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Loi n6i dau

Cuon “Bai tap k¥ thuat nhiét” nay dugc bién soan theo ndi dung cuon gido
trinh “K¥ thuat nhiét” cla tac gia Bui Hai va Tran Thé€ Son, do nha xuat ban Khoa
hoc va k¥ thuat phat hanh dang dugc su dung cho viéc dao tao cac hé k¥ su & cac
truong dai hoc Ky thuat.

Cuon “Bai tap k¥ thuat nhiét” nay dugc bién soan theo kinh nghiém giang
day lau ndm cua cédc tdc gia nham ddp ng nhu ciu hoc tap cua sinh vién cédc
truong dai hoc K¥ thuat. Cuén sach trinh bay tom lugc ndi dung ly thuyét timg
phan, sau d6 chu yéu la bai tap da dugc giai san, & day cac tac gia chu y dén céac
dang bai tap ngan, nham phuc vu cho céch thi tric nghiém 1a cdch thi méi cia mon
hoc dang dugc st dung & mot so truong dai hoc ky thuat.

Sach goém 2 phan 4 chuong va phan phu luc dugc phan cong bién soan nhu
sau: PGS. PTS. Bui Hai, truong dai hoc Bach khoa Ha Noi la chu bién va soan
chuong 1, chuong 2 cua phan I; PTS. Hoang Ngoc Pong bién soan, truong dai hoc
Ky thuat Da Nang soan chuong 3, chuong 4 cta phan II va phan phu luc. Trong
qué trinh bién soan chac chan khong tranh khoi sai sét, mong nhan dugc su gop ¥
cua ban doc.

Cac tac gia

Phan I



nhiét dong ky thuat

Chuong 1.
phuong trinh trang thai
Va cac qua trinh nhiét dong cua chat khi

1.1. Thong so trang thai

1.1.1. Nhiét va cong

Nhiét ky hiéu 1a Q, don vi la J hoac q =%, don vi la j/kg, v6i G la khoi lugng

ctia moi chat tinh theo kg. Cong ky hiéu la L, don vi la J hoac |=é , don vi la J/kg.

Nhiét luong va cong khong phai l1a thong s6 trang thai ma la ham cta qua trinh.
don vi do ctia nang luong néi chung 1a J (Jun), ngoal ra con c6 thé sir dung c4c don
vi chuyén déi sau:

1kJ = 10°J; IMJ = 10°*) = 10°J;

lcal =4,18) ; lkcal=4,18 kJ; IBTU ~ 0,3 J.

Qui uéc dau cua nhiét va cong nhu sau: moi chat nhan nhiét Q > 0, moi chat nha
nhiét Q < 0; moi chat sinh cong L > 0, moi chat nhan cong L< 0.

1.1.2. Thong sé trang thai

a) Thé tich riéng
Thé tich riéng dugc xac dinh theo cong thiic sau:

V=%[m3/kg], (1-1)

trong do:
- V- Thé tich riéng, n7’,
- G — Khoi luong, kg,
Khéi luong rieng (hay mat do) p 1a dai lugng nghich ddo cta thé tich riéng:

p= Ikefm’], (1-2)

b) dp sudt
4p suét dugc ky hiéu 1a p, don vi 12 N/m? = 1Pa (Pascal). Ngoai ra con c6 thé

dung cic don vi do khac nhuvsau:

1Kpa = 10°Pa; 1Mpa = 10°Kpa = 10°Pa.

Ibar = 10° N/m? = 10°Pa = 750 mmHg

lat = 0,98 bar = 735,5 mmHg = 10 m H,O

1Psi = 6895 pa = 0,07 at

mmHg con dugc coi 12 tor.



Cdc qui déi trén theo mmHg & 0°C, néu cot mmHg do & nhiét do khac 0°C , mudn
tinh chinh xdc phai qui déi cot mmHg vé 0°C réi méi dung quan hé qui déi trén
nhu sau:
hy = h(1 — 0,000172t) (1-3)
trong do:
h, 12 chiéu cao cot thuy ngan qui déi vé 0°C;
h, 1 chiéu cao cot thuy ngan do & nhiét do t;
t 1a nhiét do, °C.
ap sudt tuyét doi la p 1a 4p suat thuc cia moi chat.
Gifta 4p suat tuyét d6i p, 4p suét thuc p,cua khi quyén, ap suét du p, va do
chan khong py, ps = P - P> €0 quan hé nhu sau:
P=Po+Pa (1-4)
P =Po— Pk (1-5)
¢) Nhiét do

Thang nhiét do theo nhiét do bach phan ¢6 ki hiéu t, don vi °C; theo nhiét do
tuyét doi c6 ki hiéu T, don vi °K; thang nhiét do Farenhet, c6 ky hiéu t; don vi °F.
Gitta chiing c6 m6i quan hé nhu sau:

T (°K) = 273,15 + t (°C) (1-6)
dT = dt; AT = At
{°C= g(t OF -32) (1-7)

d) Noi ndang

Noi nang ky hiéu 1a U, don vi 1a J hoac u, don vi la J/kg. Noi nang & day la
nang lugng chuyén dong clia cac phan tir (ndi nhiét nang). Bi€n doi noi nang cua
khi 1y tudng trong moi qua trinh theo cic quan hé sau day:

du=CdT (1-8)
AU =G.Au=G. C(T,-T)) (1-9)
& day C, la nhiét dung riéng khai lugng dang tich.
Khi 1y tudng 1a khi thuc bd qua luc tic dung twong hé giita céc phan tir va thé
tich ban than cdc phan tu. Vi du khi O,, N,, CO,, khong khi . . .. & dIéu kién nhiét
do va dp sudt thuong déu dugc coi l1a khi 1y tudng.

e) Nang luong ddy

Ning luong ddy la Ning luong chi ¢6 trong hé hd dé gitip moi chat chuyén
dong ra hoac vao hé¢

f) Entanpi:

Entanpi c6 ky hiéu I, don vi J hoic i, don vi J/kg, cling c6 thé ky hiéu bing
H, don vi J hoac h, don vi J/kg. Ta c6 quan hé:

i=u+pv;jkg (1-10)
Bién d6i Entanpi cuia khi 1y tudng trong moi qué trinh theo cdc quan hé sau day:
di=C,dT (1-11)



Al=G. Ai=G. C(T,-T)) (1-12)
g) Entropi:

Entropi c6 ky hiéu bang S, don vi J/K hodc s, don vi J/kg.K. Bién doi
Entropi theo ciac quan hé sau day:
dq
ds=—, 1-13
- (1-13)
T- Nhiét do tuyét d6i cia moi chat.

h) Execgi va anergi

Execgi ¢6 ki hiéu 1a E, don vi J hoac e don vi J/kg. Execgi la phan nang
luong ¢6 thé bién déi hoan toan thanh cong trong cdc qud trinh thuan nghich.
Anergi c6 ki hiéu 1a A, don vi J hoac a don vi J/kg. Anergi la phan nang luong
nhiét khong thé bién d6i hoan toan thanh cong trong qu4 trinh thuan nghich.

Vi nhiét q ta c6 quan hé sau:

g=e+a (1-14)
trong do:
e la execgi, J/kg;
a la anecgi. J/kg;

Execgi clia nhiét lugng q & nhiét do T khac nhiét do moi truong T, dugc xac

dinhtheo quan hé sau:

T
e=ql1-=2 1-15

3 w15

Execgi ctia dong mol chit chuyén dong duoc xdc dinhtheo quan hé sau:
C=i-i0—TO(S—SO) (1'16)

trong do:
i, s — entanpi va entropi cia moi chat & nhiét do T, dp suat p khdc v6i nhiét
do moi truong T, , 4p suat moi truong py;
iy, So — entanpi va entropi ciia moi chat & nhiét do T, , p,;

1.2 phuong trinh trang thai ctia chat khi

Phuong trinh viét cho 1kg

pv=RT (1-17a)
Phuong trinh viét cho 1kg
pV = GRT (1-17b)

trong do:
p — tinh theo N/m?, T tinh theo °K;
R — Hang s6 chat khi, dugc xdc dinh bang bi€u thiic:

R:%,J/kgoK (1-18)
1)

u - kilomol cua khi 1y tudng, kg/kmol (c6 tri s6 bang phan th luong);
G- Khoi luong khi, kg.
Phuong trinh viét cho 1kilomol khi ly tuong:



pV,=R,T =8314T (1-19)
trong do:
V,, - thé tich ctia 1kmol khi;
V,, = v.u, m*/kmol,
R, - Hang s6 cla khi 1y tudng, R, = 8314 J/kmol. K
Phuong trinh viét cho M kilomol khi 1y tuong:
PV=MR,T =8314.M.T (1-20)
M — s0 kilomol khi;

1.3. Nhiét dung riéng cua chat khi

1.3.1. Cac loai nhiét dung riéng

- Nhiét dung riéng khoi lugng:don vi do lugng moi chat 1a kg, ta ¢6 nhiét
dung riéng khéi luong, ky hiéu C, don vi J/kg. °K.

- Nhiét dung riéng thé tich, ky hiéu C, don vi J/m’ .. K.

- Nhiét dung riéng mol ky hiéu C,, , don vi J/kmol. °K.
Quan h¢ gifta c4c loai nhiét dung riéng:

C=v,.C = lcu (1-20)

i
V.. — thé tich riéng & diéu kién tiéu chuan vat 1y (t, = 0°C, p, = 760 mmHg).

- Nhiét dung rieng dang dp C,, C,, C,, - nhiét dung riéng khi qué trinh xdy
ra & 4p sudt khong déi p = const.

