Chuong 6. CAC QUA TRINH NHIET PONG THUC TE

6.1. QUA TRINH LUU bONG

Su chuyén dong ctia moi chat goi 1a luu dong. Khi khao sat dong luu dong,
ngoai cac thong so trang thai nhu 4p suat, nhiét do . . . . ta con phai xét mot thong
sO nira la toc do, ki hiéu 1a .

6.1.1 Cac diéu kién khao sat

Dé don gian, khi khao sat ta gia thiét :

- Dong luu dong la 6n dinh: nghia 1a céc thong s6 cia moi chat khong thay
déi theo thoi gian .

- Dong luu dong mot chiéu: van toc dong khong thay doi trong ti€t dién
ngang.

- Qud trinh luu dong la doan nhiét: bd qua nhiét do ma sat va dong khong
trao doi nhiét v6i moi trudng.

- Qud trinh luu dong la lién tuc: cac thong so cua dong thay d6i mot cach
lién tuc, khong bi ngat quang va tuan theo phuong trinh lién tuc:

G = o.p.f = const (6-1)

o day:
G — luu luong khoi lugng [kg/s];
® - van toc ctia dong [m/s];
f — dién tich tiét dién ngang clia dong tai noi khao sat [m?];
p - khoi lugng riéng clia moi chat [kg/m?];

6.1.2. Cac qui luat chung cua cua qua trinh luu dong
6.1.2.1. Toc do am thanh

Toc do am thanh 1a toc do lan truyén séng chan dong trong mot moi
truong nao d6. Téc do am thanh trong moi truong khi hoac hoi dugc xac dinh
theo cong thuc:

a=./kpv = VkRT (6-2)
o day:

a — toc do am thanh [m/s];

k — s6 mii doan nhiét;

p - 4p suat moi chat [N/m?];

v — thé tich rieng [m’/kg];

R — Hang s6 chat khi [J/kg’K];

T — nhiét do tuyét doi ctia moi chat [°K];
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Tir (6-2) ta thdy toc do am thanh phu thudc vao ban chit va cac thong so
trang thai clia moi chat.

Ti sO gitta toc do cua dong véi téc do am thanh dugc goi l1a s6 Mach, ky
hiéu 1a M.

C-m (6-3)
a

Khi:
- w <anghiala M < 1, ta néi dong luu dong dudi am thanh,
- ® = a nghia la M = 1, ta n6i dong luu dong bang am thanh,
- ®w>anghiala M > 1, ta n6i dong luu dong trén am thanh (vuot am thanh.
Dong luu dong trong ong 1a mot hé hd, do do6 ta theo dinh luat nhiét dong
I ta cé thé viét:
dq=di- vdp (6-4a)

2

dq=di+ d % (6-4b).

6.1.2.2. Quan hé giita toc do va hinh dang ong

Vi dong doan nhiét c6 dq = 0, nén tir (6-4) ta suy ra:

2

d % = -vdp (6-5).

odo = -vdp (6-6)
Céc dai lugng o, v, p luon duong, do dé » nguoc dau véi p, nghia la:
- Khi toc do tang (do > 0) thi 4p sudt giam (dp < 0), 6ng loai nay la ong

tang toc. Ong tang toc duoc dung d€ ting dong nang ctia dong moi chét trong
tudc binhoi, tudc bin khi.

- Khi toc do tang (do < 0) thi 4p suit tang (dp > 0), 6ng loai nay 1a ong

tang ap. Ong tang 4p duogc dung dé tang dp sudt cua chét khi trong may nén li
tam, dong co phan luc.

6.1.2.3. Quan hé giira toc do va hinh dang ong

Tir (6-1) ta c6: Gv = of, 18y vi phan ta duoc: Gdv = fdo + wdf, chia 2 v&
cua phuong trinh cho of ta duoc:

ar = v _ d2 (6-7).
f v )

< ‘ PN . N .. . dv  dp N

Mat khac, qua trinh Ivu dong 1a doan nhiét nén — — e thay vao (6-7)
v p
ta dugc:

df __dp_do 65
f kp o
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Dong thoi tir (6-6) ta c6: dp = dp = _odo , thay vao (6-8) ta dugc:
Y

df wdo do df ©’*do do .,
—=———-— hay —=—————, tird6 suy ra:
f kpv o f a0 o
CBYERI ) (6-9)
f ®

boi véi ong tang toc, vi F, ®, M ludn duong va do > 0, nén df s€ cung diu
v6i (M?-1), tir day ta ¢6 3 trudng hop sau:

- Néu (M*1) < 0 nghid la M < 1 hay (o< a) thi df < O (ti€t dién giam).
ong tang toc co tiét dién nho dan (hinh 6.1a),

