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Tém tit. Bai viét trinh bay két qua mo phong ciia chu trinh lanh mét cip st dung may nén hoi, cac thong
s6 cua méi chit va thong s6 cua chu trinh lanh khi st dung moi chat lanh R22, R410A va R32 dua trén
phan mém Matlab/Simulink. Hé thng dugc mé phong véi ning suat lanh 9000 BTU/h (2,638 kW), nhiét
d6 bay hoi 5°C va nhiét d6 ngung tu 40°C. Qua trinh md phong di xac dinh dugc thong sb trang thai cua
mdi chit lanh va anh hudng cta nhiét d6 dén cac thong sb chu trinh lanh mot cip. Két qua mo phong dat
duoc khi ¢ ciing diéu kién nhiét do hoat dong va nang suat lanh trong dwong thi thé tich hut cia may nén
su dung moi chat R22 16n hon 31%, 37% so véi R410A/R32 va hé sb hiéu qua nang lugng COP 5,581
(R22)/5,177 (R410A)/5,396 (R32).

Tw khoéa. Chu trinh lanh 1 cép, hé sb hiéu qua nang lugng, COP, higu suat, Matlab/Simulink, mé phéng
chu trinh lanh.

ANALYSIS OF THE SINGLE-STAGE REFRIGERATION CYCLE
PARAMETERS OPERATING WITH R22/R410A/R32 REFRIGERANTS
BY MATLAB/SIMULINK SOFTWARE

Abstract. The paper was presented simulation results of single-stage vapor-compression refrigeration
system. Parameters of refrigerant and refrigeration cycle uses R22, R410A and R32 refrigerants based on
Matlab/Simulink software. The system was simulated with a cooling capacity of 9000 BTU/h (2,638 kW),
evaporation temperature was 5° C and condensation temperature was 40° C. The simulation process has
determined the state parameters and the temperature affection which impacted on the single-stage
refrigeration system. The simulation results are achieved at the same operating temperature and
equivalent cooling capacity to compressor displacement uses R22 refrigerant higher 31%, 37% than
R410A/R32 and the Coefficient of Performance (COP) are 5,581 (R22)/5,177 (R410A)/5,396 (R32).
Keywords. single-stage refrigeration cycle, energy efficiency, performance, Coefficient of Performance,
Matlab/Simulink, refrigeration cycle simulation.

1 GIOI THIEU

Mai chat lanh 1a chit méi gidi dwoc sir dung trong chu trinh nén hoi. Hé théng diéu hoa khong khi
(PHKK) hién nay sir dung cac loai mdi chit phd bién R22, R410A, R32[1]. Tuy nhién, mdi chit R22 van
¢6 tiém ning suy giam tang ozone (ODP = 0,05) (ODP — Ozone Depletion Potential), tiém ning lam néng
toan cau (GWP = 1700) (GWP — Global Warming Potential) va s& bi cAm vao nim 2040, do d6 moi chat
R410A duoc lya chon dé thay thé (ODP = 0; GWP = 2088)[2]. Ngoai ra, do mdi chat R410A van c6 chi
s6 GWP rit 16m, nén viéce lva chon méi chat c6 chi s6 GWP thép duoc lya chon dé thay thé trong do co
R32 (GWP = 675)[1], [3], [4]. Khi thay thé mot mbi chat mdi s& phai loai bo tat ca cac thiét bi hién c6
trong hé théng dé dam bao nang suét lanh va hiéu suét cua hé théng, v6o1 mot hé théng lanh hién dang str
dung méi chat R22 khi thay thé mot moi chit s& anh huong dén thiét bi va hiéu suat. Trong bai bao nay,
hé thong PHKK dugc md phong trén Matlab/Simulink nham dénh gia sy anh huéng chu trinh lanh va
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hiéu suét khi thay thé moi chat R410A, R32 cho hé théng sir dung moi chat R22[5]. Pé thuc hién mo
phong hé théng duoc dat véi cac gia thiét ban dau la:

- Chon chu trinh khé mét cép.
Nhiét d6 ngung tu t, = 40°C, nhi¢t d§ bay hoi t, = 5°C, ning suit lanh Qo =9000 BTU/h (2,638
kW).
Phy tai nhiét 16n nhat.