- Nhiét dung riéng déng tich C,:
thé tich khong déi, ta cé nhiét dung riéng dang tich C,, C,, C
khi qud trinh x4y ra & thé tich khong déi V = const.

Quan hé giita nhiét dung riéng ding 4p va nhiét dung riéng dang tich clia
khi 1y tudng:

uw > - Nhiét dung riéng

C,-C,=R. (1-22)
C,=k.C. (1-23)
K — s6 mii doan nhiét.

1.3.2. Nhiét dung riéng la hang s6 va nhiét dung riéng trung binh
Véi khi 1y tudng, nhiét dung riéng khong phu thudc vao nhiét do va 1a hang

s0 duogc xac dinh theo bang 1.1.
Bang 1.1. nhiét dung riéng cua khi ly tudng

Loai khi Tri s6 | Kcal/kmol. | KJ/kmol.
K 'K 'K
Co | Cp | Gy | Gy
Mot nguyén tir 1,6 3 5 12,6 | 20,9
Hai nguyén todt (N,, O,...) | 14 5 7 1209|293
Ba hoac nhiéu nguyén tu 1,3 7 9 12931377
(CO,, HO,, [1..)




Vi khi thuc, nhiét dung riéng phu thudc vao nhiét do nén ta cé khai niém
nhiét dung riéng trung binh. Nhiét dung riéng trung binh tir 0°C dén t°C dugc ky

hiéu E‘; va cho trong cac bang & phan phu luc. Nhiét dung riéng trung binh tir t,

dén t, ky hiéu C

IZ hay C,, dugc xdc dinh bang cong thic:

-1 [tzf
ty tz_tl

" _t.C
o v

: } (1-24)

1.4.3. Tinh nhiét theo nhiét dung riéng

thong thuong nhiét lugng dugc tinh theo nhiét dung riéng khoi lugng:
- v6i qud trinh dang 4p:

- Q=G .t —1) (1-25)
- v6i qua trinh dang tich:
Q=GC.(,—1) (1-26)
- VGi qud trinh da bién:
Q=G.C,.(t,—t) (1-27)

Trong cac cong thic trén:
Q — nhiét luong, kJ;
C, - nhiét dung riéng khéi dang ap, kJ/kg.’K .
C, - Nhiét dung riéng khéi luong dang tich, kJ/kg. °K.
C, - Nhiét dung riéng khai luong da bién, kJ/kg. °K.

1.4. Bang va do thi cia mol chat

Vé6i cdc khi O,, N,, khong khi . . . & diéu kién binh thudng c6 thé coi la khi
1y tuwdng va cdc thong s6 dugc xdc dinh bang phuong trinh trang thai khi 1y tudng
da néu ¢ phan trén. V&i nuGe, moi chat lanh, . . . . khong khi c6 thé coi 1a khi 1y
tudng nén cac thong sd duoc xac dinh theo cac bang s6 hoac d6 thi cua chung.

1.4.1. Cac bang s6 cua nuée hoac moi chat lanh (NH;, R,,, R?. . ))
Dé xdc dinh cac thong so cta chat 16ng soi hoac hoi bdo hoa kho, ta st

dung bang hoi bao hoa theo nhiét do hoac theo ap suét cho trong phan phu luc. &
day can luu y cac thong s6 cua chit 1ong soi duoc ky hiéu véi mot dau phay, vi du:

v,p,1,... coOn cic thong so cua hoi bao hoa kho dugc ky hiéu véi hai dau
phay, vi du: v”, p”, i”, . .. . Trong cac bang va do6 thi khong cho ta gia tri noi
nang, mudn tinh ndi nang phai dung cong thiic:
u=1—pv (1-28)

trong do:

u tinh theo kJ;

1 tinh theo kJ;

p tinh theo N/m?;

v tinh theo m?/kg;



Dé x4c dinh céc thong s6 clia chat 10ng chua so6i va hoi qua nhiét ta sit dung
bang hoi qua nhiét tra theo nhiét do va ap suat.

Hoi bdo hoa 4m 1a hén hop gilta chat 1ong so6i va hoi bao hoa kho. Cac
thong so ctia hoi bao hoa am duge v,’, p,’, i,” dugc x4c dinh bing cdc cong thiic
sau:

v, =V +x(V'— V) (1-29a)
L, =1 +x1"—1) (1-29b)
S, =8 +Xx(s"—5’) (1-29¢)

trong do6 x 1a do kho (lwong hoi bao hoa kho c6 trong 1 kg hoi bdo hoa 4m). Néu
trong cong thitc (1-29) khi biét cac gid tri v, p,, i, ta c¢6 thé tinh duoc do kho.
Vi du:

i"—i
1.4.2. Cac do thi cia moi chat

Dé tinh todn v6i nuée, thuan tién hon ca la dung dé thi i-s. do thi i-s cta
nudc duoc cho trong phan phu luc.

