Journal of the Korea Academia-Industrial http://dx.doi.org/10.5762/KAIS.2014.15.2.625
cooperation Society
Vol. 15, No. 2 pp. 625-631, 2014

A2A| = WFXA 2R o 45 19 WRA] BT A 2R A5
H|
EEEE

Performance comparison of cascade refrigerator and two-stage
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Abstract In order to obtain a low evaporation temperature ranging from -30C~-507C, a cascade refrigeration
system and two-stage compression one-stage expansion refrigeration system is required. However, the research
results of performance comparison of these refrigeration system are very scarce.This paper were compared the
performance characteristics of R744-R404A cascade refrigeration system and R404A two-stage compression
refrigeration system. The COP of R404A two-stage compression refrigeration system is about 36 ~57% greater
than that of R744-R404A cascade refrigeration system in the range of evaporation temperature of -30C~-50T.
But R404A two-stage compression refrigeration system is unstable because COP is significantly changed when
evaporating temperature and compressor efficiency decreased. In particular, when compressor efficiency
decreased, COP is significantly decreased. In this case, not efficient for long-term use. Whereas R744-R404A
cascade refrigeration system using natural refrigerants. Therefore, it is environmentally friendly. And this system
is high-efficiency refrigeration system. The reason it can be configured by selecting the suitable refrigerant at
high-temperature side and low-temperature side. From the above results, select the appropriate low temperature
refrigeration system by considering the environmental and performance aspects.
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[Table 1] Balance equations for each component of R744-R404A cascade refrigeration system

Cycle Component Energy Mass

Compressor(5—6) W%’H =my (}16 —h; )/ YR UM
Condenser(6—7) Qeas 1ie =y (hg—hy)

High temperature Subcooling degree AT, suert mpy =mg; =mg

refrigeration cycle - -

(R404A circuit) Expansion valve(7—8) h; =hyg — M7 T Mg
Evaporator(8—5) Qs He — 1My (h5 - h8)
Superheating degree AT, suhH

Compressor(1—2)

Woas,L =my (h2 —h, )/nanmL

Condenser(2—3)

Qcas,Lc = mL(h‘Z - hd)

Low temperature

refrigeration cycle
(R744 circuit)

Subcooling degree AT ¢ suel mp, =m; =1y
Expansion valve(3—4) h3 =h, — g =amy
Evaporator(4—1) Q(HS, Le — My, (hl - h4)
Superheating degree AT s sunL

fe.

Condense
7 6
Subcooling <
1]
WoeasH
l )
High Superheating Hi
gh
temperature .~ > temperature
expansion valve 5 compressor
_ Cascade heat
Subcooling exchanger
l
Low 4 1 Low
temperature > @- temperature
expansion valve Superheating compressor
Evaporator

T Qeasle

[Fig. 1] Schematic diagram of R744-R404A cascade
refrigeration system
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[Fig. 2] P-h diagram of R744-R404A cascade refrigeration
system

[Table 2] Performance analysis ranges of R744-R404A
cascade refrigeration system

Refrigerant R744 | R404A
Toos ser [C] 20 ~ 40
T, <5 [C] -50 ~ -30
AT sue™ cas,su(‘L=ATcas,sucH’ 10
[C]
AT, suh =AT,,, suhL =AT. sunn 10
, [C]
=", = Neaz» 1] 05 ~ 1
Moy =T L= "> [/ 05 ~ 1
AT, = Tog Le ™ Teas > [C] 5
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[Table 3] Balance equations for each component of R404A two-stage compression refrigeration system

Component Energy Mass
Low stage Compressor (1—2) Wigor =mp, (h2 — hl)/nanmL
Cooling in intercooler (2—3) Qrwo,co0ling = M1, (h2 — h3)
High stage Compressor (3—4) Wogor =My (hy —hg) /Magin my =my +my,
Condenser (4—75) Qryoe =my(h, —hy) B (hy —h;)+(hy —hy)
: - my =my, (s —hy) )
Intercooler expansion valve (5—6) h; =h, (h ;1 ) 6
_ 2 7
Evaporation in Intercooler (6—3) Qrworm = mM(h3 hﬁ) my = mL[ (h3 _ h()-)
Cooling in intercooler (5—7) Qrwo,moling = Ma (h;—h,)
Main expansion valve (7—8) h, =hg
Evaporator (8—1) Qryo,e =My, (h,— h8)
fo- ok o714, Pre A o, Pyt 39S oreelch
Subcoolin - -
- Fig 4= 2¢F 4% 15h 934] WE Al2g9] phidsolc)

=
Liquid receiver

High stage
compressor

Intercooler

I 3 Intercooler expansion valve

Low stage
compressor
2

Qe

p % 8
Main
expansion valve

Superheating

Refrigerated space

[Fig. 3] Schematic diagram of R404A two-stage compression
refrigeration system
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[Table 4] Performance analysis ranges of R404A two-stage
compression refrigeration system

