? D’
.p.——6 —=0
a.p-=—=6apg.—

Vay 4p sudt gidi han p ctia nuéc dé mé van K sé 1a:

S 4D’ pg  4.1000.9,81.0,2°

p=

d? 0,05°

Bai tdp 2-1.

Mot binh chia chdt long duoc

chuyén dong vé6i gia toc a theo mat
nghiéng dusi mot géc 30° so mat phing
nam ngang. Gia thiét ring binh chuyén
dong nhu khoi ran.

Hay tinh:

a)
b)

9

gia téc a?

gia tdc a hudng 1én trén hay xudng
dudi?

Xdc dinh 4p suét & diém A, néu chat
16ng 12 thuy ngan & 20°C?

=12,56.10° N/m?
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Bai tdp 2-2.

Binh hinh tru tron day kin c6 chiéu cao H
va dudng kinh D chita chat 16ng dén 3/4 chiéu

cao.

Tinh xem binh quay quanh truc thing ding
clia né v6i van toc géc @ biang bao nhiéu dé
paraboloit tron xoay ctia mat thodng cham day

binh.

. 4
Pdp so: a):B.,/gH

Bai tdp 2-3.

Xdc dinh luc Q dé nang tdm
chin nghiéng mot géc a, quay quanh
truc O (Hinh vé&).

Chiéu rong tdm chan b = 1,50
m, khoang cach tir mat nuéc dén truc O,
a=20cm. Géc a=60°, H=150 m.
B0 qua trong lugng tdm chéan va ma sat
trén ban 1€ cua truc O.

Pdp 56 a = 3,8 m/s’ (a huéng xuong dudi)
= 32200 N/n?

P,

Ddp s6: Q = 13 000 N
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Bai tdp 2-4.
Clra van ABC (Hinh v&) c6 dién tich [ m’ va
diém cao nhat 1 B.

Xdc dinh do sau cua nudc trong bé chita (k) du
dé mo van ABC quay quanh truc B ndm ngang. Két
qua tinh toan c6 phu thudc vao khai lugng riéng cua
chat 16ng khong?

(B6 qua anh hudng ctia ap suét khi quyén).

Ddp s6:h > 0,333 m

Bai tdp 2-5.

Xéc dinh dp luc thuy tinh va phuong ctia n6 tic dung 1én mot dap nudce hinh tru nam
ngang (dudng kinh D = Im, chiéu dai / = 3m) chian ngang mot kénh dan nudc co tiét dién
hinh chit nhat (chiéu sau H = I m; chiéu rong B = 3 m).

Ddp s6: P = 18740 N; ax= 38’

Bai tdp 2-6.

Mot van hinh tru ¢6 thé quay xung quanh
truc ndm ngang 0. Trong tam clia van nam
trén dudng ban kinh tao thanh géc ¢ = 45’
theo phuong ngang va cich truc quay mot
khoang OA = r/5. Cho biét ban kinh r = 40
cm, chiéu rong van b = 100 cm, h = 3 r (Hinh
ve).

Xdc dinh trong luong clia van dé van &
vi tri can bang nhu hinh V&,

|

|

|
ic=a

Dadp 56 : G =3685 N = 3,7 kN
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Bai tép 2-7.

Xac dinh ap suat du tai A (tinh Khong khi P,
bing Pascals). N6 16n hon hay nho hon ap ——
suét khi quyén?
A
BPadp s6: p, = - 12218 Pa e b
S Au |
& hod [
g
B Z A7
nudc thuy ngén
Bai tdp 2-8.
Nudc c6 ap suat p = 2,5 at chay
qua 6ng c6 dudong kinh d = 15 mm dé P
vao binh chia (Hinh vé). ﬂ
. k
Pong 6ng nude tu dong bang van TA | B
qua hé théng don bdy va phao. Xdc dinh === == _=¥___
dudng kinh ctia phao hinh ciu dé c6 thé —t====-( 0 — — -
dong ong dugc, néu a = 100 mm, b = al|_— " p -
500 mm. S | S e =
B6 qua trong lugng ctavan,don  \ O oo T T o T T T T T — )
bay va phao.

Bdp s6:D = 11,2 cm

Cdu hoi on tip chuong I1

e el

Ptk
W= O

Néu dinh nghia va 2 tinh chat co ban ctia ap suat thuy tinh.

Céach thanh lap phuong trinh vi phan can bang cua chat 16ng va y nghia ctia no.
Thé nao 12 mat tu do, mat dang ap ?

Céch thanh lap phuong trinh co ban cta thuy tinh hoc va y nghia ctia n6.

Phan biét cac loai ap sudt thuy tinh.

Biéu do phan b6 4p sut thuy tinh 1a gi ? cich xac dinh.

Thé nao 1a tinh twong d6i? Co6 gi khéc so véi tinh tuyét doi ?

Céch xdc dinh 4p luc thuy tinh lén hinh phang, hinh cong?

Céch xéc dinh ap luc thuy tinh theo phuong phap do giai?

. Cach do ap suat ctia mot s6 dung cu do ap sudt thong thuodng.
. Dinh luat Pascal va ting dung thuc té.

. Dinh luat Acsimet- co s& 1y luan vé vat néi.

. ting dung thuy tinh hoc trong chat khi.
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Chuong 3
PONG LUC HOC CHAT LONG

3.1. CAC KHAI NIEM CHUNG

Thuy dong luc hoc (hay la dong luc hoc ctia chat 16ng) nghién ctu cac qui luat dac
trung chuyén dong clia chit 16ng nhu van toc, khéi lugng riéng ciing nhu cdc qui luat
chuyén dong duéi tac dung ctia Iuc va nhitng tng dung ctia n6 trong k§ thuat.

Nhiém vu chu yéu ctia thuy dong luc hoc 1a xac lap lién hé gitra nhiing tri s6 co ban
dac trung cho chuyén dong nhu van toc dong chay U, do sau & va ap suat thuy dong p sinh
ra trong chat 16ng chuyén dong. Cin chd y ring dp suat thuy dong c6 huéng khac nhau tuy
theo chat long ta nghién ctu la chat long thuc hay chat 16ng 1y tudng. Trong chéit long 1y
tuong ap suét thuy dong hudng theo phdp tuyén ctia mat chiu tic dung; con trong chat 1ong
thuc 4p suat thuy dong van huéng vao mat tac dung, nhung khong hudng theo phap tuyén,
vi n6 1a téng hop cua thanh phan tGng suat phap tuyén va thanh phén ting suit ti€p tuyén do
luc nhét gay ra.

3.1.1. Phan loai chuyén dong

Can ct vao tinh chat chdy, ngudi ta phan ra chuyén dong dimg va khong dimg:

Chuyén dong dimg (% = 0) - céc yéu t6 chuyén dong khong bién doi theo thoi gian
u=uxyz); p=pxyz); h=hxyz) ..
Trong chuyén dong ding duoc chia ra:

Chay déu: trong d6 nhitng yéu t6 chuyén dong khong thay déi theo chiéu dai dong
chdy, mit cat clia dong chdy déu khong thay ddi, su phan b6 van téc trén moi mat cit doc

theo dong chay khong doi (% =const );

Chdy khong déu: nhitng yéu t6 chuyén dong khong thay ddi theo chiéu dai dong

chay (% # const ).

Chuyén dong khong dimg (% # 0) - Céc yéu t6 chuyén dong bién ddi theo thoi gian

U = u(x,y,zt) ; p = p(x,y,z,t) ; h = h(x,y,z,t) ...

Theo diéu kién va nguyén nhan chay ngudi ta phan ra chdy c6 dp (chay khong cé
mat thodng) va chay khong c6 dp (chay c6 mat thoang):

Chdy c¢6 dp la chay trong 6ng kin hay trong hé thong thuy luc kin. Chay c6 4p la do
su chénh 1éch v€ dp suat theo chi¢u dong chay;

Chdy khong dp 1a dong chay c¢6 mat tu do ti€p xdc v6i khi quyén do d6 dp sudt trén
mat dong chdy bang 4p suat khi quyén. Nguyén nhan ctia chdy khong dp 1a do tédc dung cla
trong luc.
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3.1.2. Puong dong, dong nguyén to

a) Trong mot trudng véc to van toc, ta ¢6 thé tim duoc mot dudng cong sao cho né
ti€p tuyén véi cdc véc to van toc qua cdc diém clia né. Pudng cong dé goi la duong dong
(Hinh 3-1).

Né&u goi dr 1a mot phan t6 ctia duong dong va u la véc to van toc ti€p tuyén vé6i phan to do,

ta c6 phuong trinh dudng dong:

- - - -
u//dr—>u/\dr:0—>@:ﬂ:£ (3-1)
u vooow

Hinh 3-1. So d6 x4c dinh dudng Hinh 3-2. So d6 6ng dong
dong nguyén to

Chu y:
- Tai méi diém trong khong gian, & mdi thoi diém chi di qua mot dudng dong,
nghia la cdc dudng dong khong cét nhau.

- Can phan biét qui dao v6i duong dong: Quy dao dac trung cho su bién thién vi tri
ctia phan tir chét 16ng theo thoi gian, con dudng dong biéu dién phuong van toc cua cdc
phan tlr chit 16ng tai thoi diém. Trong chuyén dong dimg thi ching tring nhau.

b) Cic duong dong tua 1én mot vong kin vo cung nho ta dugc mot 6ng dong (Hinh
3-2). Chat 16ng khong thé xuyén qua 6ng dong.

c¢) Dong chét long chay day trong 6ng dong goi la dong nguyén t6. Dong nguyén t&
¢6 nhitng dac tinh sau:

- Dang ctia dong nguyén t6 khong thay déi theo thoi gian vi dang cua dudong dong
tao thanh dong nguyén t6 trong chuyén dong dimg;

- Bé mit ctia nhitng dong nguyén t6 do nhiing dudng dong tao thanh 1a khong xuyén
qua dugc. Nhitng chét diém cua chat long trong cdc dong lan can truot theo bé mit cdc
dong cht khong xuyén vao trong dong duoc;

- Vi mit cét clia dong nguyén t6 vo cing nhd nén van téc cia cac diém trong mat
cat déu bang nhau.

3.1.3. Cac yéu to thuy luc cua dong chay.

Mdit cat uét (@) 1a mat cat vuong goc vé6i véc to van toc cua dong chay.

Truong Pai hoc Nong nghiép Ha Noi — Gido trinh Ky thudt Thuy khi ..........ccoeveeviiiiiiiniiiiineennennnn, 44



Chu vi udt () 1a phan chu vi clia mat cit udt ti€p xic vé6i thanh ran giéi han dong
chay (vi du AB + BC + CD, Hinh 3-3).

Bdn kinh thuy Iuc (R) 12 ty so giita dién tich mat cat u6t va chu vi u6t.

r=2 (3-2)
y4
Luru luong (Q) 12 lugng chat 1ong chay qua mat cat udt trong mot don vi thoi gian:
0= j udw  (m’/s) (3-3)
[

Hinh 3-3. Xac dinh chu vi uét Hinh 3-4. Xac dinh chu vi uét
clia mat cat kénh hinh thang cua Ong tru tron

Nhu ta da biét, cdc van t6c diém trén mit cat u6t clia dong chdy khong bing nhau.
Dé thuan tién cho viéc nghién ctu va gidi quyét nhitng van dé ky thuat, ta dua vao khai
niém van toc trung binh mat cét v, tic 12 coi moi diém trén mat cat uét cé van téc bing
nhau. Luu luong tinh theo véan toc trung binh mat cit v cling bang luu lugng tinh theo su
phan bé van toc thuc cia dong chay (Hinh3-4).

Q=judw=jvdw=vjdw=vw (3-4)
[0 [0} [0}
Suy ra van toc trung binh:
V= Q (3-5)
@

Nhu vay van toc trung binh ctia dong chay béng luu lugng chia cho mat cat uét.

3.2. PHUONG TRINH LIEN TUC CUA DONG CHAY

Pay la mot dang cua dinh luat bao toan khéi lugng: Khéi lugng m cta hé co lap
khong thay doi trong su6t qua trinh chuyén dong:

dm _
dt
3.2.1. Phuong trinh lién tuc cia dong nguyén to

0
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Xét mot dong nguyén t6 chuyén dong
dimg p = const (Hinh 3-5) xét doan gi6i han
gitta hai mat cat 1-1 va 2-2.

Tai mat cat 1-1, c6 mat cat udt da,, van
toc u,. Tai mat cit 2-2, ¢6 mat cat ust dw,
van toc u,. Trong thoi gian dt, thé tich chat
1ong chay vao qua 1-1 1a u,dw,dt, dong thoi
thé tich chat 16ng chdy qua 2-2 12 u,d mdt. Hinh 3-5. So d6 xac dinh phuong trinh lién

tuc ctia dong nguyén to

Theo tinh chit ctia dong nguyén t6 trong chuyén dong dimg: vi hinh dang clia doan
dong nguyén t6 khong thay ddi theo thoi gian, bé mit clia chit 1ong khong xuyén qua dugc va
chat 1ong khong ép dugc nén trong thoi gian df, nén thé tich chat 16ng chdy qua mat cét 1-1
phai bang thé tich chat 16ng chay cling thoi gian 4y qua mit cat 2-2.

Vay ta c6: u,dwdt = u,dwdt
u,dw, = u,dw (3-6)
hay : g, = do, (3-7)

3.2.2. Phuong trinh lién tuc cua toan dong chay

Muon lap phuong trinh lién tuc cua toan dong chay trong khoang xac dinh tng v6i mat
cat @ta mo rong phuong trinh lién tuc ctia dong nguyén t6 cho toan dong bang céch tich phan
phuong trinh d6 trén toan mat cit @.

I”zdwl = Iu2dw2

o, o,
Rut ra: 0, =0, (3-8)
hay: V@ = v, (3-9)

D6 1a phuong trinh lién tuc clia dong chdy 6n dinh c6 kich thudc x4c dinh.

Chi y mat cit 2-2 ta chon tuy y trong dong nguyén t6 va trong toan dong, do d6 c6 thé
két luan rang:

Trong dong chay dimg, luu lugng qua moi mat cat uét déu bang nhau, va van toc trung
binh v ty 1é nghich véi dién tich mat cat uét.

3.2.3. Phuong trinh vi phan lién tuc cta dong chay (dang Ole)

Trong moi trudng chat 16ng chuyén dong ta tudng tugng tdch ra mot phan t6 hinh hop ¢
thé tich AV = dxdydz (Hinh 3-6).
Theo dinh luat bao toan khoi luong:
d(pav) _ 0
dt

P = p(x,y,zt) - Khoi lugng riéng cia chat 16ng.
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A
y
C G
|
=
B ; 2 Ux+8ux dx
U, | ox
B OV s v
/
A E
O >
X

Hinh 3- 6. M6 hinh thiét 1ap phuong trinh vi phan lién tuc ctia dong chay

Lay dao ham theo t:
ldp, 1 dav_,
pdt AV dt
dav
dt
Xét theo phuong x: van toc tai mat ABCD: u,

- Van toc bién dang tuong d6i ctia thé tich phan t6 chat 1dng

van toc tai mat EFGH: u + %;x dx

Sau thoi gian dt: mat ABCD di chuyén sang phai: u,dt

mat EFGH: (ux + i dxjdt
d x

Thé tich clia phan t6 chit 16ng thay déi theo huéng truc X mot luong tuyét d6i bing:

o o
(ux + Exdxjdydzdt —u, dydzdt = 8xx dxdydzdt

Tuong tu viét cho hai phuong y,z, téng hop lai ta c6:

ou
dav =| A, Ay | K dxdydzdt
& &
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1 dAV  u, M,
= +

hay: — = +—=
AV dt Kk & &

ou
Vay: Ldp A A My

pdt & & &
D6 chinh 1a phuong trinh lién tuc dang téng quat. c6 thé viét gon hon:

LAp L divu =0 (3-10)
dt

0

5
Trong chuyén dong ding (dong chdy 6n dinh) %0 =0 nén div(pu)=0

5
Dai véi chit 1ong khong nén duge (p = const) ta duge divu =0

3.3. PHUONG TRINH VI PHAN CHUYEN PONG CUA CHAT LONG LY TUGNG
(PHUONG TRINH O LE PONG)

Trong chuong Thuy tinh hoc, ta da xay dung phuong trinh vi phan can bang cta chét
16ng (Phuong trinh O le tinh):

;'—igmdp=0
P

Néu chit 16ong chuyén dong, phan tir chat 16ng hinh hop sé ¢ van toc i v gia toc

% . Theo nguyén 1y co ban ctia dong luc hoc (dinh luat 2 Newton):
t

;—igradp:d—g (3-11)
P dt
Chiéu lén cac truc toa do, phuong trinh (3-11) thanh:
x_ 1 op _du,
p ox dt
du
Y—i.a—p:—y (3-12)
p dy dt
_ L op _du,
p dz dt

Phuong trinh nay c6 thé con c6 thé don gidn hon trong mot s6 trudng hop sau:

a) Chat 16ng chuyén dong thang va déu: %Aj =0. Hé phuong trinh (3-12) s& giong nhu

phuong trinh vi phan ctia chét 16ng can bang (2-5): su phan bd dp suat trong dong chay déu
tuan theo qui luat thuy tinh.
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b) Chat 16ng chuyén dong trong mot 6ng dong c6 do cong khong déng ké.
Néu chon mit phang Oyz thang géc véi truc 6ng dong thi véc to van toc i va gia toc

% déu thang géc v6i mat phang Oyz. Ta cé:
1

du.,

duy _du,_, du,

dt dt dt
Suy ra:

dp dp

L=py; L=pz

dy P dz p

Vay trong mit cit uét cia 6ng dong c6 do cong khong ding ké 4p suét phan bo theo
qui luat thuy tinh.

34. PHUONG TRINH VI PHAN CHUYEN PONG CUA CHAT LONG THUC
(PHUONG TRINH NAVIER-STOKES)
Ta xét mot khoi hinh hop chat 1ong thuc duoc tdch ra tir mot thé tich chat long chuyén
dong c6 cdc canh la dx, dy va dz song vdi cdc truc toa do x, y, z (Hinh 3-7), chuyén dong véi
van toc u va gia toc du/dt.

ot
+—d.
Ty - Z
a7, 3 l |
Ty +a—;'xdy !
~— '

\_ -> | a_pd
P—1—> I p+ax *
S| Je €

a7,
- —---- N Tyt dx
<« == N ox

Hinh 3-7. Thanh lap phuong trinh vi phan chuyén dong clia chat 1ong thuc

Céc lyc tdc dung lén hinh hop bao gom:

- Luc khoi F % VOi cac hinh chi€u lén cdc truc x, y, z 1an luot la:
F..=pXdxdydz
F,=pYdxdyd:z (3-13)
F,=pZdxdyd:

trong d6 X, Y, Z la hinh chi€u cta luc khai trén mot don vi khai lugng chat 16ng.
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- Luc bé mat Fm duoc xdc dinh dua theo cac dai lugng ap suat va 9 thanh phan tng
sudt cua luc nhét 1ap thanh tenxo ting suat:

(_p + Tu) z;x T
/Z,-\: y ( _p + Z}' y) sz
T 7. (p+1)

trong d6 dp sudt duoc ky hiéu la p va cdc tung suat nhét la 7; ; vé6i ij trong 7; chi
ra rang thanh phan (ing suat tic dung theo phuong ; tai tiét dién vuong géc v6i phuong .

Phan tich hinh chiéu ctia c4c luc mat Ién cdc truc toa do, chang han nhu hinh chiéu céc
luc mat 1én truc x c6 dang:

i 0
F,. =|(p—7,)dydz+ —p—a—pdx+rxx&dx dydz |+
ox ox

a7,

y

_8_p+82'xx +afyx . a7,
ox dx  dy 0z

=T, T+

dy}dxdz + {— T, +T, + a;—”dz}dxdy = (3-14a)
z

]dxdydz

Tién hanh tuong tu véi cac truc y va z ta co:

0 0 0
Fpy=| -4 O8O0 O g (3-14b)
dy odx dy Iz
d
F, = _8_p+arxz + Oz +arZZ dxdydz (3-14¢)
' dz oOx dy 0z

- Luc quéan tinh M c;—ﬁ , trong d6 M = p dx dy dz 1a khoi luong chat 16ng.
t

Theo nguyén 1y bao toan dong luogng, luc quan tinh phai can bang véi cdc luc tic dung
nén ta co:

dil
ME—I%+IQ," (3-15)

Néu chia ca hai v€ cho p dx dy dz ta ¢6 phuong trinh dong luc dang ting suét:

d—ﬁ=lg+iﬁm (3-16)
dt P

trong do: 1E“) = L va pm = i
pdxdydz dxdydz

hay dudi dang hinh chiéu 1én céc truc toa do x, y, z, hé phuong trinh vi phan déi véi chuyén
dong ctia chat 16ng thuc dang Gng suét s€ la:

Truong Pai hoc Nong nghiép Ha Ngi — Gido trinh KP thud@t Thuy khi ......c...coovveeiiiiiiniininieinennns. 50



ot
duy _ X —ia—p+i I +—= +aT”‘ (3-17a)
dt pox pl ox dy 0z
du, Jr,, dr, OT
Gy _y Lop 1[0 Ty Ty (3-17b)
dt o) ay pl dx  dy 0z
9 ot
du; _z 1% 1[97 % 0T, (3-17¢)
dt pdz pl ox dy 0z
Theo gla thi€t ctia Niuton thi cdc thanh phan tng suét 7, , 7, , 7. 1a ham cla van toc
bién dang dai cua chat 1ong:
du
T,=2 =
XX ll'l ax
du, 2
7, =2u ="~ = pdiv 3-18
T.=2U ou,
az

Ciing theo gia thiét cia Newton (Gng suat nhét tiép ti 1&€ v6i bién dang géc) md rong
cho truong hop chuyén dong khong gian:

B .
xy — yx_/u ax ay

Ju. Ju
= 4 X 3-19
TXZ TZX ﬂ( ax + aZ j ( )

auz abty
T, =T, =H % +— %
Thay cac biéu thic (3-18 va 3-19) vao hé phuong trinh (3-17a-c) va thuc hién mot so
phép bién ddi ta duoc hé ba phuong trinh vi phan sau:

2 2 2 9
du :X—ia—p+v ) uzx +a MZ" +a uzx +Ki(au" i +auZJ (3-20a)
dt p ox ox dy 0z 3ox\ ox dy oz
d 0’ 0? 0’ 0
&:Y—ia—pﬂ/ sz + uzy + uzy +Ki(au" i +auzj (3-20b)
dt p dy ox dy oz 39yl ox dy oz
2 2 2 9
duZ_Z_ia_p_H/ 0 uZ+a u, o°u, +Ki BMX+ My+auz (3-200)
dt p 0z ox? 9y 9z ) 39z ox dy oz

hay duéi dang vecto:
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d—ﬁ):Ig—i grad p+1/Aup+K grad(div:ft)) (3-21)
dt P 3

2 52 2
trong d6: A=—+—+—5 -todn tu Laplas
ox° dy° 9Jz
Heé¢ phuong trinh (3-20a-c) chinh la phuong trinh Navier-Stockes (1822). Day la
phuong trinh dong luc dudi dang téng quét doi véi chat 1ong thuc.

Trong truong hgp chat 1ong khong nén duge (p = const) ta co divll =0 va phuong
trinh vi phan chuyén dong ctia chét 16ng thuc khong nén dugc c6 dang:

i _p 1 grad p+vAl (3-22)
dt P

Trudng hop chat 16ng khong nhét (v = 0), ta ¢6 phuong trinh vi phan chuyén dong Ole
ctia chat long 1y tudng:

a_P 1o s (3-11)
dt P

Truong hop chat 16ng khong chuyén dong (¢ = 0) hay chuyén dong thang déu (du/dt =
0) ta s& dugc phuong trinh Ole tinh (2-5):

Ig—igmd p=0
Yo,

Luu y: Do tinh chat phi tuyén cua phuong trinh Navier - Stockes nén tich phan cua n6
hién chi ¢6 thé thuc hién duoc trong mot so it trudng hop, vi du nhu bai toan vé dong chay
giita hai ban phang song song. Trong s6 16n cdc trudng hop khdc, ngudi ta thuc hién tuyén tinh
hod phuong trinh bang cdch don gian bét cdc di€u kién bai todn, bo bét mot vai s6 hang c6
anh hudng khong dang ké so véi cdc s6 hang con lai...

3.5. PHUONG TRINH BECNULI VIET CHO DONG NGUYEN TO CHAT
LONG LY TUONG

Nam 1738, Becnuli di tim ra phuong trinh ndi ti€ng vé quan hé giita van téc va dong
ap luc ctia dong chdy bang cdch ting dung dinh luat dong niang vao chuyén dong cta chat
long. Phuong trinh Becnuli con dugc goi 1a phuong trinh nang lugng vi né 1a mot dang cla
dinh luat bao toan nang luong.

3.5.1. Phuong trinh Becnuli viét cho dong nguyén to chat long 1y tuong

Xét mot doan dong nguyén t6 chat 1ong ly tudng chuyén dong 6n dinh giGi han boi

mat cat I-I va II-IT (Hinh 3-8).
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O

Hinh 3-8. So d6 xac dinh phuong trinh Becnuli cho dong nguyén t6 chat 1ong 1y tudng

Tai trong tam cta I-I va II-II ta co:

Do cao hinh hoc Z, va Z,; Ap sudt thuy dong P, va P,; Van téc v, va v,; Dién tich mat
cit dw, va dw,.

Ta thdy rang doan chat 1éng AB sau thoi gian dt da chuyén dén vi tri méi AB'. Khi d6
nhiing chét diém cta chat 1ong tir mat céit I-1 chuyén dong vé6i van toc u, da dich chuyén dugc
mot doan dS, dén mat cit I-I. Con nhing chat diém trong mat cat II-II chuyén dong vé6i van
toc u, da dich chuyén dugc mot doan dS, dén mat cat I1-11.

Ta c6: ds,=u, dt va dS,= u,dt .

Theo phuong trinh lién tuc ctia dong nguyén t6 ta viét duoc :

dwu, = dou, =dQ

Theo dinh luat bdo toan dong nang: “Su thay d6i dong niang cta khoi luong mot vat
chuyén dong trong mot khoang thoi gian nao d6 bang téng cong cua tit ca nhiing luc tic dung
lén vat ay ciing trong khoang thoi gian d6”.

Ung dung dinh luat bao toan dong ning vio chuyén dong ctia doan chat 1ong AB. Trén
hinh 3-8 ta thdy khi doan chat long chuyén dong tir AB dén A B, ta xem nhu phan doan A B &
tai chd, con thé tich chit 1ong AA dich chuyén dén vi tri méi BB. Do d6 su thay déi dong
nang cla tit cd doan AB s& bang hiéu s6 dong nang clia thé tich BB va AA .

2 2
mu,” _ pdaydsu,

Tacod: E . =
KAA 2 2
2 2
F oMy pda,ds,u,
KBB 2 2

Thay P =vlg, ds,=udt, ds,=udt taco:
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_yuludodt  yudQds

E. .
o 2g 2g
yu, u,dao,dt  yu,’dQdt
Eypy = =
28 28
Do d6 su thay doi dong niang sau thoi gian dt clia doan AB sé& béng:
w, u
— - 2 1
AEK = EKBB' _EKAA' = 7dQ[Z—¥]dt (3-23)

Cong cua céc luc tic dung 1én khoi chat 1ong AB goém cong cua dp luc va cong cta
trong luc.

Cong cuadp luc la: AE, = p,dwyds, - p,dwds,
=(p,-p,;)dQdr (3-24)

Con cong cta trong luc, theo cdch phan tich hién tuong da ndéi trén, bang cong cua
trong lugng chat 16ng ydQdt trong doan AA’ dén BB’ theo phuong thang ding tir Z, dén Z,:

AE, = ydQ (Z,-Z,) di (3-25)
Cong clia cdc luc khdc vuong géc véi truc chuyén dong ctia 6ng dong bing O. Vay:
AE = AE, + AE, (3-26)
wy" uS
ydQ| Z————\dt =(p,—p, )dQdt+y dQ(Z, - Z, )dt
28 2¢
rdt gon va xap xép lai:
2
AR Ry S e
Yy 2 Y 28

Vi cdc mit cét I-I va II-1I ta chon tuy ¥ nén c6 thé viét:

2
Z+ P const (3-27)
y 28

Phuong trinh (3-27) la phuong trinh Becnuli cho dong nguyén t6 chat long 1y tuodng,
chay 6n dinh; xdc dinh mai lién hé gita van toc, 4p suat thuy dong va do cao hinh hoc cua
chat diém trong dong nguyén t6 chat 1ong 1y tudng.

3.5.2. Y nghia hinh hoc va ning luong ctia phuong trinh Becnuli
a) Y nghia thuy luc hay hinh hoc

Dé hiéu 16 ¥ nghia nhiing thanh phan cta phuong trinh Becnuli ta quan sat hinh 3-9 vé
dong nguyén t6 chat 16ng chuyén dong. Tai trong tam mat cit 1-1 va 2-2 & do cao Z, va Z, trén
mit chuén 0 - 0, ta dat cdc 6ng Pito kép dé xéc dinh do cao do 4p va do cao van toc:

Ta co:
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Z. - d6 cao hinh hoc;

o' a1 ¢hW1 > 0
LA do cao do ap; h o o
/4 " a : - ug i
| h”z Zig |
u’ . | b
— - d0 cao van toc; PH | H |
28 byl pH
H o el
pou . . ~ ¥ -
Z,~—,— déu c6 thit nguyén 1a do dai; S v H
y 28 =& T H 12
, = AR O I
z+2=H, -cotap finh; T il ;
8 i v 2
2 0 0
P u s ) e
Z +E+¥ =H, -cot ap thuy dong. Hinh 3-9. Giai thich y nghia hinh hoc va nang

luong cua phuong trinh Becnuli

Trong dong nguyén t6 chat long 1y tudng chuyén dong dimg, cot 4p thuy dong 12 mot
héng s0:

2
H, =z+2+ % = Const
8§ 28

b) Y nghia ndng luong

Trong thuy tinh hoc ta da xét y nghia nang luong ctia hai s6 hang Z va L

/4

Z - vi nang ctia mot don vi trong luong chat 16ng so véi mat chuén, goi tit 1a vi nang
don vi hay ty vi nang;

LA ap nang ctia mot don vi trong luong chat 1ong goi tat 12 4p nang don vi hay ty dp
nang;

Z+ 2 _the ning ctia mot don vi trong lugng chit 1ong goi tat 1a thé nang don vi hay
ty thé€ nang;
.
Ey dong nang ctia mot don vi trong luong chat 16ng goi tat 1a dong nang don vi hay
8
ty dong nang;
2
z +£+;— = E - nang lugng toan phan cta mot don vi trong luong chat 1ong goi tat 1a
Vo <8
nang luong don vi hay ty nang toan phan.
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Puong bi€u dién thé niang don vi ( z +£) ctia dong chay goi la duong do ap. (duong ab
/4
trong hinh 3-9);

2
Pudng biéu dién nang luong don vi Z + £ + ;‘—) ctia dong chay tic 12 ciing biéu
y  2g

dién cot ap thuy dong H, goi la dudong nang (dudng a,b, hinh 3-9).

3.6. PHUONG TRINH BECNULI POI VOI DONG CHAT LONG THUC
3.6.1. Phuong trinh Becnuli doi v6i dong nguyén to chat long thuc

Ta biét rang chét long thuc c6 tinh nhét do d6 gay ra sdc can trong khi chuyén dong va
do d6 c¢6 tén that mot phan nang luong ctia dong nguyén td, vi vy nang luong clia mot don vi
trong luong cta chat 16ng thuc giam dan theo chiéu dai dong chay, nghia la E, > E,.
L ”12 D ”22
hay: Zi+—+—"—>7,+—=+—"— (3-28)
Yy 28 ry g
Goi h ', , 1a ton thit nang lugng ctia mot don vi trong luong chét 16ng khi chat 1ong di
chuyén tir 1-1 dén 2-2 thi:

2 2
z,+ Byl gy P2 g (3-29)
Yy 28 Yy 28

Phuong trinh (3-29) 1a phuong trinh Becnuli viét cho dong nguyén t6 chat 1ong thuc
chuyén dong dimg.
Dé dac trung cho diéu kién chdy cua chat 1ong thuc ta dua ra nhitng khai niém vé do
déc hinh hoc i, do doc do ap I va do doc thuy luc J.
Do déc hinh hoc 1a do ha thdp ddy dong chay trén mot don vi chiéu dai nghia 1a :
(42 _2,-2,

=sino (3-30)

trong d6 & - Géc nghiéng ctia dong chdy so v6i mat phang nam ngang.

Do doc do ap 1a do ha thap cua duong do dp trén mot don vi chiéu dai ctia dong chay:

d[z+p] [Z, +”1]—[zz +sz
1= Y] 4 4 (3-31)

Do doc thuy luc 1a do ha thap cua dudng nang trén mot don vi chiéu dai, hay néi cach
khdc 12 ton thit nang luong trén mot don vi chiéu dai dong chay :

2 2
Z]+&+£ — Z2+&+ML
y_dh, _ Y 2 Yy 28) W,

dL L, L,

(3-32)

Truong Pai hoc Nong nghiép Ha Ngi — Gido trinh KP thud@t Thuy khi ......c...coovveeiiiiiiniininieinennns. 56



Nhdn xét.

Do doc do dp co thé c6 tri s6 am hay tri s6 duong tuy theo su thay d6i 4p sudt trong
dong chdy. Con do doc thuy Iuc bao gio cling ¢6 tri s6 duong vi ton that nang lugng h’,, luon
tang doc dong chay.

Do doc do ap trong dong chay chat 16ng thuc khac do doc do ap trong dong chay chat
1ong 1y tudng.

Trong trudng hop chuyén dong déu, dudng do dp va dudng ning song song do d6 [ = J.
Trudng hop dong chay déu trong kénh ho: i =1 =J.

3.6.2. Phuong trinh Becnuli déi v6i toan dong chat long thuc

Bay gio ta m& rong phuong trinh Becnuli d6i v6i dong nguyén t6 chat 1ong thuc ra toan
dong chat 1ong bang cach cong nang luong cua cdc dong nguyén td tao thanh dong chay va
cong ton that ctia nhitng dong 4y.

Néu biéu thi trong luong chat 10ng cuia dong nguyén t6 chay trong mot don vi thoi gian ¥
dQ va nhan véi ca hai vé€ cta (3-29) ta c¢6 biéu thiic nang luong clia dong nguyén t6 trong mat
cat 1-1 va 2-2:

I 7dQ +&+— WO+ 1, WO (3-33)
/4 /4
Tich phan biéu thic trén theo mat cét toan dong chay:
Jan D2 )
I[ZI y ]WQ I (Zz Y +_]?dQ+ Ihwl 2 M0 (3-34)
wl

Ta biét rang 4p suat thuy dong trong dong chdy déu va dong bién déi cham phan bo

theo qui luét thuy tinh Z +2 = const wen moOt mat cat udt.

Vi diéu kién han ché€ trén ta viét duoc:

j[z, +p—;]}dQ = y{ZI +%] [ao= }Q(ZI +%]
wl wl

J [Zz +&];dQ= V{Zz +&]J dQ = }Q[Zz +&]
2 7 7 @2 7

C4c tich phan nay biéu thi thé nang cua luu luong Q.

(3-35)

Tich phan J‘h'w1—2 ydQ bi€u thi tong cdc ton that nang lugng don vi cla tat ca cac
w3
dong nguyén t6 trong toan dong chay tir mat cat 1-1 dén mat cat 2-2. Néu goi 4, ,1a tén that
nang luong don vi trung binh trén doan dong chay do, ta cé:

J.h'wl—Z ydQ=y0h,,;_, (3-36)
w3
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2
Céc tich phan c6 dang j;— #lQ biéu thi téng cdc dong nang cha cdc dong nguyén to,
(2]

ky hiéu 1a E*,:
2
u u
Egy =I—7dQ=lju2dQ (3-37)
028 28,

Viéc tinh tich phan ndy phic tap vi chua biét qui luat phan bé van toc u trong mat cat
toan dong chay. D€ don gian ta thay van toc u clia cac dong nguyén t6 bing van toc trung binh
v cua toan dong chay. Ta c6:

2

v /4 2 v
E,"=—"|vdO=1m— 3-38
dn Zgiv Q 7Q2g (3-38)

+E"

dn*

Vi su phan bo ctia 1 khac sy phan bo ctia v nén E"

dn
2 2
Pé thay [ ;—g;dQ bing | ;—g 20 ta dua vao hé s6 a1i hé s6 d€ hiéu chinh sy phan bé
[0) [0}

van toc khong déu trong tinh todn dong nang (hé s6 hiéu chinh dong nang - hé s6 Coriolis)

—= (3-39)

o = 1,01 =2 tuy theo ch€ do chay (tang, roi) va hinh dang kich thuéc dong chay.
Thay (3-39) vao (3-38) ta c6:
2 2
«  (u v
E,"=["—H0=a-—0 (3-40)
028 28

Thay céc tri s0 tinh dugc & (3-34), (3-35) va (3-40) vao (3-34) ta c6:
2 2
p av p a,v
79[21 +—’]+#;Q = ;Q[Zz +—2]+A;Q+ 1O hyys

/4 2g 4 2g

Hay don gian cho yQ:
2 2
Z,+ﬂ+a’i:22+&+%+hw,_2 (3-41)

Yy 2g Yy 2g

Phuong trinh (3-41) 1a phuong trinh Becnuli cho toan dong chat 1ong thuc. N6 duge
dung rong rai dé giai cdc bai todn trong thuy luc va thuy khi dong luc hoc.

Luu y: Viéc m6 rong phuong trinh Becnuli khong phai d6i véi loai dong chay nao cling
lam dugc. O trén ta da tién hanh mé rong dugc trong diéu kién dong chay déu va bién ddi
cham.

Trong trudng hop chuyén dong tuong doi hodc chuyén dong khong dimg (chdy khong
6n dinh) thi trudng hgp téng quat phuong trinh Becnuli viét cho toan dong chat 1ong thuc,
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ngodi cdc s6 hang clia phuong trinh di néu trén con phai ké thém thanh phan tén that cot 4p
quén tinh.

3.7.MOT SO UNG DUNG CUA PHUONG TRINH BECNULI
Phuong trinh Becnuli duoc ting dung rét rong rai trong nhiéu nganh k¥ thuat dé giai

quyét nhiéu vin dé trong thuc tién. Mot s6 chuong ti€p theo clia gido trinh ¢6 thé coi 1a nhitng
ting dung cta phuong trinh Becnuli nhu : dong chay qua 16, voi, dap tran, trong ong, trong
kénh ; trong hé théng cung cap nudc, may bom...

Duéi day chi néu mot s6 ting dung cu thé clia phuong trinh Becnuli.

3.7.1. Dung cu do van toc, 6ng Pito-Prandtl

Pé do van toc ciia mot diém trong dong chdy ta cim 6ng do ap va 6ng Pito hinh chit L

vao dong chay nhu hinh v& (Hinh 3-10).

2
u

6ng do 4p cho gia tri (Z+£) con do chénh AH :2—
/4 8

Suy ra u=+2gAH

Két hop hai 6ng nay dugc 6ng Pito-Prandtl (hay con goi la 6ng Pitokép)

]
B _ , i |
A an-t ' I
| _ y 2g A Ah
A s D V_p
)4 EE }/ A Rl
0 h I
. =1 Y. Y
i E - 3
H y |
_vY_ _ T e
M (N

12

Hinh 3-10. 6ng Pito-Prandtl Hinh 3-11. Luu lugng k€ Venturi

3.7.2. Luu lugng ké Venturi

La mot dung cu ding dé do luu luong dong chay trong 6ng, gdm mot doan 6ng hinh con
thu hep va mot doan 6ng hinh con mé rong ghép vdi nhau bang mot doan 6ng ngén hinh tru.
Dit hai 6ng do d4p, mot & ddu ong hinh con (mat cit 1-1) va mot & doan ong hinh tru (mat cat
2-2) (Hinh 3-11).

Viét phuong trinh Becnuli cho mat cat 1-1 va 2-2, mit chuén trung véi truc 6ng, bd qua

PV vy
P Vi P2 Vs

h, tacé:
Yy 28 v 28
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6 day hé s6 dong nang o, = o, = 1.
Theo phuong trinh lién tuc cia dong chay, c6 thé viét:
V2=V & Vi D_ZZ
) d
Thay vao phuong trinh trén:
Pi— P> zﬂzi(D_Z,_]]
2g\ d*

/4 /4
hay v o= fL ZgQ— fL [2g4n
1 D* —a? . y D*—d? .
Pi= P qpy do chénh clia hai do cao do ap, luu lugng chat 16ng di qua luu luong
/4

ké bang:

D’ d?
0=y, =0 | 2=k (3-42)

Dua vao cong thiic (3-42) mudn xac dinh luu lugng chay qua luu luong k€& chi can do
do chénh Ak la tinh ra luu lugng.

2
1%

Dai véi chét 16ng thuc ¢6 t6n that h,, ,=¢ 2# , { 1a hé so ton that cuc bo khi doé:
8

Q=K

L D’ 2gd*
Oday K, = 7 & y T
4 \a,D? —a,d* +¢ d

3.8. PHUONG TRINH BIEN THIEN PONG LUONG POI VOI DONG CHUYEN
PONG DUNG

Trong co hoc 1y thuyét ta da nghién ctu vé dinh 1y bién thién dong luong con goi 1a
dinh 1y O le 1 hay phuong trinh dong lugng:

d(ml) P
o
hoac: mAf = F.ar (3- 43)

Viéc van dung phuong trinh trén vao nghién cttru bién thién dong lugng cuia chit 16ong
chuyén dong c6 thuan tién 1a khong phai xét dén noi luc cta chat 16ng (Iuc nhét), cling khong
phdi xét toan bo dong chdy ma chi can khéo sét thé tich chat 16ong trong mot dong chay di
chuyén qua long din bao boc doan dong chdy do. Ta biét ring toan bo bé mat giGi han thé tich
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chat 16ng trong doan long dan d6 — bao gébm mat xung quanh va hai mat cat ngang ¢ hai diu —
goi 12 mat kiém tra. Mat kiém tra ndy coi nhu ¢6 dinh (Hinh 3 - 12a).

mit kiém tra

Hinh 3 - 12a Hinh 3 - 12b

Phuong trinh dong luong dung cho chat 1ong do O le lap ra nam1755. Day 1a mot
phuong trinh co ban clia thuy khi dong Iuc, nhitng bai todn khong thé giai duoc bing phuong
trinh Becnuli thudng phai ding dén phuong trinh dong lugng.

3.8.1. Phuong trinh dong luong doi véi dong nguyén té chuyén dong dirng

Xét mot doan dong nguyén td, trong do6 ta khao séat bién thién dong lugng cua chit
16ng trong doan A,A, (Hinh 3-12b).

Tai thoi diém ¢, khoi chat 1ong & vi tri A A,.

Thoi diém ¢ + dr, khoi chat 1ong 4y di chuyén dén vi tri B,B,.

Tai cdc mit cit A, va A,, cic yéu t6 chuyén dong 1a u,, p, va u,, p,; p khong doi; dién
tich mat cat dw; va d@;, . Vi dong chay 6n dinh nén trong khi di chuyén tir vi tri A,A, dén vi tri
B,B, dong chay trong doan B,A, khong c6 gi thay déi. Ta c6 thé coi nhu su bién thién dong

lugng clia khoi chat 16ng trong doan A,A, sau khi né di chuyén dén vi tri B,B, 1a bién thién
dong lugng cia chat 16ng trong doan A,B, sau khi di chuyén dén A,B,.

Néu ky hiéu dong luong 1a K, ta c6 thé viét:
Kio=Kip + Kz
Kipr = Kgipo + Koo
dK = K5 - Koo = Kaopy - Kajp;

Theo phuong trinh lién tuc ta c6 u,d@w; = u,dw, = dQ. Mat khdc ta c6 A,B, = u,dt va
A,B, = u, dt. Vay khéi lugng chat 1ong trong cidc doan dong chay A,B, va A,B, déu bang
pdQdt.

Do dé: dk = pdo( 8, — 8, yar =a(mk)

d(c’z#) = pdo(, &) (3- 44)

Goi IJ‘:: 1 téng ctia cac ngoai luc tac dung 1én chat trong doan dong chdy A,A,, ta viét
duogc theo nguyén 1y bao toan dong lugng:

F = pao(f, -8, )
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Trong doé IJ:“, ta phan cic luc thanh hai loai:
- Luc khai (trong luc, luc quan tinh) dai dién bdi véc to chinh Em;
- Luyc bé mat dai dién bdi véc to chinh R .

)Ss gbm hai thanh phan: ﬁsp do 4p suat tao ra trén mat bao quanh va hai mat day, tic
12 mat kiém tra; Est - luc ti€p xuc cla thanh tac dung 1én chat 1ong.
Vay c6 thé viét:
pdof, -8 )=k, +k =k, +k +k, (3-45)
Phuong trinh (3-45) 1a phuong trinh dong lugng, hay phuong trinh O le1 d6i v6i dong
nguyén t6 chuyén dong dimg.
3.7.2. Y nghia thuy dong luc
Ta goi p dQu, 1a dong lugng luu luong ra, p dQu, 1a dong lugng luu lugng vao, hoac ca
hai dong lugng (ra va vao). C6 thé viét phuong trinh dudi dang véc to:
R, +R +k,+pdof +(-pdok, )=0 (3- 46)
va bi€u dién tong clia céc véc to nay bang do
thi (Hinh 3-13).

Ta phat biéu phuong trinh dong
luong cho dong nguyén t6, chay én dinh nhu
sau: “Khoi chat long trong mot doan dong
nguyén t6 chuyén dong dimg dugc can bing
duéi tic dung cta luc khéi, luc bé mat va
dong luong”.

pdQu;

Thong thudng déng thic véc to trén
day duoc thay thé bang ba phuong trinh hinh
chiéu va ba phuong trinh m6 men. Nhung ta
chi can viét nhitng phuong trinh nao lién
quan. Hinh 3-13

3.7.3. M6 rong phuong trinh dong luong ra cho toan dong

a) He s6 phan b6 dong luong khong déu

Ciing giong nhu d6i phuong trinh Becnuli, muén van dung phuong trinh dong lugng
vao cong tac ky thuat, ta cAn md rong phuong trinh dong luong doi v6i dong nguyén t6 ra cho
toan dong chay (c6 kich thudc hitu han). Ta van xét khoi khoi chat 1ong chay qua hai mat cat
A, va A, (Hinh 3-14).

Trong dong nguyén t6, dong luong luu luong la:

pdQu = pu’dw

MG rong cho toan dong chay c¢6 mat cat @, dong luong cuia khoi chat 1ong trong mat
kiémtraA,A,la:
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(K),=p|w’do (3- 47)

Do d6 van t6c u trong mat cit @ @ A4
phan bé khong déu nén dong luong

cua cac dong nguyén t6 ciing phan

bo khong déu. Viéc tinh tich phan 0
qudw ciing khong phic tap lam, §
[0}

nhung dé don gian, ta c6 thé lap luan N
nhu sau:

Néu ta tinh dong lugng ctia luu lugng
toan dong theo van toc trung binh v

thi s& duoc: Hinh 3-14

(K),, = pJv*do=pQv

Giita hai gid tri (K) va (K )., tit nhién c6 su chénh léch, do d6 ta c6 thé viét:

(K, = BK),
2 —
pju dw = ppQv
[0}
pluide
trong d6: = ”?T la ty s6 dong luong thuc cta luu luong dong chay va dong lugng cua
v

luu lugng tinh theo van toc trung binh v.

[ 1a hé s6 hiéu chinh phan b6 dong luong khong déu, hay hé s6 Butxinet (Boussinesq);
tri sO ciia né phu thudc quy luat phan bo van téc trong dong chay. Theo thuc nghiém va ly
thuyét, gia tri cia hé s6 S nhu sau:

B :g khi van toc phan b theo qui luat parabol (trang thai chay tang).

B =1,01 = 1,05 khi van t6c phan bo theo qui luat logarit (trang thdi chay r6i). Thong
thudng doi véi dong chay c6 thé coi nhu S = 1.

Nhu vay, sau khi ding hé s6 hiéu chinh phan bo dong luong £, ta c6 thé viét phuong
trinh dong lugng cho toan dong chuyén dong dimg thanh:

Em + Esp + Est + ﬁ]dQBI +(_ﬁ2dQ{/)2 ) =0
b) Biéu thic ctia hé s6 hiéu chinh phan bé dong lugng £.

Trong tich phan pfuzdw =(K)! tathay u bing v # Au:
[}
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pjuzdw:pj(viAu)Zdw:
= pv’ [dw+2pv [+ Audw+ = [(4u) do
[0} [0) [0)

Ta biét Ia tich phan [+ Audw=0
@

Vay:
J(Au)zdw
pjudQ = pfuzda)z pvie 1+2———
” » v'w
Pat
[(du) deo
ﬂ =] +w2—
V'@
Ta c6:

(K), = p[u’do=p’ep = p’0p = B(K)

-tk

Chii y: Can phan biét hé s6 hiéu chinh phan bé dong lugng khong déu £ véi hé so hiéu
chinh phan b6 dong nang khong déu @, mac dau c6 truong hop (trang thai chay r6i) tri s6 cua
chiing c6 thé bang nhau va = 1.

3.7.4. Ung dung phuong trinh dong luong

Phuong trinh dong luong duoc tng dung rat rong rai trong thuy khi dong luc hoc:

- Tinh luc ddy cia mot dong co phan Iuc hodc clia mot tén lia;

- Tinh cac canh quat cia may bay, chan vit tau thuy;

- Tinh lyc tac dung 1én canh tudc bin, canh quat;

- Nghién cttu hién tuong va dap thuy luc trong 6ng;

- Nghién ctu dong chay bién déi gap (nhu thu hep, md rong dot ngot).

Dudi day ta xét mot tng dung cu thé trong trudng hop xéac dinh luc do chét 16ng tac
dung 1én mot doan 6ng cong:

Trén hinh 3-14 xét mot doan dong chay cong, ta c6:

Tai mat cat A,: van toc trung binh v,; dp suét p,; véc to don vi }ijl ; dién tich mat cit @,.
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Tai mit cét A,: van toc trung
binh v,; 4p suat p,; véc to don vi
hjz ; dién tich mat cit @,

Luc khoi tac dung 1én chat
long la trong luong G va coi nhu hé
sO sua chita phan bd dong luong
khong déu B, = f, = 1.

Ta c6 thé phan chia hgp luc

R ten mat bao quanh chat long
trong doan ong thanh cic thanh Hinh 3-14
phén sau day:

G

- Céc 4p luc p,, K, va p,w, K, do chat 16ng tac dung len hai ddy ctia khéi chat 1ong
trong doan ong;

- Phan luc )és, cua thanh 6ng 1én chat 16ng, d6i véi luc Igm do chéit 16ng tac dung l1én
thanh.

Ap dung phuong trinh (3-47), ta c6 thé viét:
)élsz + Pzwlgz - Pza)zgz + png - PQ‘ez + 5 =0
)élm = Pza)]gz - Pza)z’ez + PQ("’)I —82)+ 5

Ta tinh ﬁm bing céc phuong trinh chiéu 1én truc va phuong trinh mémen.

3.7.5. Phuong trinh momen dong luong (dinh 1y O le 2)

-
o= z M,
dt
Xét khodi chat 1ong chuyén dong trong ranh banh cong tic (cta tuabin chang han —
Hinh 3-15).

Goi My — mOmen ngoai luc (mémen tic dung cta dong chdy 1€n thanh ranh — moémen lam
quay banh cdng tic cua tua bin);

dfz (ngr)z - (ngr)l

dLy = papusdtusrcoson - pyudtusricos o
= PO (i2r2c08 06 — uricos o )dt

Viay md men lam quay banh cong tic ciia tuabin, giy ra do tic dung cta dong chit
long c6 luu lugng Q:

My =pQ(—uzxrcost, + uricosa;) (3-48)
Tuabin quay véi van toc géc £2 thi cong suat thyc té ctia n la:

N =My
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Hinh 3- 15

Trong thuc té : N = 7M,82
H < I - Hiéu suit chung cua tuabin.
Vay: N =npQQ2 (ujricosa - uxrcosoy )

Véiluuy: r22=v,van td¢ theo.
3.9. VI DU VA BAI TAP

Vi du 3-1.

Nudc tir bé chita hd, chay qua dudng 6ng c6 céc dudng kinh d, = 50 mm, d, = 40 mm,
d; = 25 mm (Hinh vg).

Xdc dinh cot nuée can thiet H dé coluu lugng Q = 10 n’/h. V& dudng nang va dudng
do ap.

B0 qua t6n thit nang lugng.
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Gidi:

Tinh van toc trung binh ctia nudc chay ra khoi ong & mat cat 3-3:

10.4
v3=2: sz >=5065m/s
@; md;  3600.3,14.0,025
4

Cot nudc can thiét H, duoc xdc dinh tir phuong trinh Becnuli, viét cho mat cit 0-0 va 3-

3, 14y mat chuén 0-0:

2 2
Z0+&+M213+&+%+hwo,3
y 28 y 28
Talday ay= o, =1,v,= 0, p, = p,, va theo gia thiét i, ; = 0
Ta cé:
2
H+Payo=04Lay s
/4 y 28
Rit ra:
2 2
Y367
2g 2981

Pé vé& duoc dudng do 4p, can phai xdc dinh van toc trung binh va cot nudc van toc &
cac doan ong 1 va 2:

v]—2 104 =142m/s

w,  3600.3,14.0,05
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2 2
w2 o
2¢ 2981

0 104
®, 3600.3,14.0,04

V2—

=22Im/s

2 2
va Y2 _ 2,21 =025m
2¢ 2981

Vi bd qua tén that nang luong nén dudng nang 1a mot dudng thing nim ngang dI qua
0-0.

Do cao do ap ¢ bat ky mat cat nao cling duge xac dinh bang hiéu s6 gitta dudng nang
va cOt nuée van toc & mit cit do:

2
£=H0_V_
14 2g

Noi tat ca do cao do ap ta duge duong do ap.

Vidu 3-2.

Mot 6ng hit ctia quat gié hinh tru dung dé hit khong khi (o = 1,254 kg/m’) tir khi
quyén, duoc gin vao d6 ong do dp, phian duéi ctia 6ng nhiing trong chau nuéc (o = 1000
kg/m’). Muc nudc dang lén trong 6ng h = 350 mm.

Hay xdc dinh luu lugng cua khong khi, n€u 6ng hit ¢6 duong kinh D = 250 mm.
Gidi:

Viét phuong trinh Becnuli cho mat cét 1-1 va 2-2, 1dy mat chuén 0-0:

2 2
Z +ﬂ+&:z2 +&+%+hwu
Y 28 y 28
Trong do: z, =0, p,=p,; v, = 0; o= 1.
h,;, =0 vi doan dong chay ngén, 1l
khong c6 chuéng ngai vat; I N 5
p, : dp suéat tuyét doi, tinh dugc khi : y ot
biét 4p suét chan khong: Pa T T T T
Y
- | v
th :ﬂ — Pa— P> | / 2
v v |
p 1
Suyra p,==*%—hy
P <

Thay cac gid tri trén vao phuong S

trinh: ===
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2
&:&_hck-i- 2

y v 28
.
Ta tinh dugc: —2-=h,,
8

Nhung & day yéu cau tinh luu lugng khong khi, vay van toc ciing phai tinh cho khong
khi va do cao chan khong h,, cling phai doi thanh do cao clia mot cot khong khi gay ra 4p suét
tuong duong véi cot nudce 4.

Ta Co: hz‘/c'%/c = h/c/c' %’/\'

Hay: hy =h, T =025 1000951 _ 164,
Vit 129.9.81
Vay: vy =28l =~/1962.194 =616 m/ s

5 3,14.0,30°
4 .V2 =

Luu lugng khong khi do quat gi6 cung cip 1a 4,35 ni'/s.

616=435m"/s

Q:a)2V2 =

Vi du 3-3.
Mot 6ng xiphong c¢6 dudng kinh d = 100 mm dugc dung dé thao nudc tir bé chia hd
vao khong khi. Dinh xi phong cao hon muc nuéc trong bé 4 = 4 m (hinh v&). Cho biét p, = 10°
Pa; g = 10 m*/s. B qua qua ton that nang luong.
1- Néu ap sudt tuyét doi trong 6ng duge xem la bang khong (p,,, = 0), tinh luu luong
thao 16n nhat.
2- Lic d6 miéng ra ctia dng xi phong phai & do cao nao?

3- V& duong nang, duong do ap.