V6i moi chat lanh NH;, R, R . . ., thuan tién hon ca 1a dung do thi 1gp-h.
do thi 1gp-h ctia mot s6 moi chat lanh dugc cho trong phan phu luc.
1.5. cac qua trinh nhiét dong co ban Cua khi ly tuong

1.5.1. Bién déi néi nang va entanpi cua khi ly tuéng

Bién déi noi nang:

AU=U,-U,=G.C,.(t,-t,) (1-31)
Bién déi entanpi:
Al=1,-1,=G.C.(t, - t)) (1-32)
trong do:
U tinh theo kJ;
I tinh theo kJ;
C, va C, tinh theo kJ/kgK;
t tinh theo °C;
G tinh theo kg;

1.5.2. Qua trinh déng tich

Qua4 trinh dang tich 12 qu4 trinh nhiét dong x4y ra trong thé tich khong déi
V = const va s6 mii da bién n = oo, nhiét dung riéng ctia qua trinh C,. Trong qua
trinh nay ta c6 cac quan hé sau:
- Quan h¢ gitta nhiét do va ap suat:
Ph_h (1-33)
p, T,
- Cong thay déi thé tich:



L= [pdv =0

1

- Cong k¥ thuat:

Lz = -v(p, - p1) (1-34)
- Nhiét cua qua trinh:

Q=GC (i -t) (1-35)
- Bién thién entropi:

As:G.CV.In% (1-36)

1
1.5.3. Qua trinh dang ap

Qua4 trinh dang 4p la qu4 trinh nhiét dong x4y ra khi 4p suat khong déi p =
const va s6 mil da bién n = 0, nhiét dung riéng cta qud trinh C,. Trong qud trinh
nay ta cé cic quan hé sau:

- Quan hé giita nhiét do va thé tich:

v, T,

V_1 = T_l (1-37)
- Cong thay doi thé tich:

i, =p(vy-vy) (1-38)
- Cong k¥ thuat:

l,=0
- Nhiét cua qua trinh:

Q=G.C,.(t,-t) (1-39)
- Bién thién entropi:

AS:G.Cp.In% (1-40)

1
1.5.4. Qua trinh dang nhiét

Qud4 trinh dang nhiét 12 qué trinh nhiét dong x4y ra trong nhiét do khong
d6i T = const va s6 mii da bién n = 1, nhiét dung riéng ciia qud trinh C; = oo, Trong
qué trinh nay ta c6 cic quan hé sau:

- Quan hé giita 4p sudt va thé tich:

P _ Yy (1-41)
PV,
- Cong thay doi thé tich va cong k§ thuat:
\Y
I =1,= RTInPL =TI Y2, (1-42)
P, Vv,
- Nhiét cua qua trinh:
Q=L,=Gl,= GRT.InL (1-43)
P,

- Bién thién entropi:



As=GR.InPL (1-44)
P,

1.5.5. Qua trinh doan nhiét

Qua trinh doan nhiét 1a qu4 trinh nhiét dong x4y ra khi khong trao doi nhiét
v6i moi truong q = 0 va dq = 0, s6 mil da bién n =k, entropi cuia qua trinh khong
déi s = const va nhiét dung riéng cua qua trinh C = 0. Trong qud trinh nay ta c6
cdc quan h¢ sau:

- Quan hé giita nhiét do, 4p suat va thé tich:

k
P _ [hj (1-45)
p2 Vl
k-1 o
L (ﬁj _ (&j ‘ (1-46)
T2 Vl p2
- Cong thay doi thé tich:
k-1
p1V1 p2 k
I, =—">[1-| = 1-47
am s (Be] (147)
- Cong k¥ thuat:
k-1
KRT p, | K
I =Ky, = k—_]l_ 1- (p_j] (1-48)

1.5.6. Qua trinh da bién

Quad trinh da bién 1a qua trinh x4y ra khi nhiét dung riéng clia qud trinh
khong doi C = 0 va dugc xac dinh bang bi€u thic sau:

c -c =K (1-49)

Trong qua trinh nay ta c6 cic quan hé¢ sau:.

Py (ﬁJ (1-50)

P2 Vs
n-1
n

T (va)" _(m _
R

- Cong thay doi thé tich:

n-1

P.Vy P, )"
l, =—"—1-| = 1-52
o= Bla-[ 2] (1-52)
- Cong k¥ thuat:
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n-1

nRT p, "
Ikt12:n|12 = n_]l_ l_[p_jj

- Nhiét cua qua trinh:
Q = GCn(tZ - tl)
- Bién thién entropi:

T
As=G.C, .In-=~

1
1.6. cac qua trinh nhiét dong co ban Cua khi thuc
1.6.1. Bién déi entanpi, noi nang va entanpi

Bién d6i entanpi:

Al =G.Ai =G.(, - 1))
Bién déi noi nang:

AU =G.Au =G(u, —uy) =G.C..(t, - t,)
Bién déi entropi:

AS=G.As =G.(s,-s)

1.6.2. Qua trinh dang tich

- Cong thay déi thé tich:
1,=0
- Cong k¥ thuat:
L2 = -v(p, - P1)
- Nhiét cua qua trinh:
AU =G.Au =G(u, —u,)

1.6.3. Qua trinh dang ap

- Cong thay doi thé tich:

Lo =p(v2-vy)
- Cong ky thuat:
l,=0

- Nhiét cua qua trinh:
Q = AI = G.(i2 - il)

1.6.4. Qua trinh dang nhiét

- Nhiét ctia qua trinh:

9 = ?’-T(Sz -81); q=T(s, - 8y)
- Cong thay doi the tich:

lp=q—(u;-uy)

(1-53)

(1-54)

(1-55)

(1-56)
(1-57)

(1-58)

(1-59)

(1-60)

(1-61)

(1-62)

(1-63)

(1-64)
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- Cong k¥ thuat:
Lo =q— (i, - 1y) (1-65)

1.6.5. Qua trinh doan nhiét

- Entropi ctia qua trinh

s, =S, = const
- Nhiét cua qua trinh: Q=0
- Cong thay doi thé tich:

lp=-Au =-(u; - u)) (1-66)
- Cong k¥ thuat:
Lz =-A1 =-(1, - 1) (1-67)

1.7. qua trinh hon hop cua khi hoac hol
1.7.1. Hon hop khi ly tuéng

a) Cdcthanh phdn ciia hon hop

- Thanh phan khéi luong g;.
Zgi:z%:l (1-68)
trong d6: G;, G 1a khéi luong ctia khi thanh phan va ctia hon hgp.
- Thanh phan thé tich

V.
2Vi=2y =t (1-69)
trong d6: V;, V 1a thé tich ctia khi thanh phan va ctia hdn hop.
- Thanh phan mol ctia chat khi
M.
2=y =t (1-70)
trong d6: M;, M 1a s6 kilomol cuia khi thanh phan va ctia hon hop.
Ching minh duoc ring thanh phan thé tich biang thanh phan mol.
b) Xdc dinh cdc dai luong cia hon hop khi
- Kilomol ctia hon hop khi .
n=Yrm, (1-71)
i=1
! (1-72)

UW=——7-—
9
zlii

trong do:
r;, g~ thanh phan thé tich va thanh phan khéi luong ctia khi thanh phan,
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w;— kilomol ctia khi thanh phan.
- Hang s6 chat khi ctia hén hop:

R _8314 8314 (1-73)
[ zri!"ti

R = Zn:giRi (1-74)
i1

Trong do:
R,, - hang s6 chat khi ctia khi thanh phan,
u— kilomol ctia hén hop khi dugce tinh theo (171) hoac (1-72).
- Nhiét dung riéng hon hop C;
C=2gC (1-75)
trong d6: C,, C 1a nhiét dung riéng cua khi thanh phan va ctia hon hop.
C) Xdc dinhdp sudt ciia khi thanh phdn p;
P =1p (1-76)
p - dp suat cua hoén hop khi duge xdc dinh theo dinh luat Danton:

p= zpi
i=1

d) Quan hé giita cdc thanh phan g; va r,

9i
M'r' K
R ol b S =i 1-
g zuiri, f Z& (1-77)
M

1.7.2. Qua trinh hon hop cua chat khi

a) Hon hop khi trong thé tich V
U=20, (1-78)
trong d6: U,, U 1a noi nang cua khi thanh phan va ctia hon hop.
Dai v6i hon hop khi 1y tudng, nhiét do ctia hon hop duoc xac dinh theo cong thic:
Z 9;C,T,

T=&2n i
z g i C Vi
trong d6: C,; 1a nhiét dung riéng khéi luong dang tich ctia khi thanh phan.
Néu khi thanh phan la cing mot chat, ta c6:
t=2.gt (1-79b)

(1-792)

b) Hoén hop theo dong
Hén hop duoc tao thanh khi ta n6i 6ng dan cac dong khi vao mot 6ng chung.
& day ap sudt cua hoén hgp p thudng cho trude. Entanpi cia hon hgp duge xac dinh
theo cong thuc:
[=21 (1-80)
trong d6: I, I 1a entanpi cua khi thanh phan va ctia hon hop.
Nhiét do ctia hon hop khi 1y tudng duoc xdc dinh theo cong thic:
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C.T
o 29CT (1-81a)

zgicpi

C,; 1a nhiét dung riéng khéi luong déng dp ctia khi thanh phan.
Néu cac dong khi 1a cuing mot chat, ta co:
t= Zgiti (1-81b)

¢) Hon hop khi nap vao thé tich ¢ dinh
Nhiét do cua hén hop khi 1y tudng duge xédc dinh theo cong thiic:
n+1