- Néu (M?-1) > 0 nghia 1a M > 1 hay (o> a) thi df > 0 (tié€t dién tang). 6ng
tang toc co tiét dién 16n dan (hinh 6.1b),

- Néu (M*-1) = 0 nghia 1a M = 1 hay (o = a) thi df = 0 (ti€t dién khong

d61). Nghia 12 tai noi bat dau c6 (o = a) thi tiét dién khong d6i (hinh 6.1c¢).
M =1

Hinh 6.1. O/ng tdng toc

D6i v6i 6ng tang dp, vi do < 0, nén df s& nguoc ddu v6i (M*-1), cdc két
qua thu duoc s€ nguoc lai véi ong tang toc, nghia la khi nghia 1a M > 1 thi df < 0,
ong tang ap c6 tiét dién nhd dan (hinh 6.2a); khi M < 1 thi df > 0, 6ng tang téc ¢
ti€t dién 16n dan (hinh 6.2b).

a) b) c)

Hinh 6. 2 6ng tdng dp

Qua phan tich ta thay: d6i v6i mot 6ng phun nhat dinh (16n dan hay nhd
dan) thi tuy theo toc do & dau vao ma ong c6 thé 1am viéc nhu ong tang toc hay
ong tang ap.

6.1.2.4. Toc do dong khi tai ti€t dién ra cua rong tang toc

57



Dong luu dong doan nhiét c6 dq = 0 nén theo (6-4a) ta c6: -di = dl, =
2
d % , tich phan 1én ta duogc:

2 2
i, =1, =2 2(01 (6-10)

V6i o6ng tang toc thi thong thudng ®, >> ®, nén cé thé coi
2
-, =1, :72, khi do toc do tai tiét dién ra la:

(02=\/2|kt =\/2(i1—i2) (6-11a)

k-1

K P, |
= [2——RT,|1-| == 6-11b
®, Kol ot (plj ( )

6.1.2.5. Toc do t6i han va ap suat téi han

Khi lvu dong qua 6ng tang toc nhd dan véi toc do dau vao nho hon am
thanh, toc d6 dong s€ tang dan, con dp sudt va nhiét do giam dan dén tiét dién nao
do, toc do dong bang téc do am thanh (o, = a,), ta n6i dong dat trang thai t6i han,
cac thong so tai d6 goi 1a thong s6 téi han, ky hiéu 1a vy, py, ® . . .

Ty s0 gitta 4p suat tGi han va dp suat & tiét dién vao goi 1a ti s6 ap suat téi
han, ky hi¢u B, = p/p;.

Khi dong dat trang thai t61 han o, = a,, theo (6-2) va (6-11b) ta c6:

k-1

k Tk
W, = Zmplvl 1‘[%} == w, =\/2kpkvk s

1

suy ra:

K
Py 2 k1

L S 6-12
=[] (6-12)

Tl (6-12) ta thdy ti s6 ap sudt tGi han chi phu thudc vao s6 mi doan nhiét
k, tic 1a vao ban chat cua chat khi. Véi khi 2 nguyén t k = 1,4 thi , = 0,528.
Véi khi 3 nguyén tor k = 1,3 thi B, = 0,55.

Khi thay B bai B, thi toc do t6i han dugc xac dinh theo (6-11b):

k-1
w2=\/2%RT1[1—[3kk : (6-13)
[N
o, = [2—5 R, 1—(ijk” _ 2K Rr,
k-1 k+1 k+1
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6.1.2.6. Luu luong cuc dai

Luu lugng cua dong luu dong duogc xic dinh theo cong thic (6-1) tai tiét
dién ra f, clia ong:

Gl 6-14) G p

V2

Khi dp suat tai tiét dién ra ¢,
thay déi thi luu lugng ciing thay
d6i va chi phu thuoc vao ti s6 ap
sudt B = p,/p,. D€ tinh luu luong
16n nhat G, ta 1dy dao ham cua G
theo B va xdc dinh dugc luu lugng

=V

16n nhat khi = B,. Nghia la khi B<Bi P Bope !

toc do dong dat t6i toc do am

thanh thi luu luong cling dat gid tri Hinh 6.3. su phu thuoéc G = f{ )
cuc dai.