- B0 qua cac ton that 4p suat trén thiet bi va trén dudong ong.

- Khong xét dén anh hudng cia su boi tron cho may nén.

- Xét diu kién cach nhiét 1a t6i wu.
2 COSOLYTHUYET
2.1 Co sé md phéng hé théng lanh
Xét chu trinh lanh mét cdp dugc trinh bay trén hinh 1. Cac cong thirc tinh toan chu trinh sir dung trong
mo phong nhu sau [6]:

ly=1i—10;
dx = _iz __i3
qo=1l1 — 14 )

Qk = m(iz — i3)
Qo =m(iy — iy)
Ny =m(i —iy)
Trong do:

ls: cong nén riéng doan nhiét, kl/kg;

gx: Ning sudt giai nhiét riéng, kJ/kg;

¢o: Ning suét lanh riéng, kJ/kg;

Ok: Nang suét giai nhiét, kW;

0O,: Nang suét lanh, kW;

N;: Cong nén doan nhiét, kW;

m: Luu luong khéi lwong méi chit, kg/s;
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Hinh 1: So db nguyén 1y va db thi nhiét dong cta chu trinh lanh 1 cip

2.2 Khoi md phéng méi chit lanh
Theo bang thong s ciia méi chit tir [2] ta co: p = p(T, p); 1=1(T, p); S=S(T, p); pSs=p(T); p> =p’(T); 1’
=1’(T). Trong Matlab/Simulink st dung Lookup Table d¢ thuc hién ham z = f(x,y).
=S = L
§1 =8, =83+ Cpln T
iz = iz, + CP(TZ - Tz,)

(@)

Trong do:
S: entropy, kJ/(kg.K);
T Nhiét do, K;
C,: Nhiét dung riéng déang ap, kJ/(kgK);
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Khéi mod phong méi chét lanh duoc trinh bay trén hinh 2.
2.3 Khdi md phéng may nén

Céc phuong trinh sir dung dé mé phong may nén:
- Cong nén doan nhiét:

N, =ml, kW 3)
- Cong nén riéng dang entropy:

L =iy, i, kl/kg @)
- Trong thyc té qua trinh lam mat khong dang ké nén céng nén doan nhiét:

[ =i,—i kl/kg 5)
- Hiéu suét nén doan nhiét:

p=2l ®)

L=
- Pé qua trinh tinh toan 4p dung cho tt ca cac giai doan, ta xét qué trinh nén da bién:

n—1

l=—"p, [%) ~1 |=nG,-i) )

n—1

s

Trong do:
n, k: s0 mii da bién va s6 mi doan nhiét
Ns, N: hi€u sudt qua trinh nén doan nhiét va da bién

(S

- Cong nén chi thi:

N, = N, kW ®)
771'
trong d6, hiéu sut chi thi:
n,=A4,+bt, 9)
- Cong suit trén truc clia may nén:
N,=N,+N,_ kW (10)
trong do, cong ma sat:
N, =PV, kW (11)
- Luu lugng méi chat thyc té qua may nén:
N AN kg/s (12)
Y Y

- Thé tich nén Iy thuyét ciia may nén thé tich (may nén piston):
d 2
v, :”T szn  m's (13)
Trong d6: d- dudng kinh xilanh (m); s- hanh trinh piston (m); z- s xilanh; n- téc d6 vong quay trén truc
(vong/phut).