9;C,Ti + ZgicpiTi
i

T- : (1-82a)
Z g i Cvi
i=1
Néu hon hop 1a ciing mot chat, ta co:
t=gt, +gkt, + gkt; +. .. (1-82b)
ap sudt cta hon hop duogc xac dinh theo phuong trinh trang thai:
pV =RT

1.8. QUA TRINH LUU PONG VA TIET LUU CUA KHI VA HOI
1.8.1 Qua trinh luu dong cua khi va hoi

a) Khdi niém co ban:
- phuong trinh lién tuc:
Vi gié thiét dong luu dong 6n dinh va lién tuc, luu lugng G tinh theo kg/s
ctia dong moi chat qua tiét dién s& khong déi:

o.p.f = const hay fvmz const (1-83)

trong do:
G — luu luong khoi lugng [kg/s];
® - van toc ctia dong [m/s];
f — dién tich tiét dién ngang ctia dong tai noi khao sat [m?];
p - khoi luong riéng clia mai chat [kg/m?];
- T6c @6 am thanh a

a =/kpv = VkRT (1-84)

trong do:

k — s6 mil doan nhiét;

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

v — thé tich riéeng [m’/kg];

R — Hang s6 chat khi [J/kg’K];

T — nhiét do tuyét doi ctia moi chat [°K];
- S6 Mach M.
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M=2 (1-85)
a

trong do:
® - van toc ctua dong, [m/s];
a - toc do am thanh trong dong khi, [m/s];
b) Cdc cong thiic co ban vé luu dong
- Quan hé gitta toc do dong khi va ap suat
odo = -vdp (1-86)
Tir d6 khai niém: Ong tang toc trong d6 toc do tang, ap sudt giam; 6ng tang ap
trong do6 ap suét tang, toc do giam.
- Quan hé gitta toc do va hinh dang 6ng
df

_:(MZ_l)d_O)’ (1-87)
f ®

T d6 khai niém: 6ng tang téc nhd dan (khi M < 1), 6ng tang téc 16n dan
(khi M > 1), 6ng tang t6c hon hgp hay laval (khi vao ong M < 1, khi khoi 6ng
dong khi ¢c6 M > 1). 6ng tang ap nho dan (M > 1), 6ng tang ap 16n dan (khi M <
1), 6ng tang t6c hon hop (khi vao dong khi c6 M > 1, khiraM < 1).

-T6c do dong khi tai tiét dién ra cua 6ng tang toc

k-1

k P, )
= |2——RT,[|1-| —= 1-88
0, K_1 1 (plj ( )

trong do:
k - s6 mi doan nhiét;
R - Hing s6 chat khi [J/kg'K];
T, - nhiét do tuyét d6i cta chat khi khi vao ong, [°K];
p, - 4p suat chat khi vao ong, [N/m?];
p, - 4p suat chat khf tai tiét dién ra clia 6ng, [N/m?];
+ V6i khi thuc (hol nudce . . .) thuong dung cong thic:

®, =+/2l, =4/2(; = i,) (1-89)

i;, i, — entanpi cua khi tai ti€t dién vao va ra cua ong, J/kg.

- Ty s dp sudt toi han B, duoc xdc dinh theo cong thiic:

K
Py 2 k1
. S 1-90
=[] (1-90)

P« 12 4p suat tGi han (ap suét & trang thai khi © = a).
Vé6i khi 2 nguyén to k = 1,4 thi B, = 0,528, v6i hol nude qua nhiét B, = 0,55.

-Téc do toi han o,
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+ V6i khi 1y tudng:

k k-1
ZERTllil—Bk k :|,

J2(i, —i,), m/s;

Oy

Vi hoi nudc:
Wy

(1-91)

(1-92)

i}, 1, — entanpi ctia mol chat & trang thal t6i han, J/kg, cé ap suit t6i han

P=Pi - B

- Luu luong cua dong khi G

Luu lugng dong khi G dugc xac dinh theo phuong trinh lién tuc viét cho tiét

dién ra f, clia ong:

G= f,o,

, kgfs;
2
trong do:
f, - tinh theo m?;
®, - van toc cua dong, [m/s];
v, — tinh bing m*/kg;

- Luu luong cuc dai
+ V6i ong tang to¢c nho dan:
fo,

G= , kg/s;
k
+ Vi ong tang to¢c hon hop:
| )
G e = min ~~'k
Vi
trong do:
f,, f,,,— dién tich ctra ra va dién tich nho nhat clia 6ng, m?;

®, - van toc cua dong, [m/s];
v, — thé tich riéng & trang thdi t6i han c6 4p suat p,, m’/kg;