Thuc nghiém cho thdy: Néu ti€p tuc giam B, thi luu luong s€ khong tang
1én ma van giit nguyén & gia tri G,,,,, khi d6 luu lugng cuc dai dugc tinh theo cac
thong so téi han;

G

max?

f

__ " min
max

Vi

O

(6-15)

6.1.3. Ongs tang téc nho dan va éng tiang toc hén hop
6.1.3.1. ong tang toc nho dan

Nhu da biét trong muc 6.1.2.3, d6i v6i 6ng tang toc nho dan, néu dong vao
c6 toc do nho hon am thanh thi t6¢c do cua dong tang din va cung lam thi bing
toc do am thanh. Vi vay, trude khi tinh todn can so sanh ti s6 ap sudt 3 = p,/p; V6i
Py = Pu/P1-

+ Néu B > B, trang thai dong khi trong ong phun chua dat dén trang thai
tGi han, toc do m, < o, dugc tinh theo (6-11) va luu luong G < G,,,, duoc tinh theo
(6-14).

+ Néu B < B,, dong khi trong 6ng phun dat dén trang thai téi han, toc do
®, = ®, duoc tinh theo (6-13) va luu luong G = G,,, duoc tinh theo (6-15).

6.1.3.2. Ong tang téc hén hop (6ng Lavan)
6ng tang toc nho dan khong thé dat dugc téc do 16n hon am thanh, do d6

dé dat dugc t6c do trén am thanh ngudi ta ghép 6ng ting t6c nhd dan vé6i Ong ting
toc 16n dan goi la 6ng tang téc Lavan (hinh 6.1¢).
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Dai v6i ong Lavan, khi & tiét dién vao ti s6 ap suat > B, thi toc do vao
nhd hon t6c do am thanh, néu & tiét dién ra dat duoc di€u kién B < By, thi tai tiét
dién cuc tiéu B = B,, toc do ,,;, = o, VA tai tiét dién ra toc do ®, > w,.

6.2. QUA TRINH TIET LUU
6.2.1. Dinh nghia

Qua trinh tiét luu la qua trinh giam ap suat ma khong sinh cong, khi mol
chét chuyén dong qua chd tiét dién bi giam dot ngot.

Trong thuc t€, khi dong moi chat chuyén dong qua van, 14 chan . . . . .
nhitng chd ¢6 tiét dién thu hep dot ngot, trd luc s€ tang dot ngot, dp suat cua dong
phia sau ti€t dién s€ nho hon trudce tiét dién, su giam ap suit nay khong sinh cong
ma nham khac phuc trd luc ma sét do dong xody sinh ra sau tiét dién.

Hinh 6.4. Qud trinh tiét luu

Thuc t€ qua trinh ti€t luu x4y ra rat nhanh, nén nhiét luong trao déi véi
moi trudng rat bé, vi vay c6 thé coi qua trinh 1a doan nhiét, nhung khong thuan
nghich nén Entropi tang.

Do giam &ap suat trong qua trinh tiét luu phu thudc vao tinhchat va cac
thong s6 clia moi chat, toc do chuyén dong clia dong va cdu tric cha vat can.

6.2.2. Tinh chat cua qua trinh tiét luu
Khi ti€t dién 11 cach xa ti€t dién 2-2, qua qua trinh ti€t lvu cac thong so

clia moi chét sé& thay déi nhu sau:
- Ap suat giam:

Ap= p,-p; <0, (6-16)
- Entropi tang:
As=s,-s,>0, (6-17)
- Entanpi khongdoi:
Ai=1i,-1,=0, (6-18)
- Toc do dong khong doéi:
A= ®,-m, =0. (6-19)
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6.3. QUA TRINH NEN KHI
6.3.1. Cac loai may nén

M4y nén khi 1a may d€ nén khi hodc hoi dén dp suét cao theo yéu cau.
Mady nén tiéu t6n cong dé nang 4p suét clia moi chat lén.

Theo nguyén Ii 1am viéc, ¢6 thé chia may nén thanh hai nhém:

Nhém thtt nhat gdm mdy nén piston, mdy nén banh rang, may nén canh
gat. O m4y nén piston, khi duoc hit vao xilanh va dugc nén dén dp sudt can thiét
r6i dugc ddy vao binh chita (mdy nén roto thudc loai nay), qua trinh nén x4y ra
theo tirng chu ky. Mdy nén loai nay con dugc goi 1a may nén tinh vi téc do ctua
dong khi khong 16n. May nén piston dat dugc ap sudt 16n nhung nang suét nho.

Nhém tht hai gobm mdy nén li tam, mdy nén hudéng truc va mdy nén
éjecto. D6i v6i cdc may nén nhom ndy, d€ tang dp suét clia moi chat, ddu tién
phai tang toc do cua dong khi nho luc li tam, sau d6 thuc hién qua trinh ham dong
dé bién dong ning clia dong thanh thé nang. Loai nay c6 thé dat dugc nang suat
16n nhung ap sut thap.

