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TOM TAT

Bai bao tdp trung phdn tich nhiét dong luc hoc nham ddanh gid tdac dong cua do qua nhiét
trudc cia nap (AT,,) cua hoi moi chdt dén cdc théng so nhiét déng ciia méi chat, cong nén riéng
va hé s6 lam lanh (COP) cia hé thong lam lanh nén hoi. Mé phong dwege thwc hién cho méi chat
R134a va mé réng so sanh véi cdc méi chat thay thé tiéem nang gom R1234yf, R290 (Propan) va
R717 (Amoniac). Két qua cho thdy, déi véi chu trinh co ban c6 xét dén hiéu iing lam lanh tir qud
trinh qua nhiét trong dan bay hoi, COP cua R134a co xu huong tang nhe tir 1.732 lén 1.788. Nghién
cibu cung cdp cdi nhin dinh lwong vé sw danh doi giita hiéu qud ndng heong va gidi han vin hanh
an toan cua may nén.

Tw khéa: Dj qua nhiét; Lam lanh nén hoi; Phdn tich nhiét dong;, M6 phong; Hé $6 lam
lanh.

ABSTRACT

This article presents a thermodynamic analysis to evaluate the impact of intake vapor'’s
superheating degree (AT ) on the refrigerants properties, specific compression work, and the
coefficient of performance (COP) of the vapor compression refrigeration system. Simulations were
performed for R134a refrigerant and extended with comparisons to potential alternative refrigerants
including R1234yf, R290 (propane), and R717 (ammonia). The results show that, for the standard
cycle considering the cooling effect from superheating in the evaporator, the COP of R134a tends
to increase slightly, from 1.732 to 1.788. The study provides a quantitative view of the trade-off

between energy efficiency and safe operating limits of compressors.

Keywords: Superheating degree; Vapor compression refrigeration;, Thermodynamic
analysis; Simulation; COP.
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1. TONG QUAN

Trong cac hé théng 1am lanh va diéu
hoa khong khi, viéc kiém soat do qué nhiét hoi
mdi chat vé may nén déng vai trd then chot
trong viéc bao v€ may nén khoi hién tuong thuy
kich va t6i vu hoa hiéu sudt niang luong [1]. Do
qua nhiét cao dam bao méi chat di vao may nén
hoan toan ¢ trang thai hoi, tuy nhién no lai lam
tang cong tiéu thy riéng va ting nhiét do cudi
nén [2, 3]. Ngay nay, ky thuat diéu khién hién
dai cho phép giam thiéu do qua nhiét xudng
mutrc 6n dinh t4i thiéu nham tan dung toi da bé
mit trao d6i nhiét hai pha trong dan bay hoi, tir
do6 cai thién dang ké hé s6 truyén nhiét va hiéu
sudt hé théng [4, 5].

Sencan va cOng sy phan tich anh huong
déng thoi ciia do qua lanh va qué nhiét dén hiéu
suét chu trinh [1]. Két qua chi ra rang tac dong
ctia d6 qué nhiét ¢én COP phy thuéc manh mé
vao loai moi chat va cau hinh chu trinh. i v6i
cac hé thong siéu toi han CO,, Sanchez va cong
su [2] da ching minh rang do qua nhi¢t hiru ich
cao lam giam dang ké luu luong khéi lugng va
hiéu suat 1am lanh. Cac nghién ctru gan déy tap
trung vao viéc mo hinh héa va diéu khién thong
minh dé can bang giira tiét kiém ning luong va
6n dinh hé thdng [3, 6].

Viéc cung cap mot birc tranh tong quan
vé xu huéng bién thién cua cac thong sd nhiét
dong co ban theo AT, cd y nghia quan trong
trong dao tao, thiét ke va van hanh hé thong.
Bai bao nay phan tich chi tiét anh huéng cua
AT, dén cac dic tinh cong tac ciia hé thong
lanh s dung R134a, dong thoi so sanh véi
cac mdi chat thay thé c6 GWP thap hon nhu
R1234yf [7] va cac mdi chat ty nhién (R290,
R717).

