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PAP AN MON: KY THUAT NHIET LANH
Mi MH: TREN341032

Ngay thi: 1/07/2026 Thoi gian: 90 phut

Hoc ki 2 2025-2026 (P2)

Céu 1: (2 diém) Trinh bay qua trinh hoa hoi dang ap cta hoi nuéc (hinh v&, qua trinh, d6 thi,

nhiét lwong cung cip).

Tra loi:

Noi Dung

Pieém

Qué trinh hod hai thudng xdy ra & 4p suit khong doi.

q (kJ/kg)

(0.5 diém)

0

p
Pr

P3

Do Am cho biét lwgng nudc chiva trong 1 kg hoi biio hoa dm.

Doan CD: Biéu dién qu4 trinh bién hdi bio hda khd thanh hoi qua nhiét, San
khi toan bo nudc dd bién thanh hdi tai C, néu ti€p tuc ciAp nhiét lic nay nhiét dd cia
hoi s& ting 1&én cho dén trang thdi D nao d6. D goi la trang thdi hdi qud nhiét, thong
s8 hai qui nhiét la : v, u, i, t > t; . Qud trinh ti€n hanh nhiéu l4n & cdc ap sudt khdc
nhau, sau khi xit 1 s6 liéu dudc tém tdc va bi€u dién trén d6 thi p-v nhu sau:

2.3 Khi thuc

Py
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Trén dd thi cic di€m O,, O,, O, bi€u dién trang thai nudc 8 0°C véi cdc dp sudt
khac nhau, ching nim trén dudng thing gan nhu song song vdi truc p ( vi thé tich clia
nde & 0°C hau nhw khodng thay ddi theo 4p sudt).

Nhitng diém A,, A,, A; bi€u dién trang thdi nudc sdi & cdc 4p suat khdc nhan,
ap suit cang cao cdc diém nay cang nghiéng vé bén phai, vi nhiét do sdi cao nén thé
tich ting theo ap suit.

Céc di€m C,, C,, C; biéu dién trang thdi hoi bdo hoa khd & cdc 4p suit khic
nhau, dp sud't cing 16n thi dudng nay cing ¢6 khuynh huéng nghiéng vé bén trdi ( p
va v ctia hdi bdo hoa khd ¢6 quan hé ti 1& nghich),

N&i cic di€m 0, 0, 0;,.. ta dude dudng nudc & 0°C., N&i cic di€m A, A,,
As.... ta dudc dudng nudc soi hay goi la dudng gidi han dudi cé x = 0. Noi cdc diém
C,, G,, Cs,...1a ¢6 dudng hdoi bdo hoa khd goi la dudng gidi han trén cé x = 1.

Qua trinh dugec ti€n hanh nhu sau:

Cho vio xi lanh 1 kg nuée & 0°C trén d6 c6 dat 1 piston va ¢6 thé dich chuyé&n
dé dang v4i dp sufit p = const, V1 piston d& 1én mat thodng clia nuéc nén khong xéy ra
st bay hdi ma chi xdy ra su soi khi cip nhiét,

Khi cdp nhiét vao xi lanh qué trinh bi€n nude thanh hoi nhw sau:

+ Poan OA : Qui trinh dot néng nuée tir 0°C dén nhiét do sdi, giai doan nay
khi nhiét do ting thi thé tich ciing ting. Cdc thong sd ciia nudc § trang thdi ban diu
( diém O) ¢6 ky hiéu: vy, ug , ip, to. Tai A nhiét dd clia nu6c dat d€n nhiét dd séi. Céc
théng s& nude sdico k¢ hiéu: Vl, uq, il, = [

+Poan AC : Biéu dién qua trinh s6i, trong giai doan nay mac dit ti€p tuc cip
nhi¢t, nhung nhiét dé ctia nuéc vin khéng déi. Nhiét lugng cung cip cho nudc trong
doan AC khéng lam nhiét do ciia nude ting 1én goi 1a nhiét hoa hoi, ky hiéu: r

Tai C giot nuéc cudi cing bi€n thanh hoi, su sodi két thic, hoi nude § trang théi
nay goila hoi bdo hoa khé, ky hiéu cac théng sd : v’ u”’, i”°, t7'=t,

Hoi nuéce tai diém B nao dé trong doan AC (hon hgp giita nude soi va hoi nude
bio hoa kho) goi 14 hoi nudc bio hoa 4m. Thong s& trang théi ctia B ki hiéu la: v, u,,

iX! tX = tS

(0.5 diém)