Tuy kh4c nhau vé cau tao va dic tinh ki thuat, nhung vé quan diém nhiét
dong thi cac qua trinh ti€n hanh trong mdy nén hoan toan nhu nhau. Sau day ta
nghién cttu mdy nén piston.

6.3.2. May nén piston mot cap
6.3.2.1. Nhitng qua trinh trong may nén piston mot cap li tuong

Dé don gian, khi phan tich qua trinh nhiét dong trong mdy nén, ta gia
thiét:

- Toan bo thé tich xylanh la thé tich c6 ich, nghia 1a dinh piston c6 thé ap
sat nap xilanh.

- Dong khi chuyén dong khong c6 ma sdt, nghia 1a ap suét hit khi vao
xilanh luon bang 4p suat moi trudng p, va 4p suat ddy khi vao binh chia luon
bang dp suét khi trong binh chia p,.

Nguyeén li cau tao ciia mdy nén piston mot cap dugc biéu dién trén hinh
6.5, gbm cac bo phan chinh: Xylanh 1, piston 2, van hit 3, van xa 4, binh chia 5.
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Wit 6.5, Sike B sitany Hinh 6.6. Bidu .dfén céc quéxtr‘nnh trong may
nén pittdng mdt cap thyc

Quad trinh 1am ctia mot mdy nén mot cap nhu sau: Khi piston chuyén dong
tlr trdi sang phai, van 3 md ra hidt khi vao binh & dp sudt p,, nhiét do t,, thé tich
riéng v,. Cic thong s6 nay khong thay doi trong qud trinh hit, do d6 day khong
phai 12 qud trinh nhiét dong va duoc biéu dién bang doan a-1 trén d6 thi p-v hinh
6.5. Khi piston & diém can phai, piston bat ddu chuyén dong tir phéi sang tréi, van
hiit 3 dong lai, khi trong xi lanh bi nén lai va dp suét bat dau tang tir p, dén p,.
Qua4 trinh nén 12 qué trinh nhiét dong, c6 thé thuc hién dang nhiét, doan nhiét
hoic da bién duoc biéu dién trén dé thi bang céc qua trinh tuong tng 1a 1-2;, 1-
2., 1-2,. Khi khi trong xilanh dat dugc ap suat p, thi van xa 4 s€ md ra, khi duogc
ddy ra khoi xilanh vao binh chita 5. Tuong tu nhu qua trinh hit, qud trinh ddy
ciing khong phai 1a qua trinh nhiét dong, trang thai ctia khi khong thay déi va c6
4p sudt p, nhiét do t,, thé tich riéng v,. Qua trinh ddy dugc biéu dién trén do thi
bang qua trinh 2-b.

6.3.2.2. Cong tiéu thu cia may nén mot cap li tuong

Nhu da phan tich & trén qua trinh hit a-1 va qua trinh nap 2-b khong phai
12 qua trinh nhiét dong, cac thong s6 khong thay déi, do d6 khong sinh cong. Nhu
vay cong cua may nén chinh la cong tiéu thu cho qua trinh nén khi 1-2. Néu ta
coi l1a qua trinh nén la 1i tudng, thuan nghich thi cong cua qua trinh nén dugc tinh
theo cong thuc:
P2

lkt :__[Vdp
P1
X P (1s 32 - ~ s N RT
+ Néu qud trinh nén la dang nhiét 1-2;, nghialan =1 va v=—, cong
P
clia may nén s€ la:

2

1=—jRTd—p=—RT|np—2:RT|n&,[J/kg] (6-20)
1 p pl p2
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+ Néu qud trinh nén 1a doan nhiét 1-2,, nghia la n = k va pv* = p,v,*, cong
ctia may nén s€ la:

d K
1= —j v,pi¥ pl'f’k =~ 1PV, ~pv) [/ k] (6-21)
hodc:
o
k-1
lz—ﬁplvl (‘;—ZJ ~1|[3/kg] (6-22)
1
hodc:
o
1-— K R, (&Jk_l—l [J/kg] (6-23)
k-1 p, ’

C6 thé tinh cach kh4c, tir dq = di + dl,, = 0, ta ¢6 dl,, = -di nén dq = di + dl,,=0
hay:
Le =i -1, (6-24)
+ N€u qua trinh nén la da bién, véi s6 mi da bién n thi pv” = p,v,", khi d6
cong cua may nén s€ la:

1=- j vipdp = (v, — V) (6-25)
P1
hodc:
1=——" pv, [&jn_l ~1|[1/kg] (6-262)
n-1 1
hodc:
1=— " RT, (p—Z]nl ~1),[3/kg] (6-26b)
n-1 P,

Cong ciia mdy nén dugc biéu dién bang dién tich al2b trén d6 thi p-v, phu
thudc vao qué trinh nén. Tlr d6 thi ta thdy: néu qud trinh nén 1a dang nhiét thi
cong mdy nén ti€u ton 12 nho nhat. Trong thuc t€, € mdy nén tiéu ton cong it
nhat thi ngudi ta 1Am mat cho may nén dé cho qué trinh nén gin véi qud trinh
déng nhiét nhat.