Refrigerant R404A
Tryo.e [C] 20 ~ 40
[‘“or’ [(’] -50 ~ -30
ATTwo.suc=ATTwu,sucL=
o 10
ATTW(L:HCH’ [(‘]
ATTW().SUh=ATTW().S\1hL= 10
ATTWU.,S[I]]H’ [BC]
Ne=Ner, = Ner»> /1 05 ~ 1
Moy =g, = s> [/ 05 ~ 1
A
P
7 s m
b - G :

hs=hs hs=hg

[Fig. 4] P-h diagram of R404A two-stage compression
refrigeration system
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R744-R404A cascade refrigeration system

Tcas.Le’ WcasAL’ Wuas,H’ Qcas,Lc’
[C] kW] kW] kW]
-30 6.359 8.310 26.030
-35 6.823 9.535 26.920
-40 7.520 11.050 27.540
-45 8.251 12.760 28.130
-50 9.015 14.670 28.710

R404A two-stage compression refrigeration system

TTWO.C’ WTWUAL’ WTWU,H’ QTVV(LC’
[C] [kW] [kW] [kW]

-30 3.300 7.937 31.260

-35 3518 8.710 30.950

-40 3.861 9.765 30.630

-45 4216 10.910 30.310

-50 4.585 12.160 29.990
[Fig. 5] Performance comparison of two refrigeration
systems with respect to variation of

evaporation temperature

629

Fig. 5o WERE AAE ALA0NE W Aol 2
o QHE gk WA Kol Zo] Buhem( T(HQLD,TTWOJ
7} 7kl Wk AT Z7k 1 olfe Al
2 oM} o] FuEs A7 oS dstol peis
7] whgolt). A Hom AHuy, LA WE A
28] TEhE duk( c,ds?H)% 43.3% 7hashal, A=
%ak(wmg% 204% vtk Eg

f&c}. whebA ek
Aer 1t} o 27

‘;.
(]
=u}
[SRE=1

)\L_Z

UJrEVﬂ = /\]i‘%”iﬂ %‘Q%E Z74A] LA
T} Messineo[7]2 R404A-8 21+ o= 1
A 2ET R744-R404A-8 I AA 0| E Y
o] gk fAkE A AaE 42
58 TR A5A 4] g
o] A Ha 1 23t 4F
Rt
AsAlT7E 2 A5 15 WA Aol jAA o]
Y AA"ET o Ik O olfE A ols Y
| 2" Aks g ags defo] 2 o 1T ¥
Aefa) ks U Ho) o

A WE Asge] An

]/\\__

A=

>~

Qo] = 0]

T}l=
R ] = =

A7) wfitolet. ol FH2E FUIA] 1L _§_ ol g.2F
o] A o)= WE A|AEA ¢ wo] ZastAr] u
Ho|t}.

3.1.2 o=z o] HEF

NaAol= Ws Al2eT} ok 42 15 WA Ys
Andel S S A5 Aol e st

9ol SE2E(-507), SFH-S:E(400), 7HA7ﬂ 1= 25
ZK50), 2 745(100) U=FEE0.8), 7|AEE(0.8)]]
22004 43T

Fig. 63} 2o edws} Z7}go] whe} AL ol
A AEO] =Ales Zast= J9bd 2t oF= 1d
P5 A2"e] PsAss A FUsit wiA
OIS 9 AR AP AU ST AT
13. %7]—'6]—51 TS gk 28.22% S5
oF 8.43% Z7Fatch. whatal, Al(1)ef o]
Aol F7hgo] FuAF W

Zhasieh,

o of

FA]

L=}
[<)
e

A



A St sl=RA) A15H A2, 2014

20
T.=40(%C; T,=50(°Cl;A T =5[K[A T, = A T, =10[K};
18 n =n =08 Ts=101°CJ;
1.6 -
S
o
[}
O 12
10
0.8 | Cascade refrigeration
— — Two-stage
0.6 - - -
0 5 10 15 20
Top [°C1
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Tcas.suh’ Wcas,L’ Wcas,H’ Qcab.Lc’
[T] kW] kW] [kW]
0 9.162 15.20 27.98
5 9.575 16.85 28.46
10 9.854 17.73 28.92
15 10.13 18.61 29.38
20 10.39 19.49 30.34
R404A two-stage compression refrigeration system
TTwo,su h> WTwo,L’ WTwo.,H’ QTwo,u’
[TC] kW] kW] [kW]
0 4.713 14.18 28.66
5 4.884 14.44 29.12
10 5.005 14.66 29.5
15 5.124 14.87 29.88
20 5.243 15.09 30.27

[Fig. 6] Performance comparison of two refrigeration
systems with respect to variation of superheating
degree
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