=6m

=-10m




Gidi:
1- Tai dinh xi phong 4p sudt 12 nho nhét. 4p dung phuong trinh Becnuli cho 2 mat cat
(1-1) va (2-2) ta cé:

2
\%
Z1+&+0=22+&+_2
v

Yy 2g
Trong do6: p, = p, 1a ap suat tuyét doi tai (1-1);

p, - 4p sudt tuyét doi tai mat cat (2-2) da dugc gia thiét bang khong nén ta

vz\/Zg(zl -2 +&] :\/2g(—h+&] =
/4 /4

5
= 2,10 -4+ ]30 =+120=1095m/ s
10°.10

2 2
0= v.w=v.%: ]0,95.%z0,086 m/s=861/s

2- bé xéc dinh do cao miéng ra clia 6ng xi phong khi Q = Q,,.. = 86 I/s, viét phuong
trinh Becnuli cho mat cat (1-1) va (3-3) 18y dp suat du p, = p; =0
2
;+0+0=2,+0+—
28

2
120
Tu do Z3—ZI=—;—g=—m=

Vay miéng ra clia xiphong nam thdp hon mit nudc trong bé 6 m.

3- Pudng nang E-E va dudng do ap P-P duoc thé hién trén hinh vé.

Vi du 3-4.

Hay xac dinh nudc dang 1én & do cao nao trong 6ng, néu mot dau ctia ong duoc noi véi
mat cét thu hep cuia 6ng dan, con diu kia duoc tha vao nude. Luu lugng & trong 6ng Q = 0,025
n'ls; ap suat du p, = 49.10°Pa, céc duong kinh d, = 100 mm va d, = 50 mm (Hinh vé).

Giai :
Viét phuong trinh Becnuli d6i mat cat (1-1) va (2-2), mat chuin di qua truc 6ng (bd
qua ton that), 14y @, = @, c6 dang:

2 2
% %
P1+1_P2+2

pg 2g¢ pg 28
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4
Vi v, = —Q2 va

1% _—4Q

2 4d? 0

Sau khi bién déi ta c6:

po_p AOQ( 1 1
ps pg 2gr’\d} dj

49.10° 16.0,0252 1 1
= + 3 7 + 7 = _2;7 m
1000.9,81 2.981.3,14*°\0,1* 0,05

Ta dugc chiéu cao v6i dau am va chinh 1a chiéu cao chan khong. Nudc trong ong s&
dang 1én chiéu cao h, = 2,7 m.

Vi du 3-5.

Trén truc 6ng dan nudc nguoi ta dat
mot ong Pitd véi vi ap k& thiy ngan. Xac
dinh van t6c nuéc chdy trong ong u, . néu

hiéu s6 muc thuy ngan trong &dp k€&
Ah = 18mm (hinh vé).

Bai gidi:

Ong Pito do cot nude van toc:

u
H = Zmax 1
2¢ )

Heé s6 kiém dinh @ gia thiét bang 1.

Dé xac dinh H ta viét phuong trinh can bang trong 4p ké thily ngan doi véi mat phang
a-a (hinh vé):

P, +A4h.p,.g =p,+4h.p.g 2)

Trong d6 p, va p, - ap suét trong cac on ap ké thuy ngan & do cao ung v6i muc thuy
ngan cao;

pva p, - mat do ctia nuée (1000kg/m’) va thuy ngan (13600kg/nt’).
Do dé:
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H:M:Ah{p_m_]j 3)
P8 V4

Thay s6 vao cong thic (2) ta dugc:

H=0018 M—] =0.227m
1000

Tir cong thite (1) ta c6 van toc cuc dai trong Ong:

U, =+J28H =+/2.9,81.0,227 = 2,1%.

Vi du 3-6.

Mot doan 6ng cong ndm ngang chuyén chat 16ng véi luu luong Q = 20 I/s (Hinh vé).
Dudng kinh trong ctia 6ng d = 100 mm. dp suat du cta chét 16ng trong 6ng bang 2 ar. Tinh
thanh phan nam ngang cta luc do chét 1ong tic dung 1én 6ng cong.

Giai:

- Tinh lyc bé mat:
@ = a=0,78510"m’ =785.10" m’ :J/V_‘

|\p,@,| =|p,w,|=2.10°.9,81.78,5.10™ =1540N

- Tinh xung luc thuy dong:

-3
vI:vzzLo_é,=2,55m/s; \ o,
78,5.10
pQv, By Vs
p=10° Kg/nt's "~ %

POV, = pOv, = 10°.20.10°.2,55 =51 N P,

- Chiéu lén truc ngang (theo phuong F Lva1
chiéu trén hinh vé):

F,=-p,@ - pOv, = - (1540 + 51) = - 1591 N
- Tinh hgp luc trong mat phang ngang:
Vi Iy do d6i xting nén F =|F2 =2250 N

Chi y: Néu bod qua xung luc thuy dong Qv thi bai todn nay c6 thé giai theo phuong
phap tinh ap luc thuy tinh.
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Bai tdp 3-1.

Tia chat 16ng phun 1én theo phuong thang diing tir 6ng
c6 duong kinh d, v6i van toc v, va gap phai vat can trén
dudng di c¢6 dang hai ntra qua cau (Hinh vé). Biét trong

lugng vat can 1a G, trong luong riéng chit 1ong ¥ Xac dinh /- /\\f/\ /
do cao z ma vat duoc nang 1én so v6i miéng ong (theo v,). l l
2 G 2 > N
Dap so': z=20 _ > —f ?
28 \myy) v;
,uc
dO

Bai tdp 3-2.
Mot ong Venturi dé do luu lugng gém 1

hai doan 6ng ngin c6 dudng kinh khac nhau

d, = 300 mm va d, = 150 mm. Hai doan ong - {A )

duoc ndi vao mot ap k& Cho biét do chénh
trong ong do ap h = 100 mm.

AL W 4

Lap biéu thic tinh luu luong Q chay
trong ong theo do chénh /4 va tinh Q néu chat
long chay trong ong la nudc.

<

(-

BPdp so: Q= uK+/2gh

Bai tdp 3-3.
Mot kénh ¢6 mat cét hinh chit nhat b, = 12 m; h, = 3 m, ddy nim ngang. Trén kénh c6
mot doan thu hep véi chiéu rong b, = 8 m. Bd qua t6n thit cot nudc, tinh do sau va van
toc tai phan co hep cta kénh (h4,,v,). Cho biét van t6c nuGc chay trong doan kénh
khong thu hep v, = 0,5 m/s (Hinh v¢).
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Bai tdp 3-4.

Mot voi phun mua 3 nhanh
(hinh v€&) dong nudc chay xuyén tam,
luu luong Q = 2,7 m’/h, nhiét do cha
nuée 12 20° C, bd qua ma st & khuyu
vong.

Hay xac dinh van t6c quay cta
voi phun trong 2 trudng hop:

a) 9=10"

b) =40

Truong Dai hoc Nong nghiép Ha Noi — Gido trinh Ky thudt Thuy khi
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Bai tdp 3-5.

Diung 6ng xi phong dé (—2 )
din nudc tir bé chita A sang bé
chita B (hinh v€). Xac dinh
dudng kinh 6ng can thiét va do —— — —F 1
chan khong ¢ diém cao nhat cua L H,
ong xi phong néu H, = 3 m; z =
6 m.

Luu lugng can phai chay
qua ong 1a 100 nt’/h.

BO qua ton that ning
lugng.

BDdp so: d = 68 mm;
h., =442 mmHg

Cdu hoi on tap chuong II1

Phan biét céc loai chuyén dong trong chat 1ong.
Dbinh nghia duong dong, 6ng dong, dong nguyén t6. Néu dac tinh cua dong nguyén to.
Céc yé€u t6 thuy luc ctia dong chay — cach xac dinh.

Phuong trinh lién tuc ctia dong chay.

A

Thanh 1ap va phan biét rd gilta phuong trinh vi phan chuyén dong cta chat long 1y
tudng va chit long thuc.

6. Phuong trinh Becnuli viét cho dong cht 16ng 1y tudng va chét 1ong thuc. Y nghia hinh
hoc va nang lugng ctia no.

7. Néu mot s6 ting dung cu thé ctia Phuong trinh Becnuli.

8. Phuong trinh bién thién dong lugng va mo men dong lugng trong chuyén dong dimg.
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Chuong 4

CHUYEN PONG MOT CHIEU CUA CHAT LONG
KHONG NEN PUGC

Noi dung chuong nay di vao tim hiéu trang thdi chdy cta chat 16ng, t6n that ning
luong trong dong chdy va xét cu thé mot s6 dang chuyén dong mot chiéu clia chat 16ng
khong nén dugc nhu nude chay trong 6ng, dau trong cac khe hep ... tir d6 rit ra nhitng tng
dung vao ky thuat.

4.1. HAI TRANG THAI CHAY CUA CHAT LONG. SO REYNOLDS
4.1.1. Thi nghiém Reynolds

Nam 1883 O.Reynolds bang thuc nghiém da phat hién ra su ton tai hai trang thai
chay khdc biét nhau ctia chét 16ng va chiing minh ring ching ¢6 lién quan mat thiét véi tén
that nang lugng cta né.

Thi nghiém cta Reynolds gom cé
mot binh nudc 16n A, mot binh nudc mau
C, mot 6ng thuy tinh trong suét (Hinh 4-1).
biéu chinh khod dé nudc mau do chay
thanh mot soi chi d6 cang xuyén su6t ong
thuy tinh, nghia 1a cdc 16p chat 1ong chay
thanh tang riéng ré, do 1a trang thai chay
tang (Hinh 4-1a). Tang van toc dong chay,
du tién soi chi nuéc mau dé bi dit doan “
(Hinh 4-1b) - chay qua do, sau d6 ching
hoa tron hoén loan vao nhau (Hinh 4-1c¢), d6
la trang théi chay roi.

Lam thi nghiém ngugc lai, giam
dan van toc dong chay thi trang thdi chay
cua chat 16ng bién d6i theo chiéu ngugc Hinh 4-1. So d6 thi nghiém Raynon
lai: tir chay r6i sang chay tang. '

Qua thi nghiém véi nhiéu 6ng ¢6 duong kinh khac nhau va véi nhicu loai chat 16ng,
nguoi ta nhan thay trang thai dong chay phu thudc vao van téc v, dd nhét v va duong kinh
ong d.

4.2.1. So Reynolds va van toc phan giéi

Reynolds da tim ra t6 hop 3 dai lugng (van toc v, do nhét v va dudng kinh ong d)
la mot s6 khong thit nguyén, mang tén 6ng - s6 Reynolds:
_u

(%

Re (4-1)

Van t6c chuyén tir trang thdi chay ting sang chay r6i la van téc phan giéi trén (v,,,),
tuong ng c6 s6 Reynolds phan gi6i trén (Re,,,,).
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Van téc chuyén tir trang thdi chdy roi sang chdy ting 1a van t6c phan gi6i dudi
(V,0)> tuong ting c6 s6 Reynolds phan gidi dudi (Re,,,)

Khi dong chdy c6 : Re < Re,,,, thi trang thdi ctia n6 1a chay tang;
Re > Re

L, thi trang thdi ctia n6 1a chay roi;

Re,,, < Re < Re,, thi trang thdi cia n6 c6 thé 1a tAng hoac roi, nhung
thuong 12 chay rdi, vi tng v6i giai doan trung gian ndy trang thdi chdy ting rat khong 6n
dinh.

Qua nhicu thi nghiém thdy rang Re,, khong c6 mot tri s6 xdc dinh (dao dong tir
12000 dén 50000). Con Re,,,,

doi véi moi loai chat 1ong va duong kinh khac nhau déu cé
mot gid tri khong d6i (2320).

Do d6 Re

ea =2320 dugc dung lam tiéu chuén xdc dinh trang thai chay.

vady Re < 2320 - Trang thai chay tang;
Re > 2320 - Trang thai chay roi.

4.2. TON THAT NANG LUONG TRONG DONG CHAY
4.2.1. Quy luat ton that nang luong trong dong chay
a) Phan loai ton thdt

Khi chét 16ng thuc chdy ¢6 tén that nang Iuong do luc can chuyén dong. Can c vao
nguyén nhan phat sinh tén thit ning luong trong dong chay, ngudi ta chia ra :

- Ton that doc duong (h,,);
- Tén that cuc bo (4,,,).

Tén that nang lugng doc dudng la do luc ma sét trong tdc dung lén dong chat 16ng,
hay 1a do luc can theo chiéu dai ctia bé mit bao quanh dong chay (bé mit trong 6ng dan, bé
mat ddy, suon kénh ...).

Tén thit nang luong cuc bo 1a do luc can gay nén khi thay doi dot ngot mat cat
dong chay hay thay doi dot ngot chiéu dong chdy nhu & trong khoa nuéc & cdc chd ngodt. ..

b) Qui ludt chung vé ton thdt ndng luong

Bing thuc nghiém ngudi ta dd dua ra qui luat phan bo tén that nang lugng doc
duong trong dong chay:

- Khu vuc chay tang : h,,, = k,v
- Khu vuc chdy r6i:  h,, = k)’
trong d6 : k, , k, - hé s6 ty 1& ; v - van téc dong chay.

- Trong khu vuc qua do, lién hé giita van toc va ton that nang lugng theo quan hé
bacnvéi I< n < 2.

4.2.2. Tén that nang luong doc duong
a) Ton thdt néng luong doc duong trong chdy tang

Trong chay ting, chat long chay thanh nhiing b6 dong riéng biét song song véi
nhau. Trén thanh 6ng, c6 dinh chat nhitng chat diém khong chuyén dong, van toc cua
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ching bing khong. Tén tht niang luong trong chdy tang do tidc dung clia luc ma sét 1a ty 1é
bac nhit véi van toc.

Nghién cttu su phan b6 van toc, luc ma sat riéng va tén that nang lugng clia chay
tang trong 6ng tron nam ngang (Hinh 4-2).

Tén that nang luong trong 6ng:

P~ D :ﬂ
/4 R

by, = (theo phuong trinh co béan clia chay déu)

ma 7= —,ufl—u (r tang u giam) do do:
r

Pi=py __,Mdul

/4 ydrr
‘ Umax ,
I:‘0
u

Hinh 4-2. Phan b6 van toc, ing suat cua chay ting trong 6ng tron

Thay R = r/2 ta c6:
du=-LPL"P2 gy (4-2)
2ulL
Tich phan (4-2) tir r dén R, ta c6;

UR() RU
[;fdu = ——plz;l{% err

r

u =
R, r 4#L
Nhu da biét & trén, u,, = 0. Vay d6i véi bat ky diém nao trong mat cat dong chay &
khoang cach r doi véi truc 6ng c6 van toc:

" =%(Rj ) 4-3)

—u —_M(ROZ _rZ)

Van toc cuc dai khi r = 0:
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APRZ

Upay = 5 1%
4ul
R, R,
. T .5
Ta tinh dugc luu lugng: Q=J‘dQ=JZ7Trdr=5R0 u,
van toc trung binh: V= Q = Ymax.
a 2

Tén that nang luong (d6 chénh 4ap):

Ap ULy
hy -, =—=32 e (4-4)
6 day d = 2r. Nhan trén va dudi v6i 2u va thay y=pg, ta co:
64u LV’
by -2 =
udpd2g
- ﬂ N 14 ] N A 2 2 ~ = 2 A ~ 1N
bat —=v va — =— thi cong thtc ton that ning lugng trong chay tang sé la:
P ud Re
64 LV’
= 4-5
W2 Re d 2 g ()
bat ﬁ:ﬂ, ta s€ co:
Re
LV
hy 1y =A—— 4-6
e = Ay (4-6)

trong do A — hé s6 can doc duong.
Cong thic (4-6) goi 1a cong thic Darcy (do Darcy thiét lap 1856)
b) Ton thdt neng lugng doc duong trong chdy roi

Trong céu tric cua dong chay rdi trong 6ng gdém 2 phan chinh (Hinh 4-3a): 15i r6i
va 16p chay tang sat thanh c6 chiéu day J;:

30d

O =—F—
! Re\/z
Trong 16i 161, van téc diém thay déi vé tri s6 va ca huéng theo thoi gian. Néu xét
trong mot khoang thoi gian twong doi dai 7, thi thdy # dao dong xung quanh mot tri s6
khong déi u (Hinh 4-3b) goi 1a van t6c trung binh thoi gian u :

;:%tj:udt
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a) Lép chay ting satthanh  b) o

L&p qua do

L&i réi

————————

N

Hinh 4-3. a) Mat cat ngang dong chay rdi trong 6ng tron
b) Phan bé van td¢c mach dong trong chay roi

Liic dé van téc tic thdi u = u +u, u - vantoc mach dong.

Trong thuc t€ dé xdc dinh ton that nang lugng doc dudng trong chdy r6i, ta dung
phuong phdp gan ding véi nhitng gia dinh sau:

+ Lién hé binh phuong giita ton thit nang lugng va van toc;
+ C6 quan h¢ giita do nhdm cua thanh véi ton thit nang lugng;
+ Coi trang thai chay r6i véi gia dinh nhitng dong nguyén td song song.

Theo quan niém trén ta coi luc can ctia dong chay 1a gébm c6 luc can gay nén tir bén
trong chat 16ng ti€p xudc véi thanh dong chdy. Vay biéu thiic cho luc ma sét riéng trén thanh
c6 thé xdc dinh theo cong thiic:

7, =bv

trong d6: b — hé s6 dugc xéac dinh bang thuc nghiém (phu thuoc do nhdm cta thanh va dang
cua dong chay).

Mat khéc, tir phuong trinh co ban cta chay déu: 7, =RJ
Vay ta cé: b’ = )R]

Hay V= Zx/RJ

bat \/% = C ta c6 biéu thiic tinh van toc trung binh trong chay déu:

v=CvRJ (4-7)

Cong thiic (4-7) goi la cong thic Sedi, dung dé xdc dinh van t6c trung binh trong
chay déu clia chat 16ng trong 6ng, trong kénh va trong thién nhién.

Hé s6 C phu thudc hé s6 nham n va ban kinh thuy luc R, phan 16n dugc xéac dinh
bang cong thiic thuc nghiém (xem phu luc 2, 3).

Thay J :hTW vao (4-7):
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v=C,|RX
L
Do do:
L’  4L?
=—=— 4-8
P C’R C%d (5
Nhan trén va duéi véi 2g:
8gLv’ L2
hy =52 = 3= (4-9)
Cd2g d2g

6day A= 8?g goi la hé s6 can doc dudng.

4.2.3. Ton that nang luong cuc bo

Tén that nang lugng cuc bo sinh ra khi thay d6i dot ngot mat cét, hay hinh dang
dong chay (tri s6, phuong, chiéu chia van tdc). O chd c6 luc can cuc bo c6 thé quan st thdy
hién tugng va dap va chay xody. Su tuong tac gitta dong chay va céc chat diém chdy xoay.
D6 1a nguyén nhan phat sinh ra tén that nang lugng cuc bo.

Nhiéu thuc nghiém di chiing minh ring t6n thit cuc bo ciing tuan theo cic qui luat
phan bo nhu d6i v6i tén that doc dudng.

Thudng dung cong thiic Weisbach dé tinh ton thét cuc bo:
2
By =¢ — (4-10)
2g

trong d6: v - van téc trung binh dong chay thuong 14y & sau chd ¢6 stc can cuc bo;

¢ - heé s6 ton that cuc bo thudng dugc xdc dinh bing thuc nghiém (xem phu luc
1).

Thuc nghiém cho biét tén that cuc bo khi chay réi ty 1& vé6i binh phuong clia van
toc, lic d6 hé s6 ¢ khong phu thudc vao so Re; khi chay tang ¢ phu thudc vao s6 Re. Mic
do phu thudc 4y tuy theo mitc do dong chdy tang bi pha hoai khi c6 stic can cuc bo, c6 thé
st dung cong thiic Antosul dé tinh ¢ trong dong chdy tang:

=é+§r 4-11)

Trong d6 : {r - hé so t6n that cuc bo trong khu vuc binh phuong stic can.

Gid tri ciia A va {'r cho trong bang 4 - 1.

Badng 4-1
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Loai vat can A Cr
Khoa hinh ném 150 0,40
Van thong dung 3000 4,00
Van nghiéng 900 2,50
Van bi 5000 4,50
Ong ngoat 90° 400 1,40
Chac ba 150 0,30

Trong trudng hop téng quat, ton that nang lugng gifta hai mat cat 1-1 va 2-2 cua
dudng 6ng 12 bing tong s6 cdc ton that doc dudng va tong so cdc ton that cuc bo :

K n
th—Z = Zhwd +Zhwc
i=1 i=1

hay h = i i viz +Zn:C viz
wi-2 = 227, A iS5
o d; 2g o 28

&AL v? o , ’
Z#—’ 1a ton that doc dudng cua k doan 6ng;
i d; 28
5 V7 PR , - o
g la ton that cuc bo cua n chd gy ra stc can cuc bo.

i=1

4.3. DONG CHAY TANG TRONG ONG (DONG HAGEN - POADOI)
4.3.1. Phuong trinh vi phan cua chat 1ong chuyén dong

Xét chuyén dong mot chiéu (u # o) trong 6ng nam ngang do do chénh dp (p, > p,)

5
clia chat 16ng chuyén dong dimg [% = 0], bd qua luc khai (F = 0] . V6i nhitng diéu kién

5
do6 xudt phat tir phuong trinh lién tuc: div 4 =0 va phuong trinh Navier- Stokes:

—igmd p+UVAu =d—u
P dt

1 dp ’u  J’u
suy ra ———t Y —5+—5 =0
p dx K&
2 2
a_?+a_12’t:id—p:C=const (4-12)
N " udx



O day cho hai v€ bang const, vi v€ trdi phu thudc vao y, z ; con v€ phai phu thuoc vao x.
dp _ _dp _ Y
==t =—ylJ 4-13
dx l l 4 ¢-15)
J - d6 doc thuy luc

Dé dé tich phan (4-12), ta dua vé hé toa do tru véi gia thiét dong chay doi xing
truc:

1d( du 1 Ap
——|r—=]=-———= (4-14)
rdr\ dr 7
vGi diéu kién bién r= 0 : u hitu han
r=R, : u=0

Phuong trinh (4-14) biéu dién m6i quan hé vé su bién thién van toc va 4p suat thuy

dong ctia dong chay tang trong ong.
4.3.2. Phan bé van toc

Tich phan (4-14) véi cdc diéu kién bién ta sé tim duoc su phan bé van toc ¢6 dang
Parabol (Hinh 4-2)

u=2 (g2 (4-15)
4ul
van toc max tai truc ong:
umax = A_pR()Z
4dul
R, R, z
Ta tinh dugc luu lugng: Q= [do=[27zrdr= ERozumax
Van téc trung binh: V= Q_ s
o 2
D6 chénh 4p: ap =Kl _SHIO 4-16)
R, 7R,

D6 1a dinh luat Hagen-Poadoi, dugc tng dung dé tinh do nhét.

Hé s6 hiéu chinh dong nang:

I wdw
a=2 =2
v3Q
Phan bg tng suét ti€p trong dong chay

du _dpr_

.
- -z 4-17
P~ 12 "% 17
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trong do z‘o(r:Ro):%%:}/JR

R - Bén kinh thuy luc.

4.4. DONG CHAY ROI TRONG ONG

O trang théi chay tang, theo Newton 7= ,u% .
y
: e du
O trang thdi chay r6i, ngui ta dua vio he s6 nhét bd sung 7, = (e + ,u)d—
Yy
. du
nhung & >> 4 nén T, =T=E—
dy
Theo Prandtl: e=pl? du
dy

trong d6: [ = Ky - Chiéu dai xdo tron, dic trung cho su chuyén dong theo phuong ngang
clia cdc phan tlr chét long (K = 04);

% - Gradient van toc trung binh thoi gian
y
du du Y’
Do dé6 r=e=pp| Y4
dy dy
du T 1 1 . T e e
A e TR v6i u*=_|— vantoc dong luc
dy \pl [ p
—wk uxd
du=—dy= ey
Ky
- u* . . -
uz?lny+C Taitrucongy=r, u =u,,,

u*

s
- C= umax—u?lnY:umax—?lnr

— *
Vay: U=u,,, —u?lnl nghia la van tdc bién thién theo qui luat Logarit,
y

con van toc trung binh v = Q_ 0,825 u,,,,
[0

4.5. DONG CHAY TANG CO AP TRONG CAC KHE HEP
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Trong k¥ thuat, gitta cdc chi ti€t may c6 nhiing khe hd nén ¢6 su 1o ri clia chat 16ng
(xang, dau...) do chat 1ong lam viéc dudi ap sudt cao. Nén can tinh toan do khit can thiét
ctia nhitng khe h& d6, han ché luu luong 10 ri...

4.5.1. Dong chay giira hai tam phang song song

Véi nhitng diéu kién nhu dong chay
tang trong ong (muc 4.2) va do khe hep g
nénu = u (y); (Hinh 4-4). b
Phuong trinh vi phan chuyén dong
Pu_1dp |

c6 dang: =
e dy*  udx SA
A
v6i diéu kién bién: tai y=0vady =h: u «— —
=0
Sau khi tich phan ta s& dugc phan bo "
van téc c¢6 dang Parabol
14 TP R 2 X
=—2—d—p)’(h—y) ;j ‘4:* AN
H ax 4 <— <«—
van toc max (tai y = h/2): dx
= id_phz
" 8 dx Hinh 4-4. Dong chay giita hai tim phang
song song
h
Luu luong 0= j budy = _ b dpys L Ay, (4-18)
. 12 dx 12u 1
Van toc t binh: _Le.z2
an t6c trung binh: v =2 = 2,

&dday: b - bérong tim phang;

[ - chiéu dai cua khe.

4.5.2. Dong chay doc truc giira hai tru tron
a) Mdt tru dong tam
Ky hi¢u: D, - Buong kinh ngoai, D, - Buong kinh trong

p="Ln ;LD ' _Pudng kinh trung binh.
5="Lu ; D chicu day ctia khe.

Xét d<<D /2, |- Chiéu dai cia doan dong chay cin xét, ap dung (4-18) tinh luu
luogng thay b = 7D ; h = dta co:
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_ & Ap
2u 1

0=0,

b) Mdit tru léch tam (Hinh 4-5)

Goi J - Chiéu day cta khe hd khi mat tru
dong tam;

e - Do léch tam;

@ - Goc clia mot ban kinh véc to véi
dudng qua tam hai mat tru (toa do
cuc 0 la tam); -

a(@) - Khe hd theo ban kinh véc to tng
Vol Q.

Xét a <<D nén

a=%—%+ecos¢:§(1+§cos¢j
Ap dung (4-18) cho phan (5 hinh thang  Hinh 4-5. Dong chiy giita hai mat tru
vuong: léch tam
b=—de¢p ; Jd=a
Ap D e ’
dQ:—p— 53(1+—c0s¢j do
12u1 2 K
2 2 2
7DAp 3 Je 3e
=0,=[d0=22L 57 1+25 |=0)| 1+25 4-19
Q QZ _E Q ]2/11 ( 252J Ql( 252] ( )

Vay 0, > 0, va Q, = 2,50, khi do lech tam 16n nhat (e = )

O day c6 thé xét thém bai toan loc déu, tiic 1a dong chay ting theo phuong ban kinh

trong khi hep phéng.

4.6. DONG CHAY TRONG KHE HEP DO MA SAT - CO SO CUA LY THUYET

BOI TRON THUY PONG

Trong thuc tién k§y thuat ta gap rat nhiéu chuyén dong do ma sdt trong khe hep nhu
chat 16ng chuyén dong giira pittong va xi lanh, gifta con truot va ban trugt, gitta truc va 6

truc...Can phai tinh lyc ma sat va moé men can.

4.6.1. Dong chay giita hai mat phang song song - Bai toan Cu-et
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Dong chay do ma sit (do tdm phéng trén chuyén dong véi van toc u, - hinh 4-6) va
d, . .
do do chénh 4p d_p # 0 . Lic d6 phuong trinh vi phan chuyén dong giong nhu muc 4.5.1.
X

nhung di¢u kién bién khac khiy =4 ; u = U,; nén

U, 1 dp
u="Ly_ L Py 4-20
0> 2 y(h=y) (4-20)
h
va Q=judy=U—’h—Ld—ph3 (4-21)
) 2 2pdx
Khi khong 6 do chénh ép (Z—p =0): 3
X
u=U, 2 Y,
h
dy h
2 U] X
Luc can T=78S=u—+S5 ; )
) h Hinh 4-6. Dong chay giita hai mat phang
S - dién tich tam phang song song do ma sat

4.6.2. Boi tron hinh ném
Khi mot tim phang nghiéng di mot géc nhd @, ta ¢6 hinh ném (Hinh 4-7).

Lidc nay, ngoai luc can F con ¢6 luc nang P, nghia la can tim su phan b ing sudt
ti€p va phan bd ap suat.

Tuong tu nhu bai todn Cu-et 4
(4.6.1) ta tinh duoc luu lugng qua mat
cat chiéu cao A theo (4-20)
Uh I dp,s
2 12udx

0=

véih = h(x)=(a-x)tga = (a-x)o
(4-22)
Gia st tuong ing v6i mat cat
chiéu cao h ¢6 dp suét cuc dai, nghia
la:

»
>

Hinh 4-7. Dong chay gifta hai mat phang
khong song song

dp Uh
+-0; =1
dx Q 2
N . dp
Thay vao (4-21), ta tinh duoc d_
x
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U _Uh_ 1 _dp s
2 2 2udx

—h*
L, dp_6pU, (=t )zéﬂU{z zg]
dx h

Khi x=0vax=1[:p=p,

Thay h bang (4-22) va ldy Idx , ta dugc

p=p + 6uU ,x {]_ 0 2a—x}

dala—x) aU, a(a—x)

Suy ra 4p luc tic dung lén ban phang:

i 2
U,l
P=[(p-pJax=c, 272
0 h2
n-1 o h,
C =———— lg?]—Z—} -Hé sonang, n=-—+
3 (77—-7)2{ n+1 h,

Dé tinh luc can F, ta phai tinh tng sudt ti€p 7= ,u% , u lay tir phan bo van toc
Y

chuyén dong Cu-et (4-20). Tur d6 thay y = h(x), ta c6 7= 7,. Luc céan tinh theo mot don vi
bé rong doi v6i ban phang chuyén dong 12 :

h2

Hé s0 can: Cf:L 2lg77—377—_1
n-1 n+1

. . F C h
Hé sd masat: f=—=—L—=.
P C,l
4.6.3. Boi tron 6 truc
Tinh lyc ma sat va mo6 men cua né giita truc va 16p dau boi tron theo Petorop (Hinh
4-8). Goi r - ban kinh truc; [ - chiéu dai truc; 16p dau dayd. Khi truc quay véi van téc U =
r£2 thi chdt diém dau badm trén mat truc ciing chuyén dong vé6i van téc do, con trén 6 truc
bang O.
. TV N du
Ung sudt ti€p ctia 16p dau 7 = ,ud—
,

Dién tich ti€p xdc giita 16p dau va mat truc S = 2wl
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u

Lucmasat:T=7.5 = anl,ud—u =2mrlu
dr o

Mo men luc ma sat:

mr ,wz'z rnl

M=T.r=2mrl
" “306 " 156

viu=ri, .Q=ﬂ
30

Do léch tam khi quay truc, nén
phai nhan cac két qua trén véi hé s6 hiéu
chinh Hinh 4-8.

21+2C*) c-©

(2+C2Wi1-c? )
C6 thé tham khéo thém tai liéu [10], [16].

4.7. VIDU VA BAI TAP
Vidu 4-1.

Puong ong trong cap va thoat nudc cé duong kinh bé nhat d,,;,, = 3500 mm. Van toc
tinh toan cua nudc trong duong ong lav = 0,5 = 4 m/s.

Xac dinh s6 Reynolds 16n nhat va bé nhit va trang thai chay cua nudc trong cac 6ng
nay.
Gidi:

Nhiét do chia nu6c trong cac hé théng cap va thodt nudc co thé thay déi tir 00 dén
300, con do nhét dong hoc v, = 1,78.10° m’/s va vy, = 0,81.10° m’/s.

S6 Reynolds bé nhat tng véi d,,, = 3500 mm; vmin = 0,5 m/s va v, = 1,78.10° ni’/s

min

ta co:
. 0,5.0,0]_§ 3370
1,78.10
Tuong tu : € ax = L‘: = 17260000
08110

Ngay ca s6 Reynolds Re,,, cling 16n hon s6 Reynolds phan giéi duéi Re;,, = 2320,
vi vay trong cac duong ong cap thodt nudc, trang thai chay luon luon la chay roi.

Vi du 4-2.

Nudc chay tir binh chita qua mot dudng ong dat ndm ngang c6 ti€t dién thay déi noi
ti€p nhau d, = 75 mm; d, = 100 mm; d; = 50 mm. D6 cao cot nuéc trong binh chia ké tir
truc 6ng 1a H = I m. Gia thiét chi tinh t6n that cuc bo dong chay ding.
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a) Tinh luu lugng chay qua ong;
b) V& dudng nang, dudng do 4p;

¢) Néu bo qua doan 6ng thit 3 thi dudng niang va dudng do dp c6 gi thay d6i?

Twcz buodng nang

h

c3

Gidi:
Chon mat cét di qua truc 6ng (I-I) ]am mat chuén, viét phuong trinh Becnuli cho 2
mat cét (0-0) va (3-3), sau khi don gian va thay z, = H ta c6:

2

H=v—3+hw
2g
Trong doé: h,=h,+h,+h,
2 2
hc1=0’5v_1: 4% 4
2g gm'd;
V2 2Y 802
hczzgz_lz(l__éJ 2 14
2g d; ) gr°d,;
V2 2Y 80°
h03=;3_3:0’5'[ __;J 2 54
2g d; ) gr°d;

Tur d6 suy ra:

2
v

H==+h,+h,+h;=
2

160° Y| 2V 1
= 05+ ]——12 5 [ 1+05 1——32 )
2g d; d; d;
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Thay s6 vao cdc biéu thiic trén ta tinh dugc:
Q=711ls; h,=66cm;, h,=264cm; h;=25cm

2 2 2
v—1=13,46’m; v—2=4,]5cm; Y5 g2 em
2g 2g 2g

Puong nang va duong do 4p theo dp sudt du dugc biéu dién trén hinh vé&. Tir hinh v&
cho ta thdy rang trén mat nuGc cta binh chia ta xem van téc v va dp suat du bang khong;
do d6 dudng nang va dudng do ap bi€u dién dai lugng z = H, nghia la ching tring véi mat
thodng. V& dudong nang hinh bac thang thap dan c6 do chénh ting bac lan luot 1a A, A,
h.;. T d6 suy ra dudng do dp bang cédch ha cdc bac thang cua dudng ning cdc tri s6 1an

v V2 V2
luot 1a L =J134cm; 2=415cm; —=-=42cm.
2g 2g 2g

Néu cit bo doan ong thit ba thi tir phuong trinh Becnuli ta suy ra rang luu lugng Q
s€ tang vi 4, gidm. Trong trudng hop ndy dang tong quét clia dudng ning sé khong déi con
duong do ap & doan Ong 2 s€ trung truc 6ng. ¢ doan cudi duong do ap theo ap suét du trung
truc ong.

Vi du 4-3.

Tinh luu lugng dau trong 6 truc. Dau dugc dén theo duong ong (I, = 0,8 m; d, = 6
mm) qua mot ranh vong tron bé rong b = 10 mm dé vao 6 dd; 6 do dai [ =120 mm, dudng
kinh d = 60 mm; chiéu day khe hep b, = 0,1 mm.

Ap sudt du ctia ddu & ddu ong dan p = 15,6 N/cn’, d6 nhét cla ddu i = 0,1375
Ns/nt'.

Wﬁg/%
| i

Coi dau chay trong 6ng va khe hd & trang thdi chay tang va bd qua anh hudng cua
truc khi quay, xac dinh luu lugng ddu chay ra tir hai dau 6 do trong hai trudng hop sau:

1. Truc va 6 do dong tam;

2. Truc dat léch léch tam véi 6 d& véi do léch tam e :D2—ad:0,5 (d - duong kinh

truc; D - dudng kinh 6 dd; a - do léch tam tuyét doi).
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Gidi:
Ap sudt tao nén bom diing dé khic phuc stic can trén doan 6ng /, va trong khe gitta
truc va 6 dd, vi vay c6 thé biéu thi bang hé thc:
A4
ya — _Ap 0 — =48 (1)
vy o7 /4

A . . , y
Do . (8n thit cOt 4p trén doan ong /;

Y
dp; .

L : t6n that cot 4p trén doan khe ho dai é )
4
Gia thiét dong chay trong ong la chay tang:
dp, 128VIyQ  128ul,0
y o omdy, oy,
a) D61 v6i khe hep trong d6 c6 tru va 6 d5 dong tam:
12412012
a2 )2
¥ ndbyy
Thay (2) va (3) vao (1) ta c6:
_128ul,Q | 3(1-b)ou
7] mdb;

2)

3)

0= L
1281y, 3(-b)
d} db;

_ 314 157
T 137.107° 128.80 .\ 3(2-1
06*  6.008°

) =0,65 cm’ /s

b) Khi truc va 6 d& khong dong tam, cong thic tinh luu luong qua khe c6 dang:
Q= Q(] + g ¢’ ]

Trong dé6: Q — luu luong qua khe hé tru va 6 do dong tam.
Do dé:

I-b
ap, [sz’ _ 3(-buo
Y ;ordbg(]+;e2j ;ordbg(]+;e2]

“4)
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Thay (4) va (2) vao (1):
_ 128Qu, , 3(-b)uQ
mg’(nzezj Mbg[]+;e2]

Rut ra
o=~ p
2128, 30-b)
4 + 3( 2)
dO dbo 1+ ],56
__ 3 157 ) )
137.107° '128.804_ 3(12-17) =0,88 cm’/ s
06*  6.00°(1+1505°)
Bai tap 4-1.

C6 2 6ng nhu nhau: d = 150 mm, [ = 100 m, d0 nham tuyét doi ctia ong A = 0,1
mm. Mot 6ng c6 nude chay va mot 6ng c6 dau chay véi cung luu luong khoi lugng M =
7500 kg/h. Khoi luong riéng cta diu p, = 860 kg/m’ va cta nuéc p, = 998 kg/m’. Hé s6
nhét dong ctia dau v, = 0,2 cm’/s va ctia nuée v, = 0,0101 cm’/s.

Xac dinh t6n thit doc dudng trong ong?
Pdp s6- h,, = 0,0122 mH,0;
h,, = 0,04 mH,O;

Bai tdp 4-2.

Mot may bom lay nudc tr gi€ng véi
luu lugng Q = 50 I/s. Nude c6 nhiét do
20°C. Xac dinh chiéu cao 16n nhat Z, tinh
ti mat nuéc dén truc may bom (hinh v§)
néu 4p suat truc may bom p, = 0,3.10° Pa.
Trén dudng 6ng hit bing gang cé dudng
kinh d = 0,25 m va chiéu dai [ = 50m c6
mot ludi chan rdc, khuyu ngoat ém véi ban
kinh R = 0,5 m va mot khoa diéu chinh
duoc m& 45%.

Ddp so:H, <62 m
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Bai tap 4-3.
Nudc tir giéng thai cua nha
mdy dién, c¢é nhiét do r = 55° C,
qua Oong xi phong chay ra song. Do
chénh muc nuéc H = 3 m (hinh v€).

Xéac dinh Iuu lugng thdo
nuGe ra song , néu duong kinh d =
200 mm, chiéu dai téng cong [ =
100 m, c6 mot chd vong 90° va hai
chd vong 45°, véi béan kinh vong R
=400 mm. Hé s6 can A = 0,028.

Tim 4p suét tai diém cao nhat clia 6ng xi phong, néu z = 2 m va chiéu dai doan 6ng
[.=6m.

X

BDdp 56" : Q = 218 m3/h;
p.= 75500 Nim.

Bai tdp 4-4.
Nang luong tiéu thu béi tuabin CR (hinh v&) 1a 60 mH,O va ép suat tai T 1a 51

o Ve oV
mH,0. Tén thit cot nude gita V va R 1a 22— va gitta C va T 1a 22—, dudng kinh 6ng
8 8
gitta V va R1a 60 cm, gitta T va C 1a 30 cm.

Xac dinh: 1) Luu luong; 2) ap suat tai R; 3) V& duong nang.

v 45m

w =
V

Ddp so: Q = 0.98 m3/s;
e = 15 620 Nin’
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Bai tdp 4- 5.

Luat phan bo van toc ctia dong chat 16ng thuc, chay ting dimg gifta hai mat phang
2
1 dp|(d
4]
Tim ting sudt tiép tuyén 7, trén mat phang va do gidm 4p trén doan / m doc theo

2u dx|\ 2
truc x. Biét d = 10 mm, luu lugng Q = I I/s. Chat 1ong 1a dau ép c6 u = 0,102 kGs*/m’
(INs*/m®) & nhiét do ¢ = 20°C.

co dinh song song ndm ngang 1a: u =

A 4

Dap s6- T, = Z—‘Z‘Q =6,12kG/m> =60,04 N/ m?

12

=M = 1224 kG /m? =—12.007N /m>

Ap P

Cdu hoi on tap chuong IV

Phan biét hai trang thai chay ctia chat 16ng thuc — S6 Raynon.
Néu dinh nghia va qui luat chung ctia céc loai t6n thit nang luong.
Dong chay tang trong ong.

Dong chay r6i trong 6ng

Dong chay tang c6 ap trong cac khe hep.

S

Dong chay tang trong cac khe hep do ma sat.
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Chuong 5
CHUYEN PONG MOT CHIEU CUA CHAT KHI

Noi dung chuong nay nghién cttu chuyén dong mot chiéu ctia chét 1ong nén duogc —
chat khi, nghia Ia p # const, n6 thay déi theo dp sudt p va nhiét do T. Khi d6 céc phuong
trinh ¢6 thay déi.

5.1. CAC PHUGNG TRINH CO BAN CUA CHAT KHI
5.1.1. Phuong trinh trang thai:

Biéu dién moi quan hé giita trong lugng riéng ¥ = pg, 4p sudt va nhiét do. D6i véi
chat khi hoan hao, ta c6:
P
—=RT (5-1)
/4
R - Hang s6 khi, v6i khong khi R = 29,27m/do.
Biéu thiic (5-1) van con phic tap dé d4p dung vao k¥ thuat, nén ngudi ta cin tim
nhiing quan hé don gian hon, phu thudc vao quéa trinh chuyén dong.
Qué trinh dang nhiét (T = const): p =cy
Qua trinh doan nhiét : p=cy (5-2)

C, _ Nhiet dung dang ap

C, Nhiet dung dang tich

Vi khong khi k = 1,4
Qua trinh nay duogc 4p dung trong k¥ thuat

C,-C,=AR A - Duong lugng nhiét cta cong
: N
P\ (T k-1
T 5-1)va (5-2) suy ra: L= [—] = [—] (5-3)
Vi g T,

Mot céch téng quat, ta c6 qud trinh da bién

P=cy n - chi s0 clia qua trinh

5.1.2. Phuong trinh luu luong:
C6 dang giong nhu d6i véi chét 1ong khong nén dugc:
G = 0 = const: nW,0, = %y,
dy dv dw _

Hayla: —+—+—=0
Yy v @
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5.1.3. Phuong trinh Becnuli

D6i v6i dong nguyeén t6 clia chat khi 1y tudng, chuyén dong dimg

2
Z+Id—p+u—:const
vy 2g

Xét qua trinh doan nhiét p=cy*: Id—p =L£
y k=ly
Vay phuong trinh Becnuli c6 dang
2
z+L£ L _c
k—1y 2g
2 2
Suy ra: Z; +L&+M#:z2+—k L (5-4)
k=1y, 2g k-=1y, 2g

Déi véi qud trinh dang nhiét:
2

z+&lnp+u—:const
Yo 2g

5.1.4. Phuong trinh Entanpi
Thanh 1ap cho dong nguyén t6 cta chat khi 1y tudng, chuyén dong ding. Khéao sat
su bién thién nang lugng trong khoi khi tir /-7 dén 2-2 sau khoang thoi gian dt trong hé toa
do c6 dinh (Hinh 5 -1). Dua vao dinh luat bao toan nang luong: nang luong thu vao hay
sinh ra bang bién thién nang lugng cla thé tich chat khi, nghia la:
Nhiét hdp thu + cong cua dp luc = thé ndang + dong ndng + néi ndng + cong co
hoc + cong ma sat

Viét cho mot don vi trong lugng chat khi:

c,T
g+ﬂ—&=(z2 -z )+—2 +£+L+Lms
Ay 7 A A
Nhiét lugng Q = Q, (toa nhiét ra ngoai) + Q, (ndi nhiét do ma sat)
Qt = ALmS

Tiép tuc bién déi phuong trinh trén dua vao cac biéu thic sau day :

P _Rr; c,r-C,T=ART
Y

Truong Pai hoc Nong nghiép Ha Noi — Gido trinh KV thudt Thuy KRi ...........cccoovvieiiiiiiiiiiiiinaiinnnnn. 97



Suy ra: —~ —CAT:RT:E 4
v

c,T

p =£+C"T; i:CPT-entanpi

A y A

L_PLY. =T -noinang

Ay A

Néu xét qua trinh doan nhiét (Q, = 0) va bd
qua cong co hoc (L = 0), ta s€ dugc phuong trinh
Entanpi

2 2
X
L+ AL =+ AL2 (5-5) 0 >
2g 2g
s N . Hinh 5-1. Thanh lap phuong trinh
Nghia la tong entanpi va dong nang la mot Entanpi
dai lugng khong déi.

5.2. CAC THONG SO DONG KHi

5.2.1. Van téc am

Theo dinh nghia a = ap = 8dp
\/ dp \[ dy

Xét:p=cy, a=_|kL = JkgRT
v

a =+/T : Van toc am phu thudc vao nhiét do tuyét doi.

Chang han : t = 15°C : T = 273 + 15 = 288°K; k=14, a=341m/s

Dé so sanh van toc dong chay v véi van toc am a ong Mic (ngudi Ao) dua vao s6 Mic: M
= v/a.

S6 Mic la tiéu chuén quan trong dé ddnh gid mic do anh hudng cua tinh nén dugc dén
chuyén dong, né la tiéu chuidn quan trong cuia hai dong khi tuong tu.

M < I : dong dudi am;
M =1 : dong qua do;
M > 1 : dong trén am (siéu am).

Trong dong khi trén am (M>1) thudng xay ra hién tugng séng va (séng va thang va séng
va xién). D6 1a mot van dé rét thi vi dugc nghién ctu trong cdc gido trinh hay chuyén dé.
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5.2.2. Dong ham, dong t6i han

Khi chat khi ¢ trang thai tinh v = 0, ngudi ta néi chat khi & trang thai ham, con p,, T,, p,...
goi la cac thong s6 dong ham.

Tim moi lién hé giita cac thong s6 dong ham véi cac thong s6 dong khi. Tir phuong trinh
Entanpi (5-5) viét cho dong ham:

2
u
C,T,=C,T+A=— 0 1
2g
4 ) p
— = — =/+ 0
T 26C,T , C, kgRT \ p
kRA Po
. — v
viC,-C,=RT; a = kgRT nén 0 T
_ V=0
Lo g L oppoog =ty N J
T 2 2 1
k-1 0
Hinh 5-2
ke
Bién déi theo (5-3) s& duoc: 22 = (1 +%M2jk_1 (5-6)
p

k

&=(1+k—]M2]k—1
Yol 2

Ta c6 thé tinh duoc van t6c cuc dai clia dong khi tir binh chifa ra (hinh 5-2)

Theo phuong trinh Bécnuli (5-4) ta ¢6 :

k py_ k p u
k—=1vy, k—-1y 2g

- ﬁ(&_gj
k=1\7, 7

T biéu thic do, ta thiy p giam thi u ting va p = 0 thi:

[5,2
w=u = 2gk&: 2ay _ [2gk RT,
k-1, k—1 k—1

DGi v6i khong khi: u,,,, = 44,8,[T,

Vé6i T, =300°K ; u,,, =776 ml/s

[ max
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Khi van t6c dong khi bang van téc am: u = a, ta c6 trang thdi t6i han. Lic d6 ¢6 céc thong
sO cua dong t6i han : u. = a., p., p., T-, ...

Tim mai lién hé giita cdc thong s6 dong ham va dong t6i han bing cdch tir cdc biéu thic
(5-6)choM =1

£=1+k—1=k+1
T. 2 2
k.
2 2 k=l
Hay 1A T, =———T,; p.=|——0 : 5-7
y PR p (HJ Do (5-7)

k
_( 2 ]k—]
P = T+l Po

Tinh luu lugng trong luong tu binh chita ra ngoai (Hinh 5-2)

G=nmw
2 k+l
k k k
omaforitnl[2] (2]
k—1 Po Po
Gmax = %M*a)
Ngoai s6 Mic ngudi ta con dua vao hé s6 van toc A = £ , gitta chiing c6 mai lién hé:
Q.
2
= M (5-8)
M2 (k—1)+2

5.3. CHUYEN PONG CUA CHAT KHI TRONG ONG PHUN

Xét chuyén dong mot chiéu cua chat khi trong cdc loai 6ng phun khdc nhau. 6ng phun la
loai 6ng ma chat khi trong d6 c6 thé thay déi ché do chuyén dong tir dudi am sang trén am hay
nguoc lai.

5.3.1. Cac phuong trinh thong s6 cua 6ng phun

Viét cac phuong trinh co ban dudi dang vi phan

- Phuong trinh trang thdi :  dp = d()RT)
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- Phuong trinh luu lugng trong luong : dG = d(pww) = 0

- Phuong trinh Bécnuli khi ké dén cong co hoc va cong ma sit :

dp | 47 & dL+dl, =0
Y 2g
—Phucngtrinhnénglu()’ng:d—Q:d L +dL+d—U+dL+dL
A y) 2g A

Trong 4 phuong trinh ¢6 5 thong s6 : p, p, v, U, T va 5 yéu t6 tac dung 1én dong chay : @,
G.OLL,

Vi vay tir 4 phuong trinh trén cung véi cong thic tinh noi nang U = C\T, ta khir 4 thong s6
dé thanh lap phuong trinh lién hé giita thong s6 con lai, chang han nhu van tdc v, véi 5 yéu to. Két
qua cudi cung ta dugc:

)dv do dG g k-1

_4G _ g k=1, ke dL—kg dL,,, (5-9)
Cl

(M -1 4
% w G a A a’

O day ta chi xét chii yéu su ting van toc ctia dong chay trong 6ng phun (tir dong dudi am
sang dong trén am), nén ta xét phuong trinh (5-9) tuong tng véi cac truong hop riéng, nghia la
xem nhu trong dong chay chi ¢6 mot yéu t6 anh hudng con céc yéu t6 khac c6 thé bo qua.

5.3.2. 6ng phun hinh hoc (6ng Lavan, nam 1883)

Chi ¢6 tiét dién thay doi (d@ #0), con cac yéu t6 khac bo qua (dG = dQ = dL = dL,,, = 0).
Tur phuong trinh (6-8) suy ra:

(M ])dv da
v @
Xét truong hogp tang toc dv > 0
Néu v<a, M<Ithidw< 0 :dién tich thu hep;
v=a,M =1,dw= 0 : dién tich khong déi goi la mat cat tGi han @.;
v>a,M>1,dw> 0 :dién tich mé& rong.
Nhu vay 6ng phun hinh hoc hay mang tén nha thiét k&€ Lavan c6 dang hinh 5-3.
Co hai chu y quan trong:
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a) Su thay ddi thiét dién &
gan mat cat t6i han c-c anh hudng
rat 16n dén van toc v. Chang han
nhu tiét dién @ thay déi 1% thi so6
Mic (M) thay dai tir 0,9 dén 1.

b) Dong chat khi chuyén
tr duéi am sang trén am chi c6
thé xdy ra véi diéu kién la v = a
tai mat cit nho nhat c-c (hinh 5-
3).

Ta nhan xét thém ring &
dong khi trén am, khi ti€t dién
tang, van toc cling tang. Do la
khic biét noi bat khi so sinh
dong nudc va dong khi chuyén
dong trong ong thing tiét dién
bién déi.

5.3.3. 6ng phun luu lugng

M A

Hinh 5-3. ong phun La van

Chi 1am thay ddi luu luong dG #0, nén phuong trinh (5-9) ¢6 dang

dv dG
b2~

Xét truong hop tang toc dv > 0

Khi M <1 ;dG > 0 : hit khi vao dé G tang

M=1;dG =0

M > 1 ;dG < 0 :nha khi ra dé G gidm

Vay, ong phun luu lugng c¢6 dang hinh 5- 4.

Hinh 5-4. Ong phun luu luong
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Nguyén ly 1am viéc cua 6ng phun nhiét (dQ #0) va 6ng phun co hoc (dL #0) hoan toan
giong 6ng phun luu luong.

5.34. 6ng phun ma satdL,, #0

v __ke

1% 612

(M2 -1) dL,

Néu dong chdy c6 ma sét thi dong khi trong ong sé sinh cong dé thing luc ma sit nén
cong cua luc ma sat luén duong (dL,,, > 0), suy ra v€ phai luon am.

KhiM <1 :dv>0
M>1:dv<0O

Nghia 1a khi dong duéi am thi luc ma sat lam tang van toc con khi dong trén am thi luc ma
sat lam giam van toc.

Vay trit 6ng phun ma sét, nhitng ong phun con lai muon tang toc thi phai ¢6 tic dung
nguoc (nhu 6ng phun hinh hoc du tién dién tich thu hep, sau dd mé rong). D6 1a nguyén 1y “tac
dung nguoc”.

5.4. TINH TOAN DONG KHi BANG CAC HAM KHI PONG VA BIEU PO

Ham khi dong 1a ham c6 dang : f(k,A) hay f(k,M). VGi gia tri k nhat dinh va cac gia tri hé
s6 van toc A va M, nguoi ta tinh gia tri cdc ham d6 va lap thanh bang, hay vé& biéu d6. Nho cac
bang ham khi dong (phan phu luc) va biéu d6 do, co thé tinh céc thong s6 dong khi mot cach
thuén tién.

C6 thé néu ra nhitng vu diém clia phuong phdp nay:
- Rt ngan cdc qua trinh tinh todn.

- Don gian rat nhiéu cdc phép bién déi khi ciing giai nhiéu phuong trinh, nghia 1a tim dugc
161 giai chung ctia nhiing bai toan phiic tap.

- Biét mot cach dinh tinh co ban nhitng quy luat ctia chuyén dong va méi lién quan giita
cac thong s6 cua dong khi.

5.4.1. Tinh cac thong so6 dong Khi
Tu (5-6) va (5-8) ta tim duoc cac dong khi dong sau day :
o(A)=L - (]—Eﬂzj
1, k+1

k

z(ﬂ):iz(z—ﬂfj“
Do k+1
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1

g(ﬂ)=ﬁ:(1—ﬂfjk_l
Lo k+1

5.4.2. Tinh luu lugng
G = yav
Tl cac biéu thic = f(p,.k,A) vav = Aa.,tacéd:

G=wL" By 1)

A

kel

trong d6 B=iR( 2 V" 204 veik=14
R\k+1
g=2"=r)
(pv).
¢- Luu luong dan suat, ham khi dong luu luong
Tinh luu luong qua dp suat tinh p:  p, = P
()

G=w-L_By1)

A

moOt ham khi dong nira.

Véi y(z)=—z(i)

5.4.3. Tinh xung luc

I=§v+pa)=g(v+£j=ﬂga*2(/l)
8 s\ o) 2k g

1
Z(A)=A+—
(A4) 7
Vay biét A (bang s6 hay bi€u thiic) hay f{4,k) tra bang hay do thi s& tim dugc f{A,k) hay A
khac.
5.4.4. Két luan

bé két luan phan nay ta diém lai cdc ham khi dong va céc biéu thuc lién hé gilra ching
v6i nhau.

a) Cdc ham don gian biéu thi moi lién hé giita cdc thong so ham:
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Va w(A)=1(4).£(1)
b) Cdc ham biéu dién leu liwong khi qua dp sudt toan phan:
q(Ad) =cAe(A)
Hay 12 qua dp sut thuy tinh:

_ah_, A
A ()

Nho cdc ham d6 ta ¢6 duge hai biéu thirc tinh luu luong khi:

%y(ﬂ)

y(A)

G =B g(1)=Bw

N3

¢) Nho ham:
Z(A)=A+ z
A
Ta c6 thé biéu dién xung luc dong khi dudi dang tich gitta nhiét d6 ham va luu luong khi:

I=§v+pa)=g(v+£j=ﬂga*2(/1)
8 8 pv) 2k g

d) Xung lirc dong khi biéu dién qua dp sudt toan phan va dp sudt tinh nho cdc ham f(A) va

rA):
¢ ’ YAZA)
Bang céc biéu thirc sau:
_ _ro
I= poaf(ﬂ) = D)
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1 (k +1 jk I
e(/i) 2
Bang 1,577 d6i v6i k = 1,4 va 1,588 d6i voi k = 1,33.
e) Cdc ham g(4,@), y(4,@) va Z(A,@) cho phép dp dung phuong phdp tinh todn va céc cong

thue trén cho truong hop chuyén dong ciia chét khi ¢6 thanh phan van toc huéng kinh hay tiép
tuyen.

g) Khi giai mot sO bai todn ciing dung dao ham cua cdc ham khi dong. Bang céch vi phan
va qua mot sd phép bién doi ta c6 thé nhan duge biéu thirc ctia chling qua cdc ham co ban.

k

Vi du: dﬁ(ﬂ):_k( 2 )k—]

dA k+1

k

dg(A) _ 2
1 qg(A)| = (k+1} y(A4) ...