6.3.2.3. Nhuoc diém ciia may nén mot cap

Trong thuc t&€ dé tranh va dap giita dinh piston va nip xilanh, gitta dinh
piston va nip xilanh phéai ¢6 mot khe hd nhat dinh. Khong gian khoang hd nay
duoc goi 1a thé tich thita V, (Hinh 6.6). Do c6 thé tich thira nén sau khi ddy khi
vao binh chita, vin con lai mot luong khi c6 4p sudt 1a p, chita trong thé tich thira.
Khi piston chuyén dong tir trdi sang phai, truéc hét luong khi nay dan nd dén 4p
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sut p, theo qué trinh 3-4, khi d6é van hut bat ddu md ra dé hut khi vao, do dé
lugng khi thuc t€ hit vao xilanh 1a V = V, — V,. Nhu vay nang suét cia may nén
thuc t€ nho hon niang sudt ctia may nén 1i tudng do c6 thé tich thira. N6i cach
khéach, thé tich thira 1am giam nang suét ciia mdy nén.

Dé danh gia anh hudng cua thé tich thita dén lugng khi hidt vao may nén
ngudi ta dung dai luong hiéu suét thé tich mdy nén, ki hiéu 1a A:

p=YimVe g (6-27)
Vl _Va
C6 thé viét lai (6-27):
p=di=Ve _q VaTVs (6-28)
V) —V; V) —V;

Tur (6-28) ta thay: khi thé tich thita V; cang tang thi hiéu sudt thé tich A
cang giam.

- Khi 4p suét nén p, cang cao thi lugng khi hit vao V = (V- V,) cang
giam, tifc 1a A cang giam va khi p, = p, thi (V, — V,) = 0, 4p suat p,, goi la 4p
suat tGi han. Doi v6i may nén mot cap ti s6 nén 3 = p,/p; khong vuot qua 12.

- Khi nén dén ap suét cao thi nhiét do khi cao s€ lam giam do nhét clia dau
boi tron.

Cac may nén thuc t€ c6 : A =07 = 0,9

6.3.3. May nén nhiéu cap

Do nhiing han ch€ cua may nén mot cap nhu da néu & trén, trong thuc t€
chi ché tao may nén mot cap dé nén khi véi ti s6 nén B = p,/p; = 6+8. Mu6n nén
khi dén dp sudt cao hon ta dung mdy nén nhi€u cép, giita cac cdp c6 lam mat
trung gian khi truée khi vao cap nén tié€p theo.
6.3.3.1. Qua trinh nén trong may nén nhiéu cap

May nén nhiéu cap thuc chat 1a gom nhi€éu mdy nén mot cap ndi v6i nhau

qua binh 1am mat khi. So d6 céu tao va do thi p-v cia mdy nén hai cép duoc biéu
dién trén hinh 6.7.1, I 1a xilanh cap 1 va cép 2, B 1a binh 1am mat trung gian.
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[T TII]

gl

Hinh 6.5. SO dd méy nén Hinh 6.6. DO thj p-V cua may nén
pittdng hai cép pitténg hai cép

Khi duge hat vao cdp I ¢ ap suat p,, dugc nén trong xilanh I dén ap suat
p», nhiét do cua khi tang tit T, dén T,. Khi ra khoi cdp I dugc lam mat trong binh
lam maét trung gian B, nhiét do khi giam tir T, xudng dén T, (bing nhiét do khi
vao xilanh cap I). sau khi dugc 1am mat & binh 1am mat B, khi dugc hut vao
xilanh II va dugc nén tir 4p suat p; = p, dén ap suat p,.

Céc qua trinh cia mdy nén hai cip dugc thé hién trén hinh 6.8, bao gom:

a-1 1a qua trinh hut khi vao xilanh I (cap 1) & ap suat p,,

1-2- qua trinh nén khi trong xilanh I tr 4p suit p, dén p,,

2-3> — qud trinh d4y khi vao binh 1am mat trung gian B, nhiét do khi giam
tu T, xuéng dén T,

3’-3- qua trinh hat khi tir binh lam mat vao xilanh II (cap 2),

3-4 1a qua trinh nén khi trong xi lanh II tir 4p suat p, dén p,

4-b 1a qud trinh day khi vao binh chia,

Vi duoc lam mat trung gian nén thé tich khi vao cap 2 giam di mot lugng
AV =V, — V;, do d6 cong tiéu hao giam di mot lugng bang dién tich 2344 so
vGi khi nén trong mdy nén mot cap cé cung ap suat dau p, va ap suat cudi p,.

