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PHAN TiCH PAC PIEM CUA MQT SO MOI CHAT LANH THUONG DUNG
R134a, R404A, R600a KHI QUA LANH POI VOI HE THONG LANH

ANALYSIS OF CHARACTERISTICS OF REFRIGERANTS R134a, R404A, R600a FOR
SUB-COOLING REFRIGERATION SYSTEM

Hay nhap tén cia (cac) tac gia vao day ...
Truong Pai hoc Su pham Ky thudt Dai hoc Pa chng; htdat@ute.udn.vn

Toém tat - Ngay nay, cac loai méi chét lanh dwoc ding phd bién
nhét cho hé théng lanh nhuw td lanh, tG ddng — ti mat va may diéu
hoa khéng khi trén & t6 d6 1a cac loai méi chit nhw R600a,
R404A va R134a. O ndi dung nay chi yéu tinh toan phan tich
dac diém tinh chét clia cac méi chét lanh trén dung trong hé
théng lanh khi c6 qua lanh, tinh toan va so sanh dwoc hé sé lam
lanh COP, n&ng suét lam lanh riéng qsu, cong tiéu tbn khi cé qua
lanh. Cu thé khi d6 qua lanh ting Ién thi hé s6 COP clia ba mdi
chét déu tang Ién, nang suét lanh riéng ting lén nhung coéng thi
khéng thay dbi. Khi d6 qua lanh ting lén 20°C thi méi chat R404A
tang nhanh nhét mirc d6 ting trung binh 13 1,48%. T két qua
nay ta nhan thay tinh hiéu qua khi chuing ta tién hanh qua lanh
cho hé théng lanh.

Tir khéa - Qua lanh; moi chét lanh; hé sb lam lanh COP; hé
thong lanh

1. Dit vin dé

pé nang cao dugc hiéu sut cia hé théng lanh co6
nhiéu cach dé thuc hién nhu nang cao hiéu suit ciia may
nén lanh, nang cao hé sb trao doi nhiét cua thiét bi, qua
nhiét trong hé théng lanh, nghién ctru tmg dung méi chat
lanh méi c6 tinh nhiét dong tdt hon nhu nang suét lanh
thé tich 16n hon, nhi¢t 4n héa hoi 16n va dic biét 1a an
toan va than thién méi méi truong. O ndi dung nay tinh
toan phan tich ning cao hé sé 1am lanh COP ciia hé théng
lanh bang cach qué lanh 16ng méi chat lanh trude khi tiét
lwu dé ting hé s6 1am lanh cta chu trinh.

Trén thuc té, co nhiéu cach dé dat duoc do qua lanh
nhu: Qua lanh trong thiét bi ngung ty, hdi nhiét qué lanh,
thiét bi qué lanh dé qua lanh [1]. Nhin chung, mtrc d6 qua
lanh 14 nho, dé ting dugc ning suit lanh riéng va ting hé
s6 1am lanh ta ding phuong phép qua lanh co khi [2,3]
(nghia 1a sir dyng mot chu trinh 1am lanh phy trg dé lam
lanh chét long moi chét lanh cua chu trinh lam lanh chinh)
chu trinh chinh va phu can két hop tét dé t6i uu hoa [4.6].

Céc mdi chit lanh R600a, R404A, R134a, mirc do qua
lanh khac nhau, c6 anh huong khac nhau dén hiéu suat
cua hé théng lanh khi qua lanh, cac thong sb hiéu suét cua
cac moi chat 1am lanh R600a, R404A, R134a trong thuc
té duoc tinh toan va so sanh & cac mirc do khac nhau cia
qué lanh, cac anh huéng cta chiing dén hé thong lanh.

2. Phén tich chu trinh hé thong lanh cé qud lanh

Long cao ap ra khoi thiét bi ngung tu bi han ché boi
moi trrong lam mat, néi cach khac 1a nhiét do cua long
cao ap phu thudc vao méi trudng 1am mat & thiét bi ngung
tu. Gia sir qué trinh ngung ty khong tét vi Iy do nao dé
nhu dan trao d6i nhiét bi ban, méi truong lam mat co
nhiét do cao bat thuong thi nhiét do long cao 4p cao dan