Y nghia ctia céc phuong trinh co ban biéu dién qua ham khi dong.

Tir cdc vi du & trén ta thay rang wu viét co ban cua céc biéu thirc ham khi dong 1a & chd né
chtra cdc thong sb ciia dong chay ma su thay doi ctia ching c6 thé d& dang thiét 1ap tir nhitng diéu
kién cua bai toan. Vi du nhu su khong ddi cua nhiét 6 ham T trong chuyén dong doan nhiét va
tang To khi cung cdp nhiét; viéc bao toan dp suit toan phan p, trong chuyén dong dang entropi va
su giam py khi co ton that ... Bang céch chon cdc bleu thire thich hop cho luu lugng hay xung lyc
c6 thé dan toi cong thic chia it nhat nhimng thong sO chua biét va thuong tim duoc an s truc tiép
tir cdc phuong trinh co ban ma khong can nhitng bién d6i phirc tap.

Ta néu ra mot sd qui tac chung gitip ich cho viéc giai cic phwong trinh dudi dang téng
quat nho cdc ham khi dong.

Trong tat ca cdc trudng hop khi nhan dugc biéu thic tong quat hay biéu thirc bang s cua
hé s6 van toc A hodc ciia mot ham khi dong bét ki ndo ta déu c6 thé coi 1a tat ca cac ham khi dong
va hé s6 van tdc di biét (tir bang hay dd thi). D6 1a diéu kién co ban dé don gian viéc tinh todn,
boi vi né loai trir sy can thiét phai viét dudi dang cu thé sy phy thudc giira A va cdc ham ciia né.
Trong khi tinh todn bang s6 can chd ¥ rang cdc ham #(4), MA), §A) trong mién van téc nho va
cdc ham g(A), z(A), f(A) trong mién van téc gan Am thay doi rat it khi A thay d6i. Boi vy trong
céc mién d6 chi can sai s6 nho ctia ham ciing dan dén sai s6 16n ctia hé s6 van toc A. Do d6 trong
céc truong hop d6 nén cb ging ding cic phuong trinh chira cdc ham y(A), r(A), con néu khong
dugc nhu vay phai tinh toan rat chinh xac. Tét nhién trong cic mién d6 khong nén tinh A theo céc
ham trén bang dd thi. Pic biét d6i v6i ham z(A) chi thay d6i c6 10% trong khoang A 16n (0,65 +
1,55). Vi vy dé tim A theo gid tri ham z(4) trong mién chuyén dong gan am c6 thé tinh truc tiép
tu phuong trinh:
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1
Z(A)=A+—
(A) i)

2
Tir d6: ﬂZZ(ﬂ)iw/Z -4 2

2 CZApJZ2 () -4

Dé tranh sai s6 do khi trir hai gi4 tri gin bang nhau ta tim nghiém trén 4m theo biéu thirc
dau tién, con nghiém dudi am theo bi€u thirc thir hai.

Qua cic vi du di khao sét ta thy phuong phdp tinh todn nhd cdc ham khi dong rat c6 hiéu
luc dé giai cac bai todn tuong doi phuc tap va cé y nghia thyc t€ ki thuat.

Do thi cdc ham khi dong c6 dang sau day (Hinh 5-5):

A); T(A
ZEK;; :&3 y(u); 1/22(2)
1,0 g L JAVBR 40
= N ( /
09 TSNS o NLaw//
y y¥' NN N
N A TN - /f
08 N NNEN
| N0 [ NN/ 50
N /AN
07 N RIS
7, 0y
/T IN& 172 \5}\
06 1 f\\i{; ,/ ¢ AN
0.5 / % \M/ \ \*F] 20
AN\ ‘ﬁ:x?v” 11220.)
g AR N "
, / / , "?u\ { ] \\ /
03 / i AN AN
/ 7 \ A y
0,2 / / \ \ 'f\\)\ \\ '
/ — N QAN
0,1 N s \
iy S NEAWNVEN
s ~—_
0 —— 0
02 04 06 08 10 12 14 16 18 20 22 24 26 1

Hinh 5-5. D6 thi ham khi dong
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5.5. VIDU VA BAI TAP

Vi du 5-1:

Trong mat cit /-/ & phan dudi am cla 6ng Lavan 1y tuéng cho p, = 16 kglem® ; T,, =
400°K, A; = 0,6. Tinh A, va p, 6 2-2. Biét T, = 273°K

Gidi:
Trong 6ng phun Lavan ly tuéng : 7, =T,
Do = Po; (T, = Const, p, = Const)
Tim A r(@):izizﬁ:Oﬁ&S

Tra bang (Phu luc 8) ta tim dugc A, = 1,38, Vay tiét dién 2-2 & phan 6ng trén am

Tim p,: 7[(/1):£ > P P
Po () w(A)
Dy =D, (A _ 16 02623 =523 kG/cm?
A 0,8053
Vidus.2:

Tinh A, p, 6 miéng ra ctia 6ng giam toc néu biét & miéng vao cua 6ng giam toc:

w . . N
Doy =3 kGlen?; A, =0.85: —2=2,5 va hé sO 4p suat toan phan
@,

s=Lr2 094
Por
Gidi :
Tir cong thic tinh luu lugng:

Poi Po2
—=—q( A )=0,——==q( 4,)
\/Eq 1 qu;ig

B0 qua su trao déi nhiét qua thanh 6ng giam t6c, tac6 T, = T, suy ra:

,

1 w,

‘](/12 ):——Q(/Iz)
o w,

Tra bang (Phu luc 8): ¢(4;) = ¢(0,85) = 0,9729
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Nén q(Az) =0,413 — A= 0,27 va m(A;) = 0,9581
p2= poz(/’iz) = p()]TC(/lz) = 0,94.3.0,958] = 2,7kG/cm2

Vi du 5-3:

Néu biét rang van toc khong khi trong 6ng 1a 750 ft/s. St dung 4p k€ thuy ngan trong hinh
vé dé xdc dinh 4p suat tinh tuyét doi trong ong.

Chii thich: 1 ft=0,3048 m; 1in=0,0254m; 11bf=4,4482 N;

Gidi:
Xac dinh trong lugng riéng ctia khong khi bang ap ké: 0,07 Ibfift
8
P~ Ply, = Pre8 ~ Puag = (846 ~007) 7 ji = 64101 / 1
V6i T = 100°F = 560K;
a=~kRT =+14.1717.560 = 1160 ft/s
sm, =Y -0 s
a 1160
Cudi cung:
— 5
Po=P _[14020646)7 )" ~1=1324-1=0324="%
p p
=> 4p sudt tinh tuyét doi trong ong p, = 1739 pbf ~ 12,1 Ibflin’
Vi du 5-4:

Mot dong khi ¢6 van t6c V = 200 m/s, ap suat p = 125 KPa va nhiét do T = 200° C. Hay
tinh 4p suat va van toc cuc dai ¢ thé dat duoc khi dan hodc nén trong hai trudng hop:

a) Dong khi 1a khong khi;
b) Dong khi 1a khi Helium.
Gidi:
a) D6i khong khi
Xac dinh tri s6 Max:
vV 200 B
- JKRT — \[14.287.(200+273)

0,459

a

Ap sudt cuc dai (trang thdi ham):
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k

Puax = Po = p(1+%M§jH

=125(1+0,200459 )" = 144 KPa
Nhiet do: T° = (200 + 273).[1 + 0,2(0,459)] = 493 K

= Vo =42C,T, =~/2.1005.493 =995 m/ s

b) Doi véi khi Helium: k =1,66; R = 2077 m*/s°K ;

C, =%= 5224 m’/s’K

14 200
Ma = = =
VEKRT ~ [166.20077(473)

>

1,66
Do = 125[1 +0,33(0,157 ﬂﬁ ~ 128 KPa

T’ =473.[1 + 0,33(0,157)’] =477 K

=V, =+/2.5224.477 ~ 2230 m/s

Bai tdap 5-1.
Mot dong khi 1y tudng chay
doan nhiét qua mot ong. @
. ! I
Tai mat cat 1: p, = 140 kPa; T, = | > |
260°C;V, =75 mls; ! !
L P, = 140kPa P,=30kPA
T)r;u mat cat 2: p, = 30 kPa; T, T, = 260°C T,=207°C
=207°C. V, =75"s

Hay tinh V, (m/s) va S, — S, (J/Kg.K) trong hai truong hop:
a) Dong khi 1a khong khi K = 1,4;
b) Dong khi 1a khi argon K = 1,67.
Pdp so:a)V, =326 m/s; S,— S, = 337 JIKg.K
b)V,=246 m/s; S,—S, = 266 JIKg.K
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Bai tdp 5-2.

Mot dong khi chuyén dong ti A =20cm?
trong mot binh chta & nhiét do 20°C °
di qua miéng voi phun vao mot tam
phang dat thang diing c6 dién tich 20
cn?’ (hinh vé). khi 20°C

Dong chay dudi am. Luc can

thiét giit tdim phang ding yén 1a 135
N.

Tinh:a)V,; b)Ma, c)p,néup,= 101 kPa
Pdp so:a)V, =226 mls;
b)Ma, = 0,69;
c) p,= 13900 Pa

Cdu hoi on tip chuong IV

Cac phuong trinh co ban ctia chat khi.
Céc thong s6 co ban cuia dong khi.

Khao sat chuyén dong ctia chat khi trong mot s6 6ng phun thudng gap.

W=

Cich tinh toan dong khi bang cdc ham khi dong va biéu do.
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Chuong 6
TINH TOAN THUY LUC PUONG ONG CO Ap

Trong k¥ thuat va trong thuc tién san xuét ta gap nhiéu truong hop cdc loai chét
16ng chay trong cac dudong o6ng cé ap khac nhau véi cac nhiém vu khac nhau (Nhu 6ng dan
nudc trong hé thong cung cép nudc, 6ng dan nhién liéu, dan hod chat trong céc thiét bi may
moc, hé théng truyén dong, truyén luc....)

Muc dich tinh toan thuy luc duong 6ng la thiét k& hé thong duong 6ng méi hoac
kiém tra dé stta chita, diéu chinh hé thong sin c6 cho phit hgp vé6i yéu cau cu thé la xdc
dinh mot trong cac thong s6: Luu luong Q; Cot ap H tai dau hoac cudi duong 6ng, duong
kinh d hoac ca d va H.

6.1. CO SO LY THUYET PE TINH TOAN PUONG ONG
6.1.1. Phan loai

Dua vao dic diém tén that nang lugng trong dudng ong 4, chia dudng 6ng thanh 2
loai:

Duong ong ngdn: La dudng ong c6 chiéu dai khong ddng ké, ton that nang luong
cuc bo la cha yéu (h,, > 0,1 h,). Vi du 6ng hit bom ly tam, dudng 6ng dan nhién liéu, dan
dau boi tron trén cac dong co...

Puong ong dai: La duong ong c6 chiéu dai 16n; ton that nang lugng doc dudng 1a
chu yéu (h,. < 0,1 h,). Vi du cac duong 6ng trong hé thong cung cap nudc, dan nhién liéu
tlr bé chita t6i cac diém phan phoi...

Can ct vao diéu kién thuy luc va cau tric duong 6ng, chia ra:

Duong ong don gidn: 1a dudng 6ng c¢6 dudng kinh d hoic luu lugng Q khong déi
doc theo chiéu dai duong 6ng (Hinh 6 - 1a)

DPuong ong phiic tap: d va Q thay doi, nghia 1a gom nhiéu dudng ong don gian ghép
ndi lai nhu duong o6ng c¢6 mach r€ (Hinh 6 - 1c), duong 6ng chia nhanh song song (Hinh 6 -
1b), duong 6ng c6 mach vong kin (Hinh 6-1 d)...

6.1.2. Nhitng cong thiic dung trong tinh toan thuy luc duong 6ng

- Phuong trinh Becnuli déi véi chat 16ng thuc (h,, tén thit cot 4p = ton that ning

luong don vi).
. ay’ P, v,
ZI +_1+#:Z +_2+A

5 +h
vy 28 Yy 28

w

Hay H =H,+h,
a,v ?
Trong do: H, =Z, +ﬂ+% - Cot ap dau ong
/4 8
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Al 171 ; |2’d2 \ Is’ds I B
b) B
L B C ]
Al > l > J > D
e
c) T E
Al B C /
K F
d) C
N 5 /\
—_— \ — 5 D
F —
Hinh 6-1. Cac loai duong 6ng phiic tap
p2 a2V22 ~ , N A
H,=7,+~—=+—=— - Cotép cudi 6ng
y 2
- Phuong trinh luu luong: O=vw
- Cong thic tinh 4, :
2 2
hwd:ﬂ'Lv_ ; hwc:é/v_ ;
d 2g 2g

Dua vao cac phuong trinh trén suy ra cong thic chung: f(H,, H,, d, Q, ) =0

6.2. TINH TOAN THUY LUC PUONG ONG PON GIAN

6.2.1. Tinh H, khi biét H, , Q, 1, d, n (d0 nham tuong doi)
Ttr phuong trinh Becnuli



H=H 2-h(2§+ﬂ j 80’

x’gd?
Suy ra (Z( +A— j Q4 6-1)
7’gd
Cong thuc (6-1) dung khi can tinh do cao thap nudc hoac cot 4p ddu mot doan ong.
6.2.2. Tinh Q, biét H,, H,,1,d, n
Tu (6 - 1) ta rit ra:

2 14
0= |(H,-H,) (”g 6-2)

8 z;m’]
d
Dua vao cong thic (6 - 2) ta thay du da biét H,, H, , [ , d, n nhung chua xac dinh

A=f (R,). Bai toan phéi gidi theo phuwong phdp thir din dé chon ding A tir d6 gi4 tri O ciing
la dung.

6.2.3. Tinh d, biét I, H,, H,,Q, n
a) Phuong phdp thir ddn :

. , P _
Tir (6-1) : H,—H,=h+ ’y —[ Z(j o

Ta gia thiét cac gia tri khdc nhau cua d, tir d6 xac dinh A, 3¢ r6i thay vao v€ phai
clia phuong trinh trén. Néu gid tri vé& phai  f(d, )=h+EL—P2 thi d. chinh Ia dudng kinh
4
ong can tim.

b) Phuong phdp do thi:

Tur (6 -1) suy ra: d* =

(it

va dat: y, =d

8 I
v = f(d)=— H(Z;+ﬂE]Q2

Biéu dién hai ham s6 nay trén ciing mot dé thi; Giao diém cta hai dudng cong chiéu
xudng truc d cho gid tri d can tim.
6.2.4. Tinh d, H,, biét H,, Q, 1, n

Trudng hgp nay trude hét xdc dinh d theo van t6c cho phép (Van toc kinh t€) dé
dam bao luu lugng Q sau d6 tinh H, nhu bai toan 1.

Vi du: Bom béanh rang phai day dau véi luu lugng Q = 0,2 I/s vao trong binh chira
(thong vdi khi quyén) (Hinh 5-2). Xac dinh ap suét ddy cin thi€t clia bom néu biét: dudng
kinh 6ng ddy d = 2cm, chiéu dai cta n6 [ = Im, {, = 4. Khoang cach tir mat thoang binh
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dén truc bom z = 1,4m. Do nhét cta dauv=0_2cm’/s, trong luong rieng ctha dau y =
8450N/m.

Gidi:
Xdc dinh trang thai chay cta dau:
’ 2.__-|i
R, = 40 _4.02.10° _ 537 2300 - . — 1
v 7.2.02 e et —
chay tang.
T N l,d
v -
Boqua — vivbé:
2g & |,
s Al D)
H,-H, = +A— =
1 2 ﬂ'zg (Z; d]d"t

va néu 14y mat chuén qua tam bom thi ta ¢6 : = —— =

802 Hinh 6-2. Xéc dinh dp suét ddy ctia
bom banh rang

Bl2oz(¢o+ G it ]

ry v rlgd?

trong do: p, , p, - ap sudt clia bom va 4p sudt tai mat thoang trong binh tinh theo ap suat
du;
£,, - héso ton that tai chd ndi vao binh

Do do:

1\ 80° ,
pr=p+¥Z+ | ¢+, +A— |—— = 13580N/m
d ”ng4

6.3. TINH TOAN THUY LUC PUONG ONG PHUC TAP

Tinh toan dudng ong phtc tap dua trén co s6 tinh todn duong 6ng don gian. Sau day
ta xét mot s6 hé thong duong 6ng phiic tap thuong gap. Trén co s& d6 suy ra cach tinh toan
cac hé thong khac.

6.3.1. Hé thong duong ong noi tiép
a) Truong hop noi tiép kin (Hinh 6 - 3)
bic diém thuy luc: 0 = Q0,= 0, = ...... =0
H=H,+H,+ ... + H
H, -H,;,=H=2X2h,,+2h,,



Hinh 6-3. So d6 dudng 6ng noi tiép kin

b) Truong hop éng noi tiép cé ro ri chdt long o cdc chd néi (Hinh 6 - 4)
i-I

0,=0,+0,=0;+0,,+0,,=..... :Qi"'ZQ,

1
H = Zvhwd + 2 h’wc
Chii ¥ : D6i vé6i dudng 6ng dai c6 thé lay X h,, =(005=0,1) Xh,,

7_
Ty
QH Qt2 Ql3

Hinh 6 - 4. So d6 6ng n6i tiép c6 ro ri chat 16ng & cac chd noi

6.3.2. Hé thong duong ong noi song song (Hinh 6 - 5)

l,,d,,Q
|2’d2’Q2
Q Q
—> —_—
Diém dau Diém cudi
IS’dS’QS
Im’dm’Qm

Hinh 6-5. So d6 dudng 6ng mic song song

0=0,+0,+.....+ 0, +....... +Q,,1:§Ql_

H(Iziu -H

cuoi —

H] :ha’i+2hei+h
h

nri

nvi + h nri

trong d6: h,,;, - Ton that nang luong tai nit vao va niit ra ciia dong chay qua 6ng thit i

2 'h,, - Téng ton that cuc bo trén doan 6ng thi i;

h, -Ton that doc dudng trén doan 6ng thit i.
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6.3.3. Hé thong duong ong phan phoi lién tuc (Hinh 6 - 6)
O;r=q! (g -Luulugng trén mot don vi dai)

0 0
0% w00, -2
Tinh t6n that niang luong dh trén dx (coi luu luong khong déi trén dx)

Néu coi trén dx , 2= 0

Y

» dx
Q " Q

— —

RRRRRRARRR

Hinh 6 — 6. Duong 6ng phan phai lién tuc

8 .d 0 ?
dh=—"—21% _=F
72_2g d3 (Qr-i_Qﬁ‘ l xJ

Suy ra:

L 8 1 1
hy = Idh :”—Zgﬂd_3(Qr2 +0,.04 +§Qﬂ”2j

h, - Chinh la do chénh cot 4p trén doan /.

6.3.4. Hé thong duong ong phan nhanh hé

Trong tinh toan thuy luc duong 6ng phan nhanh hé thuong gap 2 loai bai toan: Thiét
ké va kiém tra.

- Bai toan kiém tra 1a cho trudc cot d4p & dau duong 6ng, kiém tra lai xem sau khi bi
ton that nang lugng trong qud trinh van chuyén, cot p con lai cudi dudng ong (noi tiéu thu)
c6 du yéu céu khong?

- Bai todn thiét ké 1a tinh dugc cot dp clia nguodn, can thiét du dé thang moi siic can
trén duong 6ng, thoa man yéu cau cot ap va luu lugng & noi tiéu thu (cudi duong ong).

a) Cdc budc gidi bai todn duong ong phdn nhdnh:
Thong thuong trong mat bai toan thiét k& ngudi ta cho nhiing so liéu sau:
- Luu lugng cot dp yéu cdu tai cac noi tiéu thu: Q,; H, ;

- Do cao hinh hoc cua cdc diém trong hé thong dudng ong: Z, (Tinh tir mot mit
chuén chung);
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- Chiéu dai cac doan 6ng: [;;

- Hé s6 nham n hoac do nham 4 cta 6ng.

Yéu cau xac dinh dudng kinh cua cdc doan 6ng va cot d4p ctia ngudn H,.
Budc 1: Tinh duong 6ng co ban:

Chon duong 6ng co ban (dudong 6ng chinh) 1a nhanh dudng 6ng ¢6 yéu ciu vé nang
luong van chuyén chat 1ong cao nhat (thudng chon nhanh ¢6 Q 16n va [ dai nhat).

- Xéc dinh duong kinh duong 6ng co ban theo van toc kinh té:

40

Wir

d. =

1

- Xéc dinh cot 4p nguon H,
Buoc 2: Tinh duong 6ng nhanh

Nhiém vu cua viéc tinh duong 6ng nhanhla xac dinh dugc dudng kinh cua né.Tuong
tu nhu bai todn 3 (dudng 6ng don gian) véi diéu kién xdc dinh duge cot dp dau nhénh.

b) Vi du: Tinh toan thuy luc hé thong duong 6ng phan nhanh (Hinh 6-7)
Céc s0 liéu cho
-bocaohinhhoc:Z,,72, Z-,.2,,Z; , 2y ,Z, , Zy;
- Luu luong yeu cau: Ok, Oy, O, O ;
- Chiéu dai timg doan ong : [,, L, , I, 1, , I5, 1;, I;
-Cotapyeéucau: hy, hy, h, , hy.
Xéc dinh duong kinh 6ng va cot dp can thiét H, & dau hé thong duong ong.
Theo so d6 trén chon dudng 6ng co ban 1a ABCDE .
Xac dinh luu lugng trén timg doan dudng 6ng:
0, =0y:0:=0p:05=0,+0y:0,=0;;
Q; =0+ Op+ 0y 0,=0x; Q=0x+0, + O + O

Xéc dinh duong kinh cac doan 6ng:

de =113 /& Jo.d; =113 /& ;
Vkr Vkr
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Hinh 6-7. So d6 duong 6ng phan nhanh hé

Xac dinh ton that cot 4p trén cc doan ong:

l 8 2
H =Y {+A15
’ [Z d6J7[2d64g

H; :[zg"‘ﬂliJ%Q;
T 8

H, :(Zg"'/ld_]LQIZ

Tri s6 cot ap can thiét H, & dau hé thong duong ong duoc xac dinh:
H,=H,+H;+H;+H, + (Z; + hy)

D¢ tinh dudng 6ng nhdnh ta x4c dinh cot 4p & céc diém B, C , D rdi tinh ton that
nang lugng trong cac duong 6ng nhanh BK, CL va DN va cudi cung chon duong kinh cta
cac dudng 6ng nhanh d,, d, va d, . Sau d6 tién hanh kiém tra:

[ 8
Poan BK: H,—H, > + AL |
d B K [Zg dzjﬂ2d24g Ok
Poan CL: Hc-Hp 2 Zév"‘/ili i 0
B d4 7Z'Zd44g
bPoan DN: Hp,-Hy, 2 Z§+/11L LQN
. d7 ﬂ'2d74g

Néu thoa man thi t6t, khong thoa man thi phai chon lai duong 6ng co ban va tinh
lai.

Trong trudng hop cho trude cot ap dau hé thong duong ong H, , ta xem dudng ong
co ban ABCDE nhu dudng 6ng don gian mac noi ti€p ¢6 luu luong va dudng kinh ong khac
nhau.
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Tinh xong dudng ong co ban ta biét duoc tén that cot 4p cua ting doan ong va tinh
duoc cot ap & cac diém ddu dudng 6ng nhanh B, C, D ; rdi chon dudng kinh céc 6ng nhanh
nhu & trudng hop biét chiéu dai /, luu luong Q va ton that nang luong Ay, & 6ng don gian.

6.3.5. Hé thong duong ong vong kin
Gia su xét mot hé thong duong ong vong kin gom c6 6ng chinh AB va mot vong kin
BCDEF (Hinh 6-8). Luu luong thdo ra ¢ cic diém B, C, D, E, F1a Q,,Q,, 0., 0, , O, va
Or .

Hinh 6-8. So d6 hé thong duong 6ng vong kin

Trudc hét ta chon phuong chuyén dong clia chat 16ng, Lay diém xa nhat 1am diém
thdo nudc cudi cing. O so d6 nay ta c¢6 thé 14y diém D va nhu vay chét 16ng s& chay dén
diém D tir hai phfa.

Sau khi xac dinh xong huéng chuyén dong ta tinh toan nhu & trudng hop ¢6 mach ré
song song va ton that trong hai nhdnh BCD va BEFD béng nhau:

hWBCD = hWBEFD

Néu diéu kién trén khong thod man, phai chon lai diém thdo nuéc cudi cling, hodc
thay d6i duong kinh cdc doan 6ng.

6.4. PHUONG PHAP DUNG HE SO PAC TRUNG LUU LUONG K
6.4.1. Noi dung
Phuong phdp nay dung d€ tinh todn cho dudng ong dai, chay réi va chay déu c6 dp.
Do 6ng dainén H = hy, = hy, = JI .
trong d6: J - Do doc thuy luc ; / - Chiéu dai ong .
Van téc cua dong chay déu dugc xéc dinh theo cong thic Sedi:

v=C+RJ
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y
trong d6: R -Ban kinh thuy luc; C = i(%j - Hé s0 Sedi
n

n -Do nham tuong doi; y - Hé so phu thudc R va n
Do d6 Iuu lugng qua ong la:
0=wCRI =KAJJ

V6iJ = 1 thi Q = K (m'/s), c6 nghia K 12 luu luong clia dong chdy qua mat cat uét
khi do doc thuy luc bang 1 don vi va dugc goi 1a hé s6 dac trung luu luong K = K(d,n).

\ ) Q’
Thay J = hy, /l vao Q, ta cé H = hy,, = IF (6-3)

Céc gid tri chia K (hodac 1/K?) duoc tinh sidn cho cdc loai dudng ong c6 dva n khéc
nhau dng vé6i v >1,2 m/s (chay r6i hay 1a khu vuc stc can binh phuong). (Xem phéan phu luc
5,6).

Ung v6i chay tng v < 7,2 m/s phai nhan (6-3) véi he s6 hiéu chinh ton thét a:

2
h, = a%l (6-4)
Bdng 6-1
v |02 04 0,5 0,6 0,7 0,8 0,9 1,0 1,1 1,2

a | 141 1,2 | 1,15 1,115 | 1,085 1,06 1,04 1,03 1,015 |1

6.4.2. Ung dung dé giai 4 bai toan co ban
a)H, =7 H=H,-H,=h,,=(0/K)I
Suyra  H,=(Q/K) |+ H,

b)Q=" T1\1(6—2):Q=K\/§

K - Tra bang theo tri s6 d va n da cho.

Q

¢)d=7?  Theo dau bai ta tinh dugc K = _H
'

T K va n da cho, tra bang nguoc lai tim d trong bang tri s6 K.

d)d, H, = ? Chon truéc d theo v, , sau dé dua vao d va n tra bang tim K tuong
ung.

Tu K, Q,ltim duoc H , H,.
6.4.3. Ung dung dé tinh duong éng phiic tap
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a) Puong ong noi tiép: Q bang nhau, H =2 'H,

b) Puong 6ng song song: H bang nhau; Q = 30,

fH ’H
QI = KI I ,....Qm = Km -
lI lm

m m K
S = _ 2
uy ra Q ZQ: g](

i=1

c¢) Puong ong phdn phoi lién tuc
l 2 1 2 [
=— 0%+ + ~—(0 +055
K2 (Qr QrQﬂ 3Qﬂ ] KZ (Qr Qﬁ‘)z

2
=
K2
d) Buong éng phdn nhdnh ho

hay:

Ta ciing chia hé théng dudng ong thanh dudng ong co ban va dudng 6ng nhinh dé
tinh (nhu da trinh bay trong muc 6.2.4) nhung viéc tinh toan dugc don gian nhiéu.

Khi tinh duong 6ng co ban, duong kinh cac doan ong s€ tinh theo van toc kinh té va
luu lugng yéu cu, con do chénh cot 4p dau va cudi dudng dng co ban s€ 1a:

’l.
H= Z hwdt z Ql l

l]K

m - S6 doan dudng 6ng don gian tao nén dudng 6ng co ban .
ChiyrangH =(Z,-Z.) + h,-h,
Trong d6: Z,, Z, - B0 cao hinh hoc dau va cu6i duong ong.
h,, h, -Do cao do dp yéu ciu tai dau va cudi dudong 6ng co ban.

Khi tinh duong 6ng nhanh, thong thuong dudng kinh cia né khong duge tinh theo
van toc kinh t€. N6 dugc quyét dinh bdi luu lugng yéu ciu, do chénh cot dp dau va cudi
nhanh phu, nghia 1a phai chon dudong ong c¢6 duong kinh sao cho véi luu luong yéu cau,
dong chay trong d6 ton thét cot 4p phit hgp vé6i do chénh cot 4p gilta ddu va cudi nhanh:

Hd - Hc = hwd

6.5. PHUONG PHAP PO THI PE TINH TOAN PUONG ONG

Tl cong thic co ban clia duong ong (6 -3):
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h, = %ZQZ =AQ’
Ta nhan thay v6i mot dudng 6ng xdc dinh ¢6 [ va d thi ton that 4, 12 ham s6 cta luu
luong Q.
Puong d6 thi biéu dién ham s6 h, = AQ” goi la duong dic tinh 6ng dan.
Néu tinh cot dp chia dudng 6ng theo biéu thiic:
H=z +h.+h,=H,+AQ’ (6-5)
H, =z + h, - Cotap & cudi duong 6ng (co tri s6 xac dinh)

Pudng biéu dién phuong trinh (6- "
5) goi la duong dac tinh 6ng dan trong hé
thong (cach goc toa do mot doan H,).

Truong hop H, = 0 , duong dac
tinh s€ di qua goc toa do. oV

Dé c6 dudng dic tinh chung cho f L
dudng ong gém nhiéu doan 6ng mac noi /W]/
ti€p thi véi mdi luu luong chay qua, tén I ezt
tht s& bang tong ton that cac doan ong. 2 2 . by =
V& duong dac tinh 6ng dan cho 4 v ] R
ting doan duong 6ng. Sau d6 v€ dudng
dic tinh 6ng dan téng hop chung cho toan  Hinh 6-9. Dudng dac tinh clia dudng ong
bo hé thong dudong ong. g6m 2 dudng 6ng dit noi tiép

V6i moéi gia tri Q nhét dinh ta xdc dinh duoc ngay gid tri 2’4, cia hé thong dudng
ong trén do thi (Hinh 6-9).

Néu duong 6ng gém nhiéu doan A
méc song song thi tng véi moi tri s6 cia
ting do (tén that nang luong h,) ta cong / /
cac tri s6 ctia hoanh do (luu lugng Q) sé /
duge luu lugng chung cho ca duong 6ng.
Ldy nhiéu diém nhu vay s& vé& duoc
duong dac tinh chung cho dudng oOng < 2

\’47Q2

,\
N

(Hinh 6-10).
Trong truong hgp duong Ong B
phiic tap gém nhiéu doan 6ng mic song /
song va noi tiép thi ta vé duong dac tinh %/ d
cho nhitng doan mac song song va sau PEECTEIR N >
cling thi v& dudng dac tinh tdng cong 3

g6m nhiéu doan 6ng méc noi tiép. >

Hinh 6-10. Duong dac tinh ctia duong 6ng
gém 2 dudng 6ng méc song song

Dung phuong phap dé thi ta ¢6 thé x4c dinh dugc tén thit ning luong clia dudng
ong va do d6 xdc dinh duoc cot dp & dau dudng ong khi biét luu lugng hodc ngugc lai xédc
dinh dugc luu lugng chay qua dudng 6ng khi cho trude cot ap.
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6.6. VA PAP THUY LUC TRONG PUONG ONG

6.6.1. Hién tuong

Va dap thuy luc 1a hién tugng bién d6i ap sudt dot ngot khi van t6c ctia dong chay
tang hay giam dot ngot.

Va dap thuy luc c6 thé chia ra va dap duong (thuan) trong d6 vi van toc giam ma
gay ra tang ap sudt va va dap am (nghich) do van toc tang lam ap suat giam.

Chéang han, nudc chdy trong ong c6 4p. Néu ngan can dot ngot dong chdy, vi du
déng khod lai thi 4p sudt trong 6ng s& tang lén dot ngot. Ap sudt ngay sat khod sé tang lén
truGe, nude s€ bi nén lai. Sau d6 theo mitc do ding lai ctia cac 16p nudc ma sy tang ap suét
s& nhanh choéng truyén di theo dudng 6ng tao thanh séng tang dp suét.

Su tang dp sudt truyén di véi toc do 16n s& lam ép chat 1ong lai va thanh 6ng gidn ra.
Su bién dang dan tinh cta chat long va clia 6ng s& sinh ra ciing véi tc do truyén tang ap
sudt theo chiéu dai 6ng. Toc do truyén bién dang dan tinh goi 1a téc do truyén séng va dap.
Sau khi 16p nudc cudi cung dimg lai thi tat ca nudc trong 6ng déu bi ép. Lic d6 dp suét
trong 6ng 16n hon dp suat trong binh nén nudc chay ngugc vé binh, 4p suét trong 6ng sé dot
ngot ha xuéng. Su giam dp suat do ciing s€ ting 16p ma truyén tGi khod nudc va goi la séng
va dap nghich. Thoi gian chay cua séng va dap thuan va va dap nghich lam thanh mot pha
ctia song va dap.

Qua trinh séng va dap xay ra rit nhanh (boi vi toc do truyén soéng va dap rat 16n). Su
phét sinh ra pha va dap duoc lap di lap lai theo chu ky va giam dén do ¢6 su tiéu hao nang
lugng . Su tang cao dp suat khi c6 va dap thuy luc phu thudc vao ap sudt ban dau ctia dong
chay va 16n hon rat nhiéu so véi cot dp tinh gay ra dong chay. Hién tuong va dap thuy luc
kha phtc tap, mai dén nam 1898 méi dugc nha bac hoc Nga Jucopxki phan tich c¢6 1y luan
chat ché.

6.6.2. Tinh do tang ap suat, toc do truyén song va dap

Quan sat dudng 6ng c6 dudng kinh d, dién tich clia cdc mat cat 6ng 1a @ va chiéu
dai /, n6i v6i mot binh chita (Hinh 6-11). Trudce khi dong khod c6 van toc v, va dp sudt p,.

Khi dong khoa dot ngot cusi duong ong, 16p chat 1ong & gan khoa trén doan Ax co
khoi lugng pwAx bi ép lai dudi tac dung cua luc quan tinh. Do d6 sau thoi gian Az , ap suat
0 16p d6 tang 1én Ap va van toc bang 0. Ta viét phuong trinh dong luong:

FAt = mAv
ting dung trong truong hop xét ta c6:
F=4d4w, m=poix, Av=v,6- 0
Thay vao phuong trinh trén:
ApwAt = poAx v,

Ratra: 4dp= pﬁvo (6-6)
At

Néu At — 0 thita c6 dp suét cuc dai & gan cho khoa:
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C=Ilim ﬁ
Ar—0 At

C -T6c do truyén séng va dap thuy luc.
Thay C vao (6-6):
»_c, (6-7)
1 Yy g

Cong thic (6-7) do Jucopxki dua ra,
dung dé x4c dinh do tang 4p sudt khi va dap

thuy luc.
Hinh 6-11. So d6 x4c dinh va dap thuy luc Ung dung Iy luan dong lugng vao
trong 6ng khoi chat 16ng gitta hai mat cat 1-1 va 2-2,

va tinh su thay déi khoi luong chat 1ong trong doan ong cing véi su bién dang clia thanh
ong (theo dinh luat Hook) Jucopxki di xdc dinh duoc cong thic dé tinh toc do truyén séng
va dap trong nudc goi 1a toc do truyén nudc va:

1435
1+ Eod
ES
trong do: E, - mo duyn dan hdi ctia nudc ;

d - duong kinh trong cua 6ng ;
E - mo duyn dan hoi cta vat liéu 1am 6ng ;
0 - chiéu day thanh 6ng.

Khi ¢6 va dap thuy luc, ap suat sinh ra rat 16n c6 thé gay ra v& ong, nén phai tim
bién phap dé 1am giam hodc ngan ngira, nhu dong md khod van tir tir, dung ong c6 dudng
kinh 16n dé 1am gidm van toc, ding vat liéu c6 moduyn dan hoi bé, dung nhitng thiét bi tu
dong thdo chat long khi ap suat vuot qua qui dinh ...

6.6.3. Ung dung hién tuong va dap thuy luc

Hién tugng va dap thuy luc dugc 1gi dung trong cdc bom nudc va (Hinh 6-12).
Nguyén ly lam viéc cia bom nudc va nhu sau:

Van A trén dudng 6ng dugc diéu chinhdé cho nuéc tir mot bé chita chay qua.

Khi nao van toc cua dong nudc dat tGi mot tri s6 dinh trude thi dong nude dong van
A dot ngot, sinh ra hién tugng va dap thuy luc; dp suét trong 6ng dan nudc tang vot lam md
van B trong binh C, 1am cho nu6c chdy vao trong binh C. Do 4p suét binh C tang ddy nudc
lén ong day D.
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Hinh 6-12 . So d6 nguyén ly lam viéc cia bom nudc va

Khi nudc chay vao bom thi dp sudt trong dudong 6ng giam, van B dong lai, van A tu
dong mao va hién tuong tiép tuc lap lai.

6.7. CHUYEN PONG CUA CHAT KHi TRONG ONG DAN
6.7.1.Phwong trinh chuyén déng
~ Nhu ta da biét, chit khi khdc chét 16ng ¢ chd 1a chét khi nén dugc (0 # const). Trong
nhi€u truong hop nhu khi chat khi chuyén dong véi vén tdc trén am (M >1), rat cén thiét
phai k& dén tinh nén dugc. Do6i voi chuyén dong dung, dudi &m (M < /) cua chat khi thice
trong 6ng dan ta c6 phuong trinh lién tuc (phuong trinh luu lugng).

G = ww= const (6-8)
Va phuong trinh Bécnulin viét dudi dang vi phan c6 ké dén ton that ning luong.
2
de+ P v a¥ yan=0 (6-9)
Yy 28

Tén thit ning luong dh trén mot doan éng dx ciing tudn theo cong thirc Darcy:

2
dz=1—.— 6-10
Z D 2g (6-10)

Ngoai ra ta con ¢6 phuong trinh trang thai:

P _pr

v
Thay (6-10) vao (6-9) ta dugc:

2 2
Qo+ P gV (6-11)

y 28 D 2g
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Phuong trinh (6-11) tich phan du(yc néu ta biét qua trinh thay d6i trang thai cia chét
khi trong ong va su thay do6i cua hé s6 ma sit A. Bi voi chuyen dong dang nhiét (T =
const) X khong thay doi doc theo 6ng dan. trong Truong hop chuyén dong dudi am (M < 1),
cling giéng nhu d6i véi chét 16ng, A phu thudc vao sé Rayndn va do nham tuong dbi n ctia
6ng. Nhung s6 Raynon Re _Ybp thay ddi theo nhiét do vi hé s6 nhot p phu thude vao

7]
nhiét d6 7. Pbi v6i chat khi 4 giam khi T giam. Néu doc theo dng nhiét do giam thi cudi
6ng s6 Re ting, do d6 hé s6 ma sét A thay doi.

Vi quan diém tinh toan thuy lyc duong dng dan khi ngudi ta phan biét hai truong
hop chuyén dong cua chat khi:

1 — C6 thé bo qua tinh nén duoc cta chat khi khi dong khi chuyén dong v6i do chénh p
tuong doi bé;

2 - Phai ké dén tinh nén dugc ctia dong khi chuyén dong véi do chénh dp tuong ddi 16m.
D0 chénh ap tuong dm o day 1a ti s6 gitra hiéu 4p suét tai mat cit dau va mat cit
cubi ong véi dp suét tai mat cat dau ong.
6.7.2. Chuyén dong ciia chit khi trong éng hinh tru

Khao sat chuyén dong ctia chat khi trong 6ng try nam ngang c6 tiét dién khong doi.
Phuong trinh chuyén dong (6-11) va phuong trinh lién tuc (6-8) s€ c6 dang :

L +d—+1——=0 (6-12)

W = const (6-13)

D6i voi truong hop thir nhat ciia chuyén dong chét khi (khi bo qua tinh nén dugc),
thi trong luong ri€ng cua chat khi va suy ra van toc trung binh theo mat cat s€ khong doi
doc theo chiéu dai cua ong khi gilt nguyén luu lugng Q. Do dé tich phan phuong trinh (6-
12) s€ duoc :

I w

S M A

Pr= P2 D 2g
O day: chisd 1 va 2 tmg voi mat cat dau va cudi dng, I - chidu dai cta ng.

Nhu vay trong truong hop nay tinh todn thuy luc duong 6ng din khi khong khac
viéc tinh todn thuy luc 6ng dan nudc.

Trong trudng hop thir hai, chuyén dong cua chit khi ¢6 keém theo sy giam trong

luong riéng va ting van tdc trung binh ctia mit cat doc theo dng véi Iuu lugng Q cho trudc.
2
NP S N ;4 v \ 5 A A ISP .
Nhung gid tri van toc cua dong khi d e thuong nho hon rat nhi€u so véi cac gia tri khac
8

ctia cdc s6 hang trong phuong trinh (6-12) nén c6 thé bé qua. Do d6 phuong trinh Bécnuli
c6 dang :
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& v

/4 D 2g
N . dp G® dx
V1 vVv=—— nen ——= YT IR
yo y 27ga@’ D

Xét qud trinh da bién :
1
n

P _ D s p
— ==L hay la yzy(—]
rr p
Do d6 :

S~

G’ dx

7/] [Lj dp = ﬂ’ PN

P, 2gar D
Gia sir A = const doc dng dan, tich phan phuong trinh trén c¢6 dang :

1+n |72

__n yan -1 G 1
n+]71p1 )4 2¢a’ D

1

2
, ta dugc biéu thuc tinh luu lugng :

n+l
7°gD’ n p,2 _| P2 n
8Al n+1 RT, P,

Cong thirc trén ding voi diéu kién 1a A khong doi doc theo dng: N6 1a cong thirc co
ban dé xac dinh luu lugng trong Iugng khi cho biét duong kinh ong va do chénh ap suat
hodc tinh duong kinh néu biét luu lugng va do chénh édp suat.

Dbi véi qua trinh dang nhiét (n = /) va chay ting A= ‘;—4 ta c6:
e
' 1 ’
G= —|1-| 2
256l RT, P
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hay la:

A By ()
256l RT, "' *°
Truong hop déng nhiét va chay rdi:
7[2gD5
G2 o7 2_ 2
C6 thé khao sit chuyén dong cua chét khi trong dng hinh try nhd phuong trinh
chuyén dong viét dudi dang hé s6 van toc A= S Thuc vay, két hop giai cic phuong trinh
a
(6-12), phuong trinh lién tuc (6-8) viét duéi dang vi phan:
dy  dv_
Y v

va phuong trinh ndng luong viét cho van toc am a:

0 (6-14)

v a’ _k+1 a’

2 k-1 k-1 2

(6-15)

trong d6: a- - van toc am tdi han;

k - chi sb doan nhiét, ta s& nhan dugc phuong trinh vi phan cua su phén bd van
toc doc theo Ong c6 ké dén ton that nang luong:

(i_de_A:_k Az (6-16)
A A k-1

X
trong d6: x=—
g D

Tir phuong trinh (6-16) c6 thé két luan 12 van tdc toi han ciia chuyén dong chi c6 thé
xuét hién tai miéng ra cua 6ng hinh try. Thuc vay, theo phuong trinh (6-16) khi A < [ va
dA > 0 dong chay trong ong s€ duoo tang tdc, con khi A > 1 va dA < 0 dong chay s€ cham
dan; truong hop A = 1 tai mat cat bat ky trong dng sé& trdi v6i phuong trinh (6-16) va khong
pht hop véi y nghia vat ly.

Gia st hé sb ma sit A khong doi, khi d6 tich phan ctia phuong trinh (6-16) ¢6 dang:

2
iz—iz—lniﬁizx (6-17)
A A A k+1
trong d6: A; - hé s6 van téc & mit cit vao cla 6ng;
A - hé sd van tc & mit cit ndo d6 cdch mit cit vao mot doan x.

Dé tién viéc tinh todn ta ding toa do khong thir nguyén.
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2k
X, =—
k+1
xy dugc goi la chiéu dai dan suét cua 6ng.

Khi d6 phwong trinh (6-17) c6 thé viét:

——_mi (6-18)

Sy phu thudc gitra A va x, khi gid tri A; khong d6i dugc biéu dién trén hinh 6-13. Dai luong
Xy ¢ cuc dai tai A = A, = 1. Gid tri cuc dai ctia xy dugc xac dinh theo cong thirc:

x :%—Z+lnAf (6-19)

s max
1

Cic duong cong x,(A) gdbm A
hai nhdnh: mot nhanh tng véi dong
dudi am (A < 1) con nhdnh kia g
voi dong trén am (A > 1). c

Nhiing dudng cong dé cling
cho ta thay la trong ong hinh tru
khong c6 thé chuyén van tdc tir dudi
am sang trén am. Nhu da néu ¢ trén,
trong 6ng nay voi gid tri van tdc xdc
dinh & miéng vao A; va do dai
tuong ung, van tdc toi han sé dat
duoc tai miéngra (A, = 1).

Xs

N+

) !
Hinh 6-13
Dong dudi am tai miéng vao 6ng (A; < 1) img véi doan AB (Hinh 6-13), con dong

trén am (A; > ) Gng véi doan CB. Diém B xdc dinh gia tri cyc dai ham x; cua Ay cho
truoc.

Tt cong thue (6-19) suy ra xg,. = 0 khi A; = 1

Nhu vay, phuong trinh (6-19) cho thiy rang d6i véi dng hinh tru c6 kich thudc I, D
cho trudc véi van toc & miéng ra A, = 1, gid tri k va A xdc dinh, thi h¢ s6 van tdoc ¢ miéng
vao A; va luu lugng dan xuat cta chat khi ¢; c6 mdt gid tri hoan toan xéac dinh.

Vi chuyén dong dung va van toc dudi am tai miéng vao, mot luogng khi cuc dai c6
thé chuyén dong qua Ong hinh try dai /, c6 hé so ma sat A néu A; = 1.

Luu lugng tuyét d6i ctia chat khi qua éng c6 chiéu dai gi6i han sé& bang:

Guax = garplvl)max = g 1maxPx10x =

1

1
k+1\k1 k+1 k-1
= g“{Tj A?max(l k ] Afmaxj p a*
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1

Véicha y: p.a. = poz( 2 j Zk

k+1 k+]

_( 2 ]H 2k Poi
k+1 (k+1)Rg T,
ta s€ duoc:

1
G - 2gk A (]_k_] 2 jk+1 pOI
max (k+])R 1 max k+] 1 max ].,01

Nhu Vay, dé tang luu luong tuyét dbi cua chat khi qua 6ng hinh tru c6 leh thudc
xdc dinh can thiét phai ting 4p suat toan phan tai miéng vao poi hay 1a khi py; cb dinh thi
phai giadm nhiét 46 ham 7y,. Trong khi d6, tai miéng ra van tdc s& dat gid tri téi han va gia
tri tuyét dbi cua né s& giam khi T,; giam. Nhung luu luong s& ting do khéi luong riéng
tang.

Thuc nghiém cho théy réng v6i van tée trén Am tai miéng vao s€ xuét hién mot s6
tinh chat méi ctia dong chay ma phuong trinh (6-18) khéng mo ta duge. C6 mot diéu nhan
xét 1a theo phuong trinh (6-18), khi A; > 7 vén tdc trong 6ng phai giam lién tuc cho dén
miéng ra theo dudng cong CB trén hinh 6-13, con 4p suét s& ting lién tyc.

Nhung trong thuc té sy thay ddi van tdc va dp sudt trong éng & nhiéu truong hop
xay ra mQt cich khong lién tuc (c6 budc nhay).

6.7.3. Tinh toan dwong dng
a) Tinh todn dwong ong dan khi ciing twong ty nhu viéc tinh toan duong éng dan chat 1ong.

Tén that dp suét toan bd trong dudng éng don gian duge x4c dinh bang tong ton that
dp suat trong tat ca cac doan:

N l YV 2
= A—+ ——v
g Z( d Zgj 2
Trong d6: x - s6 doan cua 6ng dan.

Con dbi véi duong dng phirc tap, ton that 4p suét toan bd dwoc xdc dinh bing ton
that ap suat cuia nhitng doan duong ong dugc chon lam dudng co ban:

> )
T
Trong d6: y - s6 doan cua duong ng co ban.
b) Nhiing bai todn co ban thuong gap:
1. Cho biét luu lugng, tinh dudng kinh 6ng dan, van tdc va ton that dp suat.

2. Cho biét luu Iwong va dp suat, tinh dudng kinh va vén téc hay nguoc lai.

3. Cho biét dudng kinh va dp suét, tinh luu luong va vén téc.
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Trudng hop thir nhat thuong dic trung cho viée tinh todn dudng dng khi ¢6 ngudn lam viéc
(quat, mdy nén v.v...). Trong khi tinh todn nén luu y 1a luu luong, van téc va dién tich méat
cat ong dugc lién hé bang phuong trinh luu lugng:

O=vw
¢) Phuwong phdp tinh todn

Dbi véi timg doan 6ng cho biét chiéu dai /, tong céc hé s ton that cuc bo ¢ va luu luong
Q, dong thoi tinh dugc van toc v, ta s€ xac dinh dugc duong kinh ong :

1

d= 1,13(%2
\%

» =(45+Z;)£v2

Trong d6, néi chung hé s6 ma st A phu thudc trang thai chay va tinh chat cta thanh dng.

va ton thit dp suat:

6.8. VIDU VA BAI TAP
Vi du 6-1.

C6 hé thdng 6ng dan khong khi nhu so dd (hinh v&). Khi duoc hop lai tir ba nhanh
dan dén quat va sau d6 khi dugc phan di hai noi. Nhiing doan dng ciia duong chinh ky hiéu
béng cac chit a, b, ¢, d, e; con nhitng doan phan nhanh béng cédc s 1, 2, 3. Chiéu dai [ cta
céc doan 6ng, tong gid tri cic hé sb ton that cuc b Z¢ va luu luong q cho trong bang. Hay
tinh ton that 4p suat toan phan trong cdc doan dng.

Ay
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Gidi:
Van tbc trung binh trong éng dan duoc xédc dinh theo cong thirc Kalinuskin - goi 1a
van toc kinh té:

trong d6: a - phan khau hao hang nam;
b - gid tién 1m* bé mat dng dan;

n - hi¢u suat cua quat;

x >y 4 X ~ < X
a= ZQzl ; X - 80 cac doan ong; Q - luu lugng trong moi doan; [ - d6 dai moi

doan;
n - thoi gian s dung quat;
r- gid tién 1kWh;
y- trong lu’(jng riéng cua khi;
Q - tong luu lugng.
172

Y
p= Z( 1/2+Z§] l=]’]3 = const

d6i voi khong khi i = 0,04.

Néu chon vén tbc kinh té trong dudng dng din khi v = 13m/s thi tir d6 suy ra duong
kinh 6ng cua doan a:

1 1

d=113 2V =113 199 ¥ _ ¢ 165m
Ny 3600.13

ap suat dong:

Vo b2 s 0 kG im?
2¢ 2981

Tén thit 4p suat toan phan:
(/1 +Z;jlg = 17.78kG Im’
Tuong tu, tinh cho doan b duogc:
d = 235 mm; %vz = 10kG I m’
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g tinh theo diéu kién tiéu chuén (1 = 20°C, p = 760mmHg, d6 4m @ = 0,5; y= 1,2kG/m").

Cic doan khéc ciing tinh nhu vay, két qua tinh duoc lap thanh bang 6-2.

Tén that 4p suat toan phan trong dudng 6ng chinh (a, b, ¢, d, e) bang 65,3kG/m’.
Theo 4p sudt d6 va luu lugng 3000m’/h ¢6 thé chon quat thich hop cho dudong dng

trén.
Bang 6-2.
CS;; / Q d v | L | o 1| L P
doan | () X (m¥h) | (mm) | (m/s) % | m) ra +dzg (kGfm’
ong (kG/m®) )
7 | 10 | 1000 | 165 | 13,0 | 104 | 0,102 |071| 1,71 | 17.8
b | 5| - | 2000 | 235 | 128| 100 | 0068 | 034| 034 | 34
¢ | 25| - | 3000 | 285 |131| 105 | 0053 |013| 013 | 14

d 2 0,1 3000 285 13,1 10,5 0,053 | 0,11 0,21 2,2
e 12 | 24 1500 195 14,0 12,0 0,084 | 1,0 3,40 40,5
1 6 1.0 1000 165 13,0 10,0 0,102 | 0,61 1,61 16,7
2 7 1.0 1000 165 13,0 10,4 0,102 | 0,71 1,71 17,8
3 4 1,3 1500 195 14,0 12,0 0,084 | 0,34 1,64 19,7

Vi du 6-2.

Nguoi ta chuyén nudc tir bé chira A sang B ¢6 kich thudc 16n theo mot hé thong
duong ong dat theo hai so do sau (hinh v¢).

1. So 6 1: bng don dit trudce, hai dng song song nhau dit tiép theo.
2. So db 2: hai dng song song nhau dat truéc, ng don dit tiép theo.

Trén hinh v&: L va 2L - chiéu dai, d - duong kinh trong ctia ong; A - hé s6 ma sat thuy lyuc,
& va & - hé s6 ton that cuc bd cho vao, ra doi voi mot ong.

Khong tinh ton thit cuc bd chd ndi dng. Céc ky hiéu chir gidng nhau biéu thi céc tri
sO bang s6 giong nhau. Yéu cau:

1) Xac dinh so do nao ¢6 lgi hon vé mat stic can thuy luc.

2) So sanh cdc tri s6 Iuu lugng chuyén qua dng theo hai so dd trén khi cot nudc tic
dung H c6 cung tri so.

3) Véi ciing cot nude vé& chung 1én mot hinh dudng ning g voi hai so 6 nay. Trén so
dod ghi 6 kich thudc (céc gia tri bang chir).
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& B

2L, d, A

==
L d )\‘ 5_32:25_31

& B
2L,d, x

L,d, A £=2¢&;

&1

Gidi:
1. So sanh ton that cot nudc cua hai so do.

Xét truong hop khi thdo cting mot Iuu luong Q. Viét phuong trinh Becnuli cho hai
mat thodng:

H = hy,— hyo + hya + hap + haz
O day: hy; — Tén that do ma sét trong éng don;

hg, — Ton that do ma sét chi cia mot trong hai dng noi song song;

v’ v’ lv
h, =, —; h,=2{,—; h,=1——:;
vao ;I Zg ra ;I Zg d d 2g
Vay voi:
2 2
+S0do 1: H,:L(g’,+/lij+&(2§’,+/lij
2g d) 2g d
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2 2
+So do 2: H, :L(2§]+ALJ+&(§]+/1£)
d) 2g

2g d
.. Q 40 .« ..z
Trong do: v, = P = pE (doi voi ong don).
V, = Q = % (d6i voi 6ng ndi song song).
w

Vé:ly H, > H,, do do hyo > ]’lw].
Két luan: So dd 1 ¢6 loi hon.

2. So sanh Q; va Q, khi H; = H, = H = const.

Tur (1): - 15[; +,1£j
' ! 2ga)2 7t d
Te@:  H =Q—51=225(g ”Lj
' : 29° ’ ! d

0, /3 /3
Chon H; = H; ta duoc: === ha =.|=
s 1 2 0 Q2 2 y Q} > QZ

3. V& duong nang (Hinh v§)

vio2 So @6 2
y A l E A
3 X J2|E; ,
Y — E2 \4 J 2 E
—_—— - C 2
hvaor —_ "~ |Ex J 7\ H
_——- ' Eq =
=-—== \ hRa2
A _ . ! YRat § \ 4 \vAl
| sea1l | T - %
—-—= B — — — ——
. L, L L .
Vidu 6-3.