Dé x4c dinh trang thii hoi nude bio hoa 4m ngudi ta dua ra thong s6 mdi x, goi
Ia d6 kho. D6 khd cho biét Iugng hdi bio hoa khé chita trong 1 kg hdi bdo hoa 4m,
G kg hoi bdo hoa khod
G kg hdi biio hoa 4m
Gk Gk

G. G +G,

X

N ~ N N A~ 2 FERP ~ A
Ngoaira ta con dung 1 théng s6 khdc y: goi 1a d6 am.

y=1 x= G kg nudce soi

G kg hoi bio hoa 4m

(1.0 diém)
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Khi 4p suit cang ting thi hai dudng gidi han dudi va trén ti€n lai gin nhau, d€n
mdt dp sudt nao dé goi 1a 4p sudt téi han thi hai dudng nay s& gip nhau tai k, k goi 1a
diém t6i han.
Thong s6 tai k :
Px =22 1bar =225 at
vi = 0,003 m*/kg
te=374°C

Ngohira do thi chia lam 3 viing :
Vingl :ving nude chua soi,
ViingIT : viing hdi bio hoa 4m.

Ving III : viing hdi qud nhiét.

* Nhiét Irgng cin thi€t d€ bi€n nude  0°C dén trang thai hoi qud nhiét 1a :
q=(Qun+ T+ Qg (2-16)
Trong do6 : q, = i Ip=cpy (&— Tp)
(o :Nhiét lugng cAn thi€t [am cho nude & 0°C dat d&€n nhiét do soi.
i
r : Nhiét hod hoi.
(k= Cpn ( T— 1)
qe:Nhiét lugng cin thi€t d€ bién hoi bio hoa khd thanh hoi qud
nhiét.

PN Ca 2 P . P A
cpp :Nhiét dung riéng dang dp ctia hoi qud nhiét.

Cau 2: (2 diém) Trinh bay céu tao, so d6 nguyén 1y, do thi, chu trinh 1y thuyét va nguyén 1i hoat

dong cua chu trinh may lanh 1 cép thuc hién & hanh trinh kho cé dung van tiét luu. Tinh toan cac

thong sb cta chu trinh.

Trd loi:

Noi Dung

Piém

So do nguyén li, do thi.

(1.0 diém)

S6 hiéu: BM1/QT-PPBCL-RDTV Trang: 3/10




1
P,
/ N, b

I-Mdy nén; 1I-Thiét bj ngung tu; III-Van tiét lwu; IV-Thiét bi bay hoi.
Chu trinh li thuyét.

1-2: Qud trinh nén doan nhiét, diang entropy & mdy nén I;

2-3: Qud trinh ngung tu dang dp ¢ thiét bi ngung tu II;

3-4: Qua trinh tiét luu dang enthalpy ¢ van tiét heu III;

4-1: Qud trinh bay hoi dang dp & thiét bi bay hoi IV;

Nguyén ly hoat djng.

Hoi bdo hoa kho tir thiét bi bay hoi IV di dén may nén, nén doan nhiét, dfmg entropy
theo qua trinh 1-2 trd thanh hoi qua nhiét cao ap, tiéu tbn ngoai cong 1.

MBoi chit véi thong sb trang thai 2 di vao thiét bi ngung tu II, ngung tu dang ap theo
qua trinh 2-3, nha nhiét qx thanh 1ong hoan toan (16ng bao hoa kho véi thong s trang
thai 3). Long cao ap véi thong sb trang thai 3 di dén van tiét luu III va tiét lyu dang

enthalpy thanh hoi bdo hoa 4m ha ap v&i thong s6 trang thai 4. Vi thong sb trang

(0.5 diém)

S6 hiéu: BM1/QT-PPBCL-RDTV Trang: 4/10




thai 4 méi chit di vao cum thiét bj bay hoi IV va binh tach 1éng V nhan nhiét qo
dang ap, dang nhiét dén thong sb trang thai 1 rdi quay tré vé may

nén L. Ctr thé, chu trinh tiép dién.

Tinh toan céac thong s6 ciia chu trinh.

1) Cong nén: 1 =h; — hi.

2) Nhiét lugng nha ra & thiét bi ngung tu: qx = hy — hs = dt(1°12533°1”) trén db thi
T-s.

3) Nhiét lugng nhan dugc & thiét bi bay hoi: qo =h; — ha = dt(1°144°1°) trén d0 thi
T-s.