Abstract - Today, the most commonly used refrigerants for
refrigeration systems such as refrigerators, freezers - coolers and car air
conditioners are refrigerants such as R600a, R404A and R134a. In this
content, we mainly calculate and analyze the characteristics of the
above refrigerants used in the refrigeration system when there is sub-
cooling, calculate and compare the sub-cooling coefficient COP,
specific cooling capacity gsw, and cooling capacity. consumed when
there is sub-cooling. Specifically, when the sub-cooling degree
increases, the COP coefficient of the three media increases, the specific
cooling capacity increases but the work does not change. When the
sub-cooling level increases to 20°C, the R404A refrigerant increases the
fastest, with an average increase of 1.48%. From this result we see the
effectiveness when we sub-cooling the refrigeration system.
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dén ton that tiét luu va 1am giam hé s lam lanh cua chu
trinh [5, 6]. Viéc sit dung qua lanh cho hé théng lanh s&
lam ting ning suét lanh riéng va ting h¢ s6 1am lanh COP
ctia chu trinh. Trén Hinh 1 va 2 biéu dién so d0 nguyén 1y,
dd thi T-s va Igp-h cua chu trinh 1am lanh c6 qua lanh.

a) So dd nguyén ly: Hinh 1 biéu thi hé théng lanh co
qué lanh long cao 4p trude khi di tiét luu, hé thong gém
¢6 cac thiét bi chinh nhu sau: I — My nén lanh; IT — Thiét
bi ngung tu; I — Thiét bi qué lanh; IV — Thiét bi bay hoi.

Hinh 1. So do nguyén Iy hé théng lanh ¢é qud lanh

Nguyén 1y 1am viéc cta hé thong lanh khi c6 qua lanh:
Hoi méi chit ha ap & thiét bi bay hoi c6 4p suét va nhiét
d6 thap (po, to) ra khoi thiét bi bay hoi (diém 1) duoc hut
vé may nén dugc nén doan nhiét tai may nén 1én ap suét
va nhiét do cao (diém 2), dugc dua vao thiét bi ngung tu.
Tai thiét bi ngung tu méi chat duwoc 1am mét (méi trudng
lam mat 1a nuéc hoac khong khi) ngung ty thanh 1ong cao
ap (diém 4), long cao ap & trang thai (px, t) tiép tuc di qua
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thiét bi qué lanh, tai thiét bi qua lanh léng cao ap duoc
lam lanh dén trang thai 4’ (px, tq). Long ra khoi thiét bi
qué lanh dugc dua vao van tiét luu giam ap giam nhiét do,
sau d6 vao thiét bi bay hoi nhén nhiét ctia méi truong lam
lanh bay hoi dang ap ding nhiét va dugc hat vé may nén
tiép tuc chu trinh lam lanh.

b) Hinh 2 biéu dién d6 thi T-s va Igp-h ctia hé thong
lanh c6 qué lanh

) lep

Hinh 2. P6 T-s va lgp-h hé th(fng lanh co qua lanh

Céc qua trinh biéu dién trén do thi hinh 2 nhu sau:
1:2: nén dge_m nhiét tai méy nén; 2-4: moi chat ngung tu
dang ap dang nhié} tai thiét bi ngung tu; 4-4>: qua 1anh
l()pg cao ap tai thict bi qua lanh; 4°-5% tiét luu taj thiét bi
tiét luu; 5°-1: bay hoi dang ap dang nhiét tai thiét bi bay
hoi.
3. Tinh todn chu trinh hé théng lanh co6 qua lanh

Pon vi khéi lugng lanh riéng

Qosur =M — s =h, —h,, (1)

Trong do:
hi: Entanpi cta hoi bao hoa trudc khi hat vé may
nén, kl/kg
hs: Entanpi cia 16ng cao ap sau khi qua lanh,
kJ/kg
~ hs: Entanpi cua long sau khi tiét luu tir trang thai
4’ dén 5°, kl/kg
Pon vi khéi luong lanh thé tich

qzv = (hl - hS')/vl :qO—Sub /Vl (2)
Trong do:
vi: Thé tich riéng tai diém 1, m’/kg
Cong ly thuyét
Woir =Wy =h,—hy )
Trong do:
Wsup: Cong thyc hién chu trinh khi ¢6 qua lanh,
kJ/kg
Wo: Coéng thuc hién chu trinh khi khong qua lanh,
kJ/kg
Cong chi thi

W, =W, /1 @
Trong do:
n; : Hiéu suat chi thi cia may nén

Pon vi phu tai nhiét & thiét bi ngung tu

i sub :(hz _h4)+(h4 _h4’) )
Trong do6:
hs: Entanpi cia 1ong cao ap trudc khi qua lanh,
kJ/kg
Pon vi phu tai nhiét & thiét bi qua lanh

qq = (hy — hy)) (6)
Heé s6 1am lanh ctia chu trinh khong qué lanh COPy
_ hi—hs
COPy =12 ™