© 2019 Trudng Pai hoc Cong nghiép Thanh phd HO Chi Minh



PHAN TiCH CAC THONG SO CHINH CUA CHU TRINH LANH MQT CAP SU DUNG 117
MOI CHAT R22/R410A/R32 BANG PHAN MEM MATLAB/SIMULINK

P il | ¢ e {1
T et o[ s
* e ] Po [P i -.'!—nn -;- -'--I:h =
P_\:-:Z\ S amgpoac g : ks [ rr————
¥ ’:'; r'|""“ 1 w2y -i':l:_]
ol 7 - Ly *(Z]
l// J 'l.nu:.:’lu\'.. PPy T P (uFa)
S e N =
== & i =
i Perr :
Ll l = U [V
ko P, e o
T o _; iy e (W)
E— ——i r ™ Hstor
I.-‘-"/r e LT
Ty Y ——
[ R PSSP s
= r\\\ BTy FE“ e
Hinh 2: Khéi md phong moi chét lanh Hinh 3: Khéi mo phong may nén
2.4 Khoi mé phéng thiét bi ngung tu
Céc phuong trinh st dung dé mo phong thiét bi ngung tu:
- Nang suat gidi nhiét riéng cua thiét bi ngung tu:
qx =1, =l kl/kg (14)
- Nang suat giai nhiét cta thiét bi ngung tu:
Ok =m(i2 _i3) kW (15)
n2 ;l\l_l.'h;_
kel =r~- |:F.h
I:__:_T_}—-i- et L5}
T nCi It g [lbeg) '.;-E}I
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Hinh 4: Khéi m6 phong thiét bi ngung tu
2.5 Khéi mé phong thiét bi bay hoi

Céc phuong trinh st dung dé mo phong thiét bi bay hoi:
- Ning suit lanh riéng cua thiét bi bay hoi:

q, =1 1, kl/kg (16)
- Nang suat lanh cua thiét bi bay hoi:

O, =m(i, —i,) kW a7
- Phuong trinh cén bang nhiét ¢ thiet bi bay hoi

m(il—i4)=mkk(ikkv—im)zmkkcpkk(T,dw—Tkh) (18)
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Hinh 5: Khéi mé phong thiét bi bay hoi

2.6 Khéi mé phong thiét bi tiét luu
Phuong trinh sir dung dé mo phong thiét bi tiét luu:
- Luu lugng moi chat qua van tiét luu

m=CAL2p(p,—p)  kes (19)

Trong d6: C- hé sb ton that ciia van; A- 46 m& van; p- khdi luong riéng ctia moi chat & trang thai 1ong

Caonglnn

D >

N (kg 1 gy

Hinh 6: Khdi mo phong thiét bj tiét luu

2.7 Khéi mé phéng tinh toan chu trinh lanh
Str dung céc cong thire tir (1) d&én (13) dé md phong trén Matlab/Simulink.
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Hinh 7: So d6 mé phong méi chit lanh
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Hinh 8: So dd tinh toan chu trinh lanh
3 KET QUA VA THAO LUAN
3.1 Két qua md phéng
Phan mém Matlab/Simulink duoc stir dung dé mo phong cac thong sé trang thai ciia mdi chat lanh, cac

thong s6 hoat dong cuia hé thong lanh khi so sanh giita moi chat R22, R410A va R32. Két qua md phong
duogc trinh bay trong bang 1 va 2.

Béng 1: Bang thong sé diém nut cta chu trinh sir dung méi chat R22

Pidm Nhi(e;:t do Ap suat Entanpi
t[C] p [kPa] i [kl/kg]
R22 | R410A | R32 | R22 | R410A | R32 | R22 | R410A | R32

1 5 5 5(5843 | 933,4951,8]4069 | 422,7|516,1

2 | 545 52,5160,6 | 1534 | 2426 | 2478 | 430,7 | 4483 | 553.8

3 40 40 | 40| 1534 | 2426 | 2478 | 249,7 | 2663 | 275,6

4 5 5 515843 | 93349518 (2497 | 2663 |275,6

Bang 2 Két qua md phong trén Matlab-Simulink
Dién giai Ky hiéu | Ponvi | R22 | R410A | R32