A A 1 hi—h
4) Hé s0 lam lanh: € = 0 _ M7
) ) l hy—hy

(0.5 diém)

Cau 3: (6 diém) Mot buéng lanh sir dung moi chat R22 cho chu trinh may lanh 2 cép ¢o trich hoi

trung gian, 1am mat trung gian hoan toan, c6 2 tiét luu. Nhiét do bay hoi To = -35°C, nhiét do

ngung tu & thiét bj ngung tu 1a 30°C, d6 hoan nhiét AT = 4°C. Ning suét lanh Qo = 120 kW.

Mot hé théng lanh dung chu trinh may lanh mot cép hanh trinh kho moi chét lanh R22 ¢6 van tiét

luu v6i nhiét do bay hoi 1a 11°C, nhiét dd ngung tu 1a 35°C.

Tra loi:

Noi Dung

Piem

a, Vé so dé nguyén Iy, do thi chu trinh Ii thuyét va trinh bay nguyén 1y hoat déng cia

chu trinh:

So d0 nguyén li, do thi.

(1.0 diém)
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Chu trinh li thuyét, nguyén 1y hoat dong.

12: qud trinh nén doan nhiét, dang entropy & mdy nén thap dp; 23: qud trinh lam mdt
hodn toan trong binh trung gian; 34: qud trinh nén doan nhiét, dang entropy ¢ mady
nén cao dp; 45: qud trinh ngung tu dang dp ¢ thiét bi ngung tu; 56: qud trinh tiét heu
& van tiét luu 1; 78: qud trinh tiét lwu ¢ van tiét weu 2; 81: qud trinh bay hoi ¢ thiét bi

bay hot.

Tinh toan chu trinh:

Chu trinh dugc tinh toan cho 1 kg qua thiét bi bay hoi.

- o : Luong hoi sau van tiét luu TL1.

- B : Luong 10ng bay hoi ¢ binh trung gian dé lam mét hoan toan 1 kg hoi qué nhiét
trung ap.

- Luong méi chit di qua may nén cao ap 1a 1 + o+ p.

1)X4c dinh B theo phuong trinh cin bang nhiét:

B.h7+ Lhy = (1 + B).hs

_ h2-h3
p= h3—h7

(1.0 diém)

S6 hiéu: BM1/QT-PPBCL-RDTV Trang: 6/10




Chu trinh dugc tinh toan cho 1 kg qua thiét bi bay hoi.
o : Luong hoi sau van tiét luu TL1.
B : Luong long bay hoi & binh trung gian dé 1am mat hoan toan 1 kg hoi qua nhiét
trung ap.
Luong mdi chét di qua may nén cao ap 1a 1 + o + p.
2)Xéc dinh « qua van tiét luu TL1:
hs = hs
(1+a+pB)hs=(1+p).h7+ a.h3

a=(1+p)
3)Cong may nén thap ap: Inat = ha — hy.

h6—h7 _ h2—-h7 h6—h7
h3—-h6 h3—h7 h4—he6

4)Cong may nén cao ap: Inac = (1 + o + B)(hs — h3).

5)Coéng nén: 1= Inat + Inac

- o : Luwong hoi sau van tiét luu TL1.

- B : Luong 10ng bay hoi ¢ binh trung gian dé lam mét hoan toan 1 kg hoi qué nhiét
trung ap.

- Luong méi chat di qua may nén cao ap 1a 1 + o+ p.

6) Nhiét luong téa ra & thiét bi ngung tu: qx = (1 + o+ B)(hs — hs).

7) Nhiét lwgng nhan duoc & thiét bi bay hoi: qo =h; — hs.

8) Heé s6 lam lanh: & = qo/l.

9) Luong moi chat tuan hoan qua may nén thap ap: Gnat = Qo/qo.

10) Luong moi chat tuan hoan qua may nén cao ap: Gnea = (1 + o + B).GNaAT.

NAT _

11) Thé tich hut ciia may nén thap ap: Vi GNaT.VI

12) Thé tich hat ctia may nén cao ap: ViV€ = Gnac.vs.

b, Thiét Igp bdng théng sé cdc diém miit:

Points | Temp. °C | Press. bar | v (dm3/kg) h/i (kJ/kg) s(kl/kg - K)
1 -35 1,3213 166,5 390,34 1,8120
2 ~15 3,941 ~67,8 ~415,85 1,8120
3 -7 3,941 59,15 402,34 1,7610
4 ~50 11,879 ~22,249 ~429,68 1,7610

(2.0 diém)
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5 30 11,879 0,8517 236,67 1,1254
6 -7 3,941 236,67 1,1386
7 -7 3,941 0,7637 191,62 0,9692
8 -35 1,3213 191,62 0,982