Dung 6ng xiphong bang kim loai dan nudc tir kénh vao mang tudi (hinh v&). Chiéu
dai ong xiphong / = 20 m. Do nhdm tuyét d6i 4 = 0,2 mm. Trén 6ng xiphong c6 hai chd

vong 45° (véi % =1, (= O’Zﬁ =0,15 ) va ludi chan rac chd vao 6ng {'= 5,0.
Xéc dinh:
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1. buong kinh 6ng xiphong d , sao cho luu luong nuéc Q = 45 I/s, 6 chénh muc
nudc H khong vuot qua 1,7 m.

2. Chiéu cao chia 6ng xiphong trén muc nudc trong kénh, dé do chan khong tai M
khong vuot qué 6,4 m cot nude.

2
S M
’0 "0: "‘:
Q: N ~.
N 2
Q. :
Iy /% 4
—_— e e — — — — — -, AN _———— _——— — — __\ —
— — e —— — — — — AN '3I
—_———— == = N .: — ¥_ -
- - 0 XN S|-——-——(RF—
o, g P3 0
« 3 \ <.0;’

Gidi:
Viét phuong trinh Becnuli cho mit cét (1-1) va (3-3), 14y mat chudn (0-0).

a+H+2e = &+hw
vy 7
ma: &=pa+a
/4
do doé: H=h

2
Xéc dinh h,:  h, = (ﬂé +>¢ J Zv—

Trong dé: D8 =G+ 28+ Ciyra =5 +2.015+1=63

DPé x4c dinh so b, ta bd qua ton thit doc dudng va tinh van toc trong ong theo biéu
thiic sau:

2
H=h,=3(

Rﬁtra:v-\/_,/ \/298]] =23Im
Dién tich mat cit udt ciia 6ng:
0 0045

w==="""=0,0195m>
v 231
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va tinh dugc duong kinh ong d = 15,8 cm.
L4y duong kinh 6ng theo qui chuén d = 175 mm (d tinh todn 1a 173 mm), c6 mat cat
®=0,0235 n’.

Heé s6 can doc duong A, tinh cho trudng hop chay roi hoan toan (khu vuc sic can
binh phuong) theo cong thitc Nicuratze: 4 = 0,0204.
Xac dinh lai van toc trong 6ng:
. Q_ 0045
w 00235

Bay gid xéc dinh lai t6n that nang luong trong 6ng, c6 tinh ca t6n that doc dudng:

2 2
v (0,0204.30+ 6. 3j 1,92

l
h,=| A—+ —= .
" ( d Zngg 0,173 2.9.81

=192m/s

=164 m

Nhu vay t6n thit nang lugng trong pham vi cho phép (khong vuot qué 1,70 m).

Dé x4c dinh chiéu cao clia 6ng xi phong , viét phuong trinh Becnuli cho mit cit (1-
1) va (2-2), 1ay mat chuén (1-1):

2
1%
&=Z+&+_2+h

7/ 7/ Zg wil-2
Rut ra:
_ 2 2
Z=p“ Py Vi ]+0,0204.]5+5’3 .],92 — 498 m
V4 2g 0,173 2.981
Vi du 6-4.

Xéc dinh duong kinh 6ng gang cta mang ludi phan phoi nude (hinh v€). Luu lugng
nudc & cac diém, viét trong vong tron, tinh bang 1/s. Do cao hinh hoc tai cdc khau dan va
diém dung nuéc viét trong tam giac. Chiéu dai cdc doan 6ng tinh bang mét, viét c6 gach &
dudi.

Cot 4p tr do & cac diém dung nudc 1a 5 m; Bd qua tén thit cuc bo.

Gidi:
Trude hét ta chon dudng ong chinh 1a ABCDEF, va xéc dinh ton théit nang lugng:
Yh,=H,—(Hp+5)=41—-(8+5)=28m
Do déc thuy luc trung binh trong duong 6ng chinh:

h
Zl 750 +700+ 800+ 200 +400
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DPac tinh luu luong va duong kinh cac doan ong trén duong 6ng chinh:

Q2 82
KEF=%=000983: Vi dy, = 125 mm
2 2
Kip= % = & = 33000 va  dy= 150 mm
2 2
Kip = % = % =139000 va  d., =200 mm

2 _Qsc 42

K =180000 va  d,. =250 mm
BC 1 000983 e

w2 Qi _ 60’

AB —

=366000 va  d =250 mm

J 000983
Van toc nude chay trong cac doan ctia duong ong chinh:
Vgp = Opr _ 00084 5>=065m/s
O 3,14.0,125
18.4
vDE=QDE __00i3 >=102m/s
Wpr  3,14.0,15
Vep = ep _ 003 7'42 =118m/s
Wcp 31402
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Opc 00424
Oy 3,14.0,25°

=085m/s

Vpe =

O 0064
@, 3,14.025°

=122m/s

Vap =

Nhu vay ta phai dua vao hé s6 b cho céc doan 6ng c6 van t6c nhod hon 1,2 m/s, dé
tinh luu luong cta 6ng:

2
Kz, _Kier 9025 _ 0200 12/
Ber  LI0
2
Kpp= Kow _ 23590 _ 53500 17/
Bor 103

o Kl 110750
Kep = =
:BCD 1,0

2
Ky = Kic 303900 _ 346000 12 /5

By 105

=110750 1/ s

2
Kl = Kis 363990 _ 363400 12/

B 10

Tinh lai ton that niang luong thuc t& trén cic doan ong clia dudng 6ng chinh:

_Qiplyy 607750

ho. = _744m
MAETK2. 363400
2 2
1. 422700
M == 17 = 3000 =307
BC
2 2
1, 372.800
e = 200 _ —9.02m
K2, 110750
2 2
oy = Boidor 18200, 0
K2, 23200
2 2
b Girly 8400

K;. 8200
Tén that nang luong cta ca dudng ong chinh:

Zhw =744+357+9924+279+3,12=26,84 m

Nhu vay khong vuot qua diéu kién cho phépz h,=28m.
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Puong kinh cdc doan 6ng nhanh duoc xdc dinh theo luu Iuong va tén thit nang
luong cho phép.

Tinh dac tinh luu lugng va xac dinh duong kinh ong:

Ong nhanh BG,CK,DM:
2 2
Ki = bolse o 187250 _ 3555 4 dy, = 125 mm.
hope  41-741-2-5
> Qi 5%.300
Kl = =SK-CK =470 va dy =75 mm.

hoex  41-741-357-9-5

pe. _ Obwlow _ 77.300
P by A41-741-357-992-5-5

=1460 va d,,, = 100 mm.

Vidu 6-5.

Xac dinh cot ap cin thiét H clia bé chita cung c4p nudc cho mang lu6i vong kin,
bang ong thép.

Luu luong & cac diém C,D,E ghi & hinh V&,

Céc s0 liéu cho: d, = 250 mm; d, = 200 mm; d; = 150 mm; d, = 80 mm; ds; = 100
mm, [, = 800 m; [, = 200 m; [, = 300 m; [, = 400 m; l; = 500 m.

Cot 4p tu do & cac diém dung nuée 1a 5 m.

B0 qua t6n thét cuc bo.

Gidi:

Ta chon chiéu nuéc chuyén dong theo chiéu miii tén nhu hinh vé, Iuc can riéng cuia
ong thép xac dinh theo phu luc.
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A, =2,583.10° P A, = 9,273.10° s/, A, = 44,95.10° s¥IP;
A, = 0,001168 $IP; As = 0,0002674 s*IF;

Luu lugng trong cac 6ng dugc xac dinh nhu sau:

0,+0s;=10 (1)
0,=0,+20 ()
Q;=0s5+12 3)

Ta c6 thé xem dudng 6ng BCD va dudng 6ng BED 1a 2 nhdnh méc song song va ¢
phuong trinh:

h,+h,=h;+h,;
ApL.OF + A0 = A L.QF + ALOZ @)
Thay s0 va giai hé 4 phuong trinh (1) + (4) trén ta co:
0,=24,11ls; Q,=17,91ls; Q,=4,11ls; Qs =509 Uls;
Luu lugng chay trong doan AB bing tong Iuu lugng & cdc diém:
0,=20+12+10=421/s

Xac dinh lai van toc trong cac doan Oong:

v, =%=0,855m/s; 12 :&=0,770m/s; V3 =%:],0]m/s;

@, @, s
v4:%:0,82m/s; v5:%:0,75m/s

Céc van téc déu nho hon 7,20 m/s, khi tinh luc can riéng cua dudong o6ng, can dua
vao hé s6 B, xac dinh theo bang 6-1:

A’ = BA, =1052583.10° = 2,71.10° §IF
A’y = BA, = 1067.9273.10° = 9,89.10° §*IF
A’y = BA, =102844,95.10° = 4625107 $IF
A’ = BA, =1056.1168.10° = 1233.10° §*II
A’y = BA, = 1.072.2674.10° = 286.10° 5/’

Thay céc tri s6 cta luc can riéng diéu chinh duogc vao hé thong phuong trinh trén va
ta xac dinh dugc cac tri sO ctia luu luong trung véi phép tinh trén:

0,=421ls;Q,=24,11ls; Q;=1791ls; Q,=4,11s; Qs=59Ils;

Cot 4p cén thi€t cha bé chita dugc tinh bing t6n thit nang lugng tir A dén D cong
thém cdt nude tu do.

H=h,+h,+h,+5=A,1.0"+A,.L.0, +A,.1,0/ +5
= 2,73.800.0,042° + 9,89.200.0,0241° + 46,25.300.0,0179* + 5
=383+ 1,15+830+5=1828 m.

Truong Pai hoc Nong nghiép Ha Ngi — Gido trinh Ky thudt Thuy khi ............cccooiviiiiiiiiiniiiinnaiann. 142



Bai tdp 6-1.

Xac dinh cOt nudc va cong suat may bom ctia mot hé thong tudi phun, biét Q = 24
I/s; trong thdp nudc nguodn chiu ap sudt 1a P,,, = 0,6 at, tai miéng voi phun phai dam bao 4p
suat P,,, = 3 at, hiéu suat hitu ich ciia may bom 7 = 0,8; Cac kich thuéc cho: d, = 125 mm;
dy=50mm; h,=2m; hy,=5m;t,=15m;t,=20m, t; =6 m; a =3 m.

B |, 2
<A }/
P
. . - t3 '! M2
=) e
1 M L#, d, r\d1
*
I: 4 :?75:
Bai tdp 6-2.
Trén dudng 6ng nudc bang gang, tai Iy

diém A chia 3 nhénh song song, c6 céc
chiéu dai [, = 100 m; I, = 120 m; I, = 150 I,d A
m (hinh v€), duong kinh d, = d; = 300 mm ™~ Q
vad, =250 mm. L I J

Xdc dinh luu lugng nudc trong méi 6ng nhanh, bd qua ton thit cuc bo. Luu lugng
ctia duong ong chinh Q = 250 I/s.
Dadp s6: q, = 0,105 n'’/s;
q, = 0,059 n’/s;
q, = 0,086 n’ls;
Bai tdp 6-3.
Hai bé chita ¢c6 do chénh muc nuéc
H = 1,5 m; duoc n6i v6i nhau bang hé
thong duong ong gang (Hinh v€). Xac dinh
bang phuong phdp d6 thi luu lugng nudc
chay tir bé chita cao xuong bé chua thap.
Cac s0 liéu cho: d, = 200 mm, d, =
75 mm, d; = 250 mm, d, = 150 mm, d; =
100 mm, 1, = 40 mm, [, = 30 mm, [; = 80
mm, I, = 20 mm, l; = 50 mm.

Tén that cuc bo 1ay bang 15 % tén
that doc duong.
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Bai tdp 6-4.

Trén mot duong 6ng phan phoi
doc duong dai L = 1000 m, duong
kinh D = 200 mm ta c6 luu luong
chay qua (luu lugng ra) Q, = 40 /s
va sudt luu lugng 14y doc duong g =
2 l/s trén mot doan dai [ = 50 m.

1. Tinh t6n that A, cta dudng Ong
khi A = 0,025 (b6 qua ton that cuc
bo);

2. Ton thét h,, thay d6i nhu thé nao
néu toan bo luu lugng vao la 80 /s
va néu:

<z

[D

a) Khong 18y ra cac suat luu lugng doc duong, chi c6 luu lugng ra;

b) Khong con luu luong ra, chi ¢6 sudt luu luong 18y doc duong ¢ = 4 U/s.
Ddp s6: 1) h, =242 m;

Bai tdp 6-5.

Xdac dinh duong kinh cua cac
doan 6ng bang thép cia mot mang ludi
vong kin (hinh v&). Luu lugng trong
cac dlém niit Q, = 0,01 m'ls ; Q; =
0,05 m’/s va Q, = 0,015 m’/s. Chiéu
dai cac doan ong [,, = 500 m; I, ; =
1000 m; I,; = 500 m. Ap suit nho
nhat tai cic diém 1: p = 1,5.10° Pa. Ap
sudt nho nhat tai cic diém nidt p,, =
5.10° Pa.

Pap so:d,, =02 m;

d,, = 0,175 m;
d,=02m;
d,,= 0175 m

Bai tdp 6- 6.

;

e

Q,

2)h,,=415m; h,=138m

\a

Nudce chay véi luu luong Q = 95 /s, trong duong ong thép dai [ =100m.

Xac dinh ap sudt tang 1én trong 6ng, néu dong khod & cudi duong 6ng trong 0,1s.

Thoi gian déng khod 1a bao nhiéu, dé 4p suat trong ong khong ting qué 0,5 at.

Puong kinh 6ng d = 300 mm.

Ddp s6- Ap = 1340 kN/ni’; t = 5,5 s
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Cdu héi on tap chuong VI
Phan loai va cdc cong thic dung dé tinh todn dudng 6ng.
. Tinh toan thuy luc dudng 6ng don gian, phtc tap.

. Phuong phép dung hé s6 dic trung luu luong K dé tinh toan thuy luc dudng 6ng.

1.

2

3

4. Tinh todn thuy luc dudng 6ng bang phuong phap do6 thi.

5. Vadap thuy luc trong dudng 6ng — nguyén nhan — cdch khéac phung va ting dung.
6

. Chuyén dong clia chat khi trong 6ng dan.

Truong Pai hoc Nong nghiép Ha Ngi — Gido trinh Ky thudt Thuy khi ............cccooiviiiiiiiiiniiiinnaiann. 145



Chuong 7

LUC TAC DUNG LEN VAT NGAP TRONG
CHAT LONG CHUYEN PONG

Trong chuong nay gi6i thiéu tdng quat vé luc can va cong thifc tinh luc can clia chat
16ng chuyén dong tac dung 1én vat ngap trong né, ly thuyét va phuong phdp 16p bién.

7.1. LUC NANG
7.1.1. Cong thiic tong quat
Ta c6 dong chat 16ng chuyén dong véi van téc U.. bao quanh vat ran c6 dinh (hay
coi gan ddng la vat ran chuyén dong véi van toc U.. trong chdt 16ng tinh). Gia st U., khong
d6i vé tri s6 va huéng. Chat 16ng chuyén dong tac dung 1én vat can, gay ra luc phdp tuyén
va tiép tuyén (hinh 7-1). Téng hop cac luc d6 s& dugc mot hop luc P va mot ngau luc M.
Hop luc P gébm 2 thanh phan.

. W

P );n vuong goc véi phuong clia van

toc & vo cung U. goi la luc nang; FT

U N L s
B cur‘lg\phlronqg v6i U nhung nguoc chiéu,
- goi la luc can.
— Vé tri s6, cc luc dé c6 biéu thifc sau:
2
poc PU2
2
2
pU
Hinh 7-1. Luc tac dung lén vat can F,=C, N
trong do: C - hé s6 luc can, khong thit nguyén;

C,- hé s0 luc nang, khong thit nguyén;
p - Khoi lugng riéng cua chat 1ong;
S - Tiét dién can chinh (hinh chiéu clia vat can lén mat phang vuong géc
v6i U.)
Trong luc can, thong thuong c¢6 hai thanh phan: mot do ma sat trong 16p bién gay
nén P, ma ta sé xét trong phan sau; mot do phan bo cua dp suét trén bé mat vat can gay
nén P, Trong dong phéng ta c6:

P.=P; +P

Tins Tap

Khi vat ran ndm trong dong chay né s& gy ra céc kich dong. Do d6 trong 16p bién
céc thong s6 clia dong chay s& thay doi. Phan bo 4p sudt va luc ma sét trén bé mat vat phu
thudc vao hinh dang, vao vi tri clia né & trong dong chay va vao van toc ¢ vo cung (dong
chua bi kich dong).
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Phan b6 dp suat va luc ma sdt trén bé mat vat dugce dac trung bang cac hé so luc can
apsudtvamasatC,, C,,

xap?
c.=C

xap

+ C)CmS

V6i van téc dong chay nho, khi dé tinh nén duoc clia chat 16ng thuc té€ khong cé tac
dung, thi anh hudng chinh dén hé s6 luc can la hinh dang vat can, géc t6i va s6 Raynon.

Céc luc P4, va P, 16n hay nho cht yéu phu thudc vao hinh ddng cta vat can. Vat
c6 hinh dang khi dong x4u nghia la vat khi dong bao quanh né ¢ diém roi, khong bao kin
(nhu hinh tru tron, thuyén thing ...) thi P,,, 16n hon P

Tap Tms*

Véi céc vat nhu canh mdy bay, cdch tua bin, tim phang ... luc can c6 thé tinh theo
cong thic:

P;=P
Vé6ik=0,1 +025

(1+k)

Trms

7.1.2. Luc nang - dinh 1y Giucopxki - Kutta

Khi nghién ctu dong thé cua chit 16ng 1y tudng bao quanh tru tron, nghia la dong
bao quanh tru tron khong c6 luu s6 van téc (/=0) nguoi ta thdy khong c6 bat ky mot luc
nao tac dung 1én né. Trong co hoc chat 16ng, két luan nay duoc goi 1a nghich 1y O le - Da
lam be. Diéu nay con diing ca doi v6i nhitng vat c6 hinh ddng bat ky.

Con khi dong bao quanh tru tron ¢6 luu s6 van tée thi véc to chinh cua dp luc chi ¢
mot thanh phan huéng vuong géc véi van téc 6 vo cung U, va ¢6 tri s6 bang pU.l. Day la
truong hop riéng cua dinh 1y Giu-cop-xki vé luc nang.

Trong thuc t€, khi cac vat hinh tru hay tron quay trong chat 16ng thuc chuyén dong
ta ¢6 thé xem nhu dong bao quanh chiing ¢6 Iuu s6 van toc va do d6 xuat hién luc ngang
vuong goc vai van toc cta chit long tac dung 1én céac vat d6. Day 1a noi dung cta hiéu tng
mang tén Mac nit. Dya vao hiéu Gng ndy ta c¢6 thé giai thich mot s6 hién tuong nhu viéc
sinh ra cdc “phéu” xody nuéc khi thao nudc tir bé chita ra, dan dao bi léch ngang, chuyén
dong bi uon cong, qua bong xody ...

Dinh ly Giucopxki-Kutta

Noi dung cutia dinh 1y néi vé luc nang cta dong chat 16ng 1y tudng tic dung 1én canh
don nhu canh mdy bay.

Pinh ly: Néu dong chay c6 van toc & vo cung U.. bao quanh profin canh va luu s
van téc doc theo profin canh 1a 7 thi hop luc cua ap luc chat 16ng tac dung lén profin canh
s& c6 tri 86 pU..I, con phuong chiéu dugc xdc dinh bang cdch quay vécto U.. mot goc 90
nguoc chiéu 7

C6 thé chitng minh dinh 1y bang cach 4p dung dinh Iy bién thién dong luong cho
khoi chat 16ng nam gitta vong tron kha 16n va profin canh, hay nho 1y thuyét ham bién phic
nhu Traplughin [17].

Vé mit vat 1y: siic nang mot chiéc canh bat dong 1a do su chuyén dong tron (xody)
ctia dong chat 16ng xung quanh cdnh dé (Iuu s6 van toc). Do anh hudng chuyén dong cia
dong chat long 4y, van toc trén lung canh 16n hon van toc & dudi bung canh. Tur d6 sinh ra
st chénh léch vé 4p sudt, tao thanh mot luc ddy tir dudi 1én.
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7.2. LOP BIEN

Nhu vira néu & trén, mudn tinh luc can phai bi€t phan bo luc ma sat (ting suat ti€p)
doc bé mat cua vat bi chat 16ng bao quanh, nghia l1a phai nghién ctu 16p chat 16ng sat vat -
16p bién.

7.2.1. Pinh nghia

Khi chit 16ng thuc bao quanh mot vat ding yén, do tinh nhét nén hinh nhu né dinh
vao bé mat vat. Vi vay, van téc cua dong chay trén mat vat bang khong. Khi ra xa vat theo
phuong phdp tuyén véi bé mat, van toc s€ tang dan va tai khoang cdch nao d6 ki hiéu la &
no s& gan bang van toc clia dong bén ngoai U.. (= 0,99U..) L6p chat 1ong ¢6 chiéu day 1a &
do goi 1a 16p bién. Trong 16p bién tap trung hau hét anh hudng cua tinh nhét, ¢6 nghia chat
16ng 1a chat 16ng thuc. Mién con lai anh hudng cta tinh nhét khong dang ké va c6 thé xem
n6 nhu 1a mién chat long 1y tudng.

Pai luong & phu thuoc vao viéc chon & dau diém quy udc chi rd bién gidi cua 16p
bién. Do d6 trong khi tinh todn ngudi ta dua vao nhiing chiéu day dac trung khac cua 16p
bién: chiéu day bi ép &, chiéu day tén thit xung luc & va chiéu day tén that nang lugng

0.
7.2.2. Chiéu day bi ép

y A Doi v6i chat 1ong 1y tudng: cac duong
A % B' thu dong gin tudng khong thay déi phuong
.C . 9 ~ < A L. A, 9

nhu khi ¢ xa tudng. Con doi véi chat long
thuc: cac duong dong gan tuong s€ bi uén
cong vi u < U. - tao thanh 16p bién. Nhu
vay, & day xét anh hudng dong hoc cua
tinh nhét 1én vi tri cua duong dong, nghia
1a tinh A bang bao nhiéu (Hinh 7-2).

A

B' li tudng

>

Xdc dinh khoang céch dich chuyén A
cia duong dong do anh hudng cua tinh
nhét dua trén tinh chat: duong dong la
duong luu lugng bing nhau. Tinh luu
luong Q, chat 16ng thuc qua mat cat gitta
bé mat vat va duong dong cach thanh mot
Hinh 7-2. So d6 xac dinh chiéu day bj ép  khoang y.

b

0, = [udy

0
Duong dong tuong tng ctia chat 16ng 1y tudng s& gan bé mat vat hon mot doan A va
dugc tinh tir diéu kién can bang luu lugng:

y
Q,=U.(y-4)=U..[dy-U_4
0
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y
Q,=0, > U.A=(u,—u)dy
0

X u
hay A= [(1-—)dy
0

=

oo

J
khi y— &, thi A=A, =8 =[(1-——)dy
u
0

hay viét du6i dang khong thit nguyén:

SO

1
8" =5[(1-p)dn,, véi (p:ui,-n:
0 oo

5,
DG v6i chat long nén duge: 8 = [(1--L )dy
o pu

=

Nhu vay, & dic trung cho su dich chuyén dudng dong ctia dong ngoai khoi
phuong clia dudng dong trong chuyén dong clia chat 16ng 1y tudng. Luong chat 16ng di qua
chiéu day &~ bang luong chat 16ng di qua (J -5 ). Su gidm luu luong d6 gay ra do 16p bién
“ép” chat 16ng, nén &~ mang tén chiéu day bi ép. Poi véi tim phang: 6 * = 0,375 & .

7.2.3. Chiéu day ton that xung luc

Xét anh hudng dong luc cta tinh nhét 1én dong chay bao quanh vat. Tinh luc can X
theo dinh 1y bién thién dong lugng (Pinh 1y O le 1) cho khéi chat 1ong chia trong ABA'B’
(Hinh 7-3).

Dong luong chat 1ong chay vao qua AB: g, = 2 phu?

Vi luong chat 1ong vao qua AB gan bang lugng chdy ra qua A’B’ nén:

+h
2phu,. =2p | pudy

—~h

+h
suy ra: q,=u,p Iudy
—h
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8

Y

vy
v v VJ/‘—H vyvv_a
>
v

Hinh 7-3.

+h
Dong lugng chat long chay quaA'B’: g, = p qudy

Theo dinh 1y bién thién dong luong
+h

—uwpfudy p [u’dy+q
—h —h
Trong d6 ¢ - dong luong chat 16ng chay qua AA’, BB'. Khi h — oo thi ¢’ — 0 nén:
iy u
X=u,p j(z—u—)dy

Tim hé s6 luc can:

X 25,
C.= f—(]——)dy——
x 2
£ pulb b
. u
Trong d6 = j—(]——)dy

1
Hay la viét du6i dang khong thit nguyén: 8 =0 j o(1-9)dn
0

Nhu vay, chiéu day t6n thit xung luc 1a chiéu day ma trong dé dong lugng ctia chat
10ng 1y tudng (twong tng véi U.,) bang dong luong tiéu hao trong 16p bién:

)
P8 u., = [ pulu.. —u )dy
0

Tinh cho tdm phang: & =0,1466
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S pu

PG v6i chit long nén duge: 6™ = | (1-2L )ay
Trong mot s6 tinh todn, nguoi ta con ding ti s6 cdc chiéu day:
H = 5** ; H*:é‘_; H**zﬁ_
0 o o

7.2.4. Phuong phap l6p bién
a) Gidi chinh xdc:

Vi 16p bién dugc hinh thanh chi khi s6 Reynolds 16n, nén phuong trinh chuyén dong
trong 16p bién c6 thé nhan dugc tir phuong trinh Navier-Stokes viét dudi dang tong quat
khong thit nguyén, sau dé danh gid bac cdc thanh phan trong phuong trinh ay dua trén diéu
kién co ban: chiéu day 16p bién nho hon nhiéu so véi chiéu dai cua vat (0 <<1) nén suy ra
gia tri cac dai luong theo phuong y nho hon gid tri cac dai lugng theo phuong x (Hinh 7- 4).

Bang cdch d6, nam 1904, L. Prandtl da tim ra hé phuong trinh vi phan 16p bién cho

truong hop chuyén dong phang, dimg cua chat 1ong khong nén duoc va bd qua luc khoi
[17].

ua—u va—u—u —du“ +v& Y4
ox dy dx 9y’
ou  dv
—+v—=0 7-1
ox dy -
Véi cdc didu kien: taiy = 0-u=v = 0; = = _—————————
-~
y=0:u=u_x) e
v )
Giai truc ti€p hé phuong trinh (7- 4 X
1) v6i cac diéu kién bién tuong ung ta >
s€ tim dugc nghiém u(x,y), v(x,y) trong < ! >
toan I16p bién va do dé c6 thé tinh dugc
ing sudt ti€p trén bé mat vat. Hinh 7 — 4.

Loi giai dién hinh la ctia Fokner va Skane tim ra tir nam 1930 khi cho phan b6 van
toc ngoai 16p bién dudi dang ham s6 mi:
u{x) = Cx"
b) Gidi gan diing: Hé thic tich phan T.Karman

Phuong phdp giai chinh xédc vira trinh bay ¢ trén tuong doi phic tap va trong nhiéu
truong hop khong thé gidi dugc. Do dé nguoi ta 4p dung rong rdi phuong phdp gidi gin
diing dua trén viéc ddnh gid su bién thién dong luong trong 16p bién qua chiéu day ép &
va chiéu day tén that xung luc  * (Hinh 7-5) Karman nhan dugc hé thic tich phan:

8" dp, dST  du
— + +
p.. dx dx  u,.dx Pl

= (25" +8" )= (72

=
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S6 hang thit nhat trong vé€ trdi cia phuong trinh (7-2) bi€u dién {ing suit ma sat véi
chuyén dong ctia chat 1ong nén dugc. D6i vé6i chat 1ong khong nén dugc ( p., = const ) ta ¢

phuong trinh.

o, 1 dus o5 16" )=—To (7-3)
dx u, dx Pl

Khi u.. = const, s6 hang thi hai bang 0.
Phuong trinh (7-2), (7-3) goi la hé thic tich phan Karman vi né chita cac tich phan

&, 8. Tir he thic tich phan d6 ta s& xdc dinh duge T, &, & . Khi cho biét dang profin
van toc trong 16p bién, chang han nhu Ponhauden cho profin van toc khong thi nguyén:

u
p=—=A+ A0 + A7 ; du—°°;t0
U, d.x
Bing phuong phdp nay nguoi ta da gidi cho 16p bién chay tang trén tim phang va
. e - 1,444
tim ra dugc hé so can toan bo: C, =
VRe
., /22
He so can cuc bo: C, = ]TWZ = 07
7P, Re,

Trong Khi d6 10i giai chinh xdc cho: C; = 0’264
e

X

Y a
- +d
- b
x —
P,
) a
3 T,
\78 y u «—— . X
C |« » d
dX
Hinh 7- 4.
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7.3. MOQT SO BAI TOAN LOP BIEN
Ta dp dung hé thirc tich phan Karman (7-3) dé giai mot s6 truong hop cu thé.
7.3.1. Lép bién chay ting trén tim phing

Trong trudng hop nay 4p sut p, u. khong doi: Z—p: 0, ddu“ =0 . Do d6 phuong
X X
trinh (7-3) sé c6 dang rat don gian: = TWZ (7-4)
dx  pu

Dé giai phuong trinh d6 ta cho dang profin vén toc:

¢=1=A0+A177+A2772+...+An77"
u

_ Céchésd A, Aj,..., A, duge xdc dinh tir cdc diéu kién bién: mdi hé s6 tmg voi mot
diéu kién bién. Gia str ¢6 3 dicu kién bién:
n=0(y=0); ¢=0(u=0)
n=1(y=9); ¢=1(u=u)va

0@ ou
Lo L=0
on [ay ]

thi profin van tdc ¢6 dang:

Q=A,+ A+ A7

Tur cdc diéu kién bién ta xdc dinh duoc:
A, =0;A;=2;A,=-1

Vay dang profin van toc sé 1a:
p=2n-17

Thay @ vao cdc biéu thirc cia &, & , 7,

1

oy 2, 1
6-6}[(1 2n+n )d?] 35

N TV
B —5£(277 n*\i-2n n)dn—]_55

L.
o

Thay cédc gia tri cua o va t, vao phuong trinh (7.4) ta tim dugc:

5= /30E
uoo

T, =2H

hay la:
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5 548

x JRe,

nghia 1a 8ti 18 v6i vx : & =+/x . Biét 88 tinh dugc 7, va tir d6 tinh duoc hé sé lyc can.

Hé so6 lyc can cuc bo:

c, = : T, : _ 0,17;2
PLE

Hé sb luc can toan bo:
C. = X _ 1,444
;puiS VRe

Trong d6: S = 2bI- dién tich hai phia ciia tim phang;
b- chiéu rong;
- chiéu dai.

Luc ma sét trén toan tim phang:

’ 4b
=2b(7 dx="= uplu’
X .([Tw X \/} Uplu

7.3.2. Lép bién chay réi trén tAm phing

_Voi nhing diéu kién nhat dinh, 16p bién chay tang s& mat 6n dinh va chuyen sang
chay ri. Tuong tu nhu viée khao sdt hai trang thai chay trong dng, tiéu chuan de xdc dinh
gioi han sy mét 6n dinh cua trang thai chay tang 12 s6 Raynon toi han. D6i véi tim phing,
néu sb Re > 3.10° ta s& c6 1p bién chay rdi.

Nhu ta da biét, néu 16p bién chay ting trén tdm phang, thi chiéu day 16p bién ti 1¢
v6i +/x , x 12 khoang céch tir ddu miii tAm phang. Qué do tir 16p bién chay ting sang chay
roi dugc rat nhiéu ngudi nghién ctru va thay rang ¢ mién gan mii tam phang 16p bién ludn
ludn chdy tang, nhung tiép theo doc dong chay véi nhitng di€u kién nhat dinh, 16p bién tr&
thanh roi.

Khi dong khéng khi bao quanh tim phang c6 du miii nhon, 16p bién chuyén sang
roi ¢ khoang cach x dugc xac dinh tur bicu thic sau:

U, 5 5
Re ,=—==31510"+5.10
1%

Tur d6 suy ra, khi van téc ciia dong chay u.. ting thi diém qud d6 dich dan 1én phia
dau mili tim phang.

Ngoai s6 Rayndn téi han Re,x con ¢ nhiing yéu té khac anh huong tryc tiép dén
trang thdi qua dg, nhu gradien dp suat, d nham, d0 cong ctia bé mat vat v.v...

Khao sit 16p bién chay ri trén tim phang.
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Ta da biét trong chuyén dong 1di, nguoi ta dua khai niém gid tri trung binh thoi
gian va da xét gia thuyét Prandtl d6i v6i ung suat tiép:

du
neA [dy]

Trong do: [- chiéu dai duong roi (chiéu dai xdo tron).
D6i v6i tim phang ta ciing ¢6 phuong trinh:
dé" 1,
dx  pul
Nhung vé6i chi ¥ 1 cdc gid tri § &, & va 7, s& khdc trude.

Cosoly thuyét ban thuc nghiém cua 16p bién r01 la su tuong tu gitra chuyen dong
ri trong 6ng va trong 16p bién. Dbi v6i 16p bién chay tang va chuyen dong trong 6ng ta da
c6 su lién hé gitta cic thong s6 sau day ban kinh ctia éng va van tdc trén tryc ong tuong
g v&i chiéu day 16p bién Sva vén tdc tai y = &, Nhing diéu nay ciing c6 thé dp dung cho
chuyén dong rbi. Khi d6 profin van tdc trong 16p bién rdi c¢6 thé tim dudi dang ham mii hay
lam l6garit.

Ta tim dudi dang ham s6 mi:

i:(gj hay 12 ¢ = 77’

Thay gié tri @ vao biéu thiic ciia &, &

1

S = 5J.(]—(p)d77 =

")’

Néu 14y n = 1/7 - goi 1a profin van toc 1/7 ta s& tinh duoc:
5=L1s 6°=Ls
8 72

Dé tinh tng sudt tiép trén tim phing 7,, ta 4p dung cong thic cta chuyén dong rbi
trong Ong:

ur —1/4
7, =00225pu’,, (M—Oj
14
khi thay u,, = te 7o = O, ta c6:

u 5 -1/4
T, —00225pu2( ]
14

thay 7, va & vao phuong trinh (7.4) ta s€ duogc:
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-1/5
S= 0,037){””"]
1%

hay la: S =0,37Re.'”
X

suy ra, . ti 1¢ voi K S ~ 2P, trong khi d6 &jine ~x”? nghia 1a 16p bién roi tang theo x
nhanh hon 16p bién chay tang.

Biét J's& tim duoc 7, va suy ra lyc can
1
x= 2bjrwdx =0,072pu’bl Re”""’
0

Hé so6 luc can cuc bo:

C, = ]TW =0,0576 Re™'"”

f ,
5 pu,

H¢ s0 luc can toan phan:

C, =
2
= puls
5 P

So sanh véi thyc nghiém, ngudi ta lay 0,074.

=0,072 Re™"”

7.3.3. L6op bién trén mit cong

Ta da khao sit xong hai bai todn 16p bién trén tdm phang tuwong d6i don gian.
Nhung trong cdc mdy c6 canh (tuabin, mdy nén khi, quat v.v...) thuong gap nhitng vat c6
hinh dang cong nhu céic day cdnh. Khi dong chdy bao quanh mat cong thudng xay ra mot
hién tugng kha quan trong: xuét hién diém roi cua 16p bién. Ta s& giai thich hién tugng nay

dua trén diéu da chimg minh trong phan hé phuong trinh 16p bién E;_p =0
y

Ta khao sat dong bao quanh mat cong AB (Hinh 7-5).
Gia sir 4p sudt cua dong ngoai doc AB liic ddu giam, dat gid tri cuc tiéu & M va sau

2 o~ o~ <A N N N . 2 . 3 Al A a LN s A A
do6 s€ tang. Mién dong ngoai ma tai d6 gradien dp suat am a—p <0 goi la mién thu hep dan.

s A R A < A 2 . 2 A a LN s A 5 A A
Mién chuyén dong sau diém M c6 gradien dp suat duong a—p >0 goi la mién mé rong dan.
y

Tai mién thu hep dn dong ngoai s& tang tdc, con & mién mé rong dan dong s& bi ham. Vi

r . a 2 A A A A 2 A ~ ~ A

trong 16p bién a—p:O, nén c6 thé két luan 1a phan bo dp suat cling s€ tuong tu nhu thé
Y

trong bat ky khoang cdch y < dtrong 16p bién trén doan AB.
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— / 7
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[
AL T

N
g Bk

Bx V

g
‘ﬁ
o

Hinh 7-5.

Trong pham vi 16p bién van toc trude diém M sé tang, con sau M s giam. Dén mat
cit S no ddy, cdc phan tir chit 1ong & sit bé mit AB khong thé thing anh hudng ham cua
dong ngoai va ching bi dung lai. Tai S s€ co:

(3_"] ~0
),

Sau diém S, dudi tic dung cua d6 chénh dp suat nguoc chiéu dong chay, cic phan
tir chat 1ong & sdt bé miat AB sé& bit dau chuyén dong nguoc, goi la dong thur cap. Gap dong
chinh dong thtr cp bi dy ra khoi bé mit AB, din dén hién tuong tach roi 16p bién. Piém S
1a diém roi cua 16p bién.

Sau ddy ta xét cdch giai cu thé bai todn 16p bién chay ting trén mat cong dua vao
phuong trinh xung lugng (7-3) theo cdch giai gan ding cua hai nha bac hoc Nga Kochin va
Loixianxki.

Vi trong phuong trinh (7-3) ¢6 3 4n s6 &, & va 7,, nén tit ca cic phuong phép giai
gan ding déu tim cich dua vé phuong trinh chira mét an bang cach chon mot ho céc profin
van toc chi phu thudc mot théng sb. Chon profin van tde nhu thé s& c6 thé biéu dién o, &
va 7, qua mot thong so va nhu vay s€ dugc phuong trinh vi phan thuong doi véi thong so
da chon.

Kochin va Loixianxki dd chon thong sé d6 1a dai lwong £~ goi 1a thong s6 hinh
dang:

|4

f= (7-5)
Khi d6 ho profin trong 16p bién chay tang s& c¢6 dang phu thudc sau diy:

u — J—
WS ¢(5**,f]—¢( W f)
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N - SN
Cond,d vat,

S5 m
5*]@7}ﬁ=fﬁbwm¢wm=wHu>

Ju 0 u, Mu,
Y ) Ey il ) 0,
: ﬂ(ay]y_o ﬂ[am]m_o 55=590.1)

Néu ky hiéu 9(0,f) = {f) = 7,0
o

oo

, thi phuong trinh (7-3) s€ c6 dang;

ds” v
——“Fi5[}ﬂﬂfﬂ— = 5SS
dx u, u_o
Nhén phuong trinh d6 vé1 —, ta sé dugc:
|4

1iﬁ”uf2 )
> d( ] 2+H(f)]= p

hay 1a, vdi chi y:
ws”? f

u.v u

va ky hiéu:
2[4lf) - (2~ H)f] = F(f)

phuong trinh xung lwong sé c6 dang:

d(d?\_d(f)_F(f)
del v ) dx u’ Cu

i[i]: Ldf
’ ’ u;z

dx\ u., u, dx

nén phuong trinh trén c¢6 dang cuoi cimg:

& %f+ “F(f) (7-6)
dx

Khi biét F(f) va cho u.(x) c¢6 thé giai dugc phuong trinh d6 va s& tim duoc f(x), tir
do suy ra 0 va To(X).

Tu cac 101 giai chinh xdc da duoc thyc nghiém ching minh, ta cé thé biéu dién F(f)
dudi dang ham tuyén tinh:

F(f) = a—bf

Trén hinh 7-6. biéu dlen cdc duong cong H(f) (f) va F(f) tmg v&i 101 giai chinh
xdc ctia bai todn 16p bién chay ting khi van toc u, = cx" v a = 0,45, b = 5,35.
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Sau khi thay gia tri ctia F(f) vao phuong trinh (7-6), ta s€ dugc phuong trinh xung
lugng dudi dang:

4ot ),

dx u, \u, U,
D6 la phuong trinh vi phan thuong HAF ¢
tuyén tinh bac nhat va nghiém cta né s¢€ la:
au’ ¢ u’
f==[u"()ds +C= (7-7)
ul ? ul \ 6|06
Hﬁng s tich phan C duoc xdc dinh F\5 05
tir cac diéu kién bién: x = 0; u = 0 va f hiru
han, nenC::O. ) AN\o4
Biéu dién & qua thong sé hinh o
dang f theo cong thirc (7-5) ta duoc: H 303\ |

> :ﬁ= Ya f g (7-8) AN—
u,, u, 2[02 \

Biét f(x) va &, theo dd thi trén / TTo

hinh 7-6. c¢6 thé tim dwoc H(f) va {f), tix
désuyrad =0 H.

-0,08 -0,04 0 0,04 0,08 f

T, (x)=u ;“(();)) {Of) Hinh 7-6.

Toa d6 ctia diém roi dugc xdc dinh tir didu kién 7, = 0. N6 tng véi {(f) = 0. Tix
hinh 7-6 ta thay ¢{f) = 0 khi f; = - 0,0681. Dau am ching t6 diém roi xdy ra trong ving mé
rong dan.

- Cac két qua tinh todn tén hoan toan phu hop voi két qua thuc nghiém khi f> 0, con
mién gan f = f;, két qua hoi khac nhau.

7.4. LOP BIEN NHIET PO

Trén co s& nhiing Kkét qua vua thu duogc, ta khao sat mot loai 16p bién khac goi 1a
16p bién nhiét do, ma thuong gip ¢ trén cic vat hay trong cdc mdy c6 canh chuyén dong
vO1 van toc 1on.

7.4.1. Dinh nghia

Tuong tu 16p bién dd xét & trén - con goi 12 16p bién dong hoc hay 16p bién vén tde
—ta c6 16p bién nhiét do.

Néu nhiét d6 cua vat bi bao quanh va nhiét do cua dong chay khac nhau, thi chiéu
day ctia mién ma tai d6 xay ra sy bién thién tur nhié¢t do cua vat dén nhiét 46 cuia dong chay
s€ phu thudc vao mot dai lugng khong thtr nguyén. Pai lugng d6, twong tu nhu s6 Rayndn
trong 16p bién dong hoc, goi 1a s6 Rayndn nhiét do:
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Re,. =—

T

. A A A g% car an
trong d6: a =—— - hé s0 dan nhiét do;
P

A - hé sb dan nhiét;
C,- nhiét dung dang ap.
Ki hiéu chiéu day d6
12 &, con chiéu day khong T - Nhigt d6 dong chay
thir nguyén:
= O
o, = TT
Khi Rer nho thi 8, >>1; con
khi Rez16n thi 8, <<1.Dinh
nghia: 16p bién nhiét 4o la R
16p sat vat bi dong chdy bao
quanh, ma tai d6 khi’ sO Rer
16n thi nhiét do s€ bicn thién
tor nhiét d6 cua vat dén nhiét
dd cua dong chay (Hinh 7-7). Hinh 7-7.

////////////////7/////////////// >

T - Nhiét dé twong néng

7.4.2. Phwong trinh 16p bién nhiét d¢. Hé thirc tich phan cua l6p bién nhiét do
Xuét phat tir phuong trinh dan nhiét cho chuyén dong phing, dimng:
L o
Yox oy ox’ 9y’
trong d6: T- nhiét do.

Tién hanh twong ty nhu d6i véi 10p bién dong hoc & phan 7.2, nghia 1a viét phuong
trinh trén dudi dang khong thtr nguyén rdi danh gid bac cac so hang ta s€ c6 phuong trinh
16p bién nhi¢t do.

of dT 9T
u,—+u,—=a—
ox dy dy

Tir d6 c6 hé thirc tich phan cua 16p bién nhiét d6 hay con goi 1a dong nhiét truyén
qua lop bién:

dé, _ a T
dx uT, dy 0
8y
trong do: N J.u" [I—Tl]dy
uco oo
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hay bién d6i
T.-T=(T.-T,)—(T-T,)=60-6
Ta s€ dugc hé thuc tich phan cta 16p bién nhiét do:

ds; _ a_ 98
dx  6Gu, dy

(7-9)

Trong do:

7.4.3. Lép bién nhiét d trén tAm phing

Ta giai cu thé mot bai todn 16p bién nhiét do dong chit 1ong chay tang véi van tdc
khong do6i u,, bao quanh tam phang c6 nhiét do c6 dinh T,,. Dé sir dung hé thirc tich phin
(7-9) phai biét profin van tdc va profin nhiét do trong 16p bién. Ta cho dang profin nhiét
do:

T(y) = by + by + by’ +...+ by" (7-10)

SO Iugng cac so hang va gid tri cac hé sO b, b, by...b, c6 thé xac dinh theo céc diéu
kién bién cho trude. O diy, ta c¢6 cdc diéu kién bién:

o°’T
Khiy = 0 (6 trén mat vat): T = T,aZ—O
y=06,:T= Tm,aT 0
dy

Thay cac diéu kién trén vao (7-10) ta s& dugc mot hé phuong trinh voi 4 an: b,, by,

bz, b31
T,=b,;T,=b,+b,5, +b,5; +b,5;
2b, =0;b, +2b,6, + 3b,5; =
Giai hé phuong trinh d6, s€ tim dugc:
b, =T, b, =2 L=
2 4
1 T,-T,
b=0h=5
3 I ’
. Yy Yy
Do do: T=7T,+—(T, -T, )J=——=(T.-T, ) =
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— 3
hay 1a: gzﬂzi.l_i > (7-11)
e 1.-T, 2 6, 2

Profin van toc ta cling chon dudi dang:
_ 2 3
Uy =U=dy, + agy + axy” + azy

Véi cac diéu kién bién:

’u
y=0:u=0;, >=0
dy
ou
=0:u=u_; —=0
Sé tim duoc:
a, =0; a,—i-u;”:%:O,
2 0
1 u,
a3—5‘—3
Suy ra, profin van téc c6 dang:
w 3y I(yY
=533) 712

Tha)i cac gia tri (7-11), (7-12) vao phuong trinh (7-9) va voi gia thiét & < dsau vai
phép bién doi ta s€ dugc phuong trinh:

é 3
(i]lfj(a] N

= 7-13
o 3 dx Pr (7-13)
Trong do:
pr=Y. s6 Prandtl
a
Nghiém riéng cua phuong trinh dé 1a:
1) 1 . )
FT: g hay la &, = P73
Trong phan 7.3 da tinh duoc:
s=464 |
uoo
suy ra:
1 129
5T :4’64W u_ (7-14)

oo
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Nhu vay, chiéu day 16p bién nhiét d6 trén tAm phing ty 18 v6i /x ciing gidéng nhu
chiéu day 16p bién van toc.

Tuong ty nhu tinh hé s lyc can trong 16p bién vén tdc, & ddy ta tinh hé s6 trao doi
nhiét cuc bo o(x). N6 dugc xac dinh nhu sau:

q oT 1 A 06
=9 _ % 427
)= (ay]yox 0 9

w oo

T (7-11) ta co:

Va véi chid y (7-14) ta dugc:

o x)=03234Pr \/Z
VX

C6 thé tinh hé s6 trao ddi nhiét trung binh:

a, = L [t x )dx =0,646 24/ Pr /”—w =2a
x? vx

Thong thudng trong trao ddi nhiét ngudi ta ding tiéu chuan tuong ty Nuxen:

_a

N
“=

S Nuxen cuc bo sé 1a:
Nu, % =0,323Pr/Re

S6 Nuxen toan phan :

Nu = O‘/f{l = 0,646/ PrRe

Luong nhiét truyén tr mot don vi chiéu rong cua mot mat tAm ph?mg trong mot don
vi thoi gian:

Q=a(l,-T.).1= l%l(Tw ~T.)= AT, - T.)Nu
V& céch bién ddi dé c6 duge phuong trinh (7-13):

Sau khi biét profin nhiét do (7-11) va profin van toc (7-12), ta c¢6 thé viét hé thirc
tich phan (7-9) dudi dang:

S 2 2
A, 3 vy 1y, i.z.i(zj gy=3 9 (7-15)
it 28 206, 26 2\6 2u_6,
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D& dang tinh dugc tich phan trén néu gia thiét & < & Trong truong hop nay, tich
phan trong khoang (& — & ) ludn ludn bang khong vi @ =@, suy ra gid tri ciia ham dudi
dau tich phan trong biéu thirc ctia &, trong khoang (8 — &) ludn ludn bang khong.

Néu ta dat h :%T, nghia 1a oy = ho thi tich phan trong phuong trinh (7-15) s€

S o 4
| JECR LIS SE R =i&2(1—ih2j
6 Ju 200 280) 20 14

0 =)

bang:

~ S6 hang thtr hai nho hon s6 hang thtt nhét vi ta gia thiét & < dnghia 1a h < 1. Bo
qua sO hang thir hai, cudi cuing ta s€ c6 phuong trinh vi phan:
3 d 5 = 3 a 3 a

200 ax" T2 us, 2 uhd
hay la: w9 yops 1L (7-16)
dx dx u

oo

Thay cdc gid tri & 62—5 va & tir 16p bién vén tdc:
X

sA0 10V 5 _(apap
dx 3 u u

oo oo

Phuong trinh (7-16) ¢6 dang :

ﬁ-z(h%mﬁ@j:z

13 a dx
coi: E:] va K:Pr ta duoc:
13 a
3
a1 (7-17)
3 dx Pr
7.3. VIDU VA BAI TAP
Vidu7-1:
Tinh chiéu day mat ting vot nén thang dya vao phuong trinh truyén nhiét:

LA ot
“ox C,p ox’

Trong d6 c6 thé xem cdc dai lugng Cy, p, Ala khong dbi, (theo 1y thuyét dong hoc
chat khi ta c6 cong thure gan ding A = pC,ol; trong 46 [ - chidu dai chay tu do trung binh
cua phéan tr, a - van toc am).
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Giai:
Tir phuong trinh truyén nhiét:
aw__a T
ox C,pu, ox’

v6i cdc diéu kién bién:
khix=-0:T=T,
khix=0: T="T

T - nhiét d§ sau mat tang vot nén. Suy ra:

T=T +(T,.-T. )exp(Cp ou_ %j

Chiéu day mat tang vot nén d dugc xac dinh dua vao gradien nhiét d6 tai x = 0 tu
biéu thirc sau:

Vidu7-2:

_Dua vao 6 thi trén hinh v& hay tinh h¢ s0 luc can ciia tim phéng trong 16p bién
chay tang khi sb Re = 3.10° va s6 M = 2,13.

Gidi : CVRe
Trén d6 thi, n 12 s mi cua 1571, n=1
biéu thirc :
101 08
T n
ﬁz(_]
o \T,
05+
trong d6: 4 - h¢ so nhdt; T - nhiét do.
Ca 3 trudng hop Gmg voi sb6 Pr = 1. : : : : — M

Dua trén db thi, ta s& tim dugc hé s6 luc can C,.
13
VRe

(d6i véi khong khi, 14y n = 0,8).

C, =—=—=0,0024
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Vidu 7-3:

~ Hay so sanh nhiét d§ trén tm phang T bi dong chdy bao quanh véi nhiét do tai
diém tGi han phia trude T, khi s6 M = I; 3; 5. Dong bao ¢6 T = 220°K, Pr = 0,7.

Giai :

Dbi véi truong hop chuyén dong dimg ta ¢6 cic cong thic sau:

T, :(1+%MZJTW

T

oo

ﬁ_lz[g_l]m

oo

T cdc biéu thirc d6 ta tinh dugc céc gia tri sau day cua nhiét do:

M, T,-273° T,-273°
1 -9 -17°
3 343° 282°
5 1037° 865°

Nhung tai diém t6i han phia truéc ma tai d6 sy trao ddi nhiét kha yéu do van tdc
nho, trang thdi dung dat dugc rat cham ; vi vdy nhitng vat c6 dau tu it nguy hiém so voi
nhiing vat ¢é mii nhon.

Vi du 7-4:

Dua vao dd thi trén hinh V&, hay tim hé sb luc can C, cua tAm phéng bﬁng phuong
phédp Ponhauzen mé rong chon = 0,75 van = 1.

1/
/!
//m

N |

-0,05 0 0,05 N0.10 g
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Gidi :

Ta c6 hé¢ thtre tich phan Karman :

du _s udu""
ﬂ’ay, pwwdx

Trong d6 : &% &## - chidu day bi ép va chiéu day ton that xung lyc.
ek D
C=u_ i P.. J
dx H;

Khi d6 véi gid tri ctia théng so:

d e
67 p.a?)

Gia su dat:

L0 7 du,
E= PO~
Ky dx

=0

tur h¢ tich phan Karman trén ta dugc:

C.\[Re_ =2 C(E]
T,

Tir d6 thi trén vi du 7-2 ta thiy cdc gid tri cia biéu thic trén s& gan béng 1,3. Pai
lugng C duge xdc dinh nho d6 thi ctia phuong phap Ponhauzen mo rong (Hinh do thi trong
vi du). Két qua cudi cling ta s& tinh dugc gid tri cic thong s6 sau day:

M. C I, C.\/Re_
T,
n=1 n=0,75
0 0,44 1,0 1,33 1,33
0,39 1,2 1,37 1,34
2 0,30 1,8 1,47 1,36
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Vidu 7-5:

Kim chi van t6c gié cua chong chong
12 ban phang hinh khéi chit nhat ¢ kich
thudc b x [ x 6 (b — chiéu rong, [ — chiéu
dai, 6—do day) quay quanh truc O theo
phuong ngang. Truc nay tring véi chiéu
rong b clia ban phang, bd qua luc ma sat.

Biéu dién van téc U.. phu thudc vao
géc léch clia tim ban véi phuong thing
dung, khi 1ay khoang céch x tir tam ban dén
mii truGc cua ban theo cong thic thuc
nghiém x =/ (0,2 + 0,3 cosa).

Gidi:

Ap luc gi6 tic dung lén t&m phing (c6 dién tich [ x b):
P=C.lbpy, U_i
2
Trong d6: C, —hé s6 can cua tam;
Pu — khoi lugng riéng cua khong khi.
Trong lugng cua tdm bao tdc do gio:
G=yblod
Phuong trinh can bang luc tic dung Ién tdm:
Px=Gsinal2

Sau khi thay gid tri cta cac dai lugng P, G va x vao; cudi clng rut ra:

oy, sina
U, =
C.pul0.2+03cos)
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Vi du 7-6.

Dong khong khi théi 1én hop véi
phuong thang ditng mot géc ¢ gift cho
ban phang nam ngang c6 dién tich S va
trong luong G ludn luén & vi tri bay lo
ling (U = 0). Bo qua luc ma sat va gia
str hé s6 can toan phan C¢ phu thudc
vao goc ¢, xac dinh van toc dong khong
khi Veova cong suat can thiét N. ¢

Gidi: ”
Ap luc P dong khi tic dung lén tdm phing s& hudng thing géc véi tAm (vi bd qua
ma sat):
U2
P=C —
0OV i 2¢
Trong d6: ¥, - trong luong riéng ctia khong khi.

Chi y rang anh hudng clia géc ¢ dén 4p luc khi tdc dung lén tdm duoc ké dén trong
hé s6 can C .

Xét diéu kién can bang luc khi tim phiang nam lo ling ta ¢c6: G = P

UZ
Do d6: G=C n—=
¢}/kk 28

- U, = 28G
Co@Y

Cong sudt dong khi: N =

2
mU_

Trong d6: m —khai luong gidy cua dong khi ( m = 0@, U.cos@)

_G [5G
C¢ C(pa)}/kk

cos @
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Bai tp 7-1.
Khong khi & nhiét do 20° C, ap sudt I atm chuyén dong véi van toc 20 m/s qua tim
phang (hinh v&). C6 6ng do 4p dat cach 2 mm so tam phéng, chiéu cao cot diu (p = 825
kgim’) h = 16 mm.
Xdc dinh vi tri dat cua 6ng do dp x theo chiéu dong chay. Gia thiét dong chay tang.
Ddp so: x = 0,908 m

e — —
—_—
—_—
—
—
—

Bai tép 7-2.

C6 mot bé chita nude ctia hé thong cip nuée sinh hoat, do sau 2,5 m, nhiét do 20° C
dong chay qua bé lién tuc vé6i van toc 35 mis .

X4c dinh chiéu dai nho nhat L clia bé chita dé cho can lang (o = 2545 kg/m’) lang
xuong day trong 2 truong hop:

a) Dbuong kinh hat can 16n hon / mm;
b) Duong kinh hat can 16n hon /00 um.
Ddp sé:a)L = 6,3 m;
b)L =120 m;
Bai tip 7-3.