1.8.2. Qua trinh tiét luu cua khi va hoi

a) Tinh chdt cua qud trinh tiét luu

- ap suat giam: p, < py,

- Entanpi trudc va sau tiét luu khongdéi: i, =1,,

- Nhiét do khi Iy tuéng khong déi: T, = T,,

- Nhiét do khi Iy tuéng khong déi: T, = T,,

- Nhiét do khi thuc giam (T, < T, — nhiét do chuyén bién)
b) iing dung

(1-93)

(1-94)

(1-95)

Qua trinh tiét luu dugc ting dung trong may lanh nhu van ti€t luu nhiét(giam
ap sudt va c6 diéu chinh nang sudt lanh), 6ng mao dan (chi giam &p suét) va trong

tudc bin dé diéu chinh cong suat clia tudc bin.
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1.9 QUA TRINH NEN KHI

Mady nén ciing nhu bom, quat 1a mdy tiéu t6n cong, nén c6 ging dé cong
hoac cong suét cia may nén cang nho cang tot.

C6 hai loai may nén khi: may nén piston va mdy nén li tam. Nguyén ly lam
viéc cau tao cta hai loai may nén khac nhau nhung ching giong nhau trong viéc
phan tich tinh chat nhiét dong.

1.9.1. May nén piston mot cap li tuéng va thuc

Mady nén piston goi 1a 1y tudng khi nghia 1a khi piston chuyén dong dén sat
nap xilanh, may nén piston thuc khi piston chi chuyén dong dén gin nip xilanh,
nghia 1a con mot khoang hd goi 12 thé tich thira (hay thé tich chét).

Cong tiéu thu cia may nén mot cap i tudng hoac thuc khi qua trinh nén la
da bién, v6i s6 mii da bién n dugc tinh theo cong thic:

k
L :—LGRT{n“ —1},[\1] (1-96)
n-1
trong do:
G — khoi luong khi, kg;
R - Hang s6 chat khi [J/kg’K];
T, - nhiét do khi khi vao mdy nén, [°’K];
Nhiét luong toa ra trong may nén khi nén da bién:
k
Q, =—GCnT{nk‘1 —1}[J] (1-97)
C, — nhiét dung riéng clia qué trinh da bién, [J/kg’K];
1.9.2. May nén piston nhiéu cap

Vi mdy nén mot cap, ti s6 nén cao nhat khoang © = 6+8, vay mudn nén téi
ap sudt cao hon phai ding may nén nhiéu cap. Tong quat, khi ky hiéu s6 cdp may
nén la m, ta cé ti s gitta cac cip nhu nhau va bang:

L (1-98)
Py
trong do:

P. - 4p sudt cudi cung;
P4 - 4p suat dau cua khi.

Cong cia mdy nén nhiéu cap bang m lan cong cua may nén mot cap L,:

n-1
L =mL, = —mn'—”l RTl[(n)n —1} (1-99)

1.10 KHONG KHI AM
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1.10.1. Tinh chat cia khong khi am

Khong khi 4m 12 hdn hop cua khong khi kho va hoi nuée.

Khong khi kho 1a hon hgp cdc khi ¢6 thanh phan thé tich: Nito khoang
78%; Oxy: 20,93%; Carbonnic va cac khi tro khac chi€ém khoang 1%.

Vi phan 4p suat ctia hoi nu6c trong khong khi 4m rat nho nén hoi nuée &
day c¢6 thé coi nhu 12 khi 1y tudng.

4p suat cta khong khi 4m 1a p (4p suét khi quyén) 1a tong ctia phan 4p suat
ctua khong khi kho p, va hoi nuéc py;:

P=ptpn (1-100)

Nhiét do ctia khong khi am t bang nhiét do ctia khong khi kho t, va bang

nhiét do ctia hoi nudc t:

t= tk = tha
Thé tich ctia khong khi 4&m V bing thé tich ctia khong khi kho V, va bing
thé tich cua hoi nuéc V,:
V=V, +V, \
Khoi lugng ctia khong khi 4m 1a G béng tong khdi luong cua khong khi kho
Gy va hoi nuée Gy;:
G=G, +G,, . (1-101)
Tuy nhién vi khoi luong clia hoi nuéc trong khong khi 4m thudng rat nho
nén c6 thé coi khoi lugng ctia khong khi am bang khai luong ctia khong khi kho:

G = Gk N
& day ta c6 thé dung phuong trinh trang thai ctia khi 1y tudéng cho khong khi 4m:
pV = GRT

- doi v6i khong khi kho:
p.V = GR,T; v6i R, =287 J/kg.’K
- d6i v6i hoi nudc:
p.V =GR, T v6i R, = 8314/18 = 462 J/kg.’K

1.10.2. Cac loai khong khi 4m

Khong khi 4m chua bao hoa 1a khong khi 4m ma trong dé con c6 thé nhan
thém mot luong hoi nudc nita tir cac vat khac bay hoi vao. Hoi nuéc & day la hoi
qué nhiét.

