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Tém tit. May lanh hai cép cai thién hé sb 1am lanh (COP) nho¢ qua trinh nén dugc thuc hién qua hai giai
doan, giam tai nhiét 1én may nén va ning cao hiéu qua nang luong. Khi sir dung méi chat lanh R32, hé
théng khong chi dat dugc hiéu suét 1am lanh cao hon ma con than thi¢én hon véi moi truong. Trong nghién
ctru nay, chuong trinh tinh todn nhiét dong may lanh hai cép duoc thuc hién dé khao sat anh huoéng cua d6
qua lanh, d6 khir qua nhiét va ap sudt trung gian dén COP. Thong s qua lanh va thong sé khir qué nhiét
thay d6i tir 0 dén 1 nhdm khao sat da dang cac chu trinh tir mot cip dén nhiéu chu trinh hai cip. Két qua
khao sat cho thiy ty sb d6 1éch ap suat trung gian nén c6 gia tri tir 1,02 dén 1,04 dé dat COP 16n nhat. Chu
trinh may lanh hai cip qua lanh va lam mat hoan toan trong binh trung gian ¢6 COP 1én t6i 3,5 trong khi
may lanh mot cép dat COP 3,1 trong cung diéu kién hoat dong.

Tir khéa. Méy lanh nhiéu cap, qua lanh, khir qua nhiét, méi chat lanh than thi¢n moi truong, mé hinh ton
tong quat.

1 GIOITHIEU

Viéc thay thé moi chat lanh truyén thong bang cac loai méi chét lanh mdi 1a mot yéu ciu cép thiét
trong bdi canh bién d6i khi hau va cac quy. dinh moi truong ngay cang nghlem ngit. Cac mai chét lanh nhu
R410A va R22, du dugc st dung phé bién trong nhiéu thap ky, c6 chi sb tiém nang néng 1én toan ciu
(GWP) cao, gop phan déng ké vao hiéu Gmg nha kinh. Su gia ting nhiét d6 toan cau va cam két quc té,
nhu Nghi dinh thu Kyoto va Hiép dinh Paris, da thuc day viéc loai bo dan cic méi chit lanh nay dé giam
phat thai khi nha kinh. Thay thé bang cac méi cht lanh thé hé méoi nhu R32, R454B, hay R1234yf véi
GWP thép va hiéu qua ning lugng cao khong chi gitp giam tac dong dén méi truong ma con ting cudng
hiéu suét cua cac hé théng lam lanh va didu hoa khong khi. Dy khong chi 1a trach nhiém d6i voi moéi
truong ma con 1a co hoi dé cac nganh cong nghiép nang cao tinh bén viing va dap tmg cac tiéu chuan qudc
te [1, 2].

R32 khong phai 1a mot méi chit méi ra doi vao nam 2025, ma da duoc phat trién va dua vao sir dung
tir nhitng nam trudc d6. Tuy nhién, nim 2025 dugce xem 14 thoi diém ma cac quy dinh vé méi chat lanh c6
chi s6 GWP cao nhu R410A sé trd nén nghiém ngit hon tai nhiéu qudc gia, dic biét & chau Au va Hoa Ky,
do cac chinh sach nhu: F-Gas Regulation (EU) va EPA SNAP (Hoa Ky). Mbi chit lanh R32
(Difluoromethane) 1a mot loai méi chat lanh thé hé méi dugc sir dung rong rii trong cac hé thong diéu hoa
khong khi va 1am lanh. R32 thudc nhém hydrofluorocarbon (HFC) va c6 nhiéu dic tinh ndi bat. Trude hét,
R32 ¢6 hiéu suit 1am lanh cao hon so v6i mot sé moi chat lanh truyén thong nhu R410A, nho kha ning
truyén nhiét tt va ap suat bay hoi 6n dinh. Pac biét, R32 c6 chi s6 GWP (Global Warming Potential) thap,
khoang 675, thap hon dang ké so véi R410A (GWP ~ 2088), gitip giam tac dong dén hién tuong nong 1én
toan ciu. Tuy nhién, R32 c6 tinh chy nhe (A2L theo phan loai cia ASHRAE), do d6 can luu ¥ khi thiét ké
va van hanh hé thong sir dung loai méi chat nay dé dam bao an toan. Bén canh d6, R32 c6 thé dugc nap
vao hé thong vai lugng it hon so voi cac loai mdi chat khac, giup giam chi phi van hanh. Véi nhu’ng dac
tinh trén, R32 dang tr& thanh lwa chon wu tién trong cac hé thdng lanh hlen dai, phu hop vdi cac yéu cau vé
hi€u qua nang luong va bao v€ mdi truong. R32 vuot trdi hon R410A vé hé sb lam lanh, kha nang than
thién moi truong va chi phi, nho chi s6 GWP thp va can it méi chat hon [3]. Tuy nhién, can cht y dén tinh
chay nhe ciia R32 trong thiét ké va van hanh. R410A an toan hon do khéng chay, nhung lai c6 GWP cao,
gdy anh huong 16n hon dén hién tugng néng 1én toan ciu, va hién dang dan duoc thay thé boi cac moi chat
nhu R32 trong cac hé thong hién dai. R32 hién 1a Iya chon wu tién trong bdi canh xu hudéng chuyén d6i
sang cac giai phap lam lanh than thién v6i moi truong.