Mot qua cau treo nghiéng 1
goc @ khi dat trong dong chay
v6i van toc u (hinh vé€). Xac dinh
biéu thic @ biéu dién quan hé 0
gifta qua cau va dong chdy 6n
dinh. @ bang bao nhiéu néu qua
cdu lam bang thép (p= 7844
kg/m’) dudng kinh 3 cm va van
toc dong khi u = 40 m/s. Bo qua
anh hudng cta day.

D.p,

YYYVYVYYVYYY

Pdp s6: 0 =72
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Cadu héi on tap chuong VII

Truong Pai hoc Nong nghiép Ha Noi — Gido trinh Ky thudt Thuy khi

1. Luc can.

2. Lép bién (dinh nghia, chiéu day bi ép , chiéu day ton thit xung luc).
3. Céc phuong phap 16p bién.

4. Mot so bai toan 16p bién.

5. Lé&p bién nhiét do.



Chuong 8
DONG TIA

Trong chuwong nay tim hiéu c4c dic trung thuy khi dong co ban cta dong tia va cach
tinh toan mat so6 truong hop dong tia don gian thuong gap trong k¥ thuat.

8.1. KHAI NIEM VE DONG TIA
8.1.1. Dinh nghia - phan loai

Dong chat long khi chay ra khoi voi phun va dugc phun vao moi truong chat 1ong
hay chat khi thi goi 1a dong tia.

Dong tia chat 1dng chuyén dong trong moi trudng chat 16ng 1a dong tia ngap (hay
con goi 1a ludng). Vi du dong tia nude tir voi diat ngdm dudi mat nuée song dé pha dat, nao
vét long song.

Dong tia chat 16ng chuyén dong trong moi trudong khi 12 tia tu do, vi du : dong tia
nude cta voi chita chdy, ciia may tudi ..

Trang théi chay trong dong tia c6 thé 1a chay ting hodc chdy roi, nhung trong thuc
t€ thuong gip chay réi. Vi vay dudi day ching ta chi nghién ctu mot so tinh chat cia dong
tia & trang thai chay roi.

8.1.2. Dong tia ngap

— % )
| I Uy
[, (O | >
Cuc dong phun |— U o | _
bien =2
_.<-_L,_<:.’_. TN Lopbien ) _
O ~——=_ ] | |
s ~ | Q —
> > ~ —— .
> O > Bé mat phan giéi
> > I | <
| | >
" Poan ban dau | Qud do| Poan cobin

Hinh 8-1 . M6 hinh cau tric dong tia ngap
La dong tia dugc phun vao trong moi truong cung loai hoac khac loai. Khi dong tia
chuyén dong, do tinh nhét va su mach dong van téc clia dong chdy roi xudt hién cdc xody
0c G cho tiép gidp cua dong tia va moi trudng xung quanh, cdc xody nay lam cho mot phan
chat 16ng ctia moi truong bi 16i kéo theo dong tia, dong thoi lai gay tdc dung kim ham
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chuyén dong ctia dong tia. Vi vay dong tia ngap loe rong din réi phan tdn vao moi trudng
chat 1ong bao quanh (Hinh 8-1).

a) Dua vao biéu d6 phan bo van toc trén cdc mat cit ngang, ngudi ta chia dong tia ra
lam 2 phan: 16i va 16p bién chay r6i.

Loi: 1a phan trong cing, trong d6 van t6c U, trén cac mat cat ngang dong tia khong
doi.

Loi bat dau tir miéng voi phun dén mat cét gidi han (qua do) trén d6 chi c6 diém
trén truc dong tia 1a ¢6 van toc bang van toc ban dau tai miéng voi. Puong gidi han 16i 1a
duong thang (x4c dinh theo thuc nghiém).

Ldp bién chdy roi: 1a phan dugc giéi han boi 16i va moi trudong bao quanh dong tia,
trong d6 van toc bién déi lién tuc cho dén khi bang van téc moi trudng bén ngoai. Pudng
gi6i han 16p bién chdy r6i v6i moi truong bao quanh 1a dudng gin nhu thang (theo thuc
nghiém tinh todn).

b) Theo chiéu dai dong tia ngap c6 thé chia lam 3 doan:

Poan ddu: tit miéng voi phun cho dén mat cat qua do tdc 1a mat cit két thic 16i
dong tia. Trong doan dau c6 16i va mot phan cla I6p bién chay r6i quanh 16i.

DPoan co bdn: tit mat cét gidi han trd di. Dong tia chi gom 16p bién chay réi trong d6
van toc giam dan doc theo truc dong tia.

Giira doan dau va doan co ban c¢6 mot doan qua do rit ngan .

8.1.3. Dong tia khong ngap

Quan sat mot dong tia khong ngap, vi du mot tia nude tit mot voi hinh tru tron phun

vao khong khi ta thdy c¢6 ba phan r6 rét (Hinh 8-2).

Phan tap trung Phén roi ~

Phan tan ra

Hinh 8-2. So d6 céu tric dong tia khong ngap

Phan tdp trung: dong tia van giit nguyén hinh tru tron, chat 16ng van lién tuc.
Phan roi rac: dong tia mé rong hon, su lién tuc cta chét 1ong bi pha hoai.
Phan tan ra. dong tia tan ra thanh nhiing hat nho, gian doan.

Dong tia tu do dugc st dung nhiéu trong k¥ thuéat nhu stng thuy luc dung pha dat,
khai thac than, dong tia chita chdy..., nhiing loai nay can dung phan tap trung cua dong tia.
Nhung khi cén phun hat nuéc nho dé tuéi thi lai phai loi dung phan tan ra.
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8.2. CAC PAC TRUNG THUY KHI PONG CO BAN CUA DONG TIA
8.2.1. Su phan boé cac thong so thuy khi dong theo tiét dién ngang ctia dong tia

Nhiéu nghién cttu vé 1y thuyét tinh toan ciing nhu nhitng két qua thuc nghiém da rit
ra nhitng nhan xét vé dong tia réi tu do nhu sau:

e Tai m6i diém trén ti€t dién dong tia thanh phin van toc theo phuong ngang (y) rat
nho so v6i thanh phin van téc theo phuong doc (x). Do dé trong tinh todn thuc t€ c¢6 thé bd
qua thanh phan van toc theo phuong ngang.

® Profin van toc bién dang lién tuc doc theo truc x va kéo theo su thay déi lién tuc cdc
thong s6 thuy khi dong khac. O nhimg tiét dién cang xa so véi tiét dién ban ddu ctia dong
tia thi profin van toc dong dang véi profin van téc 6 nhiing tiét dién truée né (theo Fetman,
Gavin, Naumov..)

1 uim/s) |1-x=0m
X 2-x=0,2m
P=N 3-x=0,35m
5 éo\ 4-x=050m
3 _\// 5-x=0,625m
N TN 6-x=0,75m

o8\ e N
Al N

0,15 -0,10  -0,05 0 0,06 0,10  ym)

Hinh 8-3. Phan b6 profin van tdc tai ti€t dién khac nhau theo truc dong phun

Trén hinh 8-3 biéu dién két qua nghién ctu thuc nghiém ctia Fetman vé su bién
dang ctia profin van toc tai nhitng tiét dién khdc nhau ctia dong tia roi phang doc theo truc
dong tia.

e Profin gid tri du cua van toc, nhiét do va nong do tap chat duge xay dung theo céac
toa do khong thi nguyén, c6 thé dung cac ham giai tich gan ding viét dudi dang da thiic c6
bac clia cdc toa do ngang khong thit nguyén dé mo ta; chang han c6 thé ding ham giai tich
gan dung cua silichting f(7).

Trén hinh 8-4 biéu dién profin van t6c dang tong hop clia dong tia xay dung theo
céc toa do khong thit nguyén.

Pé mo ta profin dang téng hop ciia van toc ¢6 thé ding cac ham giai tich gan ding
viét dudi dang da thiic ¢6 bac clia cdc toa do ngang khong thit nguyén, chiang han ding ham
giai tich gan ding cua Slichting f{77).

Doi v6i doan co ban ctia dong tia ta c6:

+ Ham biéu dién profin van toc :
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17 = plg)=(1-n?7) (8-1)

U, — Uy

u—u,

um _uH

/| .

/ 0,75

0,50

- 0,25 N

pd N

-20 -15 -10 -05 0 0,5 1,0 15 2
Y.

Hinh 8-4. Biéu dién profin van téc dong phun theo toa do khong thit nguyén

trong do: n= %

y — toa do ngang clia diém c6 van téc u;
b — bé rong (hodc ban kinh) cua tiét dién dong tia.
+ Ham biéu dién su phan b6 nhiét do:
T-T, 2\ B,
T 1 T’; =(1-7"") (8-2)
trong d6: P, - Tri s0 r6i Prandtl, phu thudc vao ty s6 gitta nhiét lugng tiéu phi do ma sat r6i
va nhiét luqr;g san sinh ra do su xdo tron.

Theo thuc nghi¢m: P, = 0,8 d6i dong tia doi xting.
P, = 0,5 doi dong tia phang.
+ Ham phan b6 nong do tap chat trén tiét dién dong tia.

X=Xu _T-Ty _(1_773/2)’3, (8-3)

Zm_ZH Tm_TH

G . .
Trong d6: y = ke - Nong do trong luong tap chat
G +G,

C
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G,. - Trong luong tap chat.
G + G, - Trong lugng toan hoén hop.

Chii y: Qui luat phan bo nong do tap chat dang (8-3) chi phu hop tét véi cac so liéu thuc
nghiém khi néng do tap chét trong dong tia tuong doi bé.

8.2.2. Qui luat mo rong dong tia (doc theo truc x)

Dé giai quyét van dé nay c6 thé tién hanh theo nhiéu phuong phdp. Tuy nhién
phuong phap thong dung va don gian hon ca la dung 1y thuyét twong tu két hop véi cac s
liéu thuc nghiém.

Theo gia thuyét Prandtl d6i v6i dong roi ta co:
V~l= = (8-4)

trong d6: V’ - Thanh phan mach dong van t6c ngang;
[ - Chiéu dai duong roi;

u - Thanh phan van téc doc (theo truc x).

T d6 xdc dinh duoc qui luat ting bé rong cua dong tia biéu dién duéi dang:

l @ _ |u1 - u2|

C dx |u1| + |u2|

(8-5)

trong d6: C - Hé s6 xdc dinh bang thuc nghiém.

o Trudong hop u, = Const, u, = Const thi bé rong dong tia ty 1& v6i khoang cach x:

@ = const — b=cx (8-6)
dx
. |”1 - ”2|
trong do : C1=C|u|+|u|
1 2
doi véi dong tiangap (u, =0): b,=cx (8-7)

e Truong hop téng quét (u, # 0) thi bé rong dong tia dugc xédc dinh theo cdc két qua
rit ra tir cac biéu thic ( 8-5), (8-6 ) va ( 8-7):

b _cx _ |”1 _“2|

b, Cex |u1|+|u2|

(8-8)

(c6 thé xem thém & [5], [17])

8.3. MOT SO Vi DU VE TINH TOAN DONG TIA NGAP POI XUNG
8.3.1. Dong tia roi ngap tu do

Trén kia chiing ta da ti€n hanh khao sdt tong qudt doi v6i dong tia. Dé cu thé hod
ching ta khao sat mot truong hgp dong tia ngap doi xing sau day:

Diéu kién xét:
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- Déng nhiét;
- Dong tia doi xting, miéng voi phun tron (ban kinh R );

- Su phéan b céc thong s6 dong chay tai ti€t dién ban dau cua dong phun (tai miéng
vOi phun) 1a déu;

- Dong phun dong chat (khong c6 tap chat);

- Dong phun déng dp (p = const): thuc t€ diéu kién nay thod man vi trong dong
phun 4p suét tinh hau nhu khong déi va bang dp sudt tinh trong moi trudng ngoai.

a) Xét qui luat bién déi van téc va su mé rong cua I6p bién doc theo truc dong
tia (xét trén doan co ban cua dong tia).

Vi 4p sudt tinh tai moi diém trong dong tia 12 khong ddi nén tir nguyén 1y bao toan
dong luong ta thay rang: dong lugng ctia chat 1ong tinh trén mot don vi thdi gian c6 tri s6
nhu nhau tai moi mat cat:

Ipuzdw = pu, (8-9)

trong d6 : @, = 7R (2b,.I) - dién tich tiét dién dau(tiét dién voi phun) ;
@ =7mR’(2b,.I) - dién tich tiét dién dong tia tai diém xét ;
dw=2mdr (2dy) - dién tich ti€t dién clia dong tia nguyén to.

Do d6 véi dong tia doi xting ta co :
R
27[J. pu’rdr=mpu’R,

bat 77 = r/R phuong trinh trén dudi dang khong thit nguyén s€ la:

2155
L) ()16 (o)
s [ o R

Thay L f,(m) tix (8-1) vao tich phan trén ta s€ tinh dugc gia tri cua tich phan:

max

1

[ £,()ndn =0,0464

o
Thay gid tri clia biéu thic tich phan trén vao (8-10) ta c6:

R 33t
R u

4 m
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Const
hay: u, =
R

m

(8-11)
Tuong tu d6i véi ludong ph:fmg ta co:
Lu
D D o u

2
b1 [
b 165\ u,

Const
hay: u, = (8-12)
N

b) Cac dac trung dong hoc cua dong tia réi ngap tu do
Luu luong cuia dong tia:

= j dQ = 27:]2 urdr

Bién déi ta c6:

29
Q=2mi,R I——d(R) 2xR02uoz_m[Rij [

0 o um
trong d6:  Q,= 7R u,

- luu lugng qua tiét dién ban dau ctia voi phun
Cudi cung ta rut ra:

2:2,]3”_0

0 » (8-13)

Qui ludt tdt ddn ciia van toc doc truc dong tia

Phuong trinh dudng bién ctia dong tia trong dong tia ngap d6i xting c6 dang
R=Cx (8-14)
Trong nhiing nghién ctu vé dong tia, nguoi ta thudng chia hé s6 C ra hai phan tuong
ting doan ban dau (C khong bién d6i) va doan co ban (C = 3,4a - trong d6 a =0,06 =0,09
theo tai liéu thuc nghiém)

Tu phuong trinh (8-11) ta c6:

R 34x u

= =330 8-14
R() R() um ( )
Uy _33R, =0,96& (8-15)
u, 34ax ax

Tur biéu thic (8-15) ta thdy van toc trén truc dong tia tat dan theo quy luat hypecbol
(Hinh 8-5).

Chiéu dai gioi han ban dau x,, va do sau h, ciia cuc dong phun
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Str dung phuong trinh (8-15) dé xdc dinh hoanh do x,, v6i chd y ring tai tiét dién

qua do u,, = u,, ta co:
x, =2 R (8-16)
a

ty }
uO

1

Poan ban dau Doan co ban L ax
O 0,96 R

Hinh 8-5. Qui luat phan bo van toc doc truc dong tia

Chiéu sau cuc dong phun 4, duoc xdc dinh tir biéu thic:

i _ 34ax (8-17)
R R

Chd y dén diéu kién bién: Khi x = &, thi R = R, ; do d6 ta riit ra:
R

h,=—2-=4,I5R, (8-18)
4da

trong d6: a = 0,07 - hé s6 thuc nghiém.
Khoang céch tir ti€t dién mii phun dén cuo6i 16i dong tia (tiét dién qua do):
= 957R, (8-19)

Bang duéi day 1a cong thiic tinh todn doi véi dong tia doi xting va phiang ngap theo
cong thiic ctia Abramovich

Xy =Xy - h

o

Bdng 8-1.

Cac thong so Tri s6 va cong thic

Dong tia d6i xding Dong tia phang
a 0.07 0,09
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h
’ 029% 041%
a a
H 0,67& 1,03b_0
a a
R.b _ _
3,4M+1 R, 2,4M+1 b,
R() R()
u, 0,96”0 ],2”0
a(x_h())+0,29 \/a(x h0)+0’4]
0 h _
22Q{““” o) 4029 IJQOJaLx f) 4o

8.3.2. Ap luc ctia dong tia lén mat rin

Dong tia thodt ra tir 16 hoac voi v
c6 truc nam ngang x-x gap trén 1 )
duong di ctia né vat can dudi nudc Q,, A
dang mat ran c6 dinh AB (Hinh 8-6)
s€ chia thanh hai nhanh chay doc 0
theo vat rin c6 phuong hQE Vi truc x

~ol

mot goc 6, va 6,. ap luc P clia dong
tia tdc dung lén thanh hop véi dong / 0
tia mot géc B, nguoc lai dong tia chiu Q,V

moOt  phan luc cia vat chén

(R=-P).

Ap dung phuong trinh dong

luong cho doan dong chay duoc xac Hinh 8-6
ding boi cacmat 0 —0; 1- 1 va2 -2
ta co:
RemP =mP +mb, (8- 20)

hay hinh chiéu 1én truc x:
Rcos B=m,v, cos @, +m,v,cosb, —m,v,
trong d6 m, = Q,v,; m, = Q,v, ; m, = Q,v, 1a khoi luong chat 1ong di qua mat cat 0 —0; 1- 1
va 2 - 2 trong mot don vi thoi gian.
Tir dé ta c6:
p(Q,v, —Qv, cos 8, —Q,v, cos 6,)
cos 8

e Trudng hop thanh phang dat vuong géc véi truc x, khi dé 8, = 8,tac6 Q, = Q, =
0J2; v, =v,=v, va

P=—R=

(8-21)
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P =p0.y, (8-22)
thuc té thi ap luc nay bé hon :
P, =(0,092+0,95)P
¢ Truong hop thanh doi xing v6i 6, = 6, =0tac6 Q, =0, =0,/2; v, =v,=v, va
P=p0yv,(1-cosb) (8-23)

%
néu &= 180° (Hinh 8-7) khi d6 :

2

P = 2@[1‘}0 (8-24) d

So sdnh két qua (8-22) v6i (8-24) 0, _ AN
ta thay ap luc dong tia tic dung 1én mat 05 =
16m d6i xting gém 2 ntra hinh tru (hay —
cau) bing 2 lan 4p luc 1én thanh phang. 0 \

Ap luc luéng dugc st dung 1am
quay bdnh xe nu6c va cdc tuabin kiéu
xung kich (tuabin gau). %y

2 )

Hinh 8-7.

e Trudng hop thanh chuyén dong véi van téc u theo phuong clia v, ta ¢6 :
P=pO(v,-u) (8-25)

Vi vat chian vuong gbc v6i dong tia nén cong sudt N clia dong tia cung cap cho vat
chén sé la:

N =Pu=p0Q,v,-uu (8-26)

Cong suat nay 16n nhat khi:

dN 1%
—= v,—2u) hay u=-*
I PQ,(v, ) hay p

. 1 5 1p0v,
va: N, __=— v, =——2°
max 4 pQ() o 2 2

Biéu thiic nay cho thay: cong suat truyén 16n nhét bing nita dong nang dong tia.

(8-27)

e Trong trudng hop canh cong véi 6, = 8, = 180° ; u = v,/2; 4p luc ctia dong tia 1a:
P=p0yv, (8-28)
va cong suat 16n nhat 1a:

Nyar = PO, % (8-29)

cho thay cong suat dong tia dugc st dung toan bo - tuabin canh cong tan dung dugc toan bo
cong suit dong chay.
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8.4. VIDU — BAI TAP
Vidu 8-1:

B0 qua ton that cot nude do

ma sat khong khi, tinh ap suat, luu /
lugng va cong sudt can thiét phai cap
dé cho dong nuéc phun cé dudng
kinh ban dau d = 107 mm, phun
thang ding lén t6i do cao H = 156 m.
Cho g = 9,81 m*/s (Hinh v&).

)
’
Z

D)
>

<_ d=107mm
Gidi: ]

1- B0 qua dong nang trong 6ng cép nudc (ndm ngang), dp dung phuong trinh Becnuli
viét cho hai mat cat 1-1 va 2-2 & dinh dong phun ma tai d6 v = 0, ta duoc:

4

ZI +&+0=Z2 +&
v v

Néu p, 1a 4p suat du thi p,,, = 0, do dé:

p, = pgH = 156.10°.9,81 = 15,29.10° Pa

2- Luu lugng nudc duge tinh doi mat cat goc ctia dong tia (dp suat tuyét doi tai mat cat
nay bang ap suat moi trudong khi bao quanh, tic 1a bang 4p suét khi quyén, do d6 4p suat du
bang khong) va mat cat 2-2, ta dugc:

2

v—O:H; Vo =~/28H =553 m/s
2g
2
Luu luong : Q=55,3Mz0,500m3/s=5001/s

Két qua nay ciing c6 thé tinh duoc bang cdch viét phuong trinh Becnuli cho hai mat
cat (mat cat 1-1 va mat cat goc cua dong tia 3-3). Qua vay, néu coi z, =z;, ta duoc:

2 2
Pr_g_Y _Y

P8 28 28
va di dén két qua trén.
3- Cong suit thuy luc can thiét duoc tinh theo cong thic:

N=y0QH=p,Q0=1529.10°.0,5 = 765 kW
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Thuc t€ do ¢6 ma sat v6i khong khi nén chiéu cao néi trén ctia dong phun chi dat t6i
H’ =130 m, do d6 hiéu suét cot nuGe ctia dong phun la:

i = @ =83,3%
H 156
Mat khac, cong suét thuc t&€la N’ = 1020 kW, do d6 hiéu suit nang lugng la:
N _765 s,
N' 1020

Vidu 8-2:

Mot dong tia c6 luu luong Q,,
dién tich S, dap vao mot tdm chan tron
nhin c6 (Hinh vé). B6 qua t6n that cot
nude va trong lugng khoi chat 16ng. Xac
dinh luc ddy cta tia nuéc Ién tAm chan.

Giai:
Xét khai chat 10ng nam trong thé tich ki€ém tra nhu hinh v&. Khéi chat 1ong chiu tdc
dung ctia ngoai luc sau:
+ Trong luc G;
+ Ap luc tai cdc mat cit 1-1, 2-2 va 3-3. Dong chay tai 3 mat cit trén 1a dong tia nén
4p sudt tai tam bang dp suét khi troi, dp luc du P = p,S = 0.

+ Phan luc F cia tdm chin tdc dung 1én chat 1ong (vi tAm chan tron nhin nén néu
chon hé toa do nhu hinh Ve, lu’cﬁ chi ¢6 thanh phan F,, con F, = 0). Ap dung
phuong trinh dong luong:

Zﬁ -F= p( Qz“ozgz + Q3050383 +Q1%181 )

Xem van t6c phan bo déu trén mat cat uSt nén: @, = @, = a&); = 1.

Phuong trinh Becnuli viét cho mot duong dong di tir 1-1 dén 2-2 va mot dudng dong
di tir 1-1 dén 3-3 1a:

P33
3 .
Yy 2 y 28
B0 qua trong luong nén z = 0; dodé: p, =p, =p; =p,vav, =v, =v;=v, = Q,/S.
Chi€u phuong trinh dong lugng 1én truc Ox:
F.=p0+0+Qyyysine) = pQ,v,sinc

Vay f’ cung chiéu véi truc Ox. Goi IE' 1a luc ddy clia tia nu6e 1én tam chén:
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Vi du 8-3:

Mot tua bin Pelton lam viéc
du6i cot nuéc H = 750 m. & cudi
duong dan cao dp ¢6 mot voi phun véi

duong kinh d = 180 mm (Hinh v&). Bo d
qua ton that cot nudc, tinh: 0 \\
1- Luc ddy cha dong tia lén giu \VG= -
Iielton. Cho biét toc do cua gau ) ‘\
1a u. vV
QoY

Cong suat hap thu boi gau
Pelton. So sanh véi cong suat dugc tao
ra boi cot nude

Giai:
1- Tinh luc diy:

+ Van toc cuia dong tia nudc ra khoi voi duge xdc dinh bang phuong trinh Becnuli viét
cho hai mat cit 0-0 va 1-1:

H+0+0=0+0+—-L
2g

v=v, =+2gH =+/2.9,81.750 =121 m/ s

+ Luu luong nudce ra khoi voi:
2 2
0=vao=v = 12131118 _309,0/
4 4
+ Cong suat tao boi cOt nude:
N, = yQOH =9810.3,09.750 = 22,7 kW

Xét chuyén dong clia dong tia doi v6i hé toa do twong d6i gan lién véi gau: giu
dang yén, tia nudc dén giu véi van toc v, = v — u.

Viét phuong trinh dong luong cho chuyén dong twong doi, 6n dinh ctia khéi nude
duoc gidi han boi cdc mit cit kiém tra 0-0, 1-1 va 2-2:

Céc luc tac dung lén khoi nuGe gom:
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+ Trong luc 5 theo phuong z;
+ Phan luc Ij; lén tia nudc.
Phuong trinh dong luong:
G+F= p( QIEI + Qz‘ez - Qogo )
Chiéu xudng hai truc x va y nam ngang:
F,=0;
Fo=p(-Qv, =0, —0w)
Do bd qua t6n that cot nuGc nén ta c6:
Vo=V, =V, =V-U

&:(v—u)w
2 2
Vay F,=-2pQ,(v—u)=-2p@(v—u)

F_mang ddu trlir nén ngugc chiéu vdi truc x. Vay giu bi ddy boi luc R c6 phuong
nguoc chiéu véi F

0,=0,=

R=2pw(v—u)
Véiv=u/2
2
R =ép(w2 =§1000.3’]4'ﬂ.121,32 =187 kN

2- Cong sudt hap thu bdi giu Pelton
Gau chiu luc ddy R, chuyén dong véi van toc u.

1213

Cong sudt cha gau la: N, =Ru=187. =113 kW

Cong sudt tao boi cot nude: N, = 22,7 kW

Vay cong suat tao nén bdi cot nudc 16n gap hai lan cong suét hap thu baoi gau.

Bai tdp 8-1
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Xdc dinh chiéu cao A cua dong
tia voi phun (Hinh v€) va luu luong
Q néu ap suat du trong duong ong co
ap la p = 2 at, khoang céch tir duong
ong cé ap dén voi phun / = 50 m,
duong kinh ong dan d, = 75 mm,
duong kinh voi phun d, = 25 mm, hé¢
s6 can cua voi ¢ = 0,08. Voi phun
dat cao hon duong 6ng c6 ap z,=3 m.

Luu luong va chiéu cao dong tia
sé thay déi thé nao néu 16 voi phun
giam xuéng /9 mm, hay 1ay héan voi
phun ra, chi con 6ng dan.

Bai tap 8-2:

DPau voi phun chita chay, c6 duong kinh dau vao D = 80 mm, duoc vit chat vao 6ng
hinh tru ¢6 dudng kinh cting bang 80 mm. Khi diu ra cta voi md, luu lugng nude thoat ra 1a

0 =40 l/s (Hinh v§).
Xac dinh:
1- Cot nudc lam viéc ctia voi;

Hop luc cua cac luc tic dung
[én vit (luc nay c6 khuynh
hudéng lam cho dau voi bat ra
khoi 6ng). Tinh véi hai truong
hop:

a - Khi diu ra cua voi ma;

b - Khi dau ra cua voi dong.

-}
o

I

B06 qua trong luong nudc va tén that cot nuée trong doan diu voi. Ldy g = 10 m/s’.
Ddp so: a - 5930 N
b-8032 N

Bai tap 8-3:

Mot dong chit long khoi
lugng riéng r, ti€t dién s, phun
thing géc vao mot cdnh cong
nhan cé dang hinh hoc doi xing
v6i dong phun (Hinh v&). Céanh
cong c6 chuyén dong vdi van toc
u trén thi€t bi huéng dong, van téc
dong la v.

Xac dinh:

1- Luc tac dung 1én canh F; cong suat N va hiéu suat 77 ctia dong phun;

2- Quan hé v/u tng 7, . Dang hinh hoc don gian ctia canh dé c6 77,,,, .
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Giai bai toan cho hai truong hop:
a- Canh don;

b- Day canh (dong ludn dap vao 1 canh)

Cdu hoi on tip chuong VIII
1. Thé nao la tia ngap, khong ngap?
2. Céc dac trung thuy khi dong co ban cua dong tia.

3. Mot s6 vi du vé tinh todn dong tia ngap doi xing.

cf
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Chuong IX
CO SO LY THUYET THU NGUYEN, TUONG TU

Nhitng 10i giai chinh xdc (bang phuong phap 1y thuyét) cia mot s6 ba todn thuy khi
dong luc 1a rat hi€m. Trén thuc t€, ngudi ta st dung nhiéu phuong phdp thuc nghiém.
Phuong phap mo hinh hod tuong doi phd bién. N6 dua trén 1y thuyét thi nguyén va tuong
tu. Mo hinh hod 1a sy thay thé€ viéc nghién ctu hién twong ctia mot d6i tugng trén nguyén
mau biang viéc nghién citu hién tuong tuong tu trén mo hinh ¢6 kich thuée bé hon hay 16n
hon.

Y nghia ctia phuong phép: dua vao nhiing két qua thi nghiém trén mo hinh c6 thé
két luan vé cdc hién tugng xay ra trén nguyén mau. Diéu kién st dung duoc nhiing két qua
trén mo hinh 1a khi ti€n hanh thi nghiém phai tuan theo nhitng qui luat nhat dinh cia mo
hinh hoa. Nhitng quy luat d6 1a nhitng tiéu chuin tuong tu.

Viéc xdc dinh cdc tiéu chuén tuong tu hay 1a cac dai luong khong thit nguyén (cdc
s60) khi mo hinh ho4 cac hién tuong 12 mot van dé rat phic tap. Khi gidi bai todn nay c6 thé
chia cic hién tuong nghién cttu ra lam hai loai:

1. Nhitng hién tuong va cdc qud trinh ¢6 thé duoc mo ta bing cdc phuong trinh (nhu
phuong trinh vi phan chuyén dong ctia chét 10ng trong 6ng trong khe hep v.v...).
Khi d6 cdc tiéu chuan tuong tu dugc xdc dinh dé dang nhu 1a cdc hé s6 cha phuong trinh
viét dudi dang khong thit nguyén.

2. Cac qua trinh va céc hién tugng chua dugc mo ta bang cac phuong trinh. Khi dé
ly thuyét duy nhét cho phép tim céc tiéu chuén twong tu 12 1y thuyét thid nguyén.

9.1. LY THUYET THU NGUYEN - PINH LY PI VA UNG DUNG
9.1.1. Cac dai lugng c6 thir nguyén va khong thir nguyén
- Cac dai luong c6 thit nguyén nhu do dai, dién tich, van toc, ap suat ...

- Céc dai lugng khong thit nguyén nhu géc do bang radiang (rad), s6 Raynon, Re,
s6 Mic, M...

Dinh nghia: Dai luong c6 thit nguyén 1a dai lugng ma céc gia tri bang s6 clia né
phu thudc vao hé don vi do luong do ta chon.

Dai luong khong thd nguyén 1a dai lugng ma cdc gid tri bang s cua
n6 khong phu thudc vao hé don vi do luong do ta chon.

Cac dinh nghia néu trén chi c¢6 tinh chét tuong déi (géc do bang radian va bang do).
9.1.2. Thit nguyén
- Pon vi co bdn va don vi dan xudt

Cdc dai lugng vat 1y duoc lién hé v6i nhau bang nhitng biéu thic nhat dinh. Trong
co hoc thuong chon 3 dai luong co ban: do dai L; thoi gian T; khoi lugng M va thiét 1ap cho
chiing mot don vi do luong nao d6 goi la don vi co ban, nhu hé don vi SI (m,s,kg), hé don vi
CGS (cm, gam, s)....

DPon vi din xuat 12 don vi biéu dién qua don vi co ban nhu cm/s; kg/nt’. ..
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Thtt nguyén 1a biéu thic biéu dién don vi din xudt qua don vi co ban va dugc ky
hiéu bang dau [ ]. Vi du thi nguyén ctia van t6c [L/T], cua gia toc [L/T*] v.v...

9.1.3. Cong thiic tong quat ctia thit nguyén
Ly thuyét thit nguyén dua trén hai dinh 1y sau day:

a) Ty s6 gitra hai gid tri bang s6 cia mot dai luong dan xuat bat ky ndo day khong
phu thuoc vao viéc chon céc kich thuée clia hé don vi co ban. Chang han nhu ty s6 gitta hai
dién tich khong phu thudc vao viéc l1a ching dugc do trong hé don vi nao.

Tir dinh 1y nay c6 thé suy ra cong thic thit nguyén téng quat ctia cic dai lugng vat

-

ly:
a=LTM" 9-1)
Chéng han nhu cong thiic thit nguyén ctia van toc [L/T] s€ c6 [ =1;t=1; m = 0,
cua gia toc [L/T?): [ =1,t=2;m= 0.
b) Biéu thiic bat ky gifta cac dai luong c6 thit nguyén c6 thé biéu dién nhu biéu thitc

gitta cdc dai lugng khong thit nguyén. Pay chinh la noi dung cua dinh ly Pi (n) —
Buckingham.

Biéu thiic todn hoc ctia dinh 1y nay c6 thé biéu dién dudi dang sau: néu dai lugng c6
thit nguyén a 1a ham cua dai lugng doc 1ap vé6i nhau ¢6 thi nguyén a,, a,...q,...a,, nghia la:
a=fla, a,...a,,a;,,,... ... a (9-2)

Néu k <n 12 s6 cic dai lugng c6 thit nguyén co ban thi (n+1- k) t6 hop khong thi
nguyén Pi clia dai lugng c6 thi nguyén & trén c6 thé biéu dién dudi dang (theo (9-1)):

P a
= ml_m2 mk
a;’'ay” ... ay
T, = Aptg
1 pl _p2 pk
Cl] Cl2 ...... Clk
a
T, = o
n—k 1_q2 k
q! q q
al (12 ...... (lk

Nghia 12 s6 t6 hop bing hiéu gifta s6 dai luong c6 thi nguyén va so thit nguyén co
ban.

Nhu vay, trong hé don vi méi biéu thitc (9-2) c6 thé viét duéi dang:

r=f(L1..1,7,,7s....?, ;)

Mai t6 hop khong thit nguyén 1a mot tiéu chuén tuong tu. C6 nghia 1a néu dai luong
khong thit nguyén (vi du hé so luc can Cx) phu thudc n dai lugng, ma s6 thi nguyén co ban
clia ching bang k, thi s6 tiéu chudn tuong tu 12 7= n - k. Trong thuy khi dong luc k = 3,
vay nén biéu dién dai lugng nao d6 qua bon thong s6.

Vi du: hay xac dinh su phu thudc hé s6 luc can Cx clia canh vao cac thong s6 dong
chay.

Bai gidi:
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Gia su Cx phu thudc vao céc dai lugng c6 thit nguyén sau day: khai lugng riéng p,
do nhét 4, van toc v va chiéu dai ctia cdnh L. Khi d6:
Cx=f(p,uvL)

Dung cong thic thit nguyén c6 thé tim dugec mot té hop khong thit nguyén clia cc
dai luong vat 1y trén:

[Cx]=[p1"[g I'IVIIL]" =1
Dé tim cdc s6 mil b, d, ¢, n ta thay vao cong thiic trén thit nguyén cua cdc dai lugng
vat ly:
[p]1=[ML"]; [u]=[ML"'T']; [v]=[LT"J; [L] = [L]
Thay céc gid tri d6 vao biéu thiic Cx:
ML ML T' *[LT'* [L]" =1

Tur d6 ta c6 3 phuong trinh doi v6i 3 thit nguyén co ban

M: b+d =0
L: 3b-d+c+n =0
T: -d-c¢c =0

Xem ring mot trong 4 s6 mii, chang han n da biét, gidi hé phuong trinh trén, ta
duogc: b = ¢ = n; d = -n. Nhu vay ta tim duoc dang phu thudc ctia Cx vao dai lugng khong
thit nguyén:

vip ., n
C,= f[(—”) }= f(Re" )

U

Nghia 12 Cx phu thuoc vao s6 Raynon. S6 mii n c6 thé tim bing thuc nghiém hodc
tlr cac diéu kién phu vé stic can cua canh.

Cé4c budc co ban dé giai mot bai todn nhu sau:
1- Lap biéu thic phu thudc (n+1) dai lugng a (9-2). Ghi thit nguyén cuia ching.
2- Chon k dai lugng co ban (thong thuong k = 3). Viét cong thic thit nguyén cua
cac dai luong vat ly. Nhu vay ta c6 (n + I - k) s6 hang .

3- S6 hang 7 diu tién c6 thé 1a tich cla k dai luong c6 s6 mii chua biét véi mot dai
luong khac c6 s6 mii da biét (thong thuong cho s6 mi d6 bang 7).

4- Lay nhiing dai lugng da chon & muc 2 lam bién s6 (k dai lugng) va chon mot
trong nhitng bién s6 con lai dé 1ap s6 hang 7ti€p theo. Lap lai tuong tu lién ti€p cho
cac sO 7 sau.

5- Nho phan tich thit nguyén ta s€ c6 hé k phuong trinh dai s6 va tir d6 xac dinh
dugc s6 mii ctia moéi s6 hang 7.

9.2. CAC TIEU CHUAN TUONG TU
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Dinh nghia: Hai hién tuong goi la tuong tu (hay dong dang) néu dua vao céc dac
trung cuia hién tuong nay c6 thé suy ra cdc dic trung ciia hién tuong kia bang mot phép bién
déi don gian.

Diéu kién twong tu co ban clia hai hién tugng 12 cdc tiéu chudn tuong tu phii bing
nhau (idem). Néu ky hiéu n cho nguyén mau; m cho mo hinh, thi Re, = Re,, M, =M,, ...

9.2.1. Tuong tu hinh hoc

Hai hé thong thuy khi dong luc twong tu hinh hoc la khi céc kich thude tuong tng
ctia ching ty 1¢ v6i nhau:

L S
n_ o, on 2.
L, “s "

Trong d6 k, — Ty 1é tuong tu hinh hoc
9.2.2. Tuong tu dong hoc

Hai hé thong thuy khi dong luc tuong tu dong hoc phai twong tu hinh hoc va cé thoi
gian di chuyén clia mot phan tir chat 10ng tir diém nay sang diém khéc trén cdc dudng dong
tuong tng ty 1é.

Ta co: —=k;

.V, LT _
Tir d6 suy ra ty 1¢ van toc: —-=—"—"—= kykr!
vV, L,T,

Tuong tu dong hoc dp dung trong cdc may thuy khi 1a cdc tam gidc van toc dong
dang.

9.2.3. Tuong tu dong luc hoc
Hai hé thong thuy khi dong luc tuong tu dong hoc va cé cac khai lugng tuong tng
ty 1¢ thi goi 1a tuong tu dong luc hoc.

_Pn s A
K,= p; - ty 1¢ tuong tu dong luc

i _ P, ananTn_2 — k/’kz
- -2 g2
E, p,LLT? ki

m—m-m

Ty 1€ céac luc:

. F, p, LV
Hay tong quat: — =—"—"—""—
vioned F, p,LLV:

m—m’ m

= Ne = const

Tiéu chuan twong tu Newton hay s6 Newton.

Nhu vay trong thuc t€, hai hé thong thuy khi dong luc twong tu nhau phai thoa man
céc diéu kién sau day:

1- Chiing phai tuong tu hinh hoc.

2- C6 tinh chat giong nhau va c¢6 cung phuong trinh vi phan.
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3- Chi c6 thé so sanh véi nhau gifta cdc dai lugng dong nhét tai nhitng toa do
khong gian giong nhau va thoi gian giong nhau.

4- Cdc hang sO tuong tu cua hai hién tuong c¢6 moi lién quan chat ché véi nhau.
Viéc chon bat ky mot trong nhitng dai lugng nao d6 sé tao nén su phu thudc xac
dinh d6i v6i nhitng dai luong hang s6 tuong tu con lai.

9.2.4. Tuong tu ciia hai chuyén dong phing

Dé 1am sdng to nhitng diéu da néu & trén, ta hiy tim cdc diéu kién can thiét dé cho
hai chuyén dong phang tuong tu. Mudn vay, ta viét phuong trinh chuyén dong navie-Stoc
(3-24) cho trudng hop chuyén dong phang dudi dang khong thit nguyén bing cach chon cc
dai lugng dac trung (ty 1€) sau day: chiéu dai / (nhu ban kinh 6ng, cung cla cdnh...). Van
toc v, (nhu van toc & trén truc truc 6ng, & vO cung...) dp sudt p,, khoi luong riéng p,, do
nhét dong hoc v, thoi gian ¢, luc khéi viét cho 1 don vi khoi luong g (gia toc trong
trudng). Ky hiéu cdc dai lugng khong thit nguyén ciing biang nhiing chit nhu cac dai luong
c6 thit nguyén. Khi d6 ta s& c6 phuong trinh chuyén dong va phuong trinh lién tuc viét dudi
dang khong tht nguyén:

! au+[ au+ a—u]:g—lX— Po ]a—p+v—0vAu;

Vol‘og e Vay v, P,Ve pOx vl
! ﬂ+ uﬂ+vﬁ =g—£Y—ﬁzia—p+V—0vAv;
Vt, Ot ox dy) Vv, PV, poy Vv,
a_u+ﬁ=0
ot dy

Tir hé phuong trinh trén suy ra hai dong chay tuong tu, c6 nghia la ching duoc mo
ta bang nhiing phuong trinh va cdc diéu kién bién giong nhau, thi phai c6 cling gid tri céc
dai lugng khong thit nguyén sau day:

L8l P . Y

) _2 ) 2 )
Voo Vo PoVe Vil

Trong 1y thuyét twong tu, nhitng dai lugng d6 c6 tén riéng va goi la nhitng so6 hay la
tiéu chuén tuong tu:

Lt =S, — So Storuhan (Shtrouhal), dac trung cho qua trinh khong dimng;
Voly

Vo

= F, — s0 Frat (Froud), dac trung cho luc trong truong;

4

/ ;
Y —Re —s6 Raynon (Reynolds) quen thuoc, dac trung cho luc nhdt;
VO
p e = p
0~ =E, - 56 0 le (L.Euler) dac trung cho ap luc.
PoVo

Diéu kién bang nhau clia cdc s6 tuong tu dugc ky hiéu bang chit idem (12 mot),
nghia 12 hai dong phing ctia chat 16ng khong nén duoc sé tuong tu khi Sh = idem; Fr =
idem; Re = idem; Eu = idem...
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S6 O le dai véi chat 1ong nén duge ¢6 dang.

po P _1a 11
“opV kv, kM’

Trong d6 a = L van toc am; k = C_p - chi s6 doan nhiét,

v

\' ~ Z
M =— -s6 Mac
a

Nhu vay, hai dong chat 1ong nén dugc s€ tuong tu khi

Sh =idem; Fr = idem; Re = idem; M = idem; k = idem.

Trong thuc t&€ con rat nhiéu nhiing tiéu chudn tuong tu khic nita. Muén c6 nhiing
tiéu chudn d6 chi can 1ay phuong trinh vi phan mo ta qua trinh da cho viét dudi dang khong
thit nguyén. Ching han nhu khao st phuong trinh niang luong ta s& c6 thém cdc tiéu chudn
tuong tu:

P = %— s Prandtl, dic trung cho ty s6 gitta nhiét lugng dugc truyén bang dan nhiét va
doi luu;
3
AT y ’ e TN .
G, = g,b’l—z - s0 Grashop, dac trung cho ty so gitta luc Acsimét va luc nhét.
Yo

Trong d6 A - hé s6 dan nhiét; £ - hé s6 nd thé tich; AT - do chénh nhiét do.

9.3. MO HINH HOA TUNG PHAN

Khi khéo sit bai todn phang & muc trén ta di gap 4 - 5 tiéu chudn tuong tu. Néu
thod man tat ca cdc tiéu chuén d6 thi bai todn rat khé va trong thuc t€ khong thé thuc hién
duoc. Ngoai ra, khong phai tat ca céc tiéu chudn c6 tAm quan trong nhu nhau. Trong nhitng
diéu kién cu thé thuong c6 thé x4c dinh dugc mitc do anh hudng cua timg tiéu chuin tuong
tu, va ldc d6 c6 nhitng tiéu chudn anh hudng rat 16n dén vi€ thay déi diéu kién clia qud trinh
vat 1y - goi 12 tiéu chudn quyét dinh, trong khi d6 c6 nhitng tiéu chuén hau nhu khong tham
gia vdo su bién déi d6 - nhitng tieu chudn khong quyét dinh. Do d6 trong thuc t€ phéi ding
mo hinh hod tiing phin, nghia 1 chi cn tuan theo mot s6 chi tiéu chuan quyét dinh.

Chéang han nhu khi tim diéu kién mo hinh hod ctia chuyén dong tau ngam, ta thay
c6 thé bod qua tiéu chudn Frit, ma phéi ké dén tiéu chudn Raynon, nghia la s6 Re doi véi
nguyén mau va mo hinh phai nhu nhau. Thyc vay, d6i véi tau ngdm s6 Fr chi ¢6 y nghia
khi tau di xuong va di 1én mat nudc, con khi chay, s6 Fr ¢6 thé bd qua. Luc can khi chay
phu thudc vao do nhét cua dong bao quanh khong c6 xam thuc. Nhung trong thi nghiém
mo hinh ca no6 chuyén dong véi van toc 16n, tieu chuan Fr ¢6 anh hudng 16n, con c6 thé bod
qua luc nhét, nghia 1a khong thod man tiéu chudn Re. Diéu kién mo hinh hod clia nhitng
médy méc chuyén dong trén am, trudc tién 12 phai thod man tiéu chuan Mac (M), con s6 Re
tuy kha nang, s6 Fr bd qua. Day khong phai 1a mo hinh hod toan bo ma chi la timg phan.
Thinh thoang 1dm mdi thanh cong khi thod man ca hai tiéu chudn Fr va Re.
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9.4. VIDU - BAI TAP

Vidu 9-1:
Xdc dinh t6n that nang luong doc dudng theo dong chay trong 6ng.

Giai:
Tén that nang luong doc dudng theo dong chdy trong 6ng phu thudc vao d, v,
P, A
% =Cd*v p N
Hay vi€t dué6i dang thit nguyén

Ap

Ap:FL? =M.L'T? - o= M.L°T™

M.L°T?= LYT"y (M.L?y(M.L'T")*LP

Can bang s6 mi hai vé:

Theo L: 2=x+y-3z—-a+p

Theo M: l=z+«

Theo T: 2=vy-«

Suyra:x=-1-a-Fy=2-a, z=1-«a
Do d6: %: Cd Py pay o pf

Ap v2 \(vd _a(ﬁjﬁ
Th =p.Vv - —=C|— || — —
waump - ) ]2
v _

N R
v [ Cpv y d d

Ta thdy hé s6 ma sat A trong trudong hop téng quit doi véi dong chét 16ng trong 6ng phu

R0 rang

ey A
thudc vao cic so Re va E

Vidu 9-2:
Ap dung dinh 1y Pi dé lap biéu thiic tinh cong suat N ctia bom.

Biét N phu thudc vao luu luong Q, cot ap H va trong luong riéng ¥
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Giai:
Quan h¢ giita céc dai lugng trén c6 thé biéu dién qua phuong trinh:
f(yQH)=N
C6 4 dai lugng c6 tht nguyén va chi c6 3 thi nguyén ctia don vi co ban, do d6 c¢6 4
— 3 =1 s6 hang 7. Chon ¥, Q,H 1am 3 dai lugng c6 thit nguyén co ban, ta c6 thé 1ap s6 hang
T
N
T=——
Q"Y' H*
Viét dudi dang thid nguyén: FLT' = [L'T"J'[FL’[L]*

Tudésuyra:x=y=z=1

Do d6: & = N hay la N = k.yQ.H
O.y.H

Vidu 9-3

Muo6n c6 tuong tu dong hoc thi van toc chuyén dong cta ddu tho trong ong c6
duong kinh 30 mm phai bang bao nhiéu, khi van t6c cta nude trong 6ng cé duong kinh 5
mm & nhiét do 20° C 1a 6 m/s. Cho biét p,, = 84 KGs*/m’; u,,, = 02 P;  p,... = 102
KGs’Im’; . = 0,013 P
Giai:

Diéu kién dé cho hai dong chat 16ng chuyén dong trong ong tron tuong tu 1a so

vdp . s
Re = vap va s6 Ole Eu= P_oz bang nhau. Nhung theo diéu kién cta bai todn, vi van toc

H pv
clia nuéc cho biét nén tiéu chudn tuong tu chi 1a s6 Raynon, con s6 Ole 1a ham cta s6 Re.
Hay néi cach khac, vi dai lugng dic trung ctia 4p suat p, khong cho truéc nén c6 thé chon
p, bang gia tri bat ky. Dé cho tién, ta chon p, = pv’ tir diéu kién s6 Ole:

Do d6 ta suy ra: Re; =Re,;, =Re, ;. =Re,

vid,py _ vydapy
Hy H;

d2p21u] =242
d,p,it,

Vay van toc cua dau v, = 24,2 m/s.

Suy ra: V=V,

Vi du 9-4
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Ung dung mo hinh ho4 timg phan dé xét chuyén dong ctia tAu ngdm. Ta biét khi tiu
chay trén mat ngang c6 thé bo qua tiéu chuan Frut.

Giai:
Véi diéu kién dau bai ta c6: Re = const
VNN PN _ ViDy Py

Hy Hy

Hay:

by _YN PN Hu
by vy Pu Hy

Tir biéu thiic trén ta thiy ring: néu thir mo hinh tAu ngdm trong nudc bé thi cAn mo
hinh rat 16n vi py = 07 My = ty -

Tur d6 suy ra:

Trong truong hop nay muon giam kich thuéc mo hinh chi con tang toc do v,, (vi

Zﬂ = ), nhung truong hop nay bi gi6i han do su tang nhanh luc can va hién tugng xam
N VM
thuc. Vi vay nguoi ta thi nghiém mo hinh tdu ngdm trong 6ng khi dong.
Mun kich thuée mo hinh bé thi phai gidm ty s6: 2 va Hu
Pu Hy
Giasw:p=15at,T =273 K tacé:
-6
/’_N:ﬂzﬁ; Hu =]’709']04 ~17.107
Py 19 My 102.107
Khi d6 ty 1é mo hinh la:
bu W 5517107 <0
N VM Vm

Vi vay muén giam kich thuéc mo hinh cén tang van t6c¢ dong khi.
Néu: vy = 36 km/h = 10 m/s
vy, = (10 = 20).vy

1 1
by =|—+—1b
M (10 20) N
Dé khoi xay ra séng va do xuét hién dong vuot am cuc bo trong ong khi dong thi
can c6 mo6 hinh 16n (do d6 cong suat 6ng khi dong 16n). Con 6ng c6 ap sudt cao, ngoai ra

dé gidm ty s6 c6 thé PN 6 thé thi nghiém trong bé thuy ngan.
Pu
Py 1 My 1 by v 1 1 I vy

- = — =

py 1360 uy 12 by vy, 136 12 163 v,

1
Néu chonv, =v,, thi b,, =——b
Y N M M ]63 N
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Nghia la d6i v6i tau ngam dai 82 + 163 m véi toc do tuong duong trong bé thuy
ngan chi can dung mo hinh dai: 50 =100 cm.

Qua d6 ta thay: trong trudng hgp chi thod man 1 tiéu chudn tuong tu ma qua trinh
xay dung thi nghiém ciing gap kha nhiéu kho khan.

Bai tap 9-1:

Hay xac dinh su phu thudc hé s6 luc can Cx ctia canh vao cac thong sd dong chay
(khoi luong riéng p, do nhét v, van toc v va chiéu dai céanh L).

Bai tdp 9-2:

Van toc cia khong khi trong 6ng c6 dudng kinh 25 ¢m & nhiét do 20° C, ap suat I at
la 710 m/s. Xac dinh van t6¢c dong nuGe chay trong 6ng duong kinh 6 ¢cm & mo hinh tuong tu
dong hoc. Néu dp suat khong khi 1a 200 kPa, hay xac dinh 4p suat dong chay trong truong
hop mo hinh.

Badp s6:V, = 2,76 mls, Ap = 3166 kPa
Bai tdp 9-3:

Dé xac dinh do chénh 4p suat clia dong khi trong 6ng nguoi ta ding thir mo hinh ding nuéc
theo ty 1¢ hinh hoc 7/30. Cho biét khoi lugng riéng va do nhét dong luc cua nudc so véi
khong khi theo tht tu 16n hon gép 800 va 50 lan. Két qua thi nghiém mo hinh cho 4p,, =
2275 N/n®. H(1 Ap,, = ?

Ddp 56 Ap,, = 80,9 N/n’*

Cadu héi on tap Chuong IX
1. Dinh nghia thit nguyén, khong thit nguyén. Thé nao 1a don vi co ban, don vi dan

xudt. Dinh 1y Pi va ting dung.

2. C4c tiéu chan tuong tu va tng dung phép mo hinh hoa timg phan.
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Phan B

MAY THAY KHi
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Chuong X
KHAI NIEM CHUNG VE MAY BOM

May thuy Iuc 1 tén goi chung cho tat ca cdc may lam viéc trén nguyén tic trao doi
nang luong véi chat 16ng theo cac nguyén 1y thuy luc néi rieng va co hoc chét long néi
chung. Trong d6 nguoi ta phan ra hai loai chinh :

- Mdy bom: bién ddi co nang thanh nang luong cla dong chdy (4p nang va dong
nang).

- Tuabin: nhan nang lugng cua dong chay thanh co nang kéo cac mdy cong tac lam
viéc.
Trong pham vi gido trinh nay ching ta chi nghién cttu mot s6 loai may bom chu
yéu.

10.1. VAI NET VE QUA TRINH PHAT TRIEN CUA MAY BOM

Tt ¢6 xua con ngudi da gin lién cudc song clia minh vé6i nudc, da tim cdch khai
thac va st dung nudc. O Viét Nam, An do, Trung quoc..., tir lau doi da bi€t dung nang
luong dong nudc kéo cdc c6i xay luong thuc, may mai, khoan d4; gudng nudc dé cung cap
nuGe cho nuong rudng, doi song sinh hoat...

Mai dén thé ky thit XVII va sau nay méi c6 nhiéu nha bac hoc nghién ctu mot cach
khoa hoc co s6 1y thuyét vé may thuy luc néi chung va may bom néi riéng.

Nam 1640 nha vat 1y hoc nguoi Dic Otto-Henrich da sang ché ra bom pittong dau
tien dé€ bom khi va nudc dung trong cong nghiép. Lomonoxop (1711-1765) 1a ngudi dau
tiéen dung 1y luan co hoc chat 16ng dé cai tao két cau gudng nudc c6 tir ngan xua, nang cao
hiéu suét va cong sudt ctia no.

Ole (1707-1783) da viét vé 1y thuyét co ban cta tuabin nudc néi riéng va may thuy
luc cdanh din néi chung lam co s cho cdc nha bac hoc Phuocnayron, Xablucop, Jucopski...
phéat minh ra tua bin nudc va bom ly tam & dau th€ ky XIX la nhitng buéc nhay 16n trong
lich str cac may nang lugng.

Dac biét trong vong 50 nam gan day, ly thuyét vé thuy khi dong luc phat trién rat
manh, ¢6 nhiéu thanh tuu to 16n va viéc 4p dung nhiing thanh qua phat minh nay trong linh
vuc mdy bom vo cung phong phd.

Ngay nay, v6i toc do phat trién vii bao ctia KHKT, dic biét 1a khoa hoc cong nghé,
mdy bom c¢6 rét nhiéu loai v6i nhiéu kiéu khdc nhau cé ciu tric ngdy cang hoan thién, c6
hiéu suét ngdy cang cao nham dép tng ngay cang ddy di moi yéu cau doi hoi cia moi linh
vuc san xuat doi song va qudc phong.

10.2. CONG DUNG VA PHAN LOAI
Mady bom dugc tng dung rat rong rai trong cac linh vuc san xudt va sinh hoat.

Trong cong nghiép: bom dé cdp thoat nuéc, bom cic loai nguyén liéu léng & cdc
nha mdy co khi hoé chét, bom dung trong céc cong trinh khai thac va van chuyén quang,
dau mo.v.v... Trong cong nghiép co khi, bom dugc sit dung phé bién trong cdc hé théng boi
tron, 1am nguoi, nang ha, diéu khién, truyén dong thuy luc...

Truong Pai hoc Nong nghiép Ha Noi — Gido trinh Ky thudt Thuy khi ..................oovvvvviiiiiiiiiiinaanns 198



Trong nong nghiép: bom duoc ding rong rii trong cac hé thong thuy loi dé tuéi tiéu
nudc cho cay trong, cung cap nudc cho chudng trai chian nuoi, co s& ché bién nong san

pham...

Ngoai ra bom ciling dugc dung rong rai trong cac linh vuc giao thong van tai, quoc
phong va sinh hoat.

Dé tién cho viéc thiét k&, ché tao va sir dung, bom dugc phan loai nhu sau :

® Theo nguyén ly lam viéc :

- Bom canh dan : Bom ly tam, bom hudéng truc.

- Bom thé tich : bom pittong, bom r6to..vv...