Hé sb 1am lanh cta chu trinh ¢6 qua lanh COPsus

coP., = Go-sup _ h—hs _ (A —hs)+(hs —hs.)
‘ W, hy = hy =
=COP, +M
hy, =,

®)

COP; chi thi: COF = 4o ' W,

So véi chu trinh khong qua lanh thi chu trinh c6 qua
lanh lugng lam lanh ting 1én:

my (B —hs,)’ COP tang lén %
2 1

Trong do6:
mo: Lugng moi chat tudn hoan trong hé thong, kg/s

4. Qud trinh qud lanh dnh hwéng dén hé thong lanh
nhw sau

~Tinh cho cic moi chat lanh thuong dung trong hé
thong lanh nhu: R600a, R404A, R134a. Dé thuan tién cho
vi€c tinh toan ta gia dinh:

1) H¢ théng hoat dong vdi cac thong s6 6n dinh;

2) Nhiét d6 ngung tu duoc chon trong khoang 40 +
50°C, nhiét d6 bay hoi trong khoang 5 + -5°C;

3) Khong tinh tn that nhiét, ton tht luu dong va ton
that trao doi nhiét voi moi truong va trén duong dng;

4) Hiéu suét 1am viéc cua may nén la 0,8.
4.1. PY qud lanh inh huwdng dén hé thong khi nhi¢t dp
ngung tu va nhiét dj bay hoi thay doi
4.1.1. D$ qud lanh dnh hwéng dén qosu» khi nhigt do
bay hoi ty = 5°C, nhiét dp ngung tu t = 40°C.

“Hinh 3 th¢ hi¢n mdi quan h¢ gitta d§ qud lanh va nang
suat lanh riéng. Méi chat R134a ¢6 Go-sub 16n nhat. Khi do
qué lanh tang lén 20°C thi niang suat lanh riéng cua cac
moi chat lanh R134a, R404A, R600a déu tang 1én tuong
ung nhu sau: 49,26%; 31,62%; 28,9%. N}lu vay, khi do
qua tang Ién thi ca ba moi chat c6 nang suat lanh riéng go-
sub d€u tang 1én nhung R134a c6 do tang 1én nhanh hon.
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Hinh 3. Anh hueéng d6 qua lanh dén qo-aup
4.1.2. D$ qud lanh dnh hwéng dén cong (W) khi nhiét
do bay hoi ty = 5°C, nhiét dp ngung tu tr = 40°C.

Hinh 4 thé hién méi quan h¢ gitta d§ qua lanh va cong
nén chu trinh. Mdi chat R600a c6 cong nén 16n nhat, cong
nén cua moi chat R404A 1a nhd nhat, cong nén ciia moi
chat R600a 16n hon R134a va R404A tuong ng: 39,6%;
22,3%; 17,4% va Khi d6 qua lanh tang 1én thi ca ba moi
chat R600a, R404A va R134a c6 W khong thay doi.
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Hinh 4. Anh hueéng dg qud lanh dén cong W, kJ/kg
4.1.3. D$ qud lanh dnh hwéng dén COP khi nhigt dp
bay hoi ty = 5°C, nhiét dp ngung tu t = 40°C.

Hinh 5 thé hién mdi quan hé gitra d6 qua lanh va hé s
lam lanh cta chu trinh COP. Khi khong c6 qua lanh thi
R600a c6 COP 16n nhat ke ticp 1a R134a. Khi d6 qua lanh
tang lén 20°C thi cdc moi chat lanh R134a, R404A,
R600a c6 COP tang 1én tuong g 1,30%; 1,82 va 1,29%.
Nhu vay, khi do qua lanh tang thi ca ba moéi chat dél} tang
1én nhung R404A c6 d6 tang nhanh hon hai méi chat con
lai 1a 0,5%.
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Hinh 5. Anh hieéng dg qud lanh dén COP

4.2 D) qua lgnh anh huéng dén COP khi nhigt @ bay

va ngung tu thay doi
4.2.1 Khi nhiét dj bay hoi ty = 5°C, nhi¢t dp ngung tu t =

45°C

Hinh 6 th¢ hién mdi quan h¢ giita do qué lanh va COP.