May lanh hai cip déng vai trd quan trong trong cac g dung 1am lanh yéu cau hiéu suét cao va hoat
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dong trong dai nhiét d6 rong, nhu trong cong nghiép thuc phém, kho lanh va diéu hoa khong khi trung tam.
Vi thiét ké gom hai giai doan nén va lam mat trung gian, hé thong nay khong chi cai thién hiéu suat lam
lanh (COP) ma con giam tai nhiét l1én may nén, kéo dai tudi tho thiét bi va tiét kiém nang luong [4]. Pac
biét, may lanh hai cdp phi hop véi cac méi chat lanh than thién moi truong, dép ing cac yéu cau veé tiét
kiém ning lugng va giam thiéu tac dong dén bién d6i khi hau trong bdi canh chuyén ddi sang cong nghé
xanh [5-7].

C6 rét nhiéu chu trinh may lanh hai cdp nhu 1am mat trung gian hoan toan hodc khong hoan toan, binh trung
gian ¢ hodc khong c6 dng xoan. Viée xay duyng mot mé hinh nhiét dong téng quat dé tinh toan nhiéu chu
trinh may lanh hai cip sir dung méi chit lanh R32 c6 y nghia quan trong ca vé Iy thuyét 13n thyc tién. M6
hinh cho phép phan tich hé sé lam lanh (COP - Coefficient of Performance) ctia cac chu trinh hai cép, tir
d6 xac dinh cach cai thién hiéu qua hoat dong ctia hé thong. M6 hinh nhiét dong téng quat trong nghién ctru
nay khong chi 1a cong cu quan trong dé nghién ciru va phat trién cac hé thong lam lanh hai cap ma con la
giai phap thiét thuc dé t6i uu hoa hiéu qua, giam chi phi van hanh va bao vé méi truong.

2 MO TAMO HINH

Hinh 1 trinh bay chu trinh may lanh hai cép v6i binh trung gian. Tai bd bay hoi, moi chét lanh hép thu nhiét
tir moi trudng can 1am lanh. Qua trinh nay lam mai chit lanh héa hoi (trang thai tir 10ng sang hoi). Hoi moéi
chat lanh rdi bd bay hoi ¢ ap suat thap (trang thai 1). May nén ha dp (may nén cap thap) nén moi chat lanh
tir 4p suat thap (1) 1én 4p suat trung gian (2a). Hoi mdi chit lanh & 4p suét trung gian sau d6 dugc dua vao
binh trung gian (flash chamber). Tai binh trung gian, hoi tir may nén ha ap dugc lam mat boi 16ng sau tiét
Iru 1. Binh trung gian gitip giam tai cho may nén cao 4p bang cach cung cap hoi ¢ trang thai da lam mat.
Phan hoi méi chét lanh tir binh trung gian tiép tuc dugc nén trong may nén cao ap (3) 1én ap sudt ngung tu
(4a). Hoi sau khi dugc nén s€ di vao bo ngung tu. Tai bd ngung tu, hoi méi chit lanh duoc 1am mat va
ngung tu thanh chét 16ng nho tiép xtc v6i moi trudng 1am mat (nhu khong khi hodc nudc). Chat 1ong moi
chat lanh thoat ra khoi bo ngung ty (trang thai 5). Moi chét lanh & trang thai 10ng tir bd ngung tu di qua van
tiét luu 1, 1am giam ap suét Xudng ap suat trung glan (trang thai 6) va di vao binh trung gian. Mot phan chat
long khac qua van tiét luu 2 dé giam ap suét tiép tuc dén bo bay hoi. Gia sir trang thai 1 1a h01 bao hoa,
trang thai 5 12 16ng bio hoa, va bo qua ton that p sudt. chuong trinh nhiét dong may lanh hai cip dugc thiét
1ap nhu sau:

Bo ngung tu
> - 4a
Myef,cond
e May nén ha ap
ITiét lwru 1 3
6
L 23
7 May nén cao ap
Binh trung gian
: Tiét lwu 2
8
mref,evap 1

B6 bay hoi
Hinh 1. Chu trinh may lanh hai cép
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Can bang khdi lwong va ning lugng binh trung gian duoc viét nhu cac phuong trinh (1) va (2) [8]:
m =m + my )

ref,cond

“h, +m

ref,evap
hy=m -h, 2)
Trong do m la luu luong khéi luong va h la enthalpy moi chat dugc chu thich trong hinh 1.
Ap suat trung gian dugc tinh theo ty s6 do 1€ch ap suat (rp) nhu sau [9]:
E
r =

i ey €)

Hiéu suét dang entropy ciia may nén ha ap va cao ap duoc tinh theo ty sd 4p suat nhu sau [10]:

m6 ’ h6 + mrqf,evap h2a + micfevap refevap ref,cond

P
Niser = 0.85—0.04667 - = “4)
1
P,
Niser = 0.85-0.04667-— &)
3
Khi d6 enthalpy cua hoi ra khoi may nén (diém 2a va 4a) duoc tinh nhu sau:
hz — hl
isel — (6)
hZa - hl
h,—h,
. = 7
nts,cz h4a —h3 ( )
Trong cac phuong trinh trén, chi sO 2 va 4 biéu thi diém dang entropy ciia cac qua trinh nén.
Cong suat may nén duoc tinh nhu sau:
m . -(h —h)+n'1 . (h —hj)
_ refevap ( 2a 1 ref,cond 4a
VK’omp - (8)

N,
Vi n 12 higu suat may nén.
Cong suat lanh dugc tinh nhu sau:
Qevap ref evap (hl hX ) (9)
Hiéu qua ning lugng ctia may lanh dugc danh gia qua hé s6 COP:
COP Qevap comp ( 1 0)

Mirc d6 qué lanh va mirc 6 khir d6 qué nhiét (Iam mat trung gian) duoc danh gia qua cac thong s6 a va b
nhu sau:

a:u (11)
hs _hL

bzu (12)
h2a hV

v6i he va hy 1an Iuot 13 enthalpy cua 10ng bido hoa va hoi bao hoa & ap suit trung gian.
Ung v6i cac gia tri a va b khac nhau ta c6 cac chu trlnh nhu sau [9, 11]:
— Khia=0vab=0: chu trinh méay lanh 1 cap (khong cé binh trung gian),

— Khia=0va0<b<1: chu trinh may lanh 2 cap khong c6 binh trung gian, lam mat khéng hoan
toan,

— Khi0<a<1va0<b< I:chu trinh may lanh 2 cip c6 binh trung gian ng xoan, lam mét khong
hoan toan,

— Khi0<a<1vab=1I:chu trinh may lanh 2 cip c¢6 binh trung gian dng xo4n, 1am mat hoan toan,

— Khia=1vab=1: chu trinh may lanh 2 cip quéa lanh hoan toan va 1am mat hoan toan.
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Chuong trinh tinh toan nhiét dong may lanh hai cap dugc viét trong phin mém EES ciia F-chart. Céc thong
sd nhap vao dugc thé hién trong bang 1. Phu luc trinh bay code EES dé tinh toan nhiét dong chu trinh. Hinh
2 trinh bay két qua so sanh giira tinh toan trong nghién ciru ndy va cong b trudc ding moi chat ammonia.
C6 sy trung khép tuyét dbi gitta hai két qua. Do d6 chuong trinh tinh trong nghién ctru hién tai c6 do tin
ciy dé khao sat chu trinh may lanh hai cap ding R32. Nghién ctru ctia Torrella va cong su (cs) [9] dd khao
sat may lanh hai cp dung R404A. K¢é thira nghién ciru ndy, Baakeem va cong su (cs) [10] da khao sat tim
moi chat khac nhau c6 R404A va ammonia (R717) nhung khong bao gdm R32. Nghién ctru hién tai phat
trién chuong trinh EES va cung cip trong phu luc dé twong minh mé hinh toan va phuong phap giai. Két
qua trong hinh 2 cho thiy sai sé gan nhu bang khong khang dinh do tin cdy cua cac nghién ciru. T d6
nghién ctru hién tai mo rong phéan tich moi chat R32 nhu ban luan trong phan 1 va t6i uu ap suét trung gian.