Néu may nén rat nhi€u cip va cé lam madt trung gian sau mdi cip thi qua
trinh nén s& tién dan tGi qud trinh nén déng nhiét.

6.3.3.2. Chon ap suat trung gian

Ti s6 nén trong moéi cap dugc chon sao cho cong tiéu hao cia may nén la
nho nhat, nghia 1a qu4 trinh nén tién t6i qué trinh dang nhiét.
Nhiét do khi vao cdc cdp déu bang nhau va bang T,, nhiét do khi ra khoi
céc cdp déu bang nhau va bang T,, nghia la:
T,= T,vd T,=T,
ap sudt khi ra khoi c4p nén trude bang dp suét khi vao cép nén sau, nghia la:
p>= P37V5l P4=Ps»
Trong truong hop tong quat, ta coi qua trinh nén 1a da bién va s6 mi da
bién & cdc cip déu nhu nhau, ta c6:
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Gceap I:

P2 _ [LJ” (6-29)
P, (T

6 cap 1I:
Ps _ [L} (6-30)
Ps T

ma: T,= T, va T,=T,, do d6 ta suy ra ty s6 nén cuia moi cap la:
p=Le_Pe (6-31)

P1  Ps

hay:

pr=lzPe _Pu (6-32)
Pi Ps Py

Tong quat, néu may nén c¢6 m cap thi:

B=T/p:° (6-33)
Py

6.3.3.3. Cong tiéu hao ciia may nén

Cong ctia mdy nén nhiéu cap bang téng cong clia céc cip. Vi hai cap ta

P

co:
lmn = 11 + 12
trong do:
n-1
n P, | "
l,=——RT||—=| -1 6-35
Yop-1 (pl] (6-35)
L—l
n P, |"
l,=——RT,|| —=| -1 6-36
> np-1 ° [pj (6-36)
5T — sp_P2_Pa 1 1 a1 =01 —
ma: T,= Tyvap=—=-=—",nénl, =1, val,, =2l =2l,.
1 Ps
Tuong tu, n€u may nén cé m cap thi cong tiéu ton ctia né s€ la:
n-1
| =ml, =m—'”1RT1[(B)n _1} (6-37)
n —

6.4. CAC QUA TRINH CUA KHONG KHI AM

6.4.1. Khong khi 4m
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6.4.1.1. Dinh nghia va tinh chat cia khong khi am

Khong khi 4m (khi quyén) 12 mot hon hop gém khong khi kho va hoi

nudc.

Khong khi kho 12 hon hop cac khi c6 thanh phan thé tich: Nito khoang
78%; Oxy: 20,93%; Carbonnic va cac khi tro khac chi€ém khoang 1%.
Hoi nudc trong khong khi 4m c¢6 phan ap suat rat nho (khoang 15 dén 20
mmHg), do d6 & nhiét do binh thudng thi hoi nudc trong khi quyén 1a hoi qud
nhiét, ta coi n6 1a khi 1y twong. Nhu vay, c6 thé coi khong khi 4m 1a mot hén hop
khi 1y tudng, c6 thé sir dung cdc cong thic ctia hdn hop khi 1y tudng dé tinh todn

khong khi 4m, nghia la:
Nhiét do khong khi 4m :

T=Ty =T,
Ap sudt khong khi 4m:
, P= Pxk = Ph»
Thé tich V:
V=V,+V,,
Khoi luong G:
G=G, +G,,

6.4.1.2. Phan loai khong khi am

(6-38)

(6-39)
Y (6-40)
S (6-41)

Tuy theo luong hoi nudc chia trong khong khi 4m, ta chia ching ra thanh

3 loai:

* khong khi dm bdo hoa:

Khong khi 4m bao hoa la khong khi 4m ma trong d6 luong hoi nuée dat t6i
gid tri 16n nhat G = G,,,,. Hoi nuéc & day 1a hoi bdo hoa kho, duogc biéu dién bang

diém A trén do thi T-s hinh 6.9.