Khi khong qua lanh thi méi chat R404A c¢6 COP nho nhat
tiép dén 1a R134a. Khi d6 qua lanh tang lén 20°C thi ca 3
moi chat R134a, R404A, R600a c6 COP tang 1én tuong
ung: 1,17%; 1;67% va 1,12%. Nhu vy, khi d6 qua tang
1én thi mo6i chat R404A c6 do tang 1én nhanh hon R134a
12 0,5%.
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Hinh 6. Anh hieéng dg qud lanh dén COP
4.2.2 Khi nhigt dp bay hoi ty = 5°C, nhi¢t dp ngung tu t =
50°C

Hinh 7 thé hién mbi quan hé giita 46 qua lanh va COP.
Khi khong qua lanh thi mdi chat R404A c6 COP nhé nhét:
4,14 tiép dén 1a R134a: 4,71 va R600a: 4,85. Khi do qua
lanh tang 1én 20°C thi ca 3 moi chét R134a, R404A,
R600a c6 COP tang lén twong Ung: 1,08%; 1.58% va
1,03%. Nhu vay, khi d6 qua ting 1én thi moi chit R404A
c6 d¢ tang 1én nhanh hon R134a 13 0,49%.
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Hinh 7. Anh hieéng dg qud lanh dén COP

4.2.3 Khi nhi¢t @ bay hoi ts = -5°C, nhiét d ngung tu tc =
40°C

Hinh 8 th¢ hién méi quan h¢ giita do qué lanh va COP.
Khi khong qua lanh thi méi chat R404A c6 COP nhd nhat:

4,13 tiép dén 1a R134a: 4,68 va R600a: 4,77. Khi do qua
lanh ting 1én 20°C thi ca 3 moi chat R134a, R404A,
R600a c6 COP tang lén twong Ung: 0,97%; 1.33% va
0,9%. Nhu vay, khi d6 qua tang 1én thi moi chat R404A
¢6 d6 tang 1én nhanh hon R134a 1a 0,4%.
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4.2.4 Khi nhi¢t @ bay hoi ts = -5°C, nhiét d ngung tu tc =
45°C

R600a

Hinh 9 th¢ hién méi quan h¢ giita d qué lanh va COP.
Khi khong qua lanh thi méi chat R404A c6 COP nhd nhat:

3,617 tiép dén 1a R134a: 4,05 va R600a: 4,149. Khi do
qué lanh tang 1én 20°C thi ca 3 moi chit R134a, R404A,
R600a c6 COP tang lén twong ung: 0,9%; 1,26% va
0,86%. Nhu vay, khi d6 qua ting 1én thi moi chat R404A
¢6 d06 tang 1én nhanh hon R134a 1a 0,36%.
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Hinh 9. Anh huéng dé qud lanh dén COP
4.2.5 Khi nhi¢t dp bay hoi ty =-5°C, nhi¢t dp ngung tu ti =
50°C

Hinh 10 thé hién mdi quan hé giita do qua lanh va
COP. Khi khong qué lanh thi méi chat R404A co6 COP
nho nhat: 3,027 tiép dén 1a R134a: 3,52 va R600a: 3,62.
Khi d6 qua lanh tang 1én 20°C thi ca 3 mdi chat R134a,
R404A, R600a c6 COP tang 1én tuwong ung: 0,85%;
1,22% va 0,81%. Nhu vdy, khi d6 qua ting 1én thi m6i
chat R404A c6 d6 tang 1én nhanh hon R134a 1a 0,37%.
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5. Két luan

Tir phan tich tinh todn ddc tinh cua cdc mdi chat
thuong dung R134a, R404A va R600a da chi ra dugc dai
luong httu ich khi qua lanh. Véy khi ching ta qua lanh
l6ng moéi chat sau khi ngung tu dé tict luu thi hé¢ s6 COP
cua h¢ thong tang 1én rat rd rang.

Phan ndi dung da thé hién duoc cac mdi lién hé giita
d6 qua lanh va nang suat lanh riéng, cong tiéu ton cho chu
trinh va h¢ s6 lam viéc hiéu qua cua chu trinh COP. Dac
biét khi giam nhiét d6 ngung tu Tk thi COP tang 1én va
giam nhiét do bay hoi To thi COP giam.

1) Khi khong qua lanh thi moéi chat R404A c6 hé sb
lam lanh thap nhat ke dén 1a R134a.

2) O cung nhiét dérbay hoi va nhiét’ d6 ngung tu thi
moi chat R600a c6 hé s6 lam lanh cao nhat.

3) Khi d6 qua lanh tang 1én thi nang suat lanh riéng va
h¢ so lam lanh COP ciia R134a, R404A va R600a tang
1én.
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4) Khi d6 qua lanh tang 1én 20°C thi moi chat R404A

tang nhanh nhat muc do ting trung binh 1a: 1,48%.

(1]
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