Bang 1: Céc thong s ¢ dinh [10].

Stt | Thong s6 Gi4 tri
1 | Nhiét do bay hoi 0°C
2 | Nhiét 46 ngung tu | 45°C
3 | Cong sufit lanh 1 kW
4 | Hiéu suat may nén | 91%
3.8 - - - 1 - - - - 1 - - T T T T T T T 1
I ——Nghién cru hién tai |
370 ® Baakeem vacs (2018) 1
. _d
36L ./0 i
o | . :
0 L ./ ® i
L ./ i
35F /o/ ]
L . 4
L ./ |
— |
34L ]
33 L . . . . ] . . . . ] . . . . ] . . . . ] . ]
0 0.2 04 0.6 0.8 1

a

Hinh 2: So sanh két qua tinh todn cta nghién ctru hién tai va cong bd ctia Baakeem va cong sy & di€u ki€n mdi chat
ammonia, 1, = 1, b= 0,5 [10]

3 KET QUA VA THAO LUAN

Phan nay trinh bay khao sat anh hudng ctia théng s6 qua lanh a, thong s6 khir qua nhiét b va ty s6 ap suét
d6 1&ch 4p suat trung gian r, dén hé s6 1am lanh COP. Hinh 3 minh hoa trén d0 thi 4p suét-enthalpy chu
trinh may lanh hai cip 1am mat khong hoan toan c6 binh trung gian 6ng xoan. Cac diém L va V ciing duoc
chu thich dé phan tich anh hudng cia cac thong sb a va b.
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7510 | R32
5¢10" |
45°C
3
= x10'}
o
L/
10" i
H 0°C
@
8
5x100 | L L L L | L L L L | L L L | | L | | L
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h [kJ/kg]

Hinh 3: Biéu dién chu trinh méay lanh hai c4p lam mat khong hoan toan, binh trung gian ong xoan véia=0,5,b=
0,5, r,=1 dung moi chat R32

Hinh 4 biéu dién mbi quan hé giira hé s6 lam lanh (COP) va mét sb thong sb hoat dong khic nhau véi ba
gia tri ciia tham sd a: a=0 (dwdong mau xanh duong), a=0,5 (dudng mau do), va a=1 (duong mau xanh 14
cdy). Pong thoi, dudng mau tim biéu thi gia tri t6i uu cta ti s6 ap sudt (rpep) twong g voi mdi tham sb a.
Tham s6 b dugc gt cddinh 14 0,5. Khia tdng, COP tang dan, cho théy hiéu suit cua may lanh hai cép duoc
cai thién. Pudng mau xanh 14 cay (a=1) dat gia tri COP cao nhit do méi chat duoc qua lanh hoan toan
(hs=hy), tiép theo 1a dudng mau do (a=0,5) va thip nhat 1a dudng mau xanh duong (a=0) do méi chit khong
dugc qué lanh (hg=hs). Gia tri t6i wru cta rp (rp,op dudng mau tim) ting dan khi a tang, cho thay ti s ap suat
ti wu phu thudc vao tham sb a. Tai a=1, COP dat gi4 tri cuc dai cao hon déng ké so v6i a=0,5 va a=0, minh
chu:ng cho i ich cua viéc tang d6 qua lanh trong viéc nang cao hiéu sut h¢ thong. Puong r, opt cho thay t1
sO ap suat ti uu tang tuyén tinh voi cac mirc ting cta a, phan anh su phu thudc giira ap suit va tham sd
qué lanh. Hay néi cach khac, tang do qua 1anh thi phai tang ap suat trung gian. Vi cong sudt may nen cao
ap 16n hon may nén ha 4p & cung ty sb ap suat. Do d6 can ting 4p suit trung gian dé giam cong suit may
nén cao ap.
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3.5