- Bom lam viéc theo nguyén ly dac biét: Bom nudc va, bom khi ép, bom phun tia...

® Theo cong dung, bom duogc phan logi thanh : Bom cap thoat nudc; Bom nhién liéu;
Bom hod chat; Bom cttu hoa...

e Ngoai ra theo pham vi cot 4p hodc luu lugng, nguoi ta con chia bom thanh céc loai:
bom ¢6 cot cap cao, thap, trung binh hoac bom c¢6 luu lugng 16n, trung binh, nho.

10.3. CAC THONG SO CG BAN CUA BOM

4 .
Bé chira
L —

h
O
S

«Q
>
c
<

Ta xét mot truong hop
cu thé, bom lam viéc trong
mot hé thong duong ong
(Hinh 10-1).

Z, - Chiéu cao hdt 1a chiéu
cao tir mat thodng bé
hadt dén truc bom;

Z, - Chiéu cao ddy la chiéu
cao tir miéng ra cua

K, bom dén mat thoing

] /@‘ cua bé chua;

Bom AZ - Chénh léch do cao giita

miéng vao va miéng ra

cua bom;

Z - Cao trinh cua bom
(chiéu cao dang chat
long cta bom) la do
chénh léch gitta hai mat
thodng b€ hit va bé
chua;

Hinh 10-1

P, - 4p suat trén mit thodng bé hut;

P, - ap sudt tai miéng vao cua bom;
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P; - 4p sudt tai miéng ra ctia bom;

P, - 4p suit trén mat thodng bé chita;

C - Chan khong k€, 1ap 6 miéng vao ctia bom;
A - ap k€, lap 6 miéng ra clia bom;

K, - Khod trén 6ng hut;

K, - Khod4 trén ong day;

L - Dung cu do luu lugng.

Khi bom 1am viéc, chat 16ng tir bé hit qua lu6i chin rdc theo ong hit di vao bom.
Sau khi di qua bom, chét 16ng dugc cung cap thém nang lugng chdy vao 6ng day lén bé
chia.

10.3.1. Luu luong

Luu lugng ctia bom 1a lugng chit 16ng do bom chuyén di trong mot don vi thdi gian,
ky hiéu 12 Q, don vi do: n’/h, m'/s, Uls.

10.3.2. Cot ap

Cot ap cua bom la nang luong don vi ma bom truyén duoc cho chat 1ong (thuong ky
hiéu bang chit H, don vi do: m cot chat 16ng).

Tir so do hé thong lam viéc ctia bom (Hinh 10-1) ta ¢6 :

H=E,-E,
1% 2
H:(&+—3+Zh+AZ]— &+VL+Z;,
y 28 y 28
2 2
p=Pi=P Vi Vo' (10-1)

/4 2g

& day P,, P, 1a nhitng 4p suét tuyét doi, c6 thé dugc xdc dinh thong qua dung cu do 4p suat
du (ap ké, chan khong k€) nhu sau :

P2=DPa~Pex
p3=pa_pak
Thay vao (9-1) ta dugc :
2 2
H= pak +pck +V3 VZ +AZ (10_2)
/4 2g

Khi khong ¢6 cic s6 lieu do dugc cu thé clia bom dang 1am viéc (p,,,p.,) ma chi c6
céc s0 lieu yéu cdu cta hé thong trong d6 bom s& 1am viéc (p,,p,,Z,...) thi ¢6 thé tinh cot dp
yéu cu ctia bom nhu sau :

2

2
L+&:Zh+&+vi+hwh
28 ¥ y 2g
2 2
hay : PP Vi Ve (10-3)
y v 2 2g



Viét phuong trinh Becnuli cho mait cét 3-3 va 4-4, mat chuén 12 3-3 ¢6 :
2 2
& +VL — Zd +& +VL
Y 2g y 28
2 2
& — &4_2(1 +Vi+hwd _Vi
y v 2g 2g
Thay (10-3), (10-4) vao (10-1) ta tim duogc cOt 4p yéu cau ctia bom :

+h,,

Suy ra : (10-4)

pi—p VZ_VZ
H:%+Zd+zh+AZ+42—gl+hwd +h,,

— v, -V}

hay : H=La"Piy 7. 20 "0 Sy (10-5)
/4 2g

Tir day ta nhan thay cot 4p yéu ciu cua bom can phai khac phuc dugc :

- Do cao hinh hoc clia bom (do chénh léch mat thodng chat long & bé chita va bé
hit)

- Do chénh 4p suét trén mat thodng & bé chita va bé huit
- Do chénh dong nang giita mat thodng bé chita va bé hiit
- Tén that nang lugng trong ong ddy va 6ng hut.

Phuong trinh (10-5) cho ta biét cot 4p ctia bom lam viéc trong mot hé thong. Do
ciing chinh 1a cot 4p ctia hé thong. Ta cling ¢6 thé viét:

H=H +H, (10-6)
trong do6 : H, = Ps= P17 - Cot 4p tinh cua hé thong.
/4
v, -V}
H, =) h,+—*—1 - Cotép dong clia h¢ thong.

2g

Trudng hop 4p suat trén mit thodng bé hiit va bé chita déu bing ap suét khi quyén
va van toc trong ong ddy va 6ng hit bing nhau ta c6 :

H=Z+3h, (10-7)

Chiing ta thuong dung cong thic (10-7) dé xdc dinh cot dp tinh todn, khi thiét k&
tram bom.

10.3.3. Cong suat va hiéu suat

Cong sudt thuy luc N, (cong sudt hitu ich) chia bom Ia cong suét dung dé truyén
trong lugng ctia luu luong Q véi cot ap H:

y OH
== Kw 10-8
"= 7000 (Kw) (10-8)
trong do :

y- Trong luong riéng cua chat 16ng (N/mj;)
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Q - Luu lugng ctia bom (m,/S)
H - Cot ap toan phan ctia bom (mH,0)

Cong suat doi hoi trén truc ctia bom can phai 16n hon cong suat thuy luc N, vi bom
phai tieu hao mot phan nang luong dé bl vao cdc tén that thuy luc, tén that ma sét giita cdc
bd phan lam viéc cta bom...

NN 100 [fow] (10-9)
n  1000m

1< 1 -hiéu suét toan phan cia bom (tinh bang %).
1= =g (10-10)
trong d6 : 77, - hiéu suat thuy luc
7, - hiéu suat luu luong
7. - hiéu suat co khi.

Khi chon dong co dé kéo bom, can phai chon cong suat dong co N, 16n hon cong
sudt tai truc bom dé dé phong céc trudong hop qua tii bat thudng va bl vao tén that do
truyén dong tir dong co dén bom.

kN
N, ="— (10-11)
i
trong do :

k >1 - Hé sO an toan phu thuoc vao tirng loai bom, dong co va cong suit

lam viéc.

n, - Hiéu suat truyén tir dong co dén tram bom.

10.3.4. Chiéu cao hit cho phép ciia bom. Hién tuong xam thuc

Bat ky mot loai bom nao khi 1am viéc cling ¢6 hai qud trinh hit va day chat long.
Qua trinh hit chét 16ng, bom phai tao duoc do chénh ap suét nhat dinh gitta miéng hdt cta
bom va mit thodng bé hiit.

H,=11"P2 (10-12)
Y

Néu p, = p, thi cot dp hiit chinh bang cot 4p chan khong tai 16i vao cua bom:

H,=H, =Lyp2 (10-13)
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Tix (9-3) 6 thé viét:
H., =Pa"P2_7 +—VZ2 +h, (10-14)
CK — — “h wh
/4 2g

Ta nhan thay cot 4ap hit cua bom tuy
thudc vao tri sO ctia ap sudt trén mat thoang
ctia bé hit ma 4dp suat nay c6 gidi han nhat
dinh.

Trong truong hop p, = p,, theo (10-
14) kha nang hut t6i da ctia bom tng véi p,
=0l:H,=H,, = 22 =10mHO.

/4
Biét ring 4p sudt khi quyén p, phu
thuoc vao do cao tai vi tri d6 so v6i mat nudc
bién (bang 10-1).

Hinh 10-2
Bdng 10-1
bo cao
&Z}; rr::at -600 0 100 | 200 | 300 |400 |[500 | 600 |[700 |800 [900 | 1000 | 1500 | 2000
Pa 11,3 { 10,3 | 10,2 | 10,1 | 10,0 | 9,8 9,7 9,6 9,5 94 | 9,3 9,2 8,6 8,2
y

trong bom.

Thuc t€ thi cot ap hidt 16n nhat cua bom (khi p, = p,) khong bao gio dat dugc dén 10
mH,0 Vi 4p suat tai miéng vao ctia bom khong thé bing 0 dugc. Khi p, nhd dén mot miic
nao d6 bang ap suét bay hoi bdo hoa (p,,) clia chit 16ng thi s& gay ra hién tugng xam thuc

Tri gid cta p, phu thudc vao nhiét do cua chat long lam viéc (bang 10-2)

Tur d6 ta xéac dinh dugc chiéu cao hit cho phép ([Z,]) ctia bom 1a
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Bdng
10-2
Nhiét do 5 10 20 30 40 50 60 70 80 90 100
t°c
P 0,09 | 0,12 | 0,24 | 043 | 0,75 | 1,25 | 2,00 | 3,17 | 4,80 | 7,10 | 10,3
4 3
Vay diéu kién dé cho bom lam viéc duoc 1a :
2
H,=Z,+2+h, <Hegp =222 (10-15)
28 /4




2

[z,)=Le—| By %2 Lpy 4oan (10-16)
y (v 28

O day : A4, - cot dp chong xam thuc duge xac dinh bang thuc nghiém.

Trong trudng hgp quan hé (10-15) khong thoa man (nghia 1a p, <p,,), s€ xay ra hién
tuong chét 1ong bat dau bay hoi, gidn doan dong chdy va bom khong 1am viéc dugc. Hién
tuong dé goi chung la hién tuong xam thuc.

Su xdm thuc la qud trinh hién tuong phiic tap xdy ra trong bom:

- Su bay hoi va hoa tan hoi trong chat 16ng & tit ca cdc viing ¢ dp suét bang hay
nho hon ap suét bay hoi bao hoa.

- Su tang cao tiic thoi toc do chuyén dong clia chét 10ong tai chd gay nén su bay hoi
va lam chat 16ng chuyén dong hon don.

- Ngtng tu nhitng bot hoi nude chay trong dong chat 1ong & ving c6 4p suét cao. Su
nglng tu bot hoi nudc lam giam dot ngot thé tich va gay ra va dap thuy luc trong nhiing
vung cuc nho, pha hoai co hoc bd phan lam viéc ciia may bom.

- Su an mon hod hoc kim loai trong viing xam thuc bang 0xy cua khong khi, sinh ra
tir chat 16ng, khi n6 di qua viing c6 ap suat thap.

Su an mon tic dung dong thoi v6i phé hoai co hoc lam giam do bén céc chi tiét cua
bom béng kim loai.

Su xam thuc lam giam hiéu sudt, cot 4p, nang suit bom va dan dén bom khong lam
viéc duoc.

Dé ngan ngira hién tuong xam thuc, nang cao chiéu cao hit cho phép ctia bom, tir
(10-16) ta nhan thay chiéu cao hiit ciia bom giam néu:

- Ha th4p 4p suat trén mat thodng clia chat 16ng trong bé huit.
- Tang cao ap suét bay hoi bao hoa do tang nhiét do chat 16ng hut
- Tang van toc chat 16ng chd di vao banh cong téc.

- Tang cot 4p chong xam thuc.
10.4. VI DU - BAI TAP

Vi du 10-1:

Mot bom céanh c6 dudng kinh 6ng hit d, = 80 mm va dudng kinh 6ng day d, = 60
mm. Khi khao nghiém bom ta do duoc cac thong so:

- éapsudtclara Pra _ 12,8 m
/4
- Chan khong & cua vao Pick _ 3, ;
/4

- Khoang céach gitta miéng vao va miéng ra cua bom i = 8 cm;
- apké dat cao hon miéngraa = 12 cm;
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Luu luong ctia bom Q = 10 U/s;
M6 men quay trén truc bom M = 10 Nm;

S6 vong quay ctia bom n = 2000 vg/ph.

Xac dinh cot ap, cong suat trén truc va hiéu suat ciia bom.

Gidi :

Xac dinh cot 4p cua bom:

2 2
H= P>~ D + v, —apv;

+ ZZ - Z[
/4 2g
ap sudt 6 miéng ra: Py _ Py,
/4 v
P2 128+0,12=1292m
/4
ap suat 6 miéng vao: Pr_ —{M—( h+a )&}
v /4 Vn

0 day trong luong riéng cua khong khi ¥, rit bé so véi trong luong riéng cta
Y

n

nudc ¥, nén ta bo qua dai luong (h+a)

&__plck __3m

4 4
Hiéu dong nang:
22 2 2 396
V5 v,:Q_ 2]4_ 2]4 :]0.]0 .4(418_41(&:0’44’”
2g 2g| n°d;, md, 2981 #x°\67.10 §8°.10
16 16

Cotap: H=1292+3+044+008=1644 m
Xac dinh cong sudt trén truc:

_m _ 72000
30 30

N =10.209 = 2090 Nm/s = 2,09 kW

Xéc dinh hiéu sudt cia bom:

N=Mw; w =2091/s

_ )QH 1000.107.16,44
7102 102.2,09

=0,77 =77%.
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Vidu 10-2 :

Mot mdy bom lay nuée tir giéng
véi luu lwong Q = 50 I/s. Nudc c6 nhiét
do 20°C. X4c dinh chiéu cao 16n nhat Zh
tinh tor mat nudc dén truc mday bom
(hinh v&) néu ap suat truéc may bom p,
= 0,3.10° Pa. Trén dudng 6ng hiit bing
gang c6 dudng kinh d = 0,25 m va chiéu

dai [ = 50 m ¢6 mot ludi chan rdc, khuyu

ngoat ém véi ban kinh R = 0,5 m va mot 1
khod diéu chinh dugc m& 45 %.

Gidi:

Ta viét phuong trinh Becnuli cho 2 mat cét 1-1 va 2-2:

2 2
%"'Pi + 08z, :%"‘Pz + P82, +4p

Trong do: v, - van toc trén mat thoang;

v, - van toc trung binh trong 6ng hut;

p, - ap sudt khi quyén;

Ap - t6n that 4p sudt tong cong (chiéu dai va cuc bo).

Viz, =0, v, =0, taxem mat cit 1-1 12 mat chuén, ta c6:

2
pv
p1=72+p2 +pgZ, +Ap

Chiéu cao dat bom tinh tir mat nuéc trong giéng:

Van tdc trung binh trong 6ng hiit:

-2
_AQ_ ASI07 )
md’  314.0,25

Vs

Tong t6n thét 4p suat:

I V2 V2 V2
Ap=1—p—=2+ 2= A—+ -2
p=A—p= 24702 ( Z(jpz

Trong d6: 2= ¢, + ¢, +¢;
Tra bang trong phu luc ta co:

¢ =5 - Heé so stc can cuc bo khi vao 6ng

hat;

G, = 2,64 - He s6 stic can cuc bo tai cho ngoat ém;

Truong Dai hoc Nong nghiép Ha Noi — Gido trinh Ky thudt Thuy khi



¢, =5 - Heé s6 stic can cuc bo cta khod;
A =0,0278
Vay ta c6:

2

l v
4p =h,,pg =(ﬂg+§v g +§kjp72=

2
_ (0,0278%+ S+264+ 5]998,2 ! ’022 ~0.91.10* Pa

>

Suv ra: , _10°(1-03) 102 o09110" _
v "7 998298 298 9982.98

Vay chiéu cao dit bom khong dugc qua 6,2 m.

’

Bai tdp 10-1:
Bom ly tam dat v6i do cao hit [z] = 3,795 m. Ton that trong 6ng hat Sh,, = 1,505
m. ap suat & miéng ra P2 74,7 m.
Xdc dinh cot 4p clia bom va tén that trong dudng 6ng ddy. Biét do cao giita hai bé
chia H; = 68 m; duong kinh 6ng hit va day bang nhau.
Bdp s6- H =80 m; 2h,,= 10495 m

Bai tap 10-2:

Xdc dinh chiéu cao hit cho phép ctia bom ly tam, c6 luu luong Q = 60 m’/h (khong
tinh nang lugng du trit xam thuc), & nhiét do nude 30°C va 80°C. Ap suat khi quyén bing
760 mm cot thuy ngan. Puong kinh 6ng hiit ds = 100 mm, téng hé so can trong 6ng hit
Zl=84.

Ddp s6:h, =7,74m; h,=334m

Cadu héi on tap chuong X

1. Cong dung va phan loai mdy thuy khi.
2. Cic thong s6 co ban cia mdy thuy khi.
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Chuong XI
BOM LY TAM

11.1. KHAI NIEM CHUNG

Bom ly tam thudc loai bom cénh dan dugc stt dung rong rai do c6 nhitng vu diém
sau :

- Cau tao don gian va chéc chan, thdo lap tién loi, trong lugng kich thudc khong 16n
khi c6 nang suét 16n, dién tich dat may khong 16n va nén may don gian.

- Noi truc tiép véi dong co dién hoac tude bin hoi thich ting véi kich thude cua tat ca
tram bom va nang cao hiéu suét cta lién hgp bom.

- Khoi dong bom nhanh va diéu chinh don gian trong khoang luu lugng 16n.

- Truyén nuéc déu va lién tuc. C6 thé bom duoc nhiéu loai chat 16ng khac nhau, hén
hop chét 16ng va chat ran.

- Gia thanh tuong d6i ré, stt dung don gian, tién loi.

Xét so do két ciu cua mot bom ly tam don gian (Hinh 11-1).

Hinh 11-1. Nguyén ly cau tao bom Ly tam

B0 phan co ban va quan trong nhét 1a banh cong tac 1 dat trén truc 2.
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Banh cong tic gom c6 nhitng ban 14 un cong dat trong buéng xoin cd dinh. O ddu
bo phan dén huéng vao 3 ¢6 6ng hiit 5 ¢6 1ip van mot chiéu 7 va ludi chin réc 8. O bo phan
dén huéng ra ctia budng xoan 4 c6 6ng day 6.

Trudc khi khoi dong bom, phai dé ddy chat 1ong vao bom (méi bom) khi bom lam
viéc banh cong tdc quay, cac phan tur chat 16ng & trong ranh cta banh cong tic dudi anh
hudng cta luc ly tam bi dén tir trong ra ngodi, chuyén dong theo méng dan va di vao 6ng
ddy véi dp sudt cao hon. Pong thoi 16i vdo clia banh cong téc tao nén mot ving c6 chan
khong va dudi tac dung cuia dp suat trong bé chia 16n hon dp suét & 16i vao ctia bom, chét
16ng & bé hit lién tuc bi ddy vao bom theo ong hit. Qud trinh hit va ddy ctia bom 1a qué
trinh lién tuc, tao nén dong chay lién tuc qua bom.

Dé tién cho viéc thiét k€, ché tao va sir dung, bom dugc phan loai nhu sau:

Phdan loai theo cot dp cua bom:

- Bom cOt ap thap : H < 20m cot nuée
- Bom cot dp trung binh : H = (20+60)m cot nude
- Bom cot dp cao : H >60m cot nuée.

Phdn loai theo s6 lugng banh cong tdc ldp néi tiép trong bom:

- Bom mot cdp (mdt banh cong tac): cot 4p cua bom han ché ( < /0m cot nudc) bai

s@ vong quay va stc bén vat liéu céanh dan.

- Bom nhiéu cép: gébm 2 hay nhiéu banh cong tdc mac néi ti€p nham nang cao cot

ap cua bom.

Phdan loai theo cdch dan chdt ldng vao bdanh cong tdc:

- Bom mot miéng hiit - bom c6é banh cong tac hit chat 1ong tir 1 phia (con goi la

bom Congxon). Cach hiit nay luu luong han ché, phat sinh luc doc truc.

- Bom hai miéng hiit - Bom c6 banh cong tac hut chat 1ong tir hai phia, cach hit nay

luu luong bom tiang gap doi, khong gay luc huéng truc, bom lam viéc 6n dinh, bé

vitng hon.

Ngodai ra con phdn loai theo su bo tri cia truc bom: bom truc ngang, bom truc
diung. Theo diéu kién chdy cia chdt long vao bom: loai c6 co célu dan huéng va khong c6 co
clu dan huéng...

11.2. LY THUYET CO BAN VE BOM LY TAM
11.2.1. Phuong trinh co ban cta bom ly tam

Dé thiét 1ap duoc phuong trinh co ban ctia bom, ta gia thiét khi bom lam viéc khong
c6 ton that thuy luc va banh cong tac ¢ vo s6 ban 14. Diéu do cho phép ta xem dong chay
trong banh cong tic gébm nhitng dong nguyén t6 va toc do cua nhitng chat diém trén bé mat
dong nguyén t6 duge xac dinh nhu nhau.

Ung dung phuong trinh mo men dong luong (da dé cap dén & Chuong IV) Déi vé6i
bom ta c6 biéu thiic moé men quay ctia truc (Hinh 11-2):
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Hinh 11-2

M= pQic,l,-c,l) = pO{(C,R,cosa,- C, R, cosey)
Cong sudt trén truc cia banh cong tic: N = M @; @- van toc goc.
Cong suét thuy luc: N,= yQH, ; H, - Cot ap ly thuyét.
Vi bd qua t6n that thuy luc: N = N, , nghiala pgQ,H,= M@

_C,R,cosa,—CR,cosa, o
8

Suy ra: H

T

Vi: aR, = u, ; @R, =u, -vantoc theo chiéu quay
pcosa, =C,,; Cycosa, = C,, - Thanh phan van tdc tuyét doi chi€u theo phuong u, nén:
_ u, Gy —u,Cy,

8

H, (11-1)

D6 1a phuong trinh co ban ctia bom ly tam hay con goi 1a phuong trinh Ole cua
bom.

- -
Trong cdc bom ly tam hiéndai C, Lu, — @,=90° — C,, =0 (d€ cotdp cha

bom ¢6 1oi nhat) nén ta ¢6 :
_ Gy,

8

H, (11-2)

Xét phuong trinh (11-2) ta thay cot ap cua bom cang 16n khi t6c do quay vanh ngoai
ctia banh cong tac cang 16n va hinh chi€u cta toc do tuyét doi trén phuong téc do quay
cang 16n (&, nho, £, 16n).

Cot ap thuc t€ ctia bom ly tam nhd hon cot ap 1y thuyét do 2 nguyén nhan:

Do t6n that thuy luc trong bom; Do c¢6 s6 ban 14 nhat dinh nén khong phai tat ca cdc
chat diém ctia chat 1ong déu chuyén dong bang nhau.

Truong Pai hoc Nong nghiép Ha Noi — Gido trinh Ky thudt Thuy khi ..................oovvvvviiiiiiiiiiinaanns 210



N6 lam giam tdc do tuyét doi hay hinh chiéu ctia toc do tuyét doi trén phuong téc
do quay.

Vay phuong trinh dé tinh cot 4p thuc t€ ciia bom c6 dang.

H — KT]I u2C2u

Trong d6: H - Cot ap toan phan ciia bom

7, - Hiéu suét thuy luc cia bom, phu thudc vao cdu tao bom, chit lugng ché€ tao
cac chi ti€t bom va kich thuGc bom.

K - Hé s6 ¢6 tinh dén s6 ban 14 nhét dinh.

11.2.2. Anh huéng cta két cdu canh dan dén ¢t ap ciia bom ly tam

Két cau clia banh cong tic néi chung va canh dan ndi riéng ¢6 anh hudng quyét
dinh dén cot 4p cua bom ly tam. Hinh dang bd tri két ciu clia canh dan chu yé&u phu thudc
vao goc B, (gbc vao) va 3, (goc ra).

- Anh huong ciia B,

Go6c S, biéu thi phuong cla van toc tuong doi & 16i vao clia banh cong tac. Nhu ta
da biét, truong hop ¢6 1¢i nhat vé cot dp cua bom 1a ¢, = 90°, do d6 S, chi phu thudc vao u,
va C, (Hinh 11-2):

c
tgf3 =u—'

1

Theo (11-2) thi géc vao f, khong anh hudng truc ti€p dén cot ap ctia bom. Nhung
néu tri s6 géc B, khong thich hgp thi s& gay va dap dong chay véi canh dan & 16i vao banh
cong tac, anh hudng x4du dén hiéu suat, cot ap clia bom (thuong S, = 15 =30°).

- Anh huong ciia B

Go6c f3, biéu thi phuong clia van toc & 16i ra ctia banh cong tac (Hinh 11-2). Ly
thuyét va thuc nghiém ching to géc £, ¢6 anh hudng truc ti€p dén phuong va tri s6 cic
thanh phan van t6c¢ ctia dong chay trong mang dan, do d6 c6 anh hudng quyét dinh dén cot

ap toan phan H, va céac cot p thanh phan H,, H, ciia bom.
Tuy theo tri s6 cua £, banh cong tac cé ba cach bd tri canh dan sau day :
B, < 90° - Canh dan cong vé phia sau (Hinh 11-3a)
B, =90° - Canh dan hudng kinh & 16i ra (Hinh 11-3b)
B, > 90° - Canh dan cong vé phia trugc (Hinh 11-3c¢)
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Hinh 11-3. anh huong 3, dén két cau ban 1a bom Ly tam

Tur (11-2) ta xéac dinh tri s6 cOt ap dong cua bom theo cong thic :

2 2
=S = (11-3)
2g

trong d6 : C, va C, - toc do tuyét doi clia chat 16ng vao va ra khoi banh cong tac.
Trong két ciu ciia bom, thuong thiét ké sao cho C, = C,, .

Phuong trinh (11-3) dugc viét lai nhu sau :

2 2 2
Hd — CZ _CZr — C2u

2g 2g

Ma cot ap toan phan ctia bom tir (11-2) c6 dang :
H, = Gy,
8
- Néu S, < 90° thi C,, < u, do d6 C,,> < u, C,,
2

N CZu < i MZCZM

2g 2 ¢
Nghiala H, < 1/2 H; (Cot ap dong hoc nhd hon mdt nira cot dp toan phan)
- Néu S, = 90° thi C,,= u, , do d6

C2u2 _ i u2C2u

2g 2 g

hay H,= 1/2 H, (Cot ap dong hoc bang cot ap tinh hoc)
- Néu B, > 90° thi C,, > u,do d6 C,> > C,u,

2
CZu >iC2uu2

2¢g 2 g

H,> 1/2 H, (coOt ap dong hoc 16n hon mdt nira cOt 4p toan phan)
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Nhiém vu clia bom 12 tao thanh cot ap tinh hoc dé truyén nuéc di xa hoic 1én cao.
Vi vay banh cong tdc clia bom ly tam c¢6 céanh dan cong vé phia sau (Néu f,< 90°) c6 1gi
hon vé€ cot 4p tinh hoc. Tuy nhién tri s6 £, xdc dinh trong mot gidi han nhat dinh (8, = 15+
307).

11.3. UNG DUNG LUAT TUONG TU TRONG BOM LY TAM
11.3.1. Dinh luat tuong tu
Hai mdy bom tuong tu phai thod man cdc tiéu chuén tuong tu sau day:

- Tuong tu hinh hoc 1a hai may bom phai déng dang, nghia la cdc géc bo tri canh
dan phai bang nhau va céc kich thudc tuong tng phéi ty 1¢ v6i nhau.

- Tuong tu dong hoc la cac tam giac van toc tuong ing cla chit 16ng chay trong 2
banh cong tac cua 2 mdy bom phai dong dang, nghia 1a ty 1é gifta cac van toc tuong tGng
phai bang nhau.

Ta thay rang nhiing banh cong tic tuong tu c¢6 dudng kinh D, va D, véi s6 vong
quay n, va n, taonén cot 4p H,va H, .

Ti phuong trinh co ban ctia bom ly tam (xac dinh cot 4p) va cong thiic xac dinh luu
lugng cua bom, ta xac dinh duogc cac quan hé tuwong tu ctia luu luong cat ap va cong suat khi
sO vong quay va duong kinh banh cong tac cia 2 bom khéac nhau :

3

&=ﬂ (11-4)
Q'Z I’l2D23
2
A, _| Dy (11-5)
H, n,D,
3 5

&: n & (11-6)
N, n, D,

Cac quan hé (11-4),(11-5),(11-6) thé hién noi dung cta dinh luat twong tu ctia bom
ly tam.

Dua vao dinh luat tuong tu ta ¢6 thé tinh toan véi do chinh xac cao nhiing thong s6
co ban cua bom thiét k€&, néu biét thong s6 clia bom tuong tu va nghién ctu bang thuc
nghiém loai bom mdi trén mo hinh nho lam giam nhe cong viéc va tang thém su hoan chinh
cau tao bom.

Tuy nhién dinh luét tuong tu chi Gng dung trong truong hgp kich thudc ctia bom
khong khac nhau qué 2 dén 3 1an va bom lam viéc véi cting mot loai chat 16ng.

11.3.2. S6 vong quay dac trung ng

S6 vong quay dac trung 1a s6 vong quay cua banh cong tic bom ly tam, c6 cac chi
ti€t mdy tuong tu hinh hoc vé6i banh cong tic clia bom nghién ciu, c6 luu luong Q = 751/s
va cot ap H = Im cot nudc, cong sudt N = 0,736 kW = [ ma luc.

Dung dinh luat tuong tu ta c6:
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2 2

1 _ng’Dy by 0075 _ ngDy

H n’D? 0 nD?

3

Dg va ng la dudong kinh banh cong tac va s6 vong quay bom c6 luu luong Q=751/s ,
cot H = Im cot nudc.

Tur hai biéu thifc trén ta tinh duoc

DSZ n’ DS3 n’
Dy~ _ D5 _
2 2 3 3
D ng H D 3.
ng H?
Vi - 0075 _ nsn3 _ n’
: Q nnS3H3/2 nSZHj’/Z
Rt ra ; ng = 365792 (11-7)

H3/4

Xét phuong trinh (11-7) ta thiy s6 vong quay dac trung khong phu thudc vao loai
chat long. Nhu vay ta c¢6 thé xac dinh dugc s6 vong quay dic trung cla bat ky loai bom
nao, néu biét dugc nang suit, cot 4p cua bom tng véi s6 vong quay 7.

Dung kh4i niém vé s6 vong quay dic trung, ta c6 thé :

- Thanh 1ap su phan loai thuy luc bom ;

- So sanh nhiing loai banh cong tac khac nhau ctia bom ly tam ;

- Nghién cttu nhitng bom 16n trén mo hinh nho ;

- Chon bom tién lgi nhat khi biét nang suit va cot ap.

11.3.3. Su lién hé giira luu luong, cot ap véi s6 vong quay cuaa bom ly tam

Ta da biét trong mot bom ly tam khi s6 vong quay lam viéc (n) ctia bom thay déi thi
cac thong s6 1am viéc khdc cia bom Q, H, N ciing thay d6i theo. Thuc nghiém ching to
rang khi mot bom ly tam 1am viéc véi s6 vong quay n thay déi it (duéi 50% so v6i n dinh
muc) thi hiéu suat cia bom 7 thay déi it c6 thé xem 77 = const. Mat khdc céc van t6c déu ty
1é vGi s6 vong quay nén cac tam gidc van toc s& dong dang véi nhau. Do d6 céac ché do lam
viéc khdc nhau cia mot bom khi s6 vong quay n thay ddi it, xem nhu céc trudng hop tuong
tu.

Ung dung cic cong thiic x4c dinh luu luong Q va cot 4p H clia bom ly tam :
Q=7DbC,ay
_ Ku,C, cosa,n,

8

GoiH,, Q,, N, lacot ap, luu lugng va cong suat tng véi sO vong quay 7,;

H

H,,Q,, N,lacotap, luu luong va cong sudt ing v4i s6 vong quay 7,;

Ta xéac dinh dugc cac quan hé ty 1¢ giita luu lugng, cot dp va cong suat véi s6 vong
quay ctia bom ly tam nhu sau :
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9 _m (11-8)

0, m

H 2

_zz(ﬂ] (11-9)
H, n,

N 3

—’=EEJ (11-10)
N, n,

11.3.4. X4c dinh diém lam viéc va duong dac tinh khi ché dé 1am viéc ciia bom
thay doi
a) Vé duong ddc tinh mdi ciia bom khi s6'vong quay lam viéc thay doi: Biét dudng
dac tinh 1am viéc H = AQ) v6i s6 vong quay n (Hinh 11-4) tng v6i diém lam viéc A,(H, ,
Q,), dung cong thiic (11-8)(11-9) c6 thé tinh dugc H’, , Q’, ting v6i diém lam viec A’ (H’, ,
Q’,) khi s6 vong quay cua bom n’# n.

Q)= QI[iJ
n

Ciing tuong tu nhu vay doi véi cdc diém khéc A, A, ,...,A, trén dudng dic tinh H =
A Q) ta c6 thé tim ra céc diém twong tng A’, ,A’; ,...,A’. Vi ta c6 thé v& dugc dudng dic
tinh méi cua bom H = /(Q) tng véi s6 vong quay lam viéc n” ctia bom.

A A
- H
H =fQ)
'4 - Ht
_=\f’(Q)jIéE /42 —~ \f'LQ)\ )
; ! - =f(Q) ,
H, { T 47 H' 7 / ﬂ,
H / /X H 4 \\/;,
1 1 7 A ! /
4 / %
/7 /
/7 /
/ / /
/7 d
s -7
/ e
o Q' Q, (3 0 Q,Q Q
Hinh 11-4. Hinh 11-5.

b) Vé duong biéu dién nhiing diém lam viéc tuong tw (dudng cing hiéu suat) tir cdc
quan hé tuong tu (11-8)(11-9) ta c6 thé viét:
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2
H H, H'
—'I = [Q—']j hoac —12 = —; =const
H;, \Q) 0 I

Nhu vay cdc diém lam viéc A, ,A’, ,... ting v6i cac captris6 H, , Q,; H’, , O’ ;...
biéu dién nhitng ché do 1am viéc twong tu. Cac diém lam viéc tuong tu biéu thi quan hé bac
2 gifta luu luong va cot dp - Quy luat Parabol: H = KQ® (K - hiang s6). Dudng cong nay 1a
dudng biéu dién cdc diém lam viéc ¢6 hiéu suat bang nhau goi 1a dudng cung hiéu suat.

¢) Xdc dinh s6' vong quay lam viéc ciia bom iing véi mot diém lam viéc cho trudc.

Chéang han can xdc dinh s6 vong quay n’ c¢6 dudng dac tinh 1am viéc di qua diém
A’ (H’,, Q’,) khong nam trén dudng dic tinh cho truéec H = Q) {ing v6i s6 vong quay n.

Muén vay, tru6c hét ta phai x4c dinh dudng cong cung hiéu suét - biéu dién cdc
diém lam viéc tuong tu véi diém A’ ,(H’, , Q).

’

Nhu vay c6 H’, = KQ’ hay k=t

)2
1

Khi biét K r6i, vé& duong H = KQ’ di qua diém cho truéc A’, cit H = £{Q) tai diém
A, (Hinh 11-5) d6 chinh Ia diém lam viéc tuong tu v6i diém A’,. Khi biét duoc diém A,(H, ,
Q,) tir quan hé tuong tu (11-8), hodc (11-9) ta c6 thé xdc dinh dugc s6 vong quay n’:

! HI
n':&n hoic n'=n_|—L
0 \ H,

*Chii y: bom ¢6 thé 1am viéc véi s6 vong quay giam, nhung ting s6 vong quay
trong truong hop can phai theo qui dinh ctia nha may ché tao.

11.4. PUONG PAC TINH CUA BOM LY TAM

Cic quan hé¢ H = £(Q); N =£(Q); n = f(Q) biéu thi du6i dang do thi goi 1a céc
duong dac tinh cta bom.

C6 2 phuong phédp xay dung cdc dudng dic tinh: bang 1y thuyét va thuc nghiém.

11.4.1. Duong dac tinh lam viéc (n = const)

a - Duong ddc tinh ly thuyét :

Tir phuong trinh co ban, ta c6 thé xay dung dudng dic tinh ly thuyét ctia bom.
_ 142Gy

8

Hy

Xét tam giac van toc (Hinh 11-4) tacé :
C,, = u,- C,, cotgfs,

Or

Mat khéc : Cyp=—"7——
7D,b, ¢,
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@, - He s6 tinh dén su gidi han mat cat di ra do ¢6 cac canh dan (¢, <1)
u22 u, cot g3,
?_ 7D,b, ¢,

H, = A - B cotg3,0;
trong d6 A, B 1a nhitng hang s6 duong.

Do dé : H, = r

Puong biéu dién phuong trinh nay goi 1a dudng dic tinh co ban 1y thuyét, d6 1a mot
duong thang khong qua goc toa do, hé s6 géc ctia né phu thude vao tri s6 géc S, (Hinh 11-
7)

Néu £, < 90° thi cotgfs, > 0, ta c6 dudng AD
Néu 3, = 90 thi cotgB, = 0, ta c6 dudng AC
Néu B, < 90° thi cotgf3, < 0, ta c6 duong AB

Nhu da phan tich & trén doi véi bom ly tam thi B, < 90°, do d6 duong dac tinh ly
thuyét ctia bom la duong nghich bién bac nhat AD.

Cian chd y dudng dac tinh ly thuyét AD biéu dién phuong trinh co ban (11-2) trong
d6 chua ké t6i anh hudng clia s6 cdnh din c6 han va céc loai ton that Khi ké t6i anh hudng
do s6 c4nh dan ¢6 han, dudng dic tinh trd thanh doan thang A’D”.

H’,=KH,
trong d6 K </ - hé s6 ké t6i anh hudng ctia s6 canh dan c6 han.

Khi ké t6i céc loai ton thét thuy Iuc ctia dong chay qua banh cong tdc céc loai ton
that nay déu ty 1é v6i binh phuong cua van toc, tic 1a véi binh phuong cta luu luong, thi
duong dac tinh 1a duong cong bac hai A’D ™.

HA

0°)
B

HT(B,=90")

Hinh 11- 6. Hinh 11-7.

Truong Pai hoc Nong nghiép Ha Noi — Gido trinh Ky thudt Thuy kRi ............cooeeeeiiiiiiiniianiiiiinnnn. 217



Khi ké dén cac loai tn thit co hoc va luu lugng thi dudng dic tinh A”’D " thdp hon
mot chit so v6i A’D . Puong A’’D "’’’ chinh la dudng dac tinh co ban tinh toan ctia bom ly
tam.

Cach xay dung dudng dac tinh bang tinh todn rit phic tap vi viéc danh gid chinh
xdc cdc loai tén that chia bom hién nay con gap nhiéu khé khan. Boi vay trong ky thuat
thuong xay dung cdc dudng dic tinh bang cdc so liéu do duge khi khao nghiém trén cac
mdy cu thé - duong dic tinh thuc nghiém.

b - Puong ddc tinh thuc nghiém.

Muén xay dung cac duong dac tinh thuc nghiém clia bom ly tam thi phai cho bom
lam viéc trong mot hé thong thi nghiém (Hinh 11-8).

Trinh tu khao nghiém nhu sau :

DPau tien md khod 2, cho bom lam viéc cho dén khi s6 vong quay cua truc bom dat
tGi tri s6 yéu cau, trong khi dé khoa 5 van dong (Q = 0). Tu céc tri s6 do duoc lic nay & ap
k& va chan khong ké ta xac dinh duoc cot ap H clia bom & ché€ do “khong tai”.

Sau d6 m& dan khoa 5 dé tang luu luong ctia bom (trong khi 1 =const). Ung véi méi
vi tri m& ctia khod 5 dng v6i méi tri s6 Iuu lugng Q, ta xédc dinh duge cdc tri s6 cot dp H,
cong sudt ctia dong co N, tuong ung.

Trinh tu thi nghiém ciing c6 thé tién hanh ngugc lai tir ch€ do 1am viéc c6 Q 16n
nhat, sau d6 giam dan (bang céch déng dan khod 5) cho dén ché do “khong tai” (Q = 0).

Tai méi diém lam viéc tng v6i Q, H nhat dinh ta x4c dinh dugc cong suat thuy Iuc
ctia bom (N,) twong tng. So sanh cong suat thuy luc véi cong sudt do dugce trén truc bom ta
xac dinh duoc hiéu sudt cia bom 77.

Nhu vay tir cdc s6 liéu thi nghiém, ta ¢6 thé xay dung duoc cdc dudng dic tinh thuc
nghiém cua bom H - Q, N - Q, - Q (Hinh 11-9).

Cic dudng dac tinh thuc nghiém néi chung khong trung v6i dudng dac tinh ly
thuyét doi v6i mot bom cu thé. Diéu do c6 thé ly giai la trong 1y thuyét tinh toan khong thé
ddnh gid hoan toan chinh xéc céc loai tén thit trong bom so vdi thuc té.

H,N47

Hinh 11-8. Hinh 11-9.
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Céc duong dac tinh thuc nghiém trén thuong duogc ghi trong céc tai liu ky thuat cua
bom. D6i v6i bom ly tam, thudng ¢6 thém dudng biéu dién quan hé do chan khong hit cho
phép v6i luu luong /H ./ = /(0).

11.4.2. Puong dac tinh téng hop (n = var)

Dé x4c dinh dugc nhanh chéng cic thong s6 Q, 77, N ctia bom thay ddi nhu thé nao
khi s6 vong quay 1am viéc ctia bom thay déi, ngudi ta xay dung dudng dic tinh tong hop
ctia bom (Hinh 11-10).

Puong dic tinh téng hgp clia bom chinh 1a dudng biéu dién quan hé Q - H véi cdc
s6 vong quay lam viéc clia bom khac nhau, trén d6 cdc diém lam viéc cling hiéu suit dugc
ndi v6i nhau thanh nhitng dudng cong, goi la dudng cung hiéu suat.

H (m)
o 50 7
’{5**(’\,0\0 S Q' ,
N W Tas2 | T RO Tse T 1040 € 5
(KW)[mF=— ~To s 40 Nl g A —-\
WA e
& >
I 5 30 [n,=880 2 A >
| [z N 1,=800 Q
1502 | NO T 720 <
o' . 20 [n= |
S W EBZAN e &
| TN 1/
[IIEAN, 10 gl
R0 T g0 //L .u/ 20 ) 0 L v
1 N= |
/ﬁ\k “(\4_’// )g 100 | |2C0 300 Q
TV P 77 +
EATNIN 8 L,
g r% i
5410 142 \// B 0 s
iy 60 X 5 704
= 23¢ T~ // E \\?\2 R TSR 0
SR aNS iy
OO0 e 40 XN
e e
oo =ET 20
0 10 20 Qs
L 1 1 1 1 1 1 1 1 1 1 1 ]
0 20 40 60 80 Q
m/h 0 100 200 300 Q(s)
Hinh 11- 10. Hinh 11-11

bé xay dung dudng dic tinh téng hop, can phai c¢6 cdc dudng dac tinh 1am viéc Gng
v6i nhiéu s6 vong quay khac nhau ctia bom. Trén hinh 11- 11 biéu thi cdc dudng dac tinh H
- Q, 17 - Q Gng vé6i nhiéu so vong quay.

Can ct vao dudng dic tinh téng hop ctia bom ly tam, ta c6 thé chon ché do 1am viéc
thich hop nhét trong khi diéu chinh bom, xdc dinh duogc kha nang lam viéc cua bom khi
chon mua bom.

11.5. PIEM LAM VIEC, PIEU CHINH BOM

11.5.1. Piém lam viéc
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Bom bao gid ciing 1am viéc trong mot hé théng dudng ong cu thé nao ddy. Do d6 ta
can phéi xdc dinh ché do lam viéc ctia bom. Theo (10 - 7) ¢6 thé xac dinh duogc cot 4p cua
bom lam viéc trong mot hé thong (D6 ciing chinh 1a cot 4p cua hé thong):

H=Z+2h,
trong do :

Z - Do cao hinh hoc clia bom; A, - Tén thit niang lugng trong 6ng hiit va ong diy cla
bom. Nhu da biét trong thuy luc 2’4, phu thudc vao dudng kinh, chiéu dai 6ng dan, luu
lugng truyén trong 6ng dan, vat liéu va trang thai ong dan.

2h,=AQ’
trong d6 : A - hé s6 tén that phu thudc vao cc yéu t6 da noi & trén.
Q - luu luong ctia bom.
Do d6 c6 thé viét :
H=7+AQ’ 11-11) H~Q

Pudng bi€u dién quan hé (11 - n%
11) goi la duong dac tinh 6ng dan
(duong dac tinh ludi) trong hé thong
bom véi diéu kién cho trudc. V& do thi
dudng dac tinh 6ng dan 1én cuing do thi £
dudng dac tinh lam viéc cua bom N, o
(Hinh 11-12). Giao diém ca 2 duong W
dac tinh (cta bom va cua hé thong s
dudng 6ng) chinh 1a diém 1am viéc cla Ho L7 \
bom ly tam (diém A trén hinh 11-12). A
Tai d6 bom 1am viéc 6n dinh vi cot 4p
“day”ctia bom bang cot dp “can” cla ‘ Q,
hé thong (xem thém [6], [7], [10]). [6) Q.

Hinh 11-12

biém A cho ta biét nhitng thong s6 biéu thi ché do 1am viéc ctia bom (luu luong Q,,
cot ap H, , cong sudt N, va hiéu suat 77, ciia bom).

11.5.2. Piéu chinh bom

Diéu chinh bom sang ché do lam viéc khac nghia la thay déi diém lam viéc cla
bom theo mot yéu cau nao d6. C6 nhiéu phuong phédp diéu chinh.

a - Piéu chinh bdng khod

Noi dung ctia phuong phap nay 1a tao nén su thay déi dudng dic tinh ludi bang cdch
diéu chinh khoa & 6ng ddy dé thay déi luu lugng Q clia hé thong (khong diéu chinh khod &
ong hut vi c6 thé gay nén hién tugng xam thuc trong bom).

Trén hinh 11-3: Khi m& kho4 hoan toan cé diém 1am viéc A (H,,Q,).
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Hinh 11-13. Hinh 11-14.

Khi déng b6t khod lai thi t6n that khoa sé& tang 1én (&, — &) luu lugng clia hé thong
giam di, nghia 1a dudng dic tinh ludi s& thay déi (d6c hon), trong khi d6 dudng dic tinh
bom van khong ddi va nhu vay diém lam viéc & ché do méi 1a diém B (H,,0,)

Phuong phdp diéu chinh nay don gian, thuan tién nhung khong kinh t€ vi gay thém tén that
6 khod (Xh, ) khi diéu chinh va chi diéu chinh dugc trong pham vi han ché.

b - Diéu chinh bdng sé vong quay truc bom

Noi dung phuong phdp nay la 1am thay déi ché do 1am viéc clia bom bang céch thay
déi dudng dac tinh ctia bom khi thay déi s6 vong quay ctia truc bom.

Trén hinh 11-14: Diém lam viéc A (H,,Q,) Gng véi s6 vong quay 7,.

Khi tang s6 vong quay dén n, > n, thi dudng dac tinh bom s& thay déi trong, trong
khi d6 dudng dic tinh Iu6i khong thay déi, diém lam viéc tir diém A chuyén dén diém B
(HpQp).

So véi phuong phép diéu chinh bang khod, phuong phdp nay kinh t€ hon (vi khong
mat t6n that ning lugng vo ich do khod) song phiic tap hon vi phai c6 thiét bi thay déi so
vong quay.

Ngoai ra néu dung lau dai véi nang suat nho hon ta ¢ thé diéu chinh dudng dic
tinh 1am viéc ctia bom béng céch ting dung dinh luat tuong tu dé got nho b6t banh cong tac.
Nhung phuong phdp nay it duoc st dung vi s& pha hoai banh cong tdc khong phuc hoi lai
duoc.

11.6. GHEP BOM LY TAM

Trong thuc t€ ¢ truong hgp phai ghép nhiéu bom lam viéc trong cing mot hé
thong, khi hé thong c6 yéu cau cot ap hoac luu luong 16n hon cot dp va luu lugng ctia mot
bom. C6 hai cach ghép sau day :

11.6.1. Ghép song song
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Hinh 11-15.

Dung trong truong hop hé thong ¢6 yéu cau luu luong 16n hon luu lugng clia mot
bom.

Trén hinh 11-15 biéu thi so d6 ghép song song 2 bom. Dé xac dinh diém lam viéc
chung cuia hé thong bom ta v& dudng dac tinh chung clia cdc bom ghép bang cach cong cac
luu lugng cia timg bom ghép vé6i cing mot cot ap. Giao diém clia dudng dac tinh chung véi
dac tinh lu6i 12 diém 1am viéc ctia cdc bom ghép trong hé thong.

R6 rang t6ng luu lugng ctia 2 bom 1am viéc song song s& 16n hon luu lugng mot
bom nhung nho hon luu lugng clia hai bom 1am viéc riéng ré vi ton thét trong ong dan tang,
lam tang cot dp toan phan cua bom.

Sau khi nghién cttu nguyén tac ghép bom song song ta thay:

- Su diéu chinh (thay d6i diém Iam viéc) chia hé théng bom ghép song song tuong
d6i phiic tap khi cdc bom ghép c6 dudng dac tinh khdc nhau nhiéu. Vi vay nguoi ta thudong
ghép cac bom c6 dudng dic tinh gan giong nhau hodc nhu nhau dé diéu chinh thuén 1gi.

- Céach ghép bom song song chi c6 hiéu qua 16n khi dudng dac tinh cua cac bom
ghép thodi (c6 do doc nho) va dudng dic tinh ludi khong doc 1am cach ghép nay tng dung
trong cdc hé théng bom cin c6 cot dp H thay déi it, khi luu luong Q thay déi nhiéu.

- S6 lugng bom ghép song song dé tang luu lugng trong hé thong c6 giGi han nhat
dinh, xac dinh bdi duong dac tinh chung cua cac bom ghép va dac tinh ludi.

11.6.2. Ghép noi tiép

Dung trong truong hgp hé thong cé yéu cau cot ap 16n hon cot dp cia mot bom .
Diéu kién dé cdc bom ghép néi tiép 1am viéc duoc binh thudng trong hé thong la cdc bom
ghép c6 cung mot luu luong .

0,=0,=..=0,
Cot 4p 1am viéc ctia hé thong c6 ghép néi ti€p bom khi Q = const bing téng cot ap
cic bom ghép: H =H,+H,+..+H,

Xét hai bom 1,2 ghép nai ti€p (Hinh 11-16) lam viéc trong mot hé thong.
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Puong dac tinh chung cua 2 bom

A
ghép (H, - Q) dugc xay dung bang cdch : b
cong cac cOt ap clia riéng timg bom ghép véi Ho= HotH A@
cing mot luu lugng. Giao diém cla dudng TR &
dac tinh chung véi dudong dac tinh luéi la
diém lam viéc cta cac bom ghép trong hé
thong (diém A - Hinh 11-16). Tir d6 ta x4c ’%ﬁo\
dinh dugc luu lugng Q va cot dp cua hai H:
bom ghép (H,+H,). Hi
Chiiy : . R
- Khi ghép noi ti€p nén chon bom va ==£° °le Q = @
hé thoéng ¢6 dudng dac tinh déc nhiéu méi
¢6 hi¢u qua cao. Hinh 11-16.

- Khi ghép ndi ti€p, bom thit 2 phai lam viéc véi ap suat cao hon bom 1, do d6 phai
chi y dén do bén cta bom va hé thong dudng ong.

11.7. MOT SO PIEM CHU Y TRONG KET CAU VA SUDUNG BOM LY TAM
11.7.1. Luc huéng truc trong bom ly tam

O nhitng bom hit mot phia, trong
thoi gian lam viéc banh cong tic chiu
tdc dung cua luc huéng truc vé phia
nguoc véi huéng chuyén dong clia chat
long di vao bom. Luc d6 sinh ra luc ma
sat phu lam tang thém t6n that nang
lugng, giam nang sudt va hiéu sudt ciua
bom.Quan sit so d6 banh cong tic
(Hinh 11-17), khi chat long di vao banh
cong tac c6 ap suat p, va khi di ra ap
sult tang 1én p, . Vi p, 16n hon p, nén
chat long di qua cic k& hd gitta banh
cong tic va than bom va cdc budng
trong 1 va 2 va c6 thé chay ngugc vé .
ong hdt 1am giam nang suat bom. Hinh 11-17

Luc huéng truc 12 do chénh dp luc tic dung lén
hai mat trong 1 va 2 tur hai phia, nghia la:
Py, = (R, - 2R) p, - (R, - 7R*) p, - (7R - 7R, p,
Sau khi bién déi ta c6:
P,=7®R’-R)(p:-p;)
Néu p, - p, = yH (cot ap cua bom) ta co:
P,=7 (R’ -R)) (11-12)
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Dé 1am can bang luc huéng truc, thudong dung céc bién phdp sau day :

- Voi bom ¢6 mot banh cong tdc: cho chat long di vao tir hai phia (bom c6 2 miéng
hiit) hodc trén dia sau banh cong tac c¢6 khoan nhiing 16, do d6 lam giam d¢ chénh dp suat
tac dung lén thanh ngoai cia banh cong tac.

- Vi bom ¢6 nhiéu bdanh céng tdc: c6 thé bo tri cdc banh cong tdc doi xing nguoc
nhau; hodc ding pittong can bang gin vao phan cudi roto cua bom ; hodac dung dia can
bang gin vao truc bom & cap cudi cling.

11.7.2. Mot sé diém chi y khi sir dung bom

- Chon bom ding theo yéu cau k¥ thuat, dua vao duong dac tinh clia hé thong va
duong dac tinh ctia bom, trong dé dac biét chd y duong dac tinh co ban (H - Q);

- C4c thiét bi va dong ho do ap suat, do chan khong, do dién nén c6 day du, phai cé
van mot chiéu & ong hit dé€ dé dang khi méi bom va khéi dong bom;

- Truéc khi khéi dong bom phai kiém tra tinh trang bom, ddu md boi tron, dong co,
cac moi ghép, hé thong dién ..., sau d6 d6 nuc dé moi bom dé cho nuée dién diy vao trong
ong hit va banh cong tdc clia bom, déng khod trén dudng 6ng day lai dé tranh qu4 tai dong
co khi khéi dong bom;

- Khi khéi dong bom, cho dong co quay 6n dinh réi méi tir tir mé khod & ong ddy
cho dén khi dat nang suét céan thiét;

- Trong khi bom 1am viéc cin theo ddi dong hé do, chi y nghe tiéng mdy dé phat
hién nhitng hién tugng bat thuong va c6 bién phap xt 1y kip thoi;

- Khi chuén bi tit mdy, lam thit tw dong tdc nguoc véi khi cho may chay: dong khod
trén ong ddy trudc, tat mdy sau.

- Khi bom 1am viéc chét 16ng khong 1én hodc 1én {t, can dimg mdy va ki€m tra lai:
+ C4c van hodc khod trén 6ng day;
+ 6ng hit khong kin hodc chua dudi hét khong khi ra khi moi bom;

+ Lu6i chén rdc bi 1ap kin hodc miéng ong hit khong & ding do sau can thiét cach
mit thoang bé hut;

+ Bédnh cong tic quay ngugc chiéu (khi ddu day ngugc pha trong dong co dién) hoac
s0 vong quay banh cong tic tang, giam qua dinh muc cho phép...
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11.8. VI DU - BAI TAP
Vidul1-1:

Bom ly tam hit nudc tir hai bé c¢6
miuc nudc chénh nhau mét d6 cao a = Im
lén bé trén cuing (c6 do cao b = 5m so véi
muc nudc sat bén dudi) véi luu lugng Q =
10 /s, theo cac nhanh duong ong [ = Sm;
d, =50mm; d, = 75mm.

Xéc dinh cot ap cua bom, biét hé s6
ma sit dudng 6ng A = 0,03; khong tinh t6n
that cuc bo.