* Khong khi dm chua bdo hoa:

Khong khi 4am chua bao hoa 1a khong
khi 4m ma trong d6 luong hoi nuéc chua dat
tGi gia tri 16n nhat G < G,,,,, nghia 1a con c6
thé nhan thém mot luong hoi nudc nita méi
trg thanh khong khi am bao hoa. Hoi nudc &
day 1a hoi quéd nhiét, dugc biéu dién bing
diém B trén do thi T-s hinh 6.9

* Khong khi dm qud bdo hoa:

Khong khi 4m qua bdo hoa 1a khong
khi &m ma trong d6 ngoai lugng hoi nuée 16n
nhat G,,, con cé thém mot lugng nudc
ngung nita chia trong né. Hoi nudc & day la
hoi bao hoa am.

7'1 J4i

/ Thimax
/

' g & A
! v o o By // h

o 1A P, )

Hinh 6.9 DB thj T-s cia hdi nudc
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Néu cho thém mot luong hoi nudc nita vao khong khi 4m bio hoa thi sé&
c6 mot lugng chimg d6 hoi nudc ngung tu lai thanh nudc, khi d6 khong khi 4m
bdo hoa trd thanh khong khi qud bio hoa. Vi du suong mu 1a khong khi 4m qud
bao hoa vi trong d6 c6 cac giot n6c ngung tu.

Tur d6 thi hinh 6.9 ta thdy, c6 thé bién khong khi 4m chua bdo hoa thanh
khong khi 4m bao hoa bang hai cdch:

+ Giit nguyén nhiét do khong khi 4m t, = const, ting phan 4p suét clia hoi
nude tr py, dén pyax (qua trinh BA,). ap sult py,..« 12 dp sudt 16n nhat hay con goi
12 4p sudt bao hoa. Nghia 12 ting luong nudc trong khong khi 4m chua bao hoa dé
n6 tr& thanh khong khi 4m bdo hoa.

+ Giit nguyén 4p suat hoi p, = const, gidm nhiét do khong khi 4m tir t, dén
nhiét do dong suong t, (qud trinh BA,). Nhiét do dong suong t, 1a nhiét do tai dé
hoi ngung tu lai thanh nudc.

6.4.1.3. cac dai luong dac trung cho khong khi 4m

* Do dm tuyét doi:
Do 4m tuyét doi 1a khoi luong hoi nuée chita trong 1m® khong khi 4m.
Day ciing chinh 1a khéi lugng riéng ctia hoi nudc trong khong khi 4m.

G
Py = 7“ kg/m?; (6-42)

* Do dm tuong doi:
Do 4m tuong d6i ¢ 1a ty so gitta do 4m tuyét d6i ctia khong khi chua bio
hoa p,, va do 4m tuyét d6i ctia khong khi 4m bdo hoa py,,,, 6 cung nhiét do.
©=Pn/ Primax (6-43)
T phuong trinh trang thai ctia khong khi 4m chua bdo hoa: p,V = G,R, T
va baohoa: pyax V = GumaxRy T, sSuy ra:

_Gy _ Py
Pn = v R.T (a)
R G, Py
— max — max b
va phmax V RhT ( )
Chia (a) cho (b) ta duogc:
_Pn _ Pn (6-44)
pmax pmax

Vi 0 < py, < Phunax 1€0 0 < @ < 100%. Khong khi kho ¢6 ¢ = 0, khong khi 4m
bao hoa c6 ¢ = 100%.

Do 4m thich hgp nhat cho siic khoe dong vat 1a ¢ = (40 + 75)%, cho bao
quan lanh thuc pham 12 90%.

* Do chira hoi d:

Do chtra hoi d 1a lugng hoi chira trong 1kg khong khi kho hodc trong (1+d)
kg khong khi am.

d=G,/G,; [kgh/kgK] (6-43)
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Tir phuong trinh trang thai khi 1i tudng viét cho hoi nude va khong khi kho
ta co:

— phV Vf\l Gk — ka
R, T R, T
thay thé cac gia tri G vao (6-45) ta dugc:

g=PoRi B31418p, 4 q0n PofighikgK] (6-46)
PR, 29.83L4p, p-p,

* Entanpi ciia khong khi dm
Entanpi ciia khong khi 4m bang tong entanpi ciia khong khi kho va entanpi
cta hoi nuéc chira trong d6. Trong ki thuat thuong tinh entanpi cua lkg khong
khi kho va d kg hoi nu6c chita trong (1+d)kg khong khi 4m, ki hiéu 12 i:
=1+ d.iy; [kJ/kgK] (6-47)

G,

b

trong do:
i, - en tanpi cta 1kg khong khi kho, i, = C,t, ma C,, = 1kJ/kgK vay i, = t;
i, - entanpi ctia hoi nuéc, néu khong khi am chua bao hoa thi hoi nuéc 1a
hoi qud nhiét ¢6 i, = 2500 + C,,t = 2500 + 1,9¢;
Cudi cung ta c6: I =t + d(2500 = 1,93t); (kJ/kgK).