COP

0.7 0.8 0.9 1 1.1 1.2 1.3
o
Hinh 4: Anh huéng ciia ty s6 d6 léch ap suat trung gian (r,) va thong sb qua lanh (a) dén COP
3.35 L B T 1
—b=0 ]
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o
Hinh 5: Anh hudng cta ty sé do 1éch 4p suit trung gian (rp) va thong s6 khir qua nhiét (b) dén COP
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Hinh 5 biéu dién mbi quan hé gitta hé s6 1am lanh (COP) va ti s6 do léch ap suat trung gian (r,) Vi ba
gia tri khac nhau ctia thong sb khu qué nhiét (b). Duorng mau tim biéu thi gia tri t6i uu cta r, mg voi moi
gia tri b. Tham s a duogc gitr ¢b dinh 12 0,5. Khi théng s6 khtr qua nhiét (b) ting, hé s 1am lanh (COP) ctia
hé thdng ciing ting. Pudng mau xanh 14 ciy (b=1) dat gia tri COP cao nhét do hoi ra khéi may nén ha ap
duoc lam mat hoan toan (h3_hv) tiép theo la duwong mau do (b=0,5) va thap nhét 12 dudng mau xanh duong
(b= 0) Gi4 tri t6i wu rp ctia mdi duong nam & dinh ctia db thi, cho thiy rang COP dat gia tri cuc dai tai mot
ti sO ap suét trung gian cu thé. COP cuc dai tang dan khi b ting. Su khac biét giira cic duong thé hién tim
quan trong cua viéc ap dung thong sb khir qua nhiét dé cai thién hiéu suit hé théng lanh hai cip. Puong
mau tim (rp,opt) chi ra rﬁng ti s6 d6 léch aip suét trung gian t6i ru hau nhu khong thay doi dang ké khi b thay
d6i (rp.op=1,03), cho thay yéu t6 b chil yéu anh huorng dén gia tri COP chir khong phai vi tri t6i wu ciia rp.

3.5 T T T T T T T T T T T T T T T T T T T T T T

COP

3
0 0.2 04 0.6 0.8 1

a
Hinh 6: Anh hudng cuia thong s qua lanh (a) va thong s6 khir qua nhiét (b) dén COP & rp=1

Hinh 6 khao sat sy thay doi hé s6 1am lanh (COP) theo tat ca cac gi4 tri khac nhau ciia thong sb khir qua
nhiét (b) va thong s6 qua lanh (a), tir chu trinh 1 cip dén chu trinh 2 c4p véi binh trung gian va lam mat
hoan toan. Tham sé r, duoc gitr ¢d dinh 1 1 tirc ty s ap sut cia hai cép nén 1a bang nhau. COP ting dan
khi gia tri b tang, vdi su chénh 1éch 16 rang gitra cac trudong hop chu trinh. Khi a=0 va b=0 (chu trinh may
lanh 1 c4p), duong COP thap nhat, cho thay hi¢u suat may lanh thap nhat khi khong duge qua lanh va khir
qua nhiét. Khi b ting (0 < b < 1), mdi chat sau may lanh ha 4p duoc 1am mat khong hoan toan, COP van
cai thién dang ké. Piéu nay minh ching hiéu qué ctia viéc khir qua nhiét. Khi a>0 va b=1 (1am mat hoan
toan va c6 binh trung gian), COP tiép tuc ting. COP dat gia tri cao nhat véi a=1 va b=1 tuong tmg véi chu
trinh 2 cAp 1am mat va qua lanh hoan toan. Khi a ting tir 0 dén 1, COP tang thém khoang 0,3. Khi b tang tir
0 den 1, COP tang thém chi khoang 0,06. Do do thong sb a anh hudéng quan trong horn dén may lanh hai
cép. Vi tang a lam ting ning suat lanh rleng, trong. khi tdng b chi l[am giam cong suat may nén cao ap

Nghién ctru ndy va cac nghién ctru trudc déu chi ra rang a = 1 dat dwoc COP va hiéu suét exergy cao nhat.
Tuy nhién, gia tri phu hop hodc co thé dat duoc phu thude vao thiét ké va cdu hinh cu thé cua hé théng.
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4 KETLUAN

Mot chuong trinh nhiét dong dé phan tich ning luong nhiéu chu trinh mdy lanh hai cap duoc thyc hién
trong nghién ctru ndy. Két qua tinh toan so voi két qua da cong b cho thdy su tring khop tuyét d6i. Moi
chat lanh R32 dugc khao sat vi day la moi chat L thay thé R410A. Ap suat trung gian dugc t6i uru dé dat dugc
hé so lam lanh 16n nhat. Ket qué cho thay ty s6 d6 1éch ap suét trung gian t6i ru (rp) c6 gia tri 16n hon mot.
Ty s6 1, phu thudc thong sd qua lanh a nhiéu hon so voi thong s6 khir qua nhiét b. Chuong trinh tinh toan
¢6 kha nang ap dung cho nhiéu méi chat khac nhau va nhiéu chu trinh lanh khéac nhau.