Gidi:
Cotdpciabom H=a+b+ 2hy+2h,=b+2h,+ 2,
trong d6 Xh,, - tén thit trong dudng 6ng tir A dén B;
2h, - ton that trong nhénh e;
2h, - t6n thét trong nhanh f.
Tt hé phuong trinh (1) ta c6
a+2h,=2h

2 2
Zhﬁilv—e:il QezzKiQeZ
d, 2g d, 2gf;

2 2
Vo

d, 2g d, E
a+KQ’ =KQ0}
Taco: Q=0Q,+0Q,hay Q,=0 -0,
Thay Q, vao (2): a+KQ>=K/(Q-0)=KO0}
Ritra: a + K,0° + 2K,00,= 0

a
Qf :2"‘
2 20K,
2
1
K= Qe 003 5 6 ____397.10°
d, 2gf;f 005 298x°.005
Thay céc dai luong K, va Q vao (4) ta cé:
1
0, L R 30 =
2 10K, 2.10.107°.3,97.10

=5.10" +1,26.10° = 6,26.10° n’ls = 6,26 /s
Q. =0-0,=10-626.10°=3,741/s
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0,03 5s 10°107°16
0075 2.98x%.7.54*.107°
+397.10°626°10°=5+265+155=92m

H=b+Y hyp+) hy =5+

Vidu 11-2:

) M?t b0r~n l\y tﬁrpA c6 dudng \dac Hm 1 1%
tinh nhu hinh v€, lam viéc trong duong

ong c6 duong kinh d = 150 mm, dai [ 40
= 280 m, hé s6 can A = 0,03; ton that

cuc bo tuong duong véi tén that doc 30 H-Q yd
dudng c6 chiéu dai [, = 85 m. —

Xac dinh cong sudt trén truc
cua bom, néu do cao hinh hoc bom /4
=20 m. 10 |- 50 -9 —

*« Qe
Giai: 25 50 75 100 Q m3h

Chiéu dai tinh ton that cia dudng 6ng ké ca ton that cuc bo:
I'=1+1,=280 +85 = 365 m

Ton that nang luong clia dudng ong:
I'v’ 365

h,=24 =003

Y ——v? =377
d2g 0,15.2.9,81

Phuong trinh cua duong dac tinh 6ng dan:

QZ

H =h+h, =20+372=5=20+11900Q°
()

V& duong dac tinh 6ng dan theo phuong trinh trén 1én do6 thi.

Giao diém cta dudng dic tinh 6ng din va dudng dic tinh 1am viéc cta bom, ta x4c
dinh duoc ché d6 lam viéc ctia bom:

Q=75mlh; H=2516m va n=0,60
Cong sudt trén truc ciia bom:

_ J)OH  1000.9,81.75.25,16
1000m 1000.3600.0,6

=856 kW

Vidu 11-3:

Bom ly tam 1am viéc vé6i s6 vong quay n = 950 vg/ph bom nudc & nhiét do 10°C vao
bé c6 dp v6i luu luong Q = 60 m'/h, cot 4p clia bom H = 32 m, 4p sudt khi quyén p, =
742,0 mmHg.

Truong Pai hoc Nong nghiép Ha Noi — Gido trinh Ky thudt Thuy khi ..................oovvvvviiiiiiiiiiinaanns 226



Néu mudn tang nang suat cia bom bang cach tang s6 vong quay n, = 1450 v/ph thi
chiéu cao hit ciia bom phai giam di bao nhiéu?
Puong kinh 6ng hidt cia bom d, = 125 mm, hé s6 can ctua 6ng hit 2. = 22,3.
Gidi:
Luu lugng ctia bom tinh bang m3/s:
0 60

Q=——=—""—=00167m" /s
3600 3600
Van toc trong 6ng hut:
167.4
v:g=—0,0 67 5:],36m/s
o 3,14.0,125

Tén thét trong 6ng hut:

2 2
v 136
Shy=>¢-—=223"
v ;Zg 2.981

<7

=2,10m

Hé s6 xam thuc tinh theo cong thtc:
oo 0,001218n*"3 0*"3 _ 0,001218.950*°.00167%"°
H 32
Nang luong du trit dé tranh xam thuc:
0, =0,0234.32=0,75m

Chiéu cao hiit cho phép ctia bom tinh theo cong thic:

=0,0234

2
hslzu_v_I_zhw_o-Hz

14 2g
2
=10,1-0,12 - 2] 36 e 2,10-075=704m

Trong d6: & 10° C, tra bang 9-2: p,, = 0,12 m.
Cot ap va nang suat bom khi tang s6 vong quay n, = 1450 v/ph:

n, 1450 5
= 0,72 =00167—==00255m> /s
0; =0, 250

2 2
H,=H,™2 =32.]4502 =75m
n, 950

Van toc trong 6ng hut khi tang s6 vong quay:
_0, 002554

V, =—== > =208m/s
@  3,14.0125

Tén thit nang lugng trong 6ng hut:
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2
3. 208 7= 4,92m

Lh =265 =

Hé s6 xam thuc:

gl

4/3~2/3 4/3 2/3
O 001218140 %0255 = 00228

0 =0001218

Cot 4p du trit dé trdnh xam thuc:
oH =0,0238.75 =171 m
Chiéu cao hiit cho phép ctia bom khi 1am viéc & s6 vong quay n, = 1450 vg/ph:
2
Po—PH Vo
h,=—*—"—-—=-> h,—0H =
Y 2g 2

2
208 7 -4,92-171=3,13m

=10,1-0,12—-

Vay chiéu cao hit cin phai dam bao:

Ah =h,-h,=704-313=39m

Vidu 11-4:

Trong mot hé thong sudi néng géom lad3

c6 10 hoi, hé s6 can ¢, = 15 va 5 bo phan ﬁ H H F\

suGi néng, hé s6 can ¢, = /8 va bom ly tam,

¢6 duong dac tinh 1am viéc (hinh v€). Bom J Bo Shan eudi I
. - N N s o N . 0 phan sudi
nudc theo chu trinh (hinh v&), nhiét do nudc
t=60C.
Xéc dinh luu lugng qua nodi hoi va — | 2d> | —

cong sudt trén truc cia bom.

Chiéu dai va duong kinh cdc doan
bang [, = 45 m; d, = 75 mm; I, = 16 m; d, =
40 mm; I, = 20 m; d; = 50 mm. Hé s6 can l I
clia tat ca cac doan ong A = 0,03.

Khong tinh t6n thit cuc bo trén cac o
: ’ Noi hoi

doan ong. Bdm‘ i N /
N

Gidi:
Duong dac tinh ciia doan ong thit nhat duge xac dinh theo phuong trinh sau:

h,,, —( _+§Ij 0

Zga),
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2
:[0,03. i) +15] ]6'Q2 - =153000°
0075 )2.9.81.314°.0075

Puong dac tinh ctia doan 6ng thit hai:

th_[ +§2J 0’

2g. (02

2
(0 0315 42 ]8) 160 _ 5550000
0,04 2.9,81.3,147.0,04

Puong dac tinh cua doan 6ng thit ba:

2
h,;=| A2+
w3 ( §3J2g 0)3

2
= (o,os.ﬁ " 3.]8] 169" _s720000°
005 " )2.981.3142.005

Vé 3 duong dic tinh clia 3 doan Ong trén, 1én do thi dudng dic tinh ctia bom, bat
dau tir goc toa do, vi bom am viéc theo chu trinh kin va do cao hinh hoc ctia bom béang 0.

b

>

Vé dudng dac tinh chung ctia doan 6ng thit 2 va thit 3 bang cach cong cac hoanh do
(mac song song), ta ¢c6 dudng dac tinh chung (2+3).

Vé dudng dac tinh chung ctia duong (2 + 3) va dudng dic tinh 6ng 1, bang céch
cong cac tung do lai (méac noi tiép), ta dugc dudng dac tinh cua ca hé thong (1 + 2 + 3).

Giao diém clia dudng dic tinh téng hop (1 + 2 + 3) va dudng dic tinh 1am viéc ctia
bom cho ta ch€ d6 lam viéc cua bom:
0=421llsy, H=78m va n=20,65
Cong sudt trén truc ctia bom:
_ JOH  983.9,81.00042.7,8

= =0485 kW
1000n 1000.0,65

Bai tap 11-1:

Mot bom ly tam chuyén nu6c & nhiét do 20° C, tir mot bé thu nudc lén kénh tiéu
(hinh v&). Luu luong nuéc Q = 24 m'/h. Pudng dic tinh & s6 vong quay n, = 950 vg/ph,
cho & bang sau:

0 (Ils) 4,0 6,0 8,0 10,0
H (m) 9,10 8,15 6,75 5,00

Xdc dinh s6 vong quay 7, phai bing bao nhiéu néu muc nuéc trong bé thu trén truc
bom h; = 2,0 m; muc nude trong kénh tiéu 4, = 3,2 m (trén truc bom).
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X

Chiéu dai cta ong [ = 28 m; dudng kinh 6ng d = 75 mm; hé s6 can A = 0,03; téng
hé s6 can cuc by 3¢ = 159.
Bdp s6: n, = 773 vglph

Bai tap 11-2:

Bom ly tam c¢6 dudng dac tinh da cho vé6i n = 1450 vg/ph, bom nudc tlir bé A dén bé
B theo duong 6ng xi phong c6 do dai 3/ = 75 m, dudng kinh d = 50 mm. Do chénh mic
nudc trong hai bé H = 8 m, diém cao nhét clia 6ng xi phong nim cdch miic nuéc bé A 1a h
=5m.

Hg.m
n=1450vg/ph
1 ,A,\ 9/p
Ha—N\
2 n
8 %

n \
) ~\ 60
20

0 2 4 6 8 QB_VA

B

1. Xac dinh luu lugng cot dp va hiéu suét cia bom. Biét rang hé s6 ma sat dudng
ong A =0,025; khong tinh ton that cuc bo va cot 4p van toc.
2. Bom dat truéc hay sau xi phong, tai sao ?
3. Xdac dinh luu lugng trong ong xi phong né€u bom khong lam viéc.
4. Xac dinh 4p suat & diém cao nhdt ctia 6ng xi phong khi bom lam viéc va bom
khong lam viéc.
Ddp s6:1)Q =61s; H=10m; h = 60%
2) Ddt truoc; 3) Q =4 1/s;
4) Do chdn khong khi c6 bom: 1 m;
khi khong co bom: 7,67 m.
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Bai tap 11-3:

Puong dac tinh ctia bom ly tam khi n = 1450 vg/ph cho & hinh v&. Bom cép nudc tir
giéng lén mot bé chita ¢6 4p hd véi chiéu cao h = 12 m, theo dudng ong c6 dudng kinh d =
100 mm, chiéu dai [ = 100 m. Pudng 6ng c6 3 khuyu, 1 van mot chiéu ¢6 ludi chan rac va 1
khoa.

1. Xéc dinh luu lugng cta bom khi m& khod hoan toan (¢, = 0) va khi giam luu lugng
béng cach dong khoa (&, =30).

2. Xéc dinh phai thay déi s6 vong quay bao nhiéu dé ciing ¢6 luu lugng nhu déng khod
ma khong phai dong khoa.

3. Vé duong dac tinh cua bom & s6 vong quay méi.

4. Xaéc dinh cong sudt trén truc cia bom trong ca 3 trudong hop.

77% A
25 :
20 \
15

QL
1oL 70— N7
5 | 50. h
\
;‘|

4 6 8 10 12 14 Qls m:i

Ddp s6- Q,=121s; Q, =113 I/s;
n, = 1410 vg/ph;N, = 2,93 kW;
N, =293 kW; N, = 2,93 kW;

Bai tip 11-4:

Mot tram bom citu hoa gdm c¢6 hai bom giong nhau ¢6 dac tinh cho trong bang véi
n = 1600 vg/ph. Nudc dugc bom tir giéng sau ¢6 mic nude / /0 1én mot thap du phong co
muc nuGc /20 m theo mot duodng ong [ = 2 km, d = 130 mm. Trong truong hgp ciru hoa thi
dong khoa B m6 khoa A. Luu luong can thiét cho ctiu hoa Q = 7 =7,5 I/s va cot ap ciu hoa
H =40 m.
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1. Trong truong hgp bom nuéc du phong 1én thdp, hai bom lam viéc song song hay
noi ti€p s€ kinh t€ nhat? Biét hé s6 ma st duong 6ng A = 0,024; t6n thit cuc bo = 5% tén
that doc duong.

2. Mot bom vé6i n = 1600 vg/ph ¢6 thé bao dam dugc luu lugng, cot 4p trong trudng
hgp cttu hoa khong ?

3. Xdc dinh s6 vong quay n’ dé cho mot bom dam bao yéu cau cttu hoa.

O(l/s) 0 2 4 6 8 10
H(m) 37 39 36 29 20,5 10
(%) 0 50 64 66 65 50

Ddp so: 1. Kinh té nhdt la hai bom lam viéc song song
(n,=066%; n, =060%)

2. Can phdi néi tiép hai bom;

3.n" = 1870 vg/ph.

Bai tap 11-5:

Bom ly tam lam viéc véi s6 vong quay n = 1450 vg/ph bom nuéc tir bé A vao bé C
va D. Do chénh mic nu6c gitta cdc bé H, = 25 m; H, = 15 m. Hé thong dudng ong gom
doan AB c6 dudng kinh d, = 100 mm va khoda ¢, va hai doan nhanh BC va BD c6 dudng
kinh d, = 60 mm va c6 hai khod {, va g,

Trong bang cho duong dac tinh bom va dac tinh hé théng ludi d6i véi truong hop
=0val,={,=4.
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1. Xac dinh luu lugng vao bé C va D,
cong suat cta bom, cho trudong hop

=0val,=¢=4

2. Tinh hé s6 can {,’ (nhanh BD) dé cho
luu Iuong vao 2 bé chita bing nhau.

3. Xac dinh s6 vong quay sao cho luu

luong vao bé C bang khong.
DPuong dac tinh Bom
O(lls) 0 4 8 12 16 20 24 28 32
H(m) 52 54 55 54 52 49 44 38 30
(%) 0 30 50 63 71 75 75 70 58
Puong dic tinh dudong ong
olls) | 5 10 15 20 25
Hm) | 025 1 225 4 625

Hy(m) | 125 5 1125 | 20 | 31,25

Ddp s6-1) Q. =4,6 s, Qp=181s; N =135 kW.
2) & =27,6:0," =192 1s;
3)n’ = 1340 vg/ph

Cdu hoi on tap chuong XI

Uu nhugc diém — nguyén 1y 1am viéc — phan loai bom ly tam.

Phuong trinh co ban cia bom ly tam.

anh hudng ctia két cau canh dan dén cot 4p cua bom ly tam.

ung dung luat tuong tu trong bom ly tam.

Céch xay dung duong dac tinh cia bom ly tam.

Cich xac dinh diém lam viéc va cdc phuong phdp diéu chinh bom ly tam.

Cach ghép bom ly tam.

N kR DD =

Mot s6 diém chd  trong két cdu va stt dung bom ly tam.
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Chuong XII
BOM PITTONG

12.1. KHAI NIEM CHUNG

Nam 1640 - Nha vat ly hoc nguoi Dic Otto Henrich da ché tao thanh cong bom
pittong dau tién, né 1a mot dang dién hinh thudc loai bom thé tich 1am viéc theo nguyén tic
ép ddy chat l1ong trong buéng kin.

Uu diém clia bom pittong 12 ¢6 thé tao ra ap suat cha chat 16ng bom rat cao. Tri s6
cot 4p ctia bom khong phu thudc vao luu luong ma chi phu thudc vao cong suit dong co
truyén dong cho bom.

Nhuoc diém clia bom pittong 1a kich thudc 16n, gid thanh cao, trong luong 16n, dién
tich dat mdy 16n, co cdu cia bom phic tap dé hu hong va truyén chat 16ng khong déu.

So d6 céu tao ctia bom pittong tic dung don dugc chi ra trén hinh 12-1.

Néu bom pittong dugc kéo bdi mot dong co, thi chuyén dong quay cta truc dong co dugc
bién d6i thanh chuyén dong tinh tién cla pittong 1 trong xi lanh 2 nhd hé théng thanh
truyén tay quay v4i hanh trinh S = 2R (R - ban kinh tay quay)

9 10 1 2 3

[[ITIFTIT

Hinh 12-1. So d6 nguyén 1y ciu tao ctia bom pittong

Hai diém B,, B, cla pittong tuong tng vdi hai vi tri C,, C, cla tay quay. Khi trong
budng lam viéc 5 chia ddy chat 1ong, néu tay quay tur vi tri C, quay theo chiéu miii tén thi
pittong di chuyén tir B, vé phia trai. Thé tich budng 5 tang dan, 4p suét p trong d6 giam di
va nho hon 4p suat mat thoang bé hit p,(p < p,). Do d6 chat 1ong tir bé hiit qua van hit 6
vao budng lam viéc 5, trong khi d6 van ddy 4 déng. Khi pittong dich chuyén tir B, dén B,
bom thuc hién qué trinh hit. Sau d6, tay quay tiép tuc quay tir C,dén C, , pittong doi chiéu
chuyén dong tir B, dén B,. Thé tich budng lam viéc gidm dan, dp suat chat 16ng tang 1én,
van hit 6 bi déng , van diy 4 md, chét 1ong ddy vao 6ng ddy. Qud trinh pittong di chuyén
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tlr B, dén B, goi 1a qua trinh ddy. Nhu vay ci mot vong quay cla tay quay thi bom thuc hién
duoc hai qud trinh hit va ddy lién nhau. Néu tay quay ti€p tuc quay thi bom lai lap lai quéd
trinh hdt va ddy nhu cii. Mot qua trinh hidt va ddy k€ ti€p nhau goi 1a mot chu ky 1am viéc
ctia bom.

Do két ciu va nguyén ly lam viéc nhu trén nén so vGi bom ly tdm, bom pittong
khong can phai méi khi khdi dong va c6 thé tao nén dugc dp suat 16n (> 200 at), nhung
chuyén dong ctia chit 16ng qua bom khong déu, luu lugng ctia bom bi dao dong.

Bom pittong ¢6 nhiéu loai khac nhau, thudong phan loai theo cac cdch nhu sau:

a) Theo s6 lan tac dung trong mot chu ky lam viéc:

- Bom tdc dung don (Hinh 12-1) hay con goi 1a bom tac dung mot chiéu. Trong loai
bom nay chat 16ng 1am viéc & vé mot phia cua pittong. Mot chu ky lam viéc cta pittong chi
c6 mot qua trinh hit va mot qua trinh ddy noi tiép nhau.

- Bom tdc dung kép (Hinh 12-2) hay con goi 1a bom tiac dung hai chiéu. Trong loai
bom nay pittong lam viéc ca hai phia, do d6 c¢6 hai buéng lam viéc A, B hai van hdt 1,4 va
hai van ddy 2,3. Trong mot chu ky lam viéc ctia bom c¢6 hai qué trinh hdt va hai qud trinh
day.

Luu y: Bom sai dong 1a mot trudong hop riéng cta bom tac dung kép. Trong bom sai
dong chi ¢6 mot van hit va mot van ddy, thé tich chat long 1am viéc ¢ budng A chi bang 1/2
6 buong B.

- Bom tdc dung nhiéu lan:

Hinh 12-2 Hinh 12-3

+ Bom tdc dung 3 lan chinh la do 3 bom tdc dung don ghép lai v6i nhau, cac tay
quay bd tri 1éch nhau trén truc khuyu mot géc 720° (Hinh 12-3). Trong mot chu ky lam viéc
ctia bom c6 3 qua trinh hiit va 3 qua trinh day.

+ Bom tac dung bon 1an ¢6 thé do 2 bom tac dung kép hoic 4 bom tdc dung don (c6
tay quay bo tri 1éch nhau mot géc 90°) ghép lai véi nhau.
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b) Theo dic diém két ciu cla pittong

- Bom pittong dia (Hinh 12-1), pittong c6 dang hinh dia, mat xung quanh cua
pittong ti€p xtc vdi xi lanh. Nhugc diém cta loai bom nay 1a pittong va xi lanh phai ché tao
v6i do chinh xdc cao (thudng 1am tiang do kin khit bang cdc vong gang lap trén pittong).

- Bom pitténg tru (Hinh 12-3), pittong c¢6 dang hinh tru, mat xung quanh cta pittong
khong tiép xuc véi xi lanh, nén khi lam viéc xi lanh khong bi mai mon. Bo phan 16t kin 1a
nhiing dém 16t khong gan lién vdi pittong, nén c¢6 kha nang ché tao chinh xéc, 16t kin dugc
tot hon. Loai bom nay thuong dugc dung véi ap suat 16n.

Ngoai ra nguoi ta con phan loai bom pittong theo ap suat, luu lugng, vi tri...

12.2. LUU LUGNG CUA BOM PITTONG

Luu luong 1y thuyét (hay 1y thuyét trung binh) clia bom pittong bang tong thé tich
lam viéc ctia bom trong mot don vi thoi gian. Con luu lugng tic thoi phu thudc vao van téc
chuyén dong ctia pittong, ma van toc ndy lai thay déi theo thoi gian £ .

12.2.1. Luu lugng trung binh
a) Luu lugng ly thuyét trung binh : Q== (12-1)

¢ -Thé tich 1am viéc trong mot chu ky
n -S6 vong quay cua bom
7D*

boi v6i bom tac dung don : q=FS =TS (12-2)

DGi v6i bom téc dung kép: ¢ = FS + (F-f)S = %(21)2 ) (12-3)

trong d6 : F, f - dién tich mat pittong, can pittong
D, d -duong kinh pittong, can pittong

b) Luu luong thuc té trung binh Q < Q, vi bo phan 16t kin ; van khong kin ; van huit
van ddy déng md cham ; khong khi lot vao bom...

0=1n,0, ; (17,<1)

12.2.2. Luu luong tirc thoi

Luu lugng clia bom pittong tic dung don tai mot thoi diém bat ky (tic thoi) dugc
xdc dinh :

0 =FV (12- 4)

V- Van tdc tic thoi cua dong chat 16ng trong bom cling chinh la van tdc tic thoi cua
pittong.

Vay su bién dai luu lugng ctia bom phu thudc vao su bién déi clia van toc pittong.
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<0,] thi:

2 9 . - R
Khao sét chuyén dong cua pittong (Hinh 12-1), néu n

x=C,T =R - Rcos@ = R(1-cosp)
trong do Q= wt (w- van toc goc , t - thoi gian)

Van toc tic thoi cua pittong :

vzﬁzRa)sin¢

dt
Luu lugng tic thoi cua bom tac dung don la :
QO=FRwsing (12-5)
Ta thay Q dao dong theo hinh sin: Q,, khi ¢=7/2;Q,,, = 0 khi ¢ = 0 (Hinh12-4).
QAL

|

|

| Q

¢ | Q max
: 0 4
I »
FoR | 0 /2 z

Hinh 12-4. Biéu d6 luu luong tic thoi ctia bom pittong tac dung don

Tuong tu nhu trén ta c6 thé vé dugc biéu d6 Iuu luong tic thoi ciia bom pittong tdc
dung kép (Hinh 12-5), bom tac dung 4 lan (Hinh 12-6) va bom tac dung 3 1an (Hinh 12-7).

Dé danh gid miic do khong déu cta luu lugng, ngudi ta dung hé s6 khong déu vé

luu lugng: V= Qoo (12-6)
Q

Ta tinh dugc hé s6 khong déu cua:

- Bom tic dung don : W=7

- Bom téc dung kép va bom tac dung 4 lan: = /2
- Bom tdc dung 3 lan: = 7/3.
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Hanh trinh tién
phia khéng c6 can

phia c6 can
Hinh 12-5. Biéu d6 luu luong tic thoi ctia bom pittong tac dung kép
Vay ta thady bom pittong tdc dung ba 1an c¢6 W nho nhat trong cac bom pittong da
néu trén, diéu nay ciing phu hop v6i nhan xét qua cac biéu d6 luu lugng vé & trén.

Qi

o T 27 0o

Hinh 12-6. Biéu d6 luu lugng tic thoi ciia bom pittong tac dung bon lan

Ql

Qmax

h

o) p s 27 [

Qmin
=N

Hinh 12-7. Biéu d6 luu luong tic thoi ctia bom pittong tac dung ba 1an

12.2.3. Diéu chinh luu lugng
Luu lugng cua bom pittong duge diéu chinh bang céc bién phap sau:

- Thay déi s6 vong quay truc dong co nghia 1a thay déi s6 chu ky 1am viéc ctia bom
trong mdt don vi thoi gian;

- Diéu chinh kho4 dé thao chat 16ng tir buéng ddy vé budng hut;

- Thay déi dién tich mat lam viéc clia pittong bang cac co cau dic biét;
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- Thay déi chiéu dai hanh trinh pittong S bang cdc thay déi chiéu dai lam viéc cua
tay quay hodc thanh truyén.

12.3. PHUONG TRINH CHUYEN PONG CUA CHAT LONG TRONG BOM
PITTONG, AP SUAT CUA BOM PITTONG TRONG QUA TRINH HUT VA
PAY
12.3.1. Phuong trinh Becnuli ctia dong khong 6n dinh trong bom pittong ; cot ap
quan tinh
Nhu da phan tich & trén van téc chuyén dong cua chét 16ng trong bom phu thuoc
vao van toc chuyén dong cla pittong v= f{t) , c6 gia toc ? #0, do d6 phat sinh ra luc
t
quén tinh 1am anh hudng dén qua trinh chuyén dong cuia chat 16ng trong bom pittong.

Ung dung phuong trinh Benuli viét cho dong chay khong én dinh trong bom pittong
nhu sau:

2 2
AR IR IRy B T Y (12-7)
y 28 /4

h,, - Cot ép quén tinh
hy = 1 [ »
g’ ok

- ! . C s b dy
vi van toc v chi phu thudc vao thoi gian: Y = 7 = Rw’ cos Q
t

L
do d6 hy = " R’ cos @ (12-8)

Cot 4p quan tinh c6 thé gay ra hién tugng xam thuc va 1am hu hong céc thiét bi ctia
bom. Vi vay ta can phai nghién ctu qui luat bién thién dp suét cia bom trong qua trinh hat
va day.

12.3.2. Ap suat ciia bom pittong trong qua trinh hat

Xét bom pittong tic dung don lam viéc trong hé thong (Hinh 12-8)

Viét phuong trinh Benuli cho mat cit a-a va b-b, mat chuén a-a:
2
o =Z, +p—;+VZX—;+Zhwh +hyy,

trong do :

p.- Ap sudt budng 1am viéc trong qud trinh hiit;

v~ Van toc chat 16ng trong budng lam viéc, ciing chinh la van toc cua pittong;

2h,,- Téng t6n that trén toan bo chiéu dai ong huit.
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h,- Cot dp qudn tinh trén ong huit.

L, +x\dV,
hqm:( h j 1

g dt
Pu _ P V'
x1 a x1
suyra: ——=—"—Z,+ +) h,,+h (12-9)
y v { 2g 2 “

Ap sudt & budng 1am viéc trong qua trinh hiit p_, (néu h,,>0) s& nho hon 4p suat trén
mit thodng clia bé hiitp,:  p,,<p,

Cot 4p qudn tinh 1a dai luong déi dau trong qua trinh hit va ddy ctia bom. Khi
pittong bat ddu qua trinh hiit chét long, v,, tang dén thi /,, déng vai tro can (h,,>0) lam anh
hudng xau dén khd nang hiit ctia bom. Khi v,, gidm (h,, <0) thi cot dp quén tinh dong vai
tro tich cuc, tang thém cot dp, cé anh hudng tot dé€n kha nang hiit cia bom.

Diéu kién chong xam thuc (&] > P, 4 (12-10)
V )eeo 7V
n
i C
] —4— -
it e
| ==

Hinh 12-8. Hinh 12-9.

12.3.3. Ap suat ctia bom trong qua trinh ddy

Dé nghién cttu su bién thién 4p suét tai buéng lam viéc ciia bom trong qda trinh
ddy, ta viét phuong trinh Benuli cho mit cét b-b va c-c¢, mat chuén b-b (Hinh 12-9):

2 2
P2 V2 Pe Ve
L X = Z D hyy
y 2 y 28 ”
» » )2 b2
x2 c c x2
suy ra : L =T Zy A Y Mg Ry |- (12-11)
y v 2¢ 2
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L,+S-x\d
trong do : By =[ d x} P22
g dt

Ap sudt trong buéng lam viéc p,, cuc dai khi pittong bit ddu ddy (x = 5) va 6 tri s6
nho nhat ¢ cudi qué trinh ddy (x = 0): /1y = (Pyya) s ©

[p_;zJ :p—}:+[Zd +Zhwd _hl]l‘dmax] (12_12)

Trong liic d6 buéng 1am viéc c6 thé xuat hién chan khong (& < 10,3 mH,0) va

xay ra hién tugng xam thuc. Diéu kién khong xay ra xam thuc:

[&j SPu 4 (12-13)
Y ) 7

12.3.4. S6 vong quay gidi han (n

max)

Ta can phai han ché& dp suit nho nhat & budng lam viéc ctia bom trong qua trinh hat
va ddy dé dam bao khong xdy ra hién tuong xam thuc theo cac diéu kién (12-10)(12-12). S6
vong quay ctia bom anh hudng quan trong dén céc diéu kién d6. Do d6 can phai xac dinh s6
vong quay gidi han cia bom n,,,.

Thay w:% vao (12-10)(12-12) ta duoc :

nmax,h = \/&KM_Ah_Zh _hwh}

LR\ ¥
Nyped = 895 M—Ah+zd+hwd
’ L,R 4

S6 vong quay cho phép /n/clia bom phai :
[n] < nmw{h,d

V6i bom nuéce, thuong /n/= 100 =200 v/ph

12- 4. KHAC PHUC HIEN TUQONG KHONG ON PINH CUA CHUYEN PONG
CHAT LONG TRONG BOM PITTONG

Su chuyén dong khong 6n dinh cla chat 16ng trong qud trinh 1am viéc clia bom do
luu luong va dp suét thay déi gay ra di lam tang ton that thuy luc, gay chidn dong va néu
bom lam viéc trong thoi gian dai, c6 thé xuat hién va dap thuy luc 1am hong cdc bo phan
lam viéc va cua hé thong. Trong trudng hop nhiéu bom ciing 1am viéc trong mot hé thong,
bién do dao dong cuia 4p suat trong hé thong c6 thé tiang lén rit 16n vi cong hudng. Ngoai
ra, dao dong cuia ap suét va luu lugng cia bom con anh hudng xau dén chat lugng lam viéc
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clia hé thong thuy luc. Do d6 can phai c6 bién phéap dé han ché tinh chit khong 6n dinh ciia
dong chay trong bom pittong. N6i chung c6 3 bién phap sau day:
- Dung bom tdc dung hai chiéu (bom tac dung kép)
- Dung bom ghép vi hé s6 khong déu vé luc luong cta cac bom pittong ghép nho
hon bom tic dung don rét nhiéu.
- Dung binh khong khi dé diéu hoa luu Iuong va dp suat goi la binh diéu hoa. D6 1a
nhiing binh chia kin dit trén 6ng hit va ong day.

_>I

[T S— -

SEFl
==k — I

i 1

(R |

S NREA ~IC ]
N _:;1:_: ll

—1— ol MO~ ~

o P e '/,j
R E_Po - !wjb A
T D=

Hinh 12-10. Hinh 12-11.

Céch lam viéc ctia binh diéu hoa hit (Hinh 12-10) nhu sau: Trong qua trinh hdt cua
bom mot phan chét 16ng duge tich luy lai trong binh diéu hoa. Néu kich thude ctia binh du
16n thi dao dong muc chat long trong binh s€ nho. Mat khac do c6 su chénh léch dp suat
gifta mat thodng ctia chat 16ng trong binh va mit thodng bé hiit ma chat 16ng chay tir bé hiit
lén binh mot cdch lién tuc va c6 thé xem nhu dong chay 6n dinh. Chuyén dong khong 6n
dinh ctia dong chay chi xudt hién & doan tir binh diéu hoa dén mat pittong. Do d6 luc quén
tinh trong 6ng hut chi xuat hién trén doan ngin tir binh diéu hoa dén bom, giam dugc ton
that nang lugng trong ong huit.

C4ch l1am viéc cta binh diéu hoa ddy (Hinh 12-11) nhu sau: Trong qud trinh ddy
mot phan luu luong ctia bom (16n hon luu lwong trung binh) duoc tich luy lai trong binh,
muc chat 1ong s€ dang 1én nén khoi khong khi & phan trén cta binh, tao nén 4p suat 16n.
Khi van ddy déng, nhd c6 dp sudt 16n ctia khoi khong khi bi nén trong binh, nén chét 1ong
duoc tiép tuc ddy ra 6ng ddy, vi vay dao dong clia luu lugng va dp suét trén 6ng ddy dugc
giam di, dong chay diéu hoa hon.
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Ciing nhu binh diéu hoa hit, binh diéu hoa ddy c6 tdc dung lam gidm luc qudn tinh
trong ong ddy clia bom pittong. Luc quan tinh chi con xudt hién trén doan ngan tir bom dén
binh diéu ho, gidm dugc t6n that niang luogng trén 6ng ddy.

Dé binh diéu hoa ddy c6 tdc dung, ciAn phai ddm bdo thudng xuyén mot lugng
khong khi cn thiét nhit dinh & trong binh.

12-5. PUONG PAC TINH CUA BOM PITTONG

Bom pittong ciing ¢6 cdc dudng dic tinh thé hién dic diém va kha nang lam viéc
ctia bom.

Trén hinh 12-12 la duong dac tinh 1am viéc co ban ctia bom pittong H = f{Q) vé6i hai
sO vong quay n, va n, (n, >n;)

boi v6i bom pittong cot ap khong phu thudc vao luu luong, nén duong dac tinh 1y
thuyét cia bom dugc biéu dién bing cdc dudng thang song song vdi truc tung (OH) tng véi
céc luu luong khong déi (dudng AB,CD). Nhung dudng dic tinh thuc nghiém ctia bom thi
khong hoan toan nhu vay (duong AG,CR). Khi cot 4p clia bom tang 1én thi luu lugng co
gidm di vi ton that luu luong tang.

Su chénh léch gitta duong dac tinh cot dp ly thuyét va thuc nghiém cang nhiéu khi
s vong quay 1am viéc n cang 16n, vi khi d6 t6n that luu lugng tang khong phai chi do 10 ri
ma con do su déng md clia van ddy va hit khong kip thoi.

Ht n
iB 1D QA
L I N n = const
SR\ |
| |
| | n
n1 | r]2| ‘Q’
A C Q o) ;H
Hinh 12-12 Hinh 12-13

Trén hinh 12-13 biéu dién céc duong dac tinh lam viec Q = f(H); N = f(H )i =
f(H) ting vé6i s6 vong quay n = const. D6i v6i bom pittong c6 n = const, thudng biéu dién
céc thong s6 1am viéc theo H vi khi luu lugng Q khong déi thi viéc diéu chinh ché do 1am
viéc cuia cdc bom thudng dugc thuc hién bang cach thay déi ap sudt lam viéc.

Khi dp sudt lam viéc H cua bom khong doi, néu s6 vong quay n tang lén thi Q,N,7,
cling tang (Hinh 12-14).
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n, = const

}_,,,— Q, n, = const \0{1

v
~

n ck

Hinh 12-14 Hinh 12-15

Hinh 12-15 thé hién cdc dudng dac tinh xam thuc ctia bom theo hai s6 vong quay
khdc nhau n, va n, (n,>n,). Tit dudng dac tinh xam thuc c6 thé xdc dinh chiéu cao hit cho
phép cua bom pittong.

12 - 6. VIDU VA BAI TAP
Vidu 12-1:

Xéc dinh cic thong s6 lam viéc co ban cua bom pittong tic dung don cho biét:
Duong kinh pittong D = 145 mm, hanh trinh pittong S = 450 mm, cong sudt trén truc dong
co N, = 56,8 kW, s6 vong quay lam viéc ctia dong co n,. = 75 vg/ph. Hiéu suat cia bom 77,
=0,98; n, = 0,96.

Giai:

Céc thong s6 lam viéc co ban cua bom la luu lugng ciia bom Q,, dp sudt chat 1ong
lam viéc p, cong suat ciia bom N,. Theo diéu kién bai todn ta c6:

Luu luong riéng cua bom:
D’ G- 3,14.14,5°

4
Luu lugng cua bom:
0,=q,n.n,=7475098 =535 liph
Cong suit cia bom:
N, =N,n,n., =56,8.0,98.0,96 = 53,5 kW
ap sudt cta chat 16ng lam viéc:

e 612N, 612.535 B

0, 545

45=7400 cm’ /vg

q,=FS =

60 at
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Vidu 12-2:

Bom pittong tac dung kép c6 duong kinh xi lanh D = 200 mm, duong kinh can
pittong d = 40 mm, hanh trinh pittong S = 200 mm, s6 vong quay cua truc bom n = 70
vglph.

Bom nudc & nhiét do 50° C, 4p suét khi quyén p, = 707 mmHg. Ong hiit ctia bom c6
dudng kinh d, = 150 mm, chiéu dai 6ng hiit /, = 8 m, c6 3 khuyu (¢ = 0,5), 1 khod (¢, =1,0)
va van nhan (£ = 2,5), hé s6 can A = 0,03. Tén that & van hiit ctia bom hy, = 0,6 m cot
nudc.

Xdc dinh chiéu cao hiit cho phép clia bom va sé& thay déi thé nao néu dat hop khong
khi hdt, chia 6ng hidt thanh 2 phan [, =7 mval, = I m.

Giai:
Van téc goc cta truc bom:
I SN0 375 1/s
30 30

Chiéu cao hdt cho phép ctia bom, khi khong c¢6 hop khong khi dugc xdc dinh theo
cong thuc:
Pa — PH l s F wzr
hg, = - =y, =
Y &fs

8,0.0,20°

R

=961-126- 7,322.01-06=031 m

Khi ¢6 hop khong khi, tén thit nang lugng phai tinh ca t6n thét trong 6ng hut.

Tinh van toc trong 6ng hut:

0 _(2F—f)sn_(2D?—f?)sn _

fs fs-60 fs .60
Y Yr
_ (202 004 270 _ 0812 /s
0.152.60

Tén thit nang lugng trong 6ng hut:
[ c?
Pyys :( _S+ZJJ—:
dg 2g

2
= O,OSL +3.05+10+2)5 0.132
0,15 2981

’

=0215 mH,0

5

Chiéu cao hiit cho phép ctia bom khi c6 hop khong khi:

h _pa_pH_IZFa)Zr_h
§2 —
Y &

Ws_hV -
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1.0,20°

=961-126-0,215-0,6 - 5
9,81.0,15

7.32%.01=660 m

Bai tdp 12 -1:

Xéc dinh cdc kich thude co ban va cong suat cua bom pittong tac dung don cho biét:
Luu lugng clia bom Q, = 0,6 nr’/h; dp suat chat 1ong lam viéc p = 200 at; s6 vong quay 1am
viéc cua dong co n, = 195 vg/ph. Hiéu suat thiét k€& 1y, = 0,85, 1, = 0,95.

Pdp s6: Chon K, =4, khi dé: D = 25 mm;
d=20mm; S =123 mm; N = 3,27 kW;
N, = 4,04 kW.

Bai tdp 12 -2:
Xdc dinh Iuu luogng tic thoi thuc clia bom pittong tic dung kép tai cdc thoi diém
1 1 e . -
t, = 5§s vat, =t +§s . Biét duong kinh pittong D = 75 mm, dudng kinh can pittong d =

25 mm, ban kinh tay quay R = 75 mm. Bom lam viéc v6i s6 vong quay khong déi n = 60
vg/ph. Hiéu suat luu lugng ciia bom 77,, = 0,85.

—|
d
D
I

. , 1
Ddp so: Tai thoi diém t, =5§s ,0,=1361s;

, 1
Tai thoi diém t, =t, +5s, 0,=1531/s
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Bai tap 12 -3:

Xéc dinh s6 vong quay cho phép clia bom pittong tac dung don, c6 duong kinh
xylanh D = 200 mm, hanh trinh pittong S = 250 mm, Chiéu cao hit iy = 3,5 m, Nhiét do
nudc ¢ = 30° C, dp suét khi quyén p, = 760 mmHg.

S6 vong quay cho phép la bao nhiéu, néu dat hop khong khi chia ong hit, [, = 11 m
thanh 2 phan /, = 10 m va [, = 1 m. Dudng kinh 6ng hit d, = 150 mm. Hé s6 can clia ong
hit 3¢ = 12,0. Tén that nang luong cua van hit Ay, = 0,8 m.

Ddp s6: n =139 vg/ph

Cdu hoi on tip chuong XII

Uu, nhuge diém, nguyén ly 1am viéc va phan loai bom pittong.
Luu lugng cia bom piston.
Phuong trinh chuyén dong cta chét 10ng trong bom piston.

BN =

C4ch khac phuc hién tugng khong on dinh cta chuyén dong chét 16ng trong bom
piston.

5. Puong dac tinh clia bom piston, so sdnh c6 gi giong va khac so v6i bom ly tam.
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PHU LUC 1
Ton that cuc bo trong 6ng c6 ap

1) Tri s6 hé s6 tén that cuc bo trong trudng hop mé rong dot ngot (H. PL1-1)

2 2
h, = ﬁ;g:(&_J 1 2
—/{ —V
L2 AT
o 10| 9 | 8 716|543 ]2 1 wl_| 55
1 o |2
2
S |81 64|49 (3625|169 |4 |1 0 Hinh PL1-1
2) Thu hep dot ngot (H. PL1-2)
2
| %)
h,=(—=
=y 1
@ I 2
;2 0,00 | 0,10 | 0,20 | 0,40 | 0,60 | 0,80 | 1,00 — V4
1

Ak
¢ | 05 | 045|040 | 030|020 | 0,10 | 0,00 i
Hinh PL1-2
3) La chan trong 6ng (H. PL1-3)
2
2 2
|
hW:;—Z =1+ 0,707 (&_]j iy S SR o
g ]_ a) w 0)1 i(D (’02
w,
Hinh PL1-3
‘:’7 005101 | 02|03 |04]05]06|07]08]09]|10

¢ | 1070 | 245 | 51,1 | 18,4 | 82| 4,0 | 2,0 | 0,97 | 0,41 | 026 | -

4) Tri s6 C khi d, = d, phu thudc géc ngoat dot ngot ctia 6ng
co tiét dién tron (H. PL1-4).

Goengoatcua | 500 | 400 | 500 | 600 | 70° | 80° | 90°
ong: o

Hé s6 ton that £ | 0,20 | 0,30 | 0,40 | 0,55 | 0,70

0,90 | 1,10
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5) Tri s6 { phu thudc dudng kinh 6ng khi ngoat dot ngot
véi géc o = 90° (H. PL1-5)

Buongkinhong | 0 | 55 | 34 | 39 | 49

d, mm

0,83

Hésotonthat{ | 1,7 | 1,3 | 1,1 | 1,0

Hinh PL1-5

6) Tri s6 € khi 6ng ngoat dan véi géc a.

d 7 o o
{= 0,]3]+0,]63(—] ="
R 90° 90°

€’ 1a hé s6 stc can khi o = 90°.
Bang cho £’ khi géc ngoat 1a 90° véi céc ty s6 SR khac nhau.
06 | 0708109 ]| 10

d

— (01 1]02 03] 04|05
2R
¢ (013 0,14 | 0,16

0,98 | 1,41 | 1,98

0,21 { 0,29 | 0,44 | 0,66

d-h o, a,

7) Tri s6 hé so t6n that cuc bo  phu thuoc theo do mé khoa va —5
d d w
4

(H. PL1-6)
dh| o | L |2 |34 |26 |7
4 8 8 8 8 8 8

& 1,0 | 0,948 | 0,856 | 0,74 | 0,609 | 0,466 | 0,315 | 0,159

(4]

¢ (000|007 | 026 | 081|206 | 552 17,0 | 97.8

Hinh PL1-6

8) Tri so { cta van (H. PL1-7).

a)
)
_'L\éj\ <
—||‘\D‘|| N\
Hinh PL1-7

a- van nho, truc thang ding, { =3 + 5.,5.
b- van nho, ¢6 truc nghiéng, { = 1,4 + 1,85.
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9) Tri s6 hé so t6n that cuc bo { chia khoa hinh dia phu thuoc géc o (H. PL1-8).

a 5° 10° | 15° | 20° | 25° | 30° | 35°

¢ |024052(090 | 154|251 (391622 T m
o | 400 | 45° | 50° | 55° | 60° | 65° | 70° | 90° _1’ ﬂ/

¢ | 1,08 |18,7]32,6|588 | 118 | 256 | 751 | oo

Hinh PL1-8

10) Tri s6 hé so ton that cuc bo clia khod phu thuoc géc ngoiat o (H. PL1-9).

ol 5° 10° | 15° | 20° | 25° | 30° | 35° | 40° | 45° | 50° | 55° f @S /_E(x
—O

€ 1005]029|075|156]3,10 | 547|968 | 173 | 31,2 | 52,6 | 106 %

Hinh PL1-9
11) Tri s6 hé s6 t6n that cuc bo { ctia khod ban 1€ phu thudc géc
ngoat o. (H. PL1-10).

o | 70° | 65° | 60° | 55° | 50° | 45° | 40° | 35° | 30° | 25° | 20° | 15°

A
C|17|23[32[46[66 95| 14|20 | 30 | 42 | 62 | 92 *44% °

A 4

Hinh PL1-10
12) Tri s6 hé s6 £ doi v6i van 6ng c6 ludi (H. PL1-11).

I
d=40 70 100 | 150 | 200 | 300 l Lu6i
th
c=12 | 85| 7 | 6 | 52|37 —
5608 an8sse:l|<”
—>|[*2000 || Q000 _
13)C,havcba}/1(_)‘pnhanh‘(H. PL1-12): O = @, ’ = 22888 | 8882: ~
Hé s6 ton that {3 va {,_3 duoc tinh theo ton  thét T >
cOtdp f;  khi dong chét 1ong chdy tir mat |
ny-3 .

cét 2-2 dén mat cat 2-3 :

Hinh PL1-11

2g Q;
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& day, {3 duge cho sin trong bang PL1-1, phu thuoc cdc ty s6 —= va % (c4c ky hiéu co
w3 3

ghi trén hinh vé)

Bang PL1-1. Gi4 tri hé so t6n that {,_3 d6i v6i chac ba hgp nhanh

[}
@y 0;
s

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0

0,09 | -0,50 2,97 9,90 | 19,70 | 32,40 | 48,80 | 66,50 | 86,90 | 110,00 | 136,00
0,19 | -0,53 0,53 2,14 4,23 7,30 11,40 | 15,60 | 20,30 | 25,80 31,80
0,27 | -0,69 0,00 1,11 2,18 3,76 5,90 8,38 | 11,30 | 14,60 | 18,40
0,35 -0,65| -0,69 0,59 1,31 2,24 3,52 5,20 7,28 9,23 | 12,20
0,44 | -0,80| -0,27 0,26 0,84 1,59 2,66 4,00 5,73 7,40 9,12
0,55 -0,83| -0,48 0,00 0,53 1,15 1,89 2,92 4,00 5,36 6,60
1,00 -0,65| -0,40| -0,24 0,10 0,50 0,83 1,13 1,47 1,86 2,30

He s6 t6n that ;-3 va a -3 dugc tinh theo t6n that cot 4p 3, khi dong chat long chdy tir
-3
mat cit 1-1 dén mat cit 3-3 (H. PL1-12).

h, 1] 3l
; — 1-3 | i
1= vj ___|V11_“’11_Q1 A 1V 505 5Qq
2g | 90°
1) 3l
é" — h”/-3 — 52—3
-3 2 2
& (] — QZJ 2 A 2
28 0, -t
0 day, {;-3 dugc cho san trong bang PL1-2, V,; oy Q,
3
Béng PL1-2. Gi tri hé s6 ton that ;-3 doi v6i chac ba hop nhanh
o,
- 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
0;
Cis 0,7 0,64 0,60 0,65 0,75 0,85 0,92 0,96 0,99 1,00

14) Chac ba phan nhanh (H. PL1-13) ; ; = 0. Hé s6 ton that {;_, va {1, duoc tinh theo ton
that cot ap hnH khi dong chat 16ng chay tir mat cat 1-1 dén mat cat 2-2 :

Truong Pai hoc Nong nghiép Ha Noi — Gido trinh Ky thudt Thuy khi .........c..coooviiiiiiiiiiiiinnininnen.. 252




_ hnl—z . , _ h"/-z _ 5273
éllfz B v2 ’ 4/172 - v2 - 0, » 2 1! 3
Vi Vo |29 N - g - IV
2 2 [Q; wj B R
0 :
0 day, (-, dugc cho trong bang PL1-3, phu thuoc 1| = 3
ty s6 L] va 2] (ky hiéu trén hinh vé). |
Hé s6 ton that {;_3 va (-3 duoc tinh theo tén that 2 l~ 2.
cotdp J;  khi dong chat long chay tir mat cat 1-1
/ i3 Va0 Qg
dén mat cat 3-3 (H. PL1-13). Hinh PL1-13
Bang PL1-3. Gi4 tri hé so t6n thit {;_, d6i v6i chac ba phan nhdnh
0,
L] 0,
@,
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
0,09 280 450| 6,00 7,88| 9,40 11,10| 13,00 | 15,80 | 20,00 | 24,70
0,19 141 200| 250 320| 397| 495| 6,50 845| 10,80 | 13,30
0,27 1,37 | 1,81 230 2,83 340| 4,07| 480| 6,00 7,18| 890
0,35 1L,LI0| 1,54 190| 235 2,73| 322| 380| 432| 528| 6,53
044 | 122 145 1,67 1,89| 2,01 | 238| 258| 3,04| 384 | 45
0,55 1,09 | 1,20 140 1,59 1,65| 1,77 194| 220| 2,68| 3,30
L,oo| 09| 1,00 1,13| 1,20 1,40 1,50| 1,60 180| 2,06| 2,30
é‘ — h”/—3 é’ — hnl—} — §1_3
-3 2 7 -3 2 2
v Y3 [] — QZJ
2g 28 0,
0 day, {;-3 14y theo bang PL1-4 phu thudc ty s6 %
I
Bang PL1-4. Gi4 tri hé so t6n thit {;_3 d6i v6i chac ba phan nhdnh
0;
Q_ 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
1
Cis 0,7 0,64 | 0,60 | 057 | 055 | 0,51 | 0,49 | 0,55 | 0,62 | 0,70"

Chii y : Tri s6 {;-3 nay (khi Q,= Q) khong phut hop véi tri s6 ;3 trong bang PL1-2 vi thi

nghiém khong chinh xéc.