6.4.1.4. Do thii-d

Dé giai cac bai todn vé
khong khi 4m, ngoai viéc tinh toan
theo cdc cong thiic, chiing ta c6 thé
giai bang do thi i-d.

D6 thi i-d dugc biéu dién
trén hinh 6.10, c6 truc 1a entanpi
cua khong khi d4m [kJ/kgK], truc
hoanh 1a do chita hoi d [g/kgK].
Truc i va d khong vuong goéc véi
nhau ma tao véi nhau mot goc
135°, d6 thi géom cdc dudong sau:

Puong i = const 1a duong
thang nghiéng di xudng véi géc
nghiéng 135

Puong d = const 1a duong
thang ding;

150

25

0

Hinh 6.10 D8 thi I-d cda khdng khi am

Pudng t = const trong ving khong khi am chua bdo hoa 1a céc duong
thing nghiéng di lén.

Puong ¢ = const trong ving khong khi 4m chua bdo hoa & nhiét do t <
t.(p) 12 cdc dudng cong 16i, trong viing nhiét do t > t(p) 1a duong thang di lén.

Pudng ¢ = 100% chia d6 thi thanh hai ving phia trén 1a khong khi 4m
chua bio hoa, viing phia dudi 1a khong khi 4m qua bio hoa.
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Puodng phan dp suit hoi nudc p, = const 1a dudng thing nghiéng di lén
duoc dung theo quan hé (6-46), don vi do p, 1a mmHg.

Trang thdi khong khi 4m duoc xé4c dinh khi biét hai trong cac thong s6 i, d,
t, ¢ ... . Khi da xdc dinh duoc trang thai ctia khong khi 4m trén do thi i-d, ta c6
thé xac dinh dugc céc thong s6 con lai.

6.4.2. Cac qua trinh cua khong khi am

6.4.2.1.Qua trinh say e
kJ/kg

Qua trinh sdy la qua trinh lam giam do
4m cha vat muon sidy. Moi chat dung dé say
thudng 1a khong khi am chua bdo hoa hodc san
pham chdy ctia nhién liéu, vé nguyén tic hoan
toan giong nhau, & day ta khao sat qua trinh sy
dung khong khi 1am moi chat sy. dy 'y dy d 9tk
Qua trinh sdy dugc chia lam hai giai doan: Giai
doan cap nhiét cho khong khi va giai doan
khong khi sdy néng vat sdy va hit 4m tlr vat sdy.

Qud trinh sdy dugc biéu dién trén hinh 6-11. Khong khi tir trang thdi 1
duogc cap nhiét theo qua trinh 1-2 nhiét do tang t, dén t, , entanpi tang tir i, dén i,,
do Am tuong doi giam tir @ ; dén @, nhung do chita hoi khong thay déi d, = const.
Khong khi sau khi dugc sdy nong di vao budng say, ti€p xtc véi vat sdy, sdy nong
vat sdy va lam cho nudc trong vat sdy bay hoi. Qud trinh sdy 2 —3 cé entanpi
khong déi (i, = i;), d0 4m tuong doi cta khong khi tang tir ¢, dén ¢; va do chita
hoi tang tr d, dén d;, nghia la do chita hoi trong vat sy boc giam.

- Khong khi nhan moét luong hoi nude tir vat sy boc ra G,;:

Hinh 6.11 Qua trinh sdy

G, =d; —d;; [kgh/kgK] (6-48)
- Luong khong khi kho can thiét lam bay hoi 1kg nudc:
Gy = 1/(d; —d)); [kgh/kgK] (6-

49)
- lugng khong khi 4m & trang thdi ban dau can dé€ lam bay hoi 1kg nudc
trong vay say:
G=(1+d) G, (6-50)
- Lugng nhiét can dé dot nong 1kg khong khi kho chida trong (1+d)kg
khong khi am la:
q=i,—i, ; [kI/kgK] (6-
51)
- Lugng nhiét can thi€t dé 1am bay hoi 1kg nudc trong vat say:
Q =g =@, —1)/(d; — dy); [kl /kgh] (6-52)

6.4.2.2. Qua trinh diéu hoa khong Kkhi
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Thuck chit cua qua trinh di€u hoa khong khi 1a ssdy néng lam lanh khong
khi, déng thoi diéu chinh do 4m cta né dén mot gid tri ndo do trudc khi dua
khong khi vao phong.

Diéu hoa khong khi gdm céc qua trinh loc bui, hon hgp khong khi méi véi
khong khi trong phong, tang hoac giam do am, nhiét do cho phi hgp véi yéu ciu
clia moi trudong song hodc dé bao quan vat tu, thiét bi
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