2. PHUONG PHAP NGHIEN CUU
2.1. Chu trinh lam lanh nén hoi

So d6 nguyén 1y hé thong may lanh nén
hoi tiéu chuan dugc minh hoa trén Hinh 1, bao
g(‘Sm cac thiét bi chinh nhu: may nén, thiét bi
bay hoi, thiét bi ngung tu va van tiét luu. Chu
trinh nhiét dong 1y tuong cua hé thong duoc
tao thanh tir bon qua trinh nhiét dong lién tiép:
nén doan nhiét, ngung tu dang ap, tiét luu dang
enthalpy va hoa hoi dang ap [8].

e E—— May nién
Iin ngumg
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Hinh 1. Chu trinh lam lanh nén hoi tiéu chudn
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2.2. Cac gia thiét

M0 hinh khéo sat anh hudng cua do qua
nhiét dén dic tinh 1am viéc va hiéu qua 1am lanh
ctia hé thong dugc xay dung dua trén nhimng gia
thiét sau:

« Hé thong 1am viéc & ché do lam viéc
on dinh;

« Qua trinh tiét luu 1a dang enthalpy;

« B6 qua ton that 4p suét tai dan bay hoi,
dan ngung va duong ong;

e Nang §u§t lanh ,riéng (i) du:QC tiph

tor diém moi chat vao thiét bi bay hoi dén diém
vao ctra hut cia may nén.
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2.3. Céc thong sé danh gia

D0 qua nhié¢t cua hoi moi chét tinh theo
cong thtre (1) [3]:

A];h = ]I - T;va (1)
Cong nén riéng dugc xac dinh theo
cong thirc (2) [1]:

Wcomp = hZ - hl (2)

Ning suit lam lanh riéng xac dinh theo
cong thuac (3) [8]:

Deora =M — N, 3)

Hé s6 lam lanh cua chu trinh, tinh theo
cong thirc (4) [8]:

CO P — qcold (4)
w

comp

Trong do:
T,: Nhi€t 460 moi chét t?_;l,i ctra hut, °C;
” h, h,: Enthalpy mo6i chat tai cura hat va
cua day, kJ/kg;
) h,: Enthalpy moi chat tai ctra vao cta
thiét bi bay hot, kJ/kg;

W CONE suat may nén, kW.

Thong s6 vé diéu kién lam viéc dung dé
khao sat dap ung cua hé thdng dudi tac dong
cua cac muc do qua nhiét khac nhau duogc cho
trong Bang 1.

Bang 1. Théng s6 vé diéu kién khai thac

3. KET QUA VA THAO LUAN

3.1. Xay dung va kiém chirng chwong trinh
mo phdéng

Chuong trinh mé phéng dugc phat trién
tu phén mém EES, tu dong hoa viéc giai céac
phuong trinh tir (1) dén (4) dbi vi mbi loai moi
chit. Tinh chinh x4c cua mo hinh todn va do
tin cdy ctia chuong trinh tinh dwoc kiém chimg
béng viéc so sanh két qua tinh véi s6 liéu duoc
cong bd boi Chaturvedi va cong su [9], trong
cing mot diéu kién 1am viéc: Moi chat lanh
R134a, nhiét d6 bay hoi khac nhau (-25+0°C),
nhiét 46 ngung tu 40°C, do qua nhiét 5°C. Két
qua kiém nghiém mé hinh tinh dugc thé hién
trén Hinh 2. Sai I¢ch tuong ddi nho hon 3%,
chirng té mo hinh c¢6 do chinh xac cao. Do do,
c¢6 thé str dung chuong trinh da xdy dung dé
khao sat taic dong cia do qué nhiét ddi vai dac
tinh nhiét dong ctia moi chét, cc thong sb cong
tac va hiéu sut nhiét cua chu trinh.

3.5 4

= This sy

A& Chaturvedi

L =

H¢ s lam Lanh CUHF

M 15 ik g ]
Mhagt did bay hod Taua ")

Hinh 2. Két qua kiém chitng chicong trinh mé

phong so

Théng s6 Ky hiéu | Tri s6
Nhiét d6 bay hoi (°C) T, 25
Nhiét d6 ngung tu (°C) T . 40
Cong suat lanh (kW) Qeva 3.517
D6 qua nhiét (°C) AT, |0+25
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3.2. Anh huéng dén thong s6 nhiét dong ciia
moi chat

0200

o195

vy (mkg)

1 (kgim3y

{190

183

(II *: IIU ll.\ .'III 15
D& qua nhigt ATz (*C)
—— Thétichritng wy =8+ Mjtdj o
Hinh 3. Bién thién thé tich riéng v, va mat do moi
chat p, theo AT,