Truong Dai hoc Nong nghiép Ha Noi — Gido trinh Ky thudt Thuy khi




PHU LUC 2

Tri s6 C tinh theo cong thic cua N.N. Pavolopski

n
y=2,5Vn-0,13-075(n —0,10NR

1
C=—Rv

(dung cho hé mét)
n
0,011 0,013 0,017 0,020 0,025 0,030 0,035 0,040
R, (m)
0,01 50,0 38,0 24.0 19,0 12,0 8,0 6,0 5,0
0,02 54,4 42.4 26,8 21,2 14,14 10,6 7,78 3,36
0,03 57,1 45,0 30,0 23,1 16,16 12,12 9,24 6,93
0,04 59,5 47,0 32,0 25,0 17,5 13,0 10,0 8,0
0,05 61,3 48,7 33,2 26,1 18,6 13,9 10,9 8,7
0,06 62,8 50,1 344 27,2 19,5 14,7 11,5 9,3
0,07 64,1 51,3 35,5 28,2 20,4 15,5 12,2 9,9
0,08 65,2 52,4 36,4 29,0 21,1 16,1 12,8 10,3
0,10 67,2 54,3 38,1 30,6 22,4 17,3 13,8 11,2
0,12 68,8 55,8 39,5 32,6 23,5 18,3 14,7 12,1
0,14 70,3 57,2 40,7 33,0 24,5 19,1 15,4 12,3
0,16 71,5 58.4 41,8 34,0 25,4 19,9 16,1 13,4
0,18 72,6 59,5 42,7 34,8 26,2 20,6 16,8 14,0
0,20 73,7 60,4 43,6 35,7 26,9 21,3 17,4 14,5
0,22 74,6 61,3 44 4 36,4 27,6 21,9 17,9 15,0
0,24 75,5 62,1 45,2 37,1 28,3 22,5 18,5 15,5
0,26 76,3 62,9 45,9 37,8 28,8 23,0 18,9 16,0
0,28 77,0 63.6 46,5 38.4 29.4 23,5 19,4 16,4
0,30 77,7 64,8 47,2 39,0 29,9 24,0 19,9 16,8
0,35 79,3 65,8 48,6 40,3 31,1 25,1 20,9 17,8
0,40 80,7 67,1 49,8 41,5 32,2 26,0 21,8 18,6
0,45 82,0 68.4 50,9 42,5 33,1 26,9 22,6 19,4
0,50 83,1 69,5 51,9 43,4 34,0 27,8 23,4 20,1
0,55 84,1 70,4 52,8 44.4 34,8 28,5 24.0 20,7
0,60 85,3 71,4 53,7 45,2 35,5 29,2 24,7 21,3
0,70 86,8 73,0 55,2 46,6 36,9 30,4 25,8 22,4
0,80 88,3 74,5 56,5 47,9 38.0 31,5 26,8 234
0,90 89.4 75,5 57,5 48,8 38.9 42,3 27,6 24,1
1,00 90,9 76,9 58,8 50,0 40,0 33,3 28,6 25,0
1,50 95,7 81,5 62,9 53,9 43,6 36,7 31,7 28,0
2,00 99,3 84,8 65,9 56,6 46,0 38,9 33,8 30,0
3,00 104,4 89,4 69,8 60,3 49,3 41,9 36,1 32,5
4,00 108,1 92,6 72,5 62,5 51,2 43,6 38,1 33,9
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PHU LUC 3

Tri s6 C tinh theo cong thic cua Manning

C:iRI/(i
n

0,010 | 0,013 | 0,014 | 0,017 | 0,020 | 0,025 | 0,030 | 0,035 | 0,040
R, (m)

0,05 60,7 46,7 43,4 35,7 30,4 243 20,2 17,3 15,2
0,06 62,6 48,1 44,7 36,8 31,3 25,0 20,9 17,9 15,6
0,07 64,2 49,4 45,9 37,8 32,1 25,7 21,4 18,3 16,0
0,08 65,6 50,7 46,9 38,6 32,8 26,3 21,9 18,8 16,4
0,10 68,1 52,4 48,7 40,1 34,1 27,3 22,7 19,5 17,0
0,12 70,2 54,0 50,2 41,3 35,1 28,1 23,4 20,1 17,6
0,14 72,1 55,4 51,5 42,4 36,0 28,8 24,0 20,6 18,0
0,16 73,7 56,7 52,6 43,3 36,8 29,5 24,5 21,1 18,4
0,18 75,1 57,8 53,7 44,2 37,6 30,1 25,0 21,5 18,8
0,20 76,5 58,8 54,6 45,0 33,2 30,6 25,5 21,8 19,1
0,22 71,7 59,8 55,5 45,7 38,8 31,1 25,9 22,2 19,4
0,24 78,8 60,6 56,3 46,4 39,4 31,5 26,3 22,5 19,7
0,26 79,9 61,5 57,1 47,0 39,9 32,0 26,6 22,8 | 20,0
0,28 80,9 62,2 57,8 47,6 40,4 32,4 27,0 23,1 20,2
0,30 81,8 63,0 58,4 48,1 40,9 32,7 27,3 234 | 20,4
0,35 83,9 64,6 59,9 49,4 42,0 33,6 28,0 24,0 | 21,0
0,40 85,8 66,0 61,3 50,5 42,9 34,3 28,6 245 | 214
0,45 87,5 67,3 62,5 51,5 43,8 35,0 29,2 25,0 | 21,9
0,50 89,1 68.5 63,6 52,4 44,5 35,6 29,7 255 | 223
0,55 90,5 69,6 64,6 53,3 45,3 36,2 30,2 25,9 | 22,6
0,60 91,8 70,6 65,6 54,0 45,9 36,7 30,6 26,2 | 23,0
0,65 93,1 71,6 66,5 54,7 46,5 37,2 31,0 26,6 | 233
0,70 94,2 72,5 67,3 55,4 47,1 37,7 31,4 26,9 | 23,6
0,80 96,4 74,1 68,8 56,8 48,2 38,5 32,1 27,5 | 24,1
0,90 98,3 75,6 70,2 57,8 49,1 39,3 32,8 28,1 24,6
1,00 100,0 | 77,0 71,4 58,8 50,0 40,0 33,3 28,6 | 25,0
1,10 101,0 | 78,2 72,6 59,8 50,8 40,6 33,9 29,0 | 254
1,20 103,1 79,3 73,6 60,6 51,5 41,2 34,4 29,5 | 25,8
1,30 104,5 80,4 74,6 61,5 52,2 41,8 34,8 29,8 | 26,1
1,50 107,0 | 82,3 76,4 62,9 53,5 42,8 35,7 30,6 | 26,8
1,70 109,3 84,1 78,0 64,3 54,6 43,7 36,4 31,2 | 27,3
2,00 112,3 86,3 80,2 66,0 56,1 44,9 37,4 32,1 28,1
2,50 116,5 89,6 83,2 68.5 58,3 46,6 38,8 33,3 | 29,1
3,00 120,1 92,4 85,8 70,6 60,0 48,0 40,0 34,3 | 30,0
3,50 123,2 | 94,8 88,0 72,5 61,6 49,3 41,1 352 | 30,3
4,00 126,0 | 97,0 90,0 74,1 63,0 50,4 42,0 36,9 | 31,5
5,00 130,8 | 100,0 93,4 76,9 65,4 52,3 43,6 374 | 327
10,00 | 146,8 | 112,9 | 104,8 86,3 73,4 58,7 49,0 41,9
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Heé s6 A doi v6i ong tron phu thudc duong kinh d va hé s6 nham n

PHU LUC 4

khi C tinh theo cong thic cua Vién si N.N. Pavolopski

d(mm) Hé s6 nham n

0,011 0,012 0,013 0,014 0,015
200 0,021 0,026 0,033 0,039 0,050
300 0,019 0,024 0,029 0,035 0,044
400 0,017 0,022 0,026 0,033 0,039
500 0,016 0,020 0,025 0,030 0,036
600 0,016 0,019 0,024 0,028 0,034
700 0,015 0,019 0,023 0,027 0,032
800 0,015 0,018 0,022 0,026 0,031
900 0,014 0,017 0,021 0,025 0,029
1000 0,013 0,017 0,020 0,023 0,028
1200 0,013 0,016 0,019 0,022 0,026
1500 0,012 0,015 0,018 0,021 0,025
2000 0,011 0,014 0,016 0,019 0,022
2500 0,011 0,013 0,015 0,018 0,021
3000 0,010 0,012 0,014 0,017 0,020

PHU LUC 5

Tri s6 dac trung luu luong K = wC JR cla céc ong dan nudc cd tiét dién tron
khi tinh theo cong thitc day du ctia N.N. Pavolopski

1
C=—R> ;y=1f(n,R
R y =f(n, R)

(dung cho hé mét)

Puong kinh |  Dien tich Tri s6 dic trerAlg }u’u l}xcjng K /(m3/s) Vi céc tri s6
d(m) o(m?) ¢ s0 nham n khéc nhau
0,011 0,020 0,030 0,040
1,0 0,7854 29,806 14,707 8,934 6,185
1,5 1,7672 86,664 44,307 27,638 19,716
2,0 3,1416 184,573 96,618 61,747 44,644
2,5 4,9087 328,123 174,196 112,663 82,338
3,0 7,0690 535,310 288,900 188,636 140,020
3,5 9,6210 801,700 436,920 288,762 215,180
4,0 12,5660 1140,000 628,320 418,670 314,160
5,0 19,6350 2049,870 1142,710 707,210 582,860
6,0 28,2740 3311,980 1865,370 1270,160 969,020
7,0 38,4840 4961,790 2813,880 1926,710 1479,880
8,0 50,2660 7052,810 4025,730 2766,800 2133,780
9,0 63,6170 9609,390 5501,310 3795,180 2935,300
10,0 78,5400 12702,260 7302,860 5051,050 3918,910
12,0 113,0970 20427,940 11798,900 8198,570 6359,270
14,0 153,9380 30628,300 17703,390 12320,400 9585,740
16,0 201,0620 43469,170 25132,500 17532,430 13632,000
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PHU LUC 6

Bang tinh cac ong dan nudc. Tri s6 dac trung luu luong K = wC VR
ctia cdc ong dan nudc khi C tinh theo cong thitc cia Manning

C:iRI/é
n

(dung cho hé thong mét)

K, (/s)
Ongsach | ‘ofobunh thuomg | One bin
d, (mm) ®, (') c =L_g o c =L_7
n o n n
(n=0,01) (0~0,0125) (n=0,0143)
50 0,00196 9,624 8,460 7,403
75 0,00442 28,37 24,94 21,83
100 0,00785 61,11 53,72 47,01
125 0,01227 110,80 97,40 85,23
150 0,01767 180,20 158,40 138,60
175 0,02405 271,80 239,90 209,00
200 0,03142 388,00 341,10 298,50
225 0,03976 531,20 367,00 408,60
250 0,04909 703,50 418,50 541,20
300 0,07068 1,144.10° 1,006.10° 880,00
350 0,09621 1,726.10° 1,517.10° 1,327.10°
400 0,12566 2,464.10° 2,166.10° 1,895.10°
450 0,15904 3,373.10° 2,965.10° 2,504.10°
500 0,19635 4,467.10° 3,927.10° 3.436.10°
600 0,28274 7,264.10° 6,386.10° 5,587.10°
700 0,38435 10,96.10° 9,632.10° 8,428.10°
750 0.44179 13,17.10° 11,580.10° 10,13.10°
800 0,50266 15.64.10° 13,75.10° 12,03.10°
900 0,63617 21,42.10° 13,83.10° 16,47.10°
1000 0,78540 28,36.10° 24,93.10° 21,82.10°
1200 1,13090 46,12.10° 40,55.10° 35,48.10°
1400 1,5394 69,57.10° 61,16.10° 53,52.10°
1600 2,0106 99,33.10° 87,32.10° 76,41.10°
1800 2,5447 136,00.10° 119,50.10° 104,6.10°
2000 3,416 | 180,10.10°.10° | 158,30.10°.10° 138,5.10°
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) . PHULUC7
M6 men quan tinh J, (d0i véi truc nam ngang di qua trong tam C). Toa d6 trong tam z. va
dién tichd ® ctia nhitng hinh phang

Hinh va ky hiéu iR Ze ®
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PHU LUC 8
CAC HAM KHI PONG

T k-1 1 1
T T 1 f . q(ﬂ)(/i + /J q =cled)
k
£:z:[l_ﬂf)“ o€ o L
P, k+1 (2 “1) 0]
A
R
21kl a0
o, k+1 (4
k=14
A 1 T £ q y f r M
0,00 1,0000 1,0000 1,0000 | 0,0000 | 0,0000 1,0000 1,0000 | 0,0000
0,01 1,0000 | 0,9999 | 0,9999 | 0,0158 | 0,0158 1,0000 | 0,9999 | 0,0091
0,02 0,9999 | 0,9998 | 0,9998 | 0,0315 0,0315 1,0002 | 0,9996 | 0,0183
0,03 0,9999 | 0,9995 0,9997 | 0,0473 0,0473 1,0006 | 0,9989 | 0,0274
0,04 0,9997 | 0,9990 | 0,9993 0,0631 0,0631 1,0009 | 0,9981 0,0365
0,05 0,9996 | 0,9986 | 0,9990 | 0,0788 | 0,0788 1,0019 | 0,9971 0,0457
0,06 0,9994 | 0,9979 | 0,9985 0,0945 0,0945 1,0021 0,9958 0,0548
0,07 0,9992 | 0,9971 0,9979 | 0,1102 | 0,1102 1,0028 | 0,9943 0,0639
0,08 0,9989 | 0,9963 0,9974 | 0,1259 | 0,1259 1,0038 | 0,9925 0,0731
0,09 0,9987 | 0,9953 0,9967 | 0,1415 0,1415 1,0047 | 0,9906 | 0,0822
0,10 0,9983 0,9942 | 0,9959 | 0,1571 0,1571 1,0058 | 0,9868 0,0914
0,11 0,9980 | 0,9929 | 0,9949 | 0,1726 | 0,1726 1,0070 | 0,9860 | 0,1005
0,12 0,9976 | 0,9916 | 0,9940 | 0,1882 | 0,1882 1,0083 | 0,9834 | 0,1097
0,13 0,9972 | 0,9901 0,9929 | 0,2036 | 0,2036 1,0100 | 0,9806 | 0,1190
0,14 0,9967 | 0,9866 | 0,9918 | 0,2190 | 0,2190 1,0113 | 0,9776 | 0,1200
0,15 0,9963 0,9870 | 0,9907 | 0,2344 | 0,2344 1,0129 | 0,9744 | 0,1372
0,16 0,9957 | 0,9851 0,9893 0,2497 | 0,2497 1,0147 | 0,9709 | 0,1460
0,17 0,9952 | 0,9832 | 0,9880 | 0,2649 | 0,2649 1,0165 | 0,9673 0,1560
0,18 0,9946 | 0,9812 | 0,9866 | 0,2801 0,2801 1,0185 | 0,9634 | 0,1650
0,19 0,9940 | 0,9791 0,9850 | 0,2952 | 0,2952 1,0206 | 0,9594 | 0,1740
0,20 0,9933 0,9768 | 0,9834 | 0,3102 | 0,3102 1,0227 | 0,9551 0,1830
0,21 0,9927 | 0,9745 0,9815 0,3252 | 0,3252 1,0250 | 0,9507 | 0,1920
0,22 0,9919 | 0,9720 | 0,9799 | 0,3401 0,3401 1,0274 | 0,9461 0,2020
0,23 0,9912 | 0,9695 0,9781 0,3549 | 0,3549 1,0298 | 0,9414 | 0,2109
0,24 0,9904 | 0,9668 | 0,9762 | 0,3696 | 0,3696 1,0315 | 0,9373 0,2202
0,25 0,9896 | 0,9640 | 0,9742 | 0,3842 | 0,3842 1,0350 | 0,9314 | 0,2290
0,26 0,9887 | 0,9611 0,9721 0,3987 | 0,3987 1,0378 | 0,9261 0,2387
0,27 0,9879 | 0,9581 0,9699 | 0,4131 0,4131 1,0406 | 0,9207 | 0,2480
0,28 0,9869 | 0,9550 | 09677 | 0,4274 | 04274 1,0435 | 0,9152 | 0,2573
0,29 0,9860 | 0,9518 | 0,9653 0,4416 | 0,4416 1,0465 | 0,9095 0,2670
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A 1 T 3 q y f r M
0,30 0,9950 | 0,9485 0,9630 | 0,4557 0,4804 1,0496 | 0,9037 0,2760
0,31 0,9840 | 0,9451 0,9605 0,4691 0,4790 1,0528 0,8977 0,2850
0,32 0,9829 | 0,9415 0,9579 | 0,4835 0,5135 1,0559 | 0,8917 0,2947
0,33 0,9819 | 0,9379 | 09552 | 0,4972 | 0,5382 1,0593 0,8854 | 0,3040
0,34 0,9807 0,9342 | 0,9825 0,5109 | 0,5469 1,0626 | 0,8791 0,3134
0,35 0,9796 | 0,9303 0,9497 0,5243 0,5636 1,0661 0,8727 0,3228
0,36 0,9784 | 0,9265 0,9469 | 0,5377 0,5804 1,0696 | 0,8662 | 0,3322
0,37 0,9772 | 0,9224 | 0,9439 | 0,5509 | 0,5973 1,0732 | 0,8595 0,3417
0,38 0,9759 | 0,9183 0,9409 | 0,5640 | 0,6142 1,0768 0,8528 0,3511
0,39 0,9747 0,9141 0,9378 0,5769 | 0,6312 1,0805 0,8460 | 0,3606
0,40 0,9733 0,9097 0,9346 | 0,5897 0,6482 1,0842 | 0,8391 0,3701
0,41 0,9720 | 0,9053 0,9314 | 0,6024 | 0,6654 1,0880 | 0,8321 0,3796
0,42 0,9706 | 0,9008 0,9281 0,6149 | 0,6825 1,0918 0,8251 0,3892
0,43 0,9692 | 0,8962 | 0,9247 0,6272 | 0,6998 1,0957 | 0,8179 0,3987
0,44 0,9677 0,8915 0,9212 | 0,6394 | 0,7172 1,0996 | 0,8108 0,4083
0,45 0,9663 0,8868 0,9178 0,6515 0,7346 1,1036 | 0,8035 0,4179
0,46 0,9647 0,8819 | 09142 | 0,6633 0,7521 1,1076 | 0,7963 0,4275
0,47 0,9632 | 0,8770 | 0,9105 0,6750 | 0,7697 1,1116 | 0,7889 0,4372
0,48 0,9616 | 0,8719 | 0,9067 0,6865 0,7874 1,1156 | 0,7816 | 0,4468
0,49 0,9600 | 0,8668 0,9029 | 0,6979 | 0,8052 1,1197 | 0,7741 0,4565
0,50 0,9583 0,8616 | 0,8991 0,7091 0,8230 1,1239 | 0,7666 | 0,4663
0,51 0,9567 0,8563 0,8961 0,7201 0,8409 1,1279 | 0,7592 | 0,4760
0,52 0,9549 | 0,8509 | 0,8911 0,7309 | 0,8590 1,1320 | 0,7517 0,4858
0,53 0,9532 | 0,8455 0,8871 0,7416 | 0,8771 1,1362 | 0,7442 | 0,4956
0,54 0,9514 | 0,8400 | 0,8829 | 0,7620 | 0,8953 1,1403 0,7366 | 0,5054
0,55 0,9496 | 0,8344 | 0,8787 0,7623 0,9136 1,1445 0,7290 | 0,5152
0,56 0,9477 0,8287 0,8744 | 0,7724 | 0,9321 1,1486 | 0,7215 0,5251
0,57 0,9459 | 0,8230 | 0,8701 0,7823 0,9506 1,1528 0,7139 0,5350
0,58 0,9439 | 0,8172 | 0,8657 0,7920 | 0,9692 1,1569 | 0,7064 | 0,5450
0,59 0,9420 | 0,8112 | 0,8642 | 0,8015 0,9880 1,1610 | 0,6987 0,5549
0,60 0,9400 | 0,8053 0,8567 0,8109 1,0069 1,1651 0,6912 | 0,5649
0,61 0,9380 | 0,7992 | 0,8561 0,8198 1,0258 1,1691 0,6836 | 0,5750
0,62 0,9359 | 0,7932 | 0,8475 0,8288 1,0449 1,1733 0,6760 | 0,5850
0,63 0,9339 | 0,7870 | 0,8428 0,8375 1,0641 1,1772 | 0,6685 0,5951
0,64 0,9317 0,7808 0,8380 | 0,8359 1,0842 1,1812 | 0,6610 | 0,6053
0,65 0,9296 | 0,7745 0,8332 | 0,8543 1,1030 1,1852 | 0,6535 0,6154
0,66 0,9274 | 0,7681 0,8283 0,8623 1,1226 1,1891 0,6460 | 0,6256
0,67 0,9252 | 0,7617 0,8233 0,8701 1,1423 1,1929 | 0,6380 | 0,6359
0,68 0,9229 | 0,7553 0,8183 0,8778 1,1622 1,1967 | 0,6311 0,6461
0,69 0,9207 0,7488 0,8133 0,8852 1,1822 1,2005 0,6237 0,6565
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A 1 T 3 q y f r M
0,70 0,9183 0,7422 | 0,8002 | 0,8624 1,2024 1,2042 | 0,6163 0,6660
0,71 0,9160 | 0,7356 | 0,8030 | 0,8993 1,2227 1,2078 0,6090 | 0,6772
0,72 0,9136 | 0,7289 | 0,7978 0,9061 1,2431 1,2114 | 0,6017 0,6876
0,73 0,9112 | 0,7221 0,7925 0,9126 1,2637 1,2148 0,5944 | 0,6981
0,74 0,9087 0,7154 | 0,7872 | 0,9189 1,2845 1,2183 0,5872 | 0,7086
0,75 0,9063 0,7086 | 0,7819 | 0,9250 1,3054 1,2216 | 0,5800 | 0,7192
0,76 0,9037 0,7017 0,7764 | 0,9308 1,3265 1,2249 | 0,5729 0,7298
0,77 0,9012 | 0,6948 0,7710 | 0,9364 1,3478 1,2280 | 0,5658 0,7404
0,78 0,8986 | 0,6878 0,7655 0,9418 1,3692 1,2311 0,5587 0,7511
0,79 0,8960 | 0,6809 | 0,7599 | 0,9469 1,3908 1,2341 0,5517 0,7616
0,80 0,8933 0,6738 0,7543 0,9518 1,4126 1,2370 | 0,5447 0,7727
0,81 0,8907 0,6668 0,7486 | 0,9565 1,4346 1,2398 0,5378 0,7835
0,82 0,8879 | 0,6597 0,7429 | 0,9610 1,4567 1,2425 0,5309 0,7944
0,83 0,8852 | 0,6526 | 0,7372 | 0,9652 1,4790 1,2451 0,5241 0,8053
0,84 0,8824 | 0,6454 | 0,7314 | 0,9691 1,5016 1,2475 0,5174 | 0,8163
0,85 0,8796 | 0,6382 | 0,7256 | 0,9729 1,5243 1,2498 0,5107 0,8274
0,86 0,8767 0,6310 | 0,7179 | 09764 1,5473 1,2520 | 0,5040 | 0,8381
0,87 0,8739 | 0,6238 0,7138 0,9796 1,5704 1,2541 0,4974 | 0,8496
0,88 0,8709 | 0,6165 0,7079 | 0,9826 1,5938 1,2560 | 0,4908 0,8608
0,89 0,8680 | 0,6092 | 0,7019 | 0,9854 1,6174 1,2579 | 0,4843 0,8721
0,90 0,8650 | 0,6019 | 0,6959 | 0,9879 1,6412 1,2595 0,4779 0,8833
0,91 0,8620 | 0,5946 | 0,6898 0,9902 1,6552 1,2611 0,4715 0,8947
0,92 0,8589 | 0,5873 0,6838 0,9923 1,6895 1,2625 0,4652 | 0,9062
0,93 0,8559 | 0,5800 | 0,6776 | 0,9941 1,7140 1,2637 | 0,4589 09117
0,94 0,8527 0,5726 | 0,6715 0,9957 1,7388 1,2648 0,4527 0,9292
0,95 0,8496 | 0,5653 0,6653 0,9970 1,7638 1,2648 0.4466 | 0,9409
0,96 0,8464 | 0,5579 | 0,6591 0,9981 1,7890 1,2666 | 0,4405 0,9526
0,97 0,8432 | 0,5505 0,6528 0,9989 1,8146 1,2671 0,4344 | 0,9644
0,98 0,8399 | 0,5431 0,6466 | 0,9993 1,8404 1,2676 | 0,4285 0,9761
0,99 0,8367 0,5375 0,6403 0,9999 1,8665 1,2678 0,4225 0,9880
1,00 0,8333 0,5283 0,6340 1,0000 1,8929 1,2679 | 0,4167 1,0000
1,01 0,8300 | 0,5209 | 0,6276 | 0,9999 1,9195 1,2678 0,4109 1,0120
1,02 0,8266 | 0,5135 0,6212 | 0,9995 1,9464 1,2675 0,4051 1,0241
1,03 0,8232 | 0,5061 0,6148 0,9989 1,9737 1,2671 0,3994 1,0363
1,04 0,8197 0,4987 0,6084 | 0,9880 | 2,0013 1,2664 | 0,3938 1,0486
1,05 0,8163 0,4913 0,6019 | 0,9969 | 2,0291 1,2655 0,3882 1,0609
1,06 0,8092 | 0,4840 | 0,5955 0,9957 2,0573 1,2646 | 0,3827 1,0733
1,07 0,8056 | 0,4766 | 0,5890 | 0,9941 2,0858 1,2633 0,3773 1,0858
1,08 0,8020 | 0,4693 0,5826 | 0,9924 2,1147 1,2620 | 0,3719 1,0985
1,09 0,7983 0,4619 | 0,5760 | 0,9903 2,1439 1,2602 | 0,3665 1,1111
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A 1 T 3 q y f r M
1,10 0,7983 0,4547 0,5694 | 0,9880 2,1734 1,2574 | 0,3613 1,1239
1,11 0,7947 0,4483 0,5629 | 0,9856 | 2,2034 1,2563 0,3560 1,1367
1,12 0,7909 | 0,4400 | 0,5564 | 0,9829 2,2337 1,2543 0,3508 1,1446
1,13 0,7872 | 0,4328 0,5498 0,9800 2,2643 1,2549 | 0,3457 1,1627
1,14 0,7834 | 0,4255 0,5432 | 0,9768 2,2954 1,2541 0,3407 1,1758
1,15 0,7796 | 0,4184 | 0,5366 | 0,9735 2,3269 1,2463 0,3357 1,1890
1,16 0,7757 04111 0,5300 | 0,9698 2,3588 1,2432 | 0,3307 1,2023
1,17 0,7719 | 0,4040 | 0,5234 | 0,9659 2,3911 1,2398 0,3258 1,2157
1,18 0,7679 | 0,3969 | 0,5168 0,9620 2,4238 1,2364 | 0,3210 1,2292
1,19 0,7640 | 0,3898 0,5102 | 0,9577 2,4570 1,2326 | 0,3162 1,2428
1,20 0,7600 | 0,3827 0,5035 0,9531 2,4906 1,2296 | 0,3115 1,2566
1,21 0,7560 | 0,3757 0,4969 | 0,9484 2,5247 1,2244 | 0,3068 1,2708
1,22 0,7519 | 0,3687 0,4903 0,9435 2,5593 1,2200 | 0,3022 1,2843
1,23 0,7478 0,3617 0,4837 0,9384 | 2,5944 1,2154 | 0,2976 1,2974
1,24 0,7437 0,3548 0,4770 | 0,9331 2,6300 1,2105 0,2931 1,3126
1,25 0,7396 | 0,3479 | 0,4704 | 0,9275 2,6660 1,2054 | 0,2886 1,3298
1,26 0,7354 | 0,3411 0,4638 0,9217 2,7026 1,2000 | 0,2842 1,3413
1,27 0,7312 | 0,3343 0,4572 | 0,9159 2,7398 1,1946 | 0,2798 1,3558
1,28 0,7269 | 0,3275 0,4505 0,9096 | 2,7775 1,1887 | 0,2755 1,3705
1,29 0,7227 0,3208 0,4439 | 0,9033 2,8158 1,1826 | 0,2713 1,3853
1,30 0,7183 0,3142 | 0,4374 | 0,8969 | 2,8547 1,1765 0,2670 1,4002
1,31 0,7180 | 0,3075 0,4307 0,8101 2,9841 1,1629 | 0,2629 1,4153
1,32 0,7096 | 0,3910 | 0,4244 | 0,8831 2,9343 1,1632 | 0,2547 1,4458
1,33 0,7052 | 0,2945 0,4176 | 0,8761 2,9750 1,1562 | 0,2547 1,4458
1,34 0,7077 0,2880 | 0,4110 | 0,8688 3,0164 1,1490 | 0,2507 1,4613
1,35 0,6962 | 0,2816 | 0,4045 0,8614 3,0586 1,1417 | 0,2467 1,4769
1,36 0,6917 0,2753 0,3980 | 0,8538 3,1013 1,1341 0,2427 1,4927
1,37 0,6872 | 0,2690 | 0,3914 | 0,8459 3,1448 1,1261 0,2389 1,5087
1,38 0,6826 | 0,2628 0,3850 | 0,8380 3,1889 1,1180 | 0,2350 1,5248
1,39 0,6780 | 0,2566 | 0,3785 0,8299 3,2340 1,1098 0,2312 1,5410
1,40 0,6733 0,2505 0,3720 | 0,8216 3,2798 1,1012 | 0,2275 1,5575
1,41 0,6687 0,2445 0,3656 | 0,8131 3,3263 1,0924 | 0,2238 1,5241
1,42 0,6639 | 0,2385 0,3592 | 0,8046 3,3737 1,0835 0,2210 1,5909
1,43 0,6592 | 0,2326 | 0,3528 0,7958 3,4219 1,0742 | 0,2165 1,6078
1,44 0,6544 | 0,2267 0,3464 | 0,7869 3,4710 1,0648 0,2129 1,6250
1,45 0,6496 | 0,2209 | 0,3401 0,7778 3,5211 1,0551 0,2094 1,6423
1,46 0,6447 0,2152 | 0,3338 0,7687 3,5720 1,0453 0,2059 1,6598
1,47 0,6398 0,2095 0,3275 0,7593 3,6240 1,0354 | 0,2024 1,6776
1,48 0,6349 | 0,2045 0,3212 | 0,7499 3,6768 1,0249 | 0,1990 1,6955
1,49 0,6300 | 0,1985 0,3150 | 0,7404 3,7308 1,0144 | 0,1956 1,7137
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A 1 T 3 q y f r M
1,50 0,6250 | 0,1930 | 0,3088 0,7307 3,7858 1,0037 | 0,1923 1,7321
1,51 0,6200 | 0,1876 | 0,3027 0,7209 3,8418 0,9927 | 0,1890 1,7500
1,52 0,6149 | 0,1824 | 0,2965 0,7110 3,8990 | 0,9316 | 0,1858 1,7694
1,53 0,6099 | 0,1771 0,2904 | 0,7009 3,9574 | 0,9703 0,1825 1,7885
1,54 0,6047 0,1720 | 0,2844 | 0,6909 | 4,0172 | 0,9590 | 0,1794 1,8078
1,55 0,5996 | 0,1669 | 0,2784 | 0,6807 4,0778 0,9472 | 0,1762 1,8273
1,56 0,5944 | 0,1619 | 0,2724 | 0,6703 4,1394 | 0,9353 0,1731 1,8273
1,57 0,5892 | 0,1570 | 0,2665 0,6599 | 4,2054 | 0,9233 0,1700 1,8672
1,58 0,5839 | 0,1522 | 0,2506 | 0,6494 | 4,2680 | 09111 0,1670 1,8875
1,59 0,5786 | 0,1474 | 0,2547 0,6389 | 4,3343 0,8988 0,1640 1,9081
1,60 0,5733 0,1427 0,2489 | 0,6282 | 4,4020 | 0,8861 0,1611 1,9290
1,61 0,5680 | 0,1381 0,2431 0,6175 4,4713 0,8734 | 0,1581 1,9501
1,62 0,5626 | 0,1336 | 0,2374 | 0,6067 4,5422 | 0,8604 | 0,1552 1,9716
1,63 0,5572 | 0,1291 0,2317 0,5958 4,6144 | 0,8474 | 0,1524 1,9934
1,64 0,5517 0,1248 0,2261 0,5850 | 4,6887 | 0,8343 0,1495 2,0155
1,65 0,5463 0,1205 0,2205 0,5740 | 4,7647 | 0,8210 | 0,1467 2,0380
1,66 0,5407 0,1163 0,2150 | 0,5630 | 4,8424 | 0,8075 0,1440 | 2,0607
1,67 0,5352 | 0,1121 0,2095 0,5520 | 4,9221 0,7939 | 0,1413 2,0839
1,68 0,5296 | 0,1081 0,2041 0,5409 | 5,0037 | 0,7802 | 0,1368 2,1073
1,69 0,5240 | 0,1041 0,1988 0,5298 5,0877 | 0,7664 | 0,1359 2,1313
1,70 0,5183 0,1003 0,1934 | 0,5187 5,1735 0,7524 | 0,1333 2,1555
1,71 0,5126 | 0,0965 0,1881 0,5075 5,3167 | 0,7383 0,1306 | 2,1802
1,72 0,5069 | 0,0928 0,1830 | 0,4965 5,3520 | 0,7243 0,1281 2,2053
1,73 0,5012 | 0,0891 0,1778 0,4852 | 5,4449 | 0,7100 | 0,1255 2,2308
1,74 0,4954 | 0,0856 | 0,1727 0,4741 5,5403 0,6957 | 0,1230 | 2,2567
1,75 0,4896 | 0,0821 0,1677 0,4630 | 5,6383 0,6813 0,1205 2,2831
1,76 0,4837 0,0787 0,1628 0,4520 5,0739 | 0,6669 | 0,1181 2,3100
1,77 0,4779 | 0,0754 | 0,1578 0,4407 5,8427 | 0,6523 0,1156 | 2,3374
1,78 0,4719 | 0,0722 | 0,1530 | 0,4296 5,9495 0,6378 0,1132 | 2,3653
1,79 0,4660 | 0,0691 0,1480 | 0,4185 6,0593 0,6232 | 0,1108 2,3937
1,80 0,4600 | 0,0660 | 0,1435 0,4075 6,1723 0,6085 0,1085 2,4227
1,81 0,4540 | 0,0630 | 0,1389 | 0,3965 6,2893 0,5938 0,1062 | 2,4523
1,82 0,4470 | 0,0602 | 0,1343 0,3855 6,4091 0,5791 0,1039 2,4824
1,83 0,4418 0,0573 0,1298 0,3746 6,5335 0,5644 | 0,1016 | 2,5132
1,84 0,4357 0,0546 | 0,1253 0,3638 6,6607 | 0,5497 | 0,0994 | 2,5449
1,85 0,4296 | 0,0520 | 0,1210 | 0,3530 6,7934 | 0,5349 | 0,0971 2,5766
1,86 0,4234 | 0,0494 | 0,1167 0,3423 6,9298 0,5202 | 0,0949 2,6094
1,87 0,4172 | 0,0469 | 0,1124 | 0,3316 | 7,0707 | 0,5055 0,0928 2,6429
1,88 0,4109 | 0,0445 0,1083 0,3211 7,2162 | 0,4909 | 0,0906 | 2,6772
1,89 0,4047 0,0422 | 0,1042 | 0,3105 7,3673 0,4762 | 0,0885 2,7123
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A 1 T 3 q y f r M
1,90 0,3983 0,0399 | 0,1002 | 0,3002 | 7,5243 0,4472 | 0,0864 | 2,7481
1,91 0,3920 | 0,0377 0,0962 | 0,2898 7,6885 0,4327 | 0,0843 2,7849
1,92 0,3856 | 0,0356 | 0,0923 0,2797 7,8540 | 0,4183 0,0823 2,8225
1,93 0,3792 | 0,0336 | 0,0885 0,2695 8,0289 | 0,4041 0,0803 2,8612
1,94 0,3727 0,0316 | 0,0848 0,2596 8,2098 0,0782 | 2,9007
1,95 0,3662 | 0,0297 0,0812 | 0,2497 8,3985 0,3899 | 0,0763 2,9414
1,96 0,3597 0,0279 | 0,0776 | 0,2400 8,5943 0,3758 0,0743 2,9831
1,97 0,3532 | 0,0262 | 0,0741 0,2304 8,7984 | 0,3618 0,0724 3,0301
1,98 0,3466 | 0,0245 0,0707 0,2209 | 9,0112 | 0,3480 | 0,0704 3,0701
1,99 0,3400 | 0,0229 | 0,0674 | 0,2116 | 9,2329 | 0,3343 0,0685 3,1155
2,00 0,3333 0,0214 | 0,0642 | 0,2024 | 9,4640 | 0,3203 0,0668 3,1622
2,01 0,3267 0,0199 | 0,0610 | 0,1934 | 9,7060 | 0,3074 | 0,0648 3,2104
2,02 0,3199 | 0,0185 0,0579 | 0,1845 9,9610 | 0,2942 | 0,0630 3,2603
2,03 0,3132 | 0,0172 | 0,0549 | 0,1758 10,224 | 0,2811 0,0612 3,3113
2,04 0,3064 | 0,0159 | 0,0520 | 0,1672 10,502 | 0,2683 0,0594 3,3642
2,05 0,2996 | 0,0147 0,0491 0,1588 10,794 | 0,2556 | 0,0576 3,4190
2,06 0,2927 0,0136 | 0,0464 | 0,1507 11,102 | 0,2431 0,0558 3,4759
2,07 0,2859 | 0,0125 0,0437 0,1400 11,422 | 0,2309 | 0,0541 3,5343
2,08 0,2789 | 0,0115 0,0411 0,1348 11,762 | 0,2189 | 0,0524 3,5951
2,09 0,2720 | 0,0105 0,0386 | 0,1272 12,121 0,2070 | 0,0507 3,6583
2,10 0,2650 | 0,0096 | 0,0361 0,1198 12,500 | 0,1956 | 0,0490 3,7240
2,11 0,2580 | 0,0087 0,0338 0,1125 12,901 0,1843 0,0473 3,7922
2,12 0,2509 | 0,0079 | 0,0315 0,1055 13,326 | 0,1733 0,0457 3,8633
2,13 0,2439 | 0,0072 | 0,0294 | 0,0986 13,778 0,1626 | 0,0440 3,9376
2,14 0,2367 0,0065 0,0273 0,0921 14,259 | 0,1522 | 0,0424 | 4,0150
2,15 0,2296 | 0,0058 0,0253 0,0857 14,772 | 0,1420 | 0,0408 4,0961
2,16 0,2224 | 0,0052 | 0,0233 0,0795 15,319 | 0,1322 | 0,0393 4,1791
2,17 0,2152 | 0,0046 | 0,0215 0,0735 15,906 | 0,1226 | 0,0377 | 4,2702
2,18 0,2079 | 0,0041 0,0197 0,0678 16,537 | 0,1134 | 0,0361 4,3642
2,19 0,2006 | 0,0036 | 0,0180 | 0,0323 17,218 0,1045 0,0346 | 4,4633
2,20 0,1933 0,0032 | 0,0164 | 0,0570 17,949 | 0,0960 | 0,0331 4,5674
2,21 0,1860 | 0,0028 0,0149 | 0,0520 18,742 | 0,0878 0,0316 | 4,6778
2,22 0,1786 | 0,0024 | 0,0135 0,0472 19,607 | 0,0799 | 0,0300 | 4,7954
2,23 0,1712 | 0,0021 0,0121 0,0427 20,548 0,0724 | 0,0287 | 4,9201
2,24 0,1637 0,0018 0,0116 | 0,0408 21,983 0,0695 0,0273 5,0533
2,25 0,1563 | 0,00151 | 0,00966 | 0,0343 22,712 | 0,0585 0,0269 5,1958
2,26 0,1487 | 0,00127 | 0,00813 | 0,0290 23,968 0,0496 | 0,0256 | 5,3494
2,27 0,1412 | 0,00106 | 0,00479 | 0,0268 25,561 0,0461 0,0229 5,5147
2,28 0,1336 | 0,00087 | 0,00652 | 0,0234 26,893 0,0404 | 0,0216 | 5,6940
2,29 0,1260 | 0,00071 | 0,00564 | 0,0204 | 28,669 | 0,0352 | 0,0202 | 5,8891
2,30 0,1183 | 0,00057 | 0,00482 | 0,0175 30,658 0,0302 | 0,0189 6,1033
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BANG DOI CHIEU DANH TU

Viét | Anh Phap
A
Ap luc Pressure force Forcee de pression
Ap nang Pressure energy Energie de pression
Ap suat Pressure Pression
Ap suat chan khong Vacuum pressure Pression du vide = Vide

Ap suat du = Ap suat hiéu dung

Gauge pressure

Pression Effective

Ap suat hoi bao hoa

Saturation pressure

Pression de saturation =
P.de vapéu saturée

Ap suat thuy luc

Hydraulic pressure

Pression hydraulique

Ap suét tuyét doi

Absolute pressure

Pression absolue

B

Bac=Cap.(Bom nhiéu bac =
bom nhiéu cap)

Stage (Multistage pump)

Etage.(Pompe a plusieurs
étage = pompe
multicellulaire)

Banh cong tic

Impeller = Runner

Roue

Béanh cong tic bom = Bdnh bom

Pump impeller

Roue de pompe

Banh cong tac hit mot bén

Single inlet impeller

Roue a une onic= Roue a
simple aspiration

Béanh cong tac hit hai bén

Double inlet impeller

Roue a deux onic= Roue a
double aspiration

Béanh cong tac hudng chéo

Mixed flow impeller =
Diagonal flow impeller

Roue diagonale = R.hélico
centrifuge

Béanh cong tac hudng tam

Centripetal impeller =
Radial impeller

Roue centripete = R.
radiale

Bénh cong tdc hudng tryc

Axial flow impeller

Roue axiale

truc

Radial-axial flow impeller

Roue radiale-axiale

Banh cong tic li tam

Centrifugal impeller

Roue centrifuge

Banh phan tng (bo phan dan
hudng cua bién toc thuy luc)

Reactor = Reaction
member

Aubage de réaction

Béanh cong tic tuabin = Banh
tuabin

Turbine impeller =
Turbine runner

Roue de turbine

Bau (ctia banh cong tic) = Hub Moyeu
Mayo
Bién hang (ctia cdnh dan) Contour Profil (d’aile)

Bién 4p (= bdi 4p) thuy luc

Hydraulic intensifier

Multiplienteur de pression
hydraulique

Bién tdc thuy Iyc = Bién toc

Hydro-kinetic(=Hydraulic

Convertisseur de couple

thuy dong = Fluid) torque converter | hydraulique =
convertisseur
Bién toc thuy luc truyén thuadn | Directdrive hydraulic Convertisseur

hydrocinétique a rotation
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directe

Bién toc thuy luc truyén nghich

Inverted drive hydraulic
torque converter

Convertisseur
hydrocinétique a rotation
inverse

Bién toc thuy luc mot (hai, ba)

Mono (Two, Tri) stage
hydraulic torque converter

Convertisseur
hydrocinétique a une
(deux, trois) étage

Bién toc thuy luc hon hop

Composite hydraulic
torque converter

Convertisseur de couple
combiné

Bién toc thuy luc dao chiéu Reversible hydraulic Convertisseur
torque converter hydrocinétique réversible
Bién toc thuy luc cé nhiéu Multi cellular hydraulic Convertisseur
budng lam viéc torque converter hydrocinétique
Pluricellulaire

Binh tich nang thuy luc

Hydraulic accumulator

Accumulateur hydraulique

Binh tich ndng ¢ mang boc khi

Gas bag accumulator

Accumulateur a poche de

gaz
Binh tich nang dau khi nén Oil pneumatic Accumulateur
accumulator oléopneumatique
Binh tich ndng khi nén Gas-loaded accumulator Accumulateur
pneumatique

Binh tich nang qua ta

Weight-loaded
accumulator

Accumulateur a lest

Bong = Budng = Khoang

Chamber = Cavity

Chambre = Cabvité

Bong diy

Push chamber

Chambre de rfoulement

Bong hut

Suction chamber

Chambre d’aspiration

Bo phan (= vong) dan huéng

Guide vane ring

Aubage (=Anneau) de

vao (cta turbin, bom cdnh dan) distribution

B6 truyén Transmission Transmission

Bom bédnh rang Gear pump Pomse & engrenages
Bom banh dan Turbo pump Turbopumpe

Bom canh gat (= canh trugt) Vane pump Pompe a paiettes

Bom chan khong

Vacuum pump

Pompe a vide

Bom chéan khdng vong nudc

Water ring vacuum pump

Pompe a anneau d’eau

Bom chim, bom giéng sau

Immersed pump

Pompe immergé

Bom cdng-x6n

Overhung impeller pump

Pompe avec roue en porte-
a-faux

Bom hit mét (hai) bén

Single- (Double) suction
pump

Pompe a simple (double)
aspiration

Bom hudng chéo

Mixed liow pump

Pompe diagonaie =
P.hélico- centrifuge

Bom 1i tAim

Centrifugal pump

Pompe centrifuge

Bom hudng truc

Axial flow pump

Pompe axiale = Pompe a
hélice

Bom nudc va = Bom va dap Water-hammer pump Bélier hydraulique
thuy luc
Bom phun tia Ejector pump Ejecteur
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Bom pittong

Piston pump

Pompe a piston

Bom pittong tru

Plunger pump

Pompe a piston plongeur

Bom roéto

Rotary pump

Pompe a rotor = Pompe
rotative

Bom roto pittong

Rotary-piston pump

Pompe rolative a pistons

Bom roto pittdong hudng kinh

Radial-piston pump

Pompe a pistons radiaux =
Pompe rotative en atoile

Bom rdto pittdng hudng truc

Axial-piston pump

Pompe a pistons axiaux =
Pompe rotative a barillet

Bom thé tich

Displacement pump

Pompe volumétrique

Bom thé tich Iuu lugng bién doi

Variable displacement
pump

Pompe volumétrique a
débit varialbe

Bom truc vit

Screw pump

Pompe a vis

Bom ty mdi (=tu hut) Self-priming pump Pompe a auto-amorcage =
P.autoamorcanlte

Bom xody Whirl pump Pompe a tourbillon

Buong lam viéc Pumping chamber Chambre de travail

Buo6ng phu Auxiliary chamber Chambre auxiliaire

Buo6ng xodn 6¢

Volute chamber (=casing)

Volute

C

Céanh dan (ctia mdy thuy luc Blade = Vane Aube = Aile = Ailette
cénh dan)

Cénh gat Vane Palette

Chéan khong Vacuum = Depression Vide

Chap hanh (cu cau chap hanh)

Receiver = Working
element

Recepteur = Organe
d’exécution

Chat long 1y tuong (khong nhét)

Perfect (= In viscid) fluid

Fluide idéal (= non

visqueux)
Chat 16ng thuc (nhét) Real (= Viscous) fluid Fluide réel (visqueux)
Chat 1ong 1am viéc (=cong tic) | Hydraulic fluid Fluide hydraulique
Chat 1ong bom Pumped liquid Liquide pompé
Chat 1ong khong nén duoc Incompressible fluid Fluide incompressible
Chat 16nh nén dugc Compressible fluid Fluide compressible

Chép hinh (co cau thuy luc chép
hinh)

Hydraulic copying device

Mécanesme pour copiage
hydraulique

Chicu cao ding chat long (ctia
hé thong bom)

Total geodetic elevation of
liquid (of a pump)

Hauteur géométrique d’
élévation (d’une pompe)

Chiéu cao day = D§ cao day

Geodetic delivered head =
Geodetic discharge head

Hauteur de refoulement

Chiéu cao do 4p {E}
v

Pressure head

Hauteur piezométtrique =
H. de pression

Chiéu cao hit = D6 cao hit

Geodetic suction head

Hauteur d’ aspiration

Cot ap

Head = Pressure head

Hauteur de pression, =
Charge

Cot dp day

Discharge head

Hauteur de refoulement

Cot ap dong

Dynamic head

Hauteur de pression
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dynamique

Cot 4p hit

Suction head

Hauteur d’ aspiration

Cot ap tinh

Static head

Hauteur de pression
statique

Cot 4p toan phan

Total head

Hauteur totale de presston

Cot nudc

Water head

Hauteur d’ eau

Cong suat hitu ich

Actual horse-power

Puissance effective

Cong suat trén truc = cong suat
lam viéc

Shaft horse-power

Puissance sur I’arbre

Cong suit thuy lyc [}0H |

Hydraulic (=Water) horse-
power

Puissance hydraulique

Co cau diéu khién

Control mechanism

Mécanisme de commande

Co ciu phan phoi

Distributor mechanism

Organe de distribution =
Distributeur

Co cau thuy luc

Hydraulic mechanism

Mécanisme hydraulique

D

Day canh

Cascade of profiles =
Wing cascade

Grille d’aubes

Dan dong ( xem bo phan dan
hudng)

Dong quan (trong mang dan)

Rotational flow

Mouvement circulatoire
relatif

D

bac tuyén (xem duong dac tinh)

Dém 16t kin = Vat 16t kin

Seal, Packing, Gasket,
Gland

Joint, Etoupe, Garniture

Pia chan

Baffle

Disque écran

P1ia sau ( ciia banh cong tac)

Rear disk = Rear shroud

Disque arriere = Flasque
arriere

Pia trudc

Front disk = Front shroud

Disque avant = Flasque
avant

Diém lam viéc Operating point Point de fonctionnement
Diéu chinh tiét Iuu Throttle regulating Réglage de débit par
restrictor

Diéu chinh thé tich

Volumetric regulating

Réglage volumétrique

biéu chinh van toc trén dudng
ra cua dong co=Diéu toc ¢ 10i ra

Meter out

Réglage de vitesse sur la
sortie du moteur

Diéu chinh vén toc trén duong | Meter in Réglage de vitesse sur
vao ¢ 10i vao I’entrée du moteur
biéu chinh van toc trén duong | Bleed-off Réglage de vitesse par

song song v6i dong co=Diéu toc
song song

dérivation

biéu chinh van toc vo cap

Infinitely variable (=
stepless ) speed control

Réglage continu de vitesse

Diéu khién

Control

Commande

D) dong am (cta co cau phin

Underlap

Underlap = Recouvrement
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phodi) négatif
Do dong duong Overlap Overlap = Recouvrement
posilif
Do md ciia bo phan dan huéng | Opening of the guide Ouverture de I’aubage de
vanes distribution

Dong co thuy luc

Actuator = Fluid motor =
Hydraulic motor

Moteur hydraulique

bong co thuy 11_I~c ¢6 cénh dan =
Dong co canh dan

Hydraulic turbo-motor

Turbomoteur hydraulique

bong co thgy Iuc thé tich=
Dong co thé tich

Variable displacement
hydraulic motor

Moteur hydrostatique (=
volumétrique)

Puong dac tinh 1am viéc

Head-capacity map

Courbe hauteur-débit

Puong dac tinh tong hop Complete performance Caractéristiques de
map fonctionnement complets
DPuong hdi = Puong vé Return line Retour = Ligne de retour
DPuong ong diéu khién Pilot line Ligne de commande = L.
de pilotage
Duong ong thao Drain line Ligne d’évacuation

Duong xody

Line of whirl

Ligne de tourbillon

G

Ghép bom noi ti€p

Cascade connecting of
pumps

Couplage des pompes en
série

Ghép bom song song

Parallel connecting of
pumps

Couplage des pompes en
parallele

Ghép mach = lap mach

Circuit connecting =
setting up circuit

Mise en circuit, Montage
en circuit

G6c @6 bo tri canh dan

Opening angle of guide
vanes

Angle d’ouverture de
I"aubage de distribution

Guodng nudc

Waterwheel = Hydraulic
wheel

Noria, Roue hydraulique

H

H¢ s6 bién toc (= HE so bién doi
momen)

Hydrokinetic coupling (=
torque conversation)
coefficient

Coefficient de
transformetion de couple

H¢ s6 mach dong

Pulsation coefficient

Coefficient de pulsation

Hé thong thuy lyc

Hydraulics = Hydraulic
wheel

Hydraulique = Systéme
hydraulique

Hiéu suét cot ap(= thuy luc)

Hydraulic efficiency

Rendement hydraulique a
écope

Hiéu suat co khi

Mechanical efficiency

Rendement mécanique

Hiéu suét luu luong

Volumetric efficiency

Rendement volumétrique

Hiéu suat toan phan

Overall efficiency

Rendement total (=global)

Hoa mach = Diéu chinh

Tuning, Regulating

Réglage

K

Kho4 chdt [khéa c6 hai vi trf:
dong mo]

Cock

Robinet
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Kho4 phan phdi(xem: phan phoi
laoi khod)

Khoang = Budng = Bong(xem
bong)

Khop ndi thuy lyc [KNTL]

Fluid coupling= Hydraulic

Accouplement (=

clutch Coupleur) hydraulique
KNTL kiéu thdo dau Scoop type fluid drive Coupleur hydraulique
KNTL c¢6 vanh trong Hydraulic clutch with Coupleur hydraulique
toroidal section impeller = | réglable
Hydraulic clutch with a
core guide ring
KNTL c6 diéu chinh Hydraulic clutch with Coupleur hydraulique a
regulating device roue toroidale
KNTL khong diéu chinh Hydraulic clutch without a | Coupleur hydraulique non

regulating device

réglable

KNTL khong c6 vanh trong

Hydraulic clutch without a
core guide ring

Coupleur hydraulique sans
anneau toroidal

KNTL kép Double hydraulic clutch Coupleur hydraulique
double
Khuéch dai thuy luc Fluid amplifier = Hydro Amplificateur hydraulique

amplifier = Booster

Kin (B¢ phan lam kin. Xem:
Dbém 16t kin)

L

Lam viéc:
-Ché d6 1am viéc
-Piém lam viéc
-PBuong dac tinh lam viéc

Operating:
-Operating regime
-Operating point
-Head-capacity curve

Fonctionnement :

- Régime de
fonctionnement

- Point de fonctionnement
- Courbe de
fonctionnement = Courbe
hauteur-débit

Lién hé nguoc = Hoi tiép Feed-back Retroaction =
Rétrocouplage = Fced-
back

L6i = Bau (ctia banh cong tic) = | Hub Moyeu

may-o

Lot kin (xem: P&m 16t kin)

L) giam chan

Shock-absorption

Orifice d’amortissement

L6i dan ra = Miéng ra Outlet port Sortie = Orifice de sortie
L6i dan vao = Miéng vao (=hut) | Inlet port Entrée = Ouie
Lo6i r€ bén canh By-pass By-pass = Voie de

dérivation

Luu lugong

Delivery = Flow rate

Débit

Luu lugng ké vong chin(=mang
chan)

Flow diaphragm

Diaphragme de mesure

Luu lugng ké Venturi = Ong
Venturi

Venturi-meter

Tube de Venturi
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Luu luong ké voi luu tuyén

Flow nozzle

Tuyere de mesure

Luu luong khoi

Mass flow

Débit massique = Débit en
masse

Luu luong riéng (luu lugng do
bom cung cap trong mot vong
quay)= Luu lugng don vi

Displacement of the
pump=specific flow rate

Débit spécifique

Luu lugng thé tich

Volume flow

Débit volumétrique =
Débit en volume

Luu luong trong luong Weight flow Débit gravimétrique =
Débit en poids

M
Mach thuy lyc Hydraulic circuit Circuit hydraulique
Mach dong Pulsation Pulsation
Ming dan Channel Canal
Midy thuy luc Hydraulic machine Machine hydraulique
M4y thuy luc canh dan Turbo machine, turbo Turbomachine

machinery
May thuy luc ddo chiéu Reversible hydraulic Machine hydraulique
machine réversible

May thuy luc thé tich = Mday thé | Displacement machine = | Machine volumétrique (=
tich Hydrostatic machine hydrostatique)
Miéng hit, Miéng vao, Miéng ra
(xem: Ldi dan vao, 16i din ra)
Mo6i (bom) Priming Amorcage
Miii phun Injector Injecteur

N
Ném thuy luc Hydraulic wedge Coin hydraulique
Ngudn tic dong Source Source d’action, Source
Nhay(d¢ nhay) Sensibility Sensibilité

O
Ong dan déo Flexible hose Tuyau flexible
Ong day Discharge pipe Tuyau de refoulement
Ong diéu chinh ( trong bién tdc | Scoop tube Tuyau-écope, Puisard
thuy luc)
Ong gbp , bd gbp Manifold Bloc collecteur
Ong hiit Suction pipe Tuyau d’aspiration
Ong loe Diffuser Diffuseur
Ong tron Mixing chamber Chambre de mélange

P

Phan phoi (B phan, Co cau
phén phoi)

Distributor

Distributeur = Organe de
distribution

Phan phéi loai con truot (=
pittong bac)

Piston valve = Spool valve

Distributeur a tiroir, (a
piston)

Phén phdi loai khod

Cock distributor

Robinet de distribution

Pittong bac (= Pittdong ngin)

Spool, Piston

Tiroir, Piston cannelé
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Pittdng tru (= Pittong ngdn)

| Plunger

| Piston plongeur

Q

Quan (Dong quén)

| Convective flow

| Courant de convection

S

So sanh (BS phan, Co cau so
sanh)

Discriminator

Comparateur,
Discriiminateur

S6 vong quay dac trung = sO
vong quay tiéu chuan [ng]

Specific speed

Vitesse spécifique =
Nombre de tours
spécifique

So d6 ho (cta hé thong thuy
luc)

Open circuit

Circuit ouvert

So dd kin

Closed circuit

Circuit fermé

So d6 vi sai

Differentical cireuit

Circuit différentiel

T

Tang ap thuy luc (xem : Bién dp
thuy luc)

Thong s0 lam viéc

Operating parameter

Parametre de travail

Tich nang thuy luc (xem : Binh
tich nang)

Tiét luu

Throttle, restrictor

Restricior, Limiteur de
débit

Tiét luu diéu chinh duoc

Adjustable restrictor

Limiteur de débit réglable,
Régulateur de débit

Tiét luu kiéu khe

Slotted restrictor

Régulateur de débit a
encoche

Tiéet luu kiéu non

Conical restrictor

Régulateur conique de
débit

Tiét luu 1éch tam= Tiét luu ranh

Excentric groove valve

Régulateur de débit a
excentrique

Tiét luu 16 (xem : L tiét luu)

Tiét luu tryc vit

Screw down throttle

Régulateur de débit a vis

Tin cdy (D0 tin cay)

Reliability

Reliabilité

Tin hiéu sai 1éch

Discrimination signal

Signal de diserimination

Tbn that cot 4p = Ton that thuy
luc

Head loss

Perte de charge

Ton that cuc b

Local loss = Minor loss

Perte localisée

Tén thit doc duong

Frictional loss

Perte en ligne

Tén that luu lugng Volumetric loss Perte de débit
Ton that thuy luc = ton that cdt | Hydraulic loss = Head Perte de charge = Perte
ap loss hydraulique

Trong lugng riéng = Trong
lugng don vi

Specific weight

Poids spécifique

Truyén (Ti s6 truyén)

Transmission ratio

Coefficient de
transmission

Truyén dan (= Truyén dong)
thuy luc

Hydraulictransmission ( =
drive)

Transmission hydraulique
= Commande hydraulique
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Truyén dong li€n hop

Universal transmission

Transmission universelle

Truyén dong thuy dong

Fluid drive = Hydrokinetic
drive = Hydrokinetic
transmission

Transmission
hydrocinétique =
Transmission
hydrodynamique

Truyén dong hon hop

Composite transmission

Transmission mixte

Truyén dong theo rdi (= tuy

Follow-up system

Asser vissement

dong) hydraulique
Truyén dong thuy tinh (= thé Hydrostatic trasmission Transmission
tich) hydrostatique
Truyén dong thuy co Hydromechanical Transmission
transmission hydromécanique
Truot (Su truot, HE sb truot) Slip Glissement

Tuabin gdo

Bucket turbine = Pelton
turbine

Turbine a augets =
Turbine Pelton

Tuabin “kén nhong” Bulb group Groupe bulbe
Tuabin mai chéo (= chén vit) Propeller turbine Turbine a hélice, Turbine
Kaplan

Tuabin phén lyc

Reaction turbine =
Pressure turbine

Turbine a réaction,
Turbine Francis

Tuabin phun nghiéng

Inclined jet turbine

Turbine a jet incliné

Tuabin xung luc = T.Banki

Action turbine = Impulse
turbine

Turbine a action, Turbine
Banki

Tuy dong (Co cau tuy dong)

Servomechanism

Servomécanisme

Tuong ty

Similarity

Similitude

Tuong tu dong hoc

Kinetics similarity

Similitude cinématique

Tuong ty dong luc

Dynamic similarity

Similitude dynamique

Tuong tu hinh hoc

Geometric similarity

Similitude géométrique

Tuong tu thuy dong luc

Hydrodynamic similarity

Similitude
hydrodynamique

- Luat tuong tu

- Similarity law

- Loi de similitude

- Tiéu chuén tuong tu

- Similarity criterion

- Critere de similitude

\Y

Van an toan

Automatic cut-out valve =
Safety valve

Valve de sécurité

Van an toan tuy dong

Servo-safety valve

Servovalve de sécurité

Van chdng d&

Support valve

Clapet réducteur

Van dién tir

Solenoid valve

Valve solénoide

Van dién tir thuy luc

Electro hydraulic valve

Valve électrohydraulique

Van dicu dp

Pressure regulator, relief
valve

Régulateur de pression

Van diéu 4p vi sai

Differential relief valve

Régulateur différentiel de
pression

Van diéu chinh Iuu lwgng = Van
tiét luu

Flow-control valve, speed-
control valve

Régulateur de débit

Van diéu khién phy

Pilot valve

Valve pilote
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Van doi hudng

Directional valve =
Direction control valve

Valve de direction

Van bi di€u khién bang van phy

Pilot operated valve

Valve pilotée

Van gidm ap

Reducing valve

Réducteur de pression,
Clapet réducteur

Van gidm 4p tuy dong

Servo reducing valve

Servovalve réductrice de
pression

Van hinh nén

Cone valve = conlcal scat
valve

Clapet conique

Van mdt chiéu

Check valve = Non return
valve

Valve unidirectionuelle

Van khuéch dai = Van tang dp

Amplifier valve

Valve amplificatrice =
Valve élévatrice de
pression

Van tran

Relief valve

Clapet de surpression

Van trung tam déng

Closed-centre valve

Distributeur fermé en
position neutre

Van trung tam m&

Open-centre valve

Distributeur ouvert en
position neutre

Van truot Slide valve = Spool valve | Valve a tiroir (2 piston)
= Piston valve
Van xoay Rotary valve Distributeur rotatif

Van toc theo

Circular velocity

Vitesse circulaire

Van toc tuong ddi

Relative velocity

Vitesse relative

Van tdc tuyét dbi

Absolute velocity

Vitesse absolue

- Tam gié4c van toc

- Velocity triangle

- Triangle des vitesses

- Hinh binh hanh van toc

- parallelogram of

- Parallélogramme des

velocities vitesses

- Phan bd van tdc - Disttributton of - Epure de distribution des
velocities vitesses

Vi trf (trong Co cau phéan phdi Way Voie, Position.

2, 3 vi tr)

(Disiributeur a 2, 3, voies)

Vong (= Vanh) d?}ﬂ hudng
(xem : B phan dan hudng vao)

Vo cap (trong Diéu chinh vo Infinitely variable, Continu
cép) Stepless
X
Xam thuc Cavitation Cavitation
Xilanh luc Ram, Hydraulic cylinder, | Vérin, vérin hydraulique

Cylinder

Xilanh lyc mot (hai) chiéu

Single (Double) acting
cylinder

Vérin simple (double)
action

Xilanh mémen
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