Nhiét do bay hoi to °C 5 5 5
Ap suit bay hoi Po kPa 5843 | 9334 | 951,8
Nhiét d6 ngung tu ty °C 40 40 40
Ap suit ngung tu Px kPa 1534 2426 2478
Ti s6 nén T 2,625 2599 | 2,604
Ning suat lanh Qo kW 2,638 | 2,638 | 2638
Luu luong méi chat m kg/s | 0,01678 | 0,01687 | 0,01097
Nhiét do cudi tdm nén ty °C 54,5 52,5 60,6
Phu tai nhiét ngung tu Q« kW 3,038 | 3,069 | 3,052
Cong nén doan nhiét N, kW 0,4001 | 04313 | 04139
Cong nén chi thi N; kW 04443 | 04789 | 04595
Cong suat hitu ich trén truc cia may nén N, kW 04726 | 0,5094 | 0,4889
Cong suit dong co N kW 0,6595 | 0,7109 | 0,6821
Thé tich riéng tai diém 1 Vi m/kg | 0,0404 | 00279 | 0,0386
Thé tich hiit cia may nén Vi m’/h 2438 1,694 | 1526
Hé s6 1am lanh € 6,592 | 6,115] 6,737
Hg¢ s6 hiéu qua nang lugng COP | kW/kW 5,581 5,177 5,396

Nhén xét: Dua theo két qua so liéu mo phong véi cung diéu kién nhiét d6 lam viéc tai bang 2, so sanh
chu trinh vdi cac loai moi chat khac nhau ta cé:
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- Thé tich hut cua may nén giam 31% (R410A/R22), giam 37% (R32/R22) va giam 10%
(R32/R410A).

- Cbng suit cia may nén ting 8% (R410A/R22), ting 3% (R32/R22) va giam 4% (R32/R410A).

- Nhiét d6 cudi tam nén giam 4% (R410A/R22), ting 11% (R32/R22) va ting 15% (R32/R410A).

- Ap suit ngung tu va bay hoi ting 60% (R410A/R22), ting 62% (R32/R22) va giam 2%
(R32/R410A).

3.2 Danh gia tiét kiém ning hrong
3.2.1 COP vay nghia ciia COP trong tiét kiém nang lwong
COP la h¢ so hi¢éu qua nang lugng (Coefficient Of Performance) tuong duong vdi hé so lanh va dugc tinh
theo cong thure sau:
COPcooling = %
N

e

2h

Trong do:

Qy: Ning suat lanh hitu ich thu duoc & thiét bi bay hoi, kW

N, : Cong nén hiru ich, kW
3.2.2  IPLV vay nghia cua IPLV trong tiét kiém ndang lwong
IPLV (Integrated Part Load Value) 1a gia tri van hanh non tai tich hop. Theo thong ké cia AHRI (Air
Conditioning, Heating and Refrigeration Institute) thi cdc hé thng DPHKK thyc té chi van hanh 1% thoi
gian trong nam & 100% tai, con 99% la vén hanh & ché d6 non tai, cu thé 42% thoi gian chay ¢ 75% tai,
45% thoi gian chay & 50% tai va 12% thoi gian chay & 25% tai. Chinh vi vy tiéu chuan AHRI 550/590
quy dinh ldy IPLV lam tiéu chuan danh gi4 hiéu qua ning luong ctia hé théng lanh va PHKK thay cho
COP[7].

IPLV duogc tinh nhu sau:
IPLV =0,01A +0,42B + 0,45C + 0,12D
trong d6 A, B, C, D 1a COP ¢ 100%, 75%, 50% va 25% tai.
3.2.3  Két qud tinh todn theo chi sé hiéu qud ndng leong
Panh gia khi nhiét 4o ngung tu va nhiét d6 bay hoi khong do6i va diéu chinh nang suat lanh theo % phu
tai, tir 46 diéu chinh tdc d6 vong quay trén truc ciia may nén tuong ing.
Bang 3: Két qua danh gia khi nhiét d¢ t0 =5°C, tk =40°C tuong uirng v4i R32

(22)

0/ 12 n Qx m N motor
o tai (v/phit) Q) (kW) (kW) (kg/s) Cop IPLV, (KW)
100 2800 2,638 3,052 | 001097 5396 | 0,054 0,6821
75 2100 1,978 2289 | 0,00823 5396 | 2,266 0,5116
50 1400 1,319 1,526 | 0,00548 5396 | 2428 03411
25 700 0,659 0,763 |  0,00274 5396 | 0,647 0,1705