Khong khi 4m bao hoa 1a khong khi 4m ma trong d6 khong thé nhan thém
mot luong hoi nude nita tir cac vat khac bay hoi vao. Hoi nuée & day 1a hoi bao hoa
kho.

Khong khi 4m qué bao hoa 1a khong khi 4m bdo hoa va con chita thém mot
luong hoi nuée nhét dinh, vi du swong mu 1a khong khi am qué bdo hoa.

1.10.3. C4c dai luong dac trung ciia khong khi am

q* Do dm tuyét doi:
Do am tuyét doi dwocj tinh theo cong thic:
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G
Ph =7“, kg/m?; (1-102)

b* Do dm tuong doi :

Do am twong d6i ¢ 12 ty so gitta do 4m tuyét d6i cua khong khi chua bao
hoa p, va cia khong khi 4m bao hoa py,,,, O cling nhiét do.

@ =Ph ! Primax (1-103)

trong do:

p,- phan 4p suat clia hoi nuée trong khong khi 4m chua bio hoa;

Pumax- PhAn 4p sudt ctia hoi nudc trong khong khi 4m bao hoa;
Gia tri p,,,, tim duoc tir bang nude va hoi nude bao hoa (theo nhiét do) véi nhiét do
t, =t.

c* Do chita hoi d:
Do chita hoi d 1a lugng hoi chita trong 1kg khong khi kho hodc trong (1+d)
kg khong khi 4am. Do chita hoi con goi 1a dung 4m:
d =%= 0,622—P1:[kgh / kgkho]; (1-104)
k “Fhn
Do chita hoi trong khong khi 4m bdo hoa 1a do chda hoi 16n nhat d,,, (khi

ph = pmax):

d= 0,622%;[kgh / kgkho; (1-105)
h max
d* Entanpi cuia khong khi dm
Entanpi cuia khong khi 4m bang tong entanpi cua 1kg khong khi kho va cta
dkg hoi nuéce:
I=t+d(2500 = 1,93t); (kJ/kgK).
t — nhiét do ctia khong khi 4m, °C.

e) Nhiét do bdo hoa doan nhiét t:

Khi khong khi ti€p xdc véi nude, néu su bay hoi cua nude vao khong khi chi
do nhiét lugng ctia khong khi truyén cho, thi nhiét do ciia khong khi bao hoa goi la
nhiét do bao hoa doan nhiét T (nhiét do t 14y gan ding bang nhiét do nhiét k& udt T
= ty).

f) Nhiét do dong suong t,

Nhiét do dong suong t, hay 1a di€ém suong 1a nhiét do tai d6 khong khi chua
bdo hoa trd thanh khong khi 4m bao hoa trong diéu kién phan 4p sudt ctia hoi nude
khong doi p, = const. Tir bang nudc va hoi nuée bao hoa, khi biét p, ta tim dugc
nhiét do t..

g) nhiét do nhiét ké uot t,

Nhiét do nhiét k& uét t, 1a nhiét do do duoc bang nhiét k€ uét (nhiét k& ¢6
boc vai uét bén ngoai).

Khi ¢ = 100% tacot,=t,.

Khi ¢ < 100% taco t, < t,.

1.10.4. Do thi i-d cna khong khi am
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Hinh 1.1 biéu dién d6 thi i-d dugc, trong do:

- d = const 12 dudng thang ding, don vi g hoi/kg khong khi kho;

- i = const 1a dudng thang nghiéng géc 135°, don vi kJ/kg hoac kcal/kg;

- t = const 1a duong chénh vé phia trén,

- @ = const 1a dudng cong di lén, khi gdp dudng nhiét do t = 100°C s& la
duong thang diing;

Pn = const 1a dudng phan 4p suét cua hoi nuée, don vi mmHg.

Str dung d6 thi I-d (hinh 1-2), vi du trang thai khong khi 4m duoc bi€u dién
bang diém A la giao diém cua dudng ¢, va t,. Tir d6 tim dugc entanpi I, do chita
hoi d,, phan dp suat p,, nhiét do nhiét k€ uét t, (duong I, cat duong ¢ = 100%),
nhiét do dong suong t, (dudng d, = const cat dudng ¢ = 100%), do chita hoi 16n
nhat d,,,,,, phan ap sudt hol nu6c 16n nhat py,,, (1t dIém t, = const cit dudng ¢ =
100%).

b

175 mmHg
150
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|0
d; 9/kg
Hinh 6.10 D& thi I-d cia khéng khi am

1.10.5. Qua trinh say

Qud trinh say 12 qud trinh 1am kho vat mudn say. Moi chat dung dé say
thudng 1a khong khi. C6 thé chia qua trinh sdy 1am hai giai doan:
- giai doan dot néng khong khi 1-2 (hinh 1.3), & day d = const, do 4m tuong
doi ¢ giam, nhiét d6 khong khi tang.
- giai doan say 2-3, & day I = const.

20