PHU LUC

$UnitSystem SI C kJ bar

{Vinputs}

T[1]=0[C]

T[5]=45[C]

r_p=1[-]{intermediate pressure deviation ratio}
a=0.5[-]

b=0.5[-]

Q_dot_evap=1 [kW]

eta_c=0.91[-]

R$='R32'

{! compute}

h[1]=enthalpy(R$,T=T[1],x=1 [-])
s[1]=entropy(R$,7=T[1],x=1[-])
P[1]=p_sat(R$,T=T[1])

s[2]=s[1]

eta_is_c1=0.85-0.04667*P[2]/P[1]
eta_is_c2=0.85-0.04667*P[4]/P[3]
eta_is_c1=(h[2]-h[1])/(h2a-h[1])
eta_is_c2=(h[4]-h[3])/(h4a-h[3])
P[5]=p_sat(R$,T=T[5])
h[2]=enthalpy(R$,P=P[2],s=s[2])
T[2]=temperature(R$,P=P[2],h=h2a)
P[8]=P[1]; P[6]=P[2]; P[7]=P[5]; P[4]=P[5]; P[3]=P[2]
h[5]=enthalpy(R$,T=T[5],x=0 [-])

h[6]=h[5]
Q_dot_evap=m_dot_ref_evap*(h[1]-h[8])
h[7]=h[8]
m_dot_ref_cond=m_dot_ref_evap+m_dot_6
m_dot_6*h[6]+m_dot_ref_evap*h2a+m_dot_ref_evap*h[5]=m_dot_ref_evap*h[7]+m_dot_ref_cond*
h[3]

T[3]=T[2]-DELTAdesuperheating
T[7]=T[5]-DELTAsubcooling
h[3]=enthalpy(R$,P=P[3],T=T[3])
h[7]=enthalpy(R$,P=P[7],T=T[7])
s[3]=entropy(R$,P=P[3],T=T[3])

s[4]=s[3]

h[4]=enthalpy(R$,P=P[4],s=s[4])
T[6]=t_sat(R$,P=P[6])
T[4]=temperature(R$,P=P[4],h=h4a)
T[8]=T[1]
W_comp=(m_dot_ref_evap*(h2a-h[1])+m_dot_ref_cond*(h4a-h[3]))/eta_c
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Tic gia: Poan Thi Hong Hai va cdc cong sw

Q_dot_cond=m_dot_ref_cond*(h4a-h[5])
COP=Q_dot_evap/W_comp
r_ref=m_dot_ref_cond/m_dot_ref_evap
r_p=P[2])/sqrt(P[1]*P[5])
h_L=enthalpy(R$,P=P[2],x=0)
h_V=enthalpy(R$,P=P[2],x=1)
a=(h[5]-h[8])/(h[5]-h_L)
b=(h2a-h[3])/(h2a-h_V)
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GENERAL THERMODYNAMIC MODEL FOR ANALYSIS OF TWO-STAGE VAPOR
COMPRESSION REFRIGERATION SYSTEM USING R32 REFRIGERANT

DOAN THI HONG HAIL, NGUYEN VAN DUNG, NGUYEN MINH PHU
Faculty Of Heat and Refrigeration Engineering, Industrial University of Ho Chi Minh City
Corresponding author: nguyenminhphu@iuh.edu.vn

Abstract. Two-stage vapor compression refrigeration systems improve the cooling coefficient (COP) by
performing compression in two stages, reducing the heat load on the compressor and improving energy
efficiency. When using R32 refrigerant, the system not only achieves higher cooling efficiency but is also
more environmentally friendly. In this study, a thermodynamic calculation program for two-stage vapor
compression refrigeration systems was performed to investigate the effects of sub-cooling, de-superheating
and intermediate pressure on COP. The sub-cooling and de-superheating parameters were varied from 0 to
1 to investigate a variety of cycles from single stage to multiple two-stage cycles. The results showed that
the intermediate pressure deviation ratio should be between 1.02 and 1.04 to achieve the largest COP. The
two-stage vapor compression refrigeration cycle with complete sub-cooling and complete de-superheating
in the intermediate tank has a COP of up to 3.5 while the single-stage vapor compression refrigeration
system achieves a COP of 3.1 under the same operating conditions.

Keywords. Two-stage vapor compression refrigeration system, sub-cooling, de-superheating,
environmentally friendly refrigerants, general mathematical model.
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