Panh gia khi nhiét 46 ngung ty, nhiét d6 bay hoi va téc do vong quay trén truc ctia may nén khong doi va
ndng suat lanh thay doi theo % phu tai.
Béng 4: Két qua danh gia khi nhiét d6 t0 =5°C, tk =40°C, n=2800 v/phut tuong tng véi R32

n m N motor
% tai (v/phiit) Qo (kW) (kg/s) Ccop IPLV, (KW)
100 2800 2,638 0,01097 5,396 0,054 0,6821
75 2800 1,978 0,01258 4,047 1,700 0,6821
50 2800 1,319 0,00839 2,698 1,214 0,6821
25 2800 0,659 0,00412 1,349 0,162 0,6821
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Nhan xét: Gia tri van hanh non tai thich hgp cua hé théng lanh c6 diéu chinh téc do tuong Gng v4i nang
suét lanh IPLV, = 5,396 cao hon so véi khi khong diéu chinh toc d6 twong ting véi nang suat lanh IPLV,
= 3,130. Do d6 khi diéu chinh toc d6 vong quay trén truc ciia may nén theo su thay doi % phu tai sé gt
dugc COP khong ddi tai moi thoi diém van hanh.

3.3 Danh gia khi thay thé méi chat
Hé théng PHKK dang sir dung mdi chat R22 duoc thay thé bang moi chat R410A va R32[8], [9],[10] va
dau boi tron duoc thay d6i phi hop voi méi chit. Két qua mé phong tinh toan hé thdng sir dung thiét bi
phu hop v6i mdi chit va thay thé méi chat R410A, R32 cho hé théng st dung méi chat R22 véi cac thiét
bi ¢6 san.

Béng 5: Két qua danh gia khi nhiét d6 t0 =5°C, tk =40°C

, R22 R410A R32
Dién giai Iiy DU,n Tinh toan Tinh Thay Tinh Thay
hi¢u vi . A . I
: : toan the toan the
Nhiét 6 bay hoi to °C 5 5 5 5 5
Nhiét d0 ngung tu ty °C 40 40 40 40 40
Nang suat lanh Qo kW 2,638 2,638 3,796 2,638 4214
Luu lugng méi chat m kg/s 0,01678 | 0,01687 | 0,02428 | 0,01097 | 0,01752
Phu tai nhiét ngung tu Qu kW 3,038 3,069 4417 3,052 4,876
Cong nén doan nhiét N kW 0,4001 | 04313 | 0,6208 | 04139 | 0,6613
Coéng nén chi thi N; kW 0,4443 | 04789 | 0,6893 | 04595 | 0,7243
Cong sudt i ich tén true |-y 04726 | 05094 | 0,7332 | 04889 | 0,7811
clia may nén
Cong suat dong co Nae kW 0,6595 | 0,7109 1,023 | 0,6821 1,090
Thé tich hut ciia may nén Vi m’/h 2,438 1,694 2,438 1,526 2,438

Nhién xét: Két qua tinh toan md phong khi thay thé méi chit R410A va R32 cho méi chat R22 véi cac
thiét bi c6 san:
+ Thé tich hut cua may nén dat dugc 69%, 63% so vdi sit dung moi chat R410A/R32 tinh
toan trén chu trinh.
+ (Cong suit ciia may nén dat 69%, 63% so voi tinh toan sir dung moi chat R410A/R32 tinh
toan trén chu trinh va 64%, 61% so v6i tinh toan str dung moi chat R22.
+ Nang sudt lanh, ning suét giai nhiét dat dugc 69% va 63% so voéi tinh toan st dung moi
chat R410A/R32 trén chu trinh va tinh toan str dung moi chat R22.
Dua trén bang két qua (bang 5) tién hanh giam thé tich hat ciia may nén lan luot 1a 31% (R410A) va 37%
(R32) cho phi hgp v&i chu trinh, két qua dat dugc thé hién ¢ bang 6.
Bang 6: Két qué thay ddi thé tich hut ciia may nén tai nhiét d6 t0 =5°C, tk =40°C