9 -35 1,3213 0,7165 159,31 0,8464

Tt nhiét d0 ngung tu va nhi¢t d§ bay hoi va tra bang hoi bao hoa tim dugc thong $6

cac diém 1,9, 5

Ap suit trung gian \/m =+/1,3213.11,879 = 3,96166 Bar, do d6 nhiét d6 trung

gian -7°C

tra bang hoi bao hoa R22 cho -7°C Dugc ap suit 3,941 bar. tim duogc thong s6 diém 3,

7

Thong sb tai diém 2 dugc tra theo bang hoi qua nhiét ciia moi chat R22. Do entropy tai

1 bang 2, 4p suét tai 2 bang ap suét trung gian. Tir bang hoi qua nhiét theo entropy va

ap sudt, hiy tim cac thong s6 con lai.

Thong s6 tai diém 4 dugc tra theo bang hoi qua nhi¢t ciia moi chit R22. Do entropy tai

3 bang 4, ap suit tai 4 bang 4p suat ngung tu. Tl bang hoi qua nhiét theo entropy va ap

suat, hdy tim cac thong sb con lai.

Thong s6 tai diém 6 va 8 dugc tinh theo cong thic (2-17) dya trén enthalpy, tir d6 suy

ra d6 khé cua 2 diém 6 va 8 lan luot la:

__he—h; 236,67 — 191,62
h; —h, 402,34 —191,62

_hg—hy 191,62-159,31 014
" hy—hg 390,34-—159,31

Xg = 0,214

Xg

x tai 6 (= 0,214), x tai 8 (=0,14)

Sau do, tinh s va v tai cac diém 6 va 8, ta cd cac gia tri trong bang thong s cua céc

diém nut 6, 8.
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Riéng ddi v8i hoi bio hoa Am khdéng cé trong bang, dé xic dinh cdc thong sé
ctia né ta xac dinh theo d6 khé x, cdc théng s6 cia hoi biio hoa khd va nudc sdi, theo
cidc cong thire sau:

Vi=VHX (V7 = V)

k=1"+x({0"-1) (2-17)
Sx=5 +X(s"—s")

U, =u +x(u’-u’)

i, —1'

-~y — X
Suy ra: X= *—
i
s, —s'

Hoac: Xx= =
g

Ngoai ra n6i ning khéng c6 trong cdc bang va do thi, va dude xédc dinh tir
enthanpi:
i=u+pv

= u=i-pv (2-18)

¢, Tinh todn cdc théng so bao gom (cong cdp cho mdy nén, nhiét liwong nhd ra & thiét
bi ngung tu, nhiét lwong nhan vao tu thiét bi bay hoi, hé s6 lam lanh ciia chu trinh,
lirong méi chdt tuan hoan qua hé thong va thé tich hit ciia mdy nén:
1)Xac dinh B theo phuong trinh cin bang nhiét:

B.h7 + L.ho=(1+B).hs

B= h2—-h3 _ 415,85-402,34
h3-h7 ~ 402,34—191,62

2)X4c dinh o qua van tiét luu TL1:
hs = he
(1+a+pB)hs=(1+p).h7+ a.h3

= 0,064

a=(1+p) h6—h7 _ h2—h7 hé6-h7
h3-h6 h3—h7 h4—hé6

3)Cong may nén thap ap: Inat = ho — h1=25,51 kl/kg

4)Cong may nén cao ap: Inac = (1 + o+ B)(hs — h3)=1,353.27,34=37kJ/kg
5)Cong nén: 1 = InaT + Inac=25,51+37=62,51 kl/kg

6) Nhiét lugng téa ra & thiét bi ngung tu: qx = (1 + o+ B)(hs — hs)
=1,353.193,01=261,14kJ/kg

7) Nhiét lugng nhan dugc & thiét bi bay hoi: qo = hi — hg=198,72kJ/kg

8) Heé s6 lam lanh: € = qo/I=198,72/62,51=3,18

= 0,289

(2.0 diém)

S6 hi¢u: BM1/QT-PPBCL-RDTV Trang: 9/10




9) Luong moi chat tuan hoan qua may nén thap ap: Gnat = Qo/qo
=120/198,72=0,604kg/s

10) Luong moi chét tudn hoan qua may nén cao 4p: Gnea = (1 + a + B).Gnar
=1.353.0,604=0,817kg/s

11) Thé tich hit ciia may nén thap ap: ViNAT = Gnat.vi = 0,604.0,1665=0,1006 m? /s
12) Thé tich hat cia may nén cao ap: ViNAC = Gnac.vs.= 0,817.0,05915=0,0483 m3 /s

BM CN NHIET PIEN LANH

Dang Hung Son
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