Hinh 3 biéu dién sy thay doi vé thé tich
riéng v, vamatdo p, cua RI 34akhitang AT tur
0°C Ién 25°C, v, tang tuyén tinh tir 0.1815 m?*/
kg lén 0.2’028 m’/kg. K€t qua la p, giam tr 5.51
kg/m? xuong 4.932 kg/m?. Trong trudong hop ap
suat hat khong d6i, mat 36 méi chat di vao may
nén giam, dan d&én luu luong khéi lugng tudn
hoan giam néu may nén chay ¢ tdc d6 ¢ dinh.
Day la nguyén nhan chinh gay suy gidm nang
suat lanh tong cta hé théng khi d6 qua nhiét
tang cao [2].

== Nhift dd T

Nhigi 3 khi xa Tz (* C)

|l| : 1'u I.S ZII 1] 21$
D4 qué nhigt AT (* C)
Hinh 4. Bién thién nhi¢t do khi xa cua may nén T,
theo AT,

‘ Su thay doi ctia nhiét do khi xa T, ting
gan nhu tuyén tinh v6i do qua nhiét, tir 57.79°C
1én d‘é'n 83.49°C (Hinh 4). T, tang lam suy giépl
d0 bén hoda hoc cia mdi chat va tinh chat dau

boi tron, gia tang ung suat nhiét trong cac chi
tiét co khi ciia may nén.

3.3. Anh hwéng dén cac thong sb cong tic
ciia hé thong

=uph
140 - _.-..--—""""‘
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B qud nhid AT (°C)

== (impg tin Wepmp =4+ COP

=== Hliju img kanh qemag
Hinh 5. Bién thién cong nén, nang sudt lanh va
COP theo AT,

Anh huéng cua AT, dén cac thong
s0 cong tac cua hé thong duogc trinh bay trén
Hinh 5. Ning suét lanh riéng q,,q tang manh,
dat muc 15.83%, tor 127 kJ/kg 1én 147.1 kl/kg.
Cong nén riéng Woomp CUNE tang tor 55.43 kJ{
kg 1én 62.22 kJ/kg (= 12.55%). Do do, hé so
lam lanh COP tang nhe tur 1.732 1én 1.788 (=
3.23%).

3.4. Anh huéng ciia mdi chit lanh

Hinh 6 so sanh xu huong COP cua
R134a voi R1234yf, R290 va R717 trong cung
ddi do AT = 0+25°C. Céc chat R134a, R290 va
R1234yf deu the hién xu hudng cai thi¢n COP
¢ muc 16n hon cf}a ATsh, trong d6 R1234yf c6
muc tdng dang ké nhat (= 8.77%). Tuy nhién,
COP cuia ca R290 va R1234yf ludn thap hon so
voi R134a, tuong tmg 1a 1.12-1.56% va 4-9%.
Nguoc lai, COP ctua R717 suy giam khi AT
l6m, dat mic cao nhat 1.862 ¢ 0°C va giam
manh xudng 1.769 & 25°C.
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Hinh 6. Bién thién COP theo AT, va moi chat lanh
4. KET LUAN VA KIEN NGHI

Bai bao da mé phong va phan tich chi
tiét anh huéqg cua do qua nhiét trude nén (AT )
dén thong so van hanh cua chu trinh lanh nén
hoi str dung R134a va so sanh véi cic moi chat
thay thé. Cac két luan chinh duoc rat ra nhu
sau:

« COP c6 thé tang nhe theo AT do qua
nhiét ndi rong hi¢u ung lam lanh. Tuy nhién,
diéu nay di kém voi sy sut gidm mat do hoi nap,
gay bat loi cho nang sut lanh thé tich thuc té.

. Nhi\étﬁ do khi xa T, tdng cao fiét ra
thach thirc vé on dinh nhiét va do bén dau boi
tron, dic biét v&i cac mdi chit co nhiét do cudi
nén cao nhu R717.

« R290 va R1234yf c6 COP thap hon
R134a khong dang ké nhung co tiém ning thay
thé rat tot xét ve khia canh méi truong.

o Can duy tri A:Fsh o rpl'Ic on dinh t6i
thiéu (khoang 5+7°C) dé can bang giira an toan
may nén va hiéu qua trao d6i nhiét cua dan bay
hoi, thay vi chay ¢ d6 qua nhiét qua cao.
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