Dién giai KY ! bon vi R22 R410A R32
hiéu * | Tinh toan Thay thé | Thay thé
Nhiét do bay hoi to °C 5 5 5
Nhiét d6 ngung tu ti °C 40 40 40
Nang suat lanh Qo kW 2,638 | 2619 2,655
Luu lugng moi chat m kg/s 0,01678 | 0,01675 | 0,01104
Phu tai nhiét ngung tu Q« kKW 3038 | 3048 4876
Cong suat hitu ich trén truc |\ KW 04726 | 055059 | 04921
cua may nen
Cong suit dong co Nue kW 0,6595 | 0.7060 | 0,6866
Thé tich hiit ctia may nén Vi m’/h 2,438 1,694 1,526
COP KW/kW 5,581 5177 | 5,396
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4 KETLUAN

Qua céc két qua tinh toan mé phong chu trinh lanh mét cap dua trén phan mém Matlab/Simulink véi cac
moi chit R22/R410A/R32, & cung diéu kién nhiét d6 ngung tu t, = 40°C, nhiét do bay hoi t, = 5°C va
nang suét lanh Q, = 9000 BTU/h (2,638 kW) thé tich hut ciia may nén giam 31% (R410A/R22), giam
37% (R32/R22) va giam 10% (R32/R410A); nhiét d6 cudi tim nén giam 4% (R410A/R22), ting 11%
(R32/R22) va ting 15% (R32/R410A) va ap sut ngung tu va bay hoi tdng 60% (R410A/R22), tang 62%
(R32/R22) va giam 2% (R32/R410A) Do d6 cac hé thong lanh sir dung moi chat R410A va R32 ¢6 nhiét
d6 cudi thm nén va ap sudt hoat dong cao hon so voi hé thong lanh st dung moi chat R22.

Khi thay thé moi chat R410A/R32 vao mot hé thong lanh sir dung moi chat R22, khong thay doi cac thiét
bi trong hé thdng (thay d6i dau boi tron phii hop v6i moi chat) va & cliing diéu kién nhiét dd ngung tu t, =
40°C, nhiét d6 bay hoi t,= 5°C va thé tich hut cia may nén V= 2,438 m*/h. Két qua mé phong cho thiy
thé tich hat cua may nén dat dugc 69%, 63% so véi st dung moi chat R410A/R32 tinh toan trén chu
trinh, cong suét cua may nén dat 69%, 63% so voi tinh toan st dung moi chit R410A/R32 tinh toan trén
chu trinh va 64%, 61% so véi tinh toan sir dung moi chat R22 va ning suét lanh, ning suét giai nhiét dat
dugc 69% va 63% so véi tinh toan sir dung mdi chat R410A/R32 trén chu trinh va tinh toan st dung moi
chat R22. Vi vdy, khi thay thé méi chat R410A/R32 cho méi chat R22 phai diéu chinh giam thé tich hut
clia my nén twong tng 1a 31% (R410A) va 37% (R32) két qua dat dugc ning sudt lanh, ning suét giai
nhiét, cong suit ctia may nén va COP 1a tuong duong v6i nhau.

Panh gia hi€u qua nang luong cua hé théng lanh sir dung mo6i chat R32 dugc van hanh & gia tri non tai
thich hop két qua dat duoc IPLV, = 5,396 (thay doi toc d6 vong quay) va IPLV, = 3,130 (khong thay ddi
tbc 4o vong quay). Do d6 khi diéu chinh tdc d6 vong quay ciia may nén theo su thay d6i % phu tai sé gitr
dugc COP khong doi tai moi thoi diém van hanh.

LOI CAM ON

Tac gia cam on trudng Pai hoc Cong nghiép Tp.HCM da hd tro tai chinh dé thyc hién nghién ciru nay
theo hop dong dé tai nghién ctru khoa hoc va cong nghé s6 181.NLO1 “Nghién ctru xdy dung phan mém
mb phong hé thong lanh va kiém chimng bang thuc nghiém”.
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