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Abstract The evaporating temperature range required for the low temperature freezing system is from -50C to -30C. Since
it is difficult to keep the required capacity in a cabinet, it is advantageous to design the system using a cascade refrigeration
system. Use of carbon dioxide and ammonia would be advantageous since ammonia is an environment-friendly working
fluid and has a high capacity for performance improvement. To investigate the performance characteristics of the R744-R717
cascade refrigeration system, a theoretical model was developed and performance was analyzed according to cascade heat
exchanger operating temperature. The optimal cascade R744 condensing temperature was -5C, and maximum COP was 1.13
when the temperature difference of the cascade heat exchanger was 5°C. In addition, the total system COP increased by

1.17 when the cascade temperature gap was 3C at the middle temperature of -7.5C.
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Table 1 The balance equations for R744-R717 cascade refrigeration system

Component Mass balance Energy balance
R717 compressor M= M=y 7= M Wiy = M
Ysue, RT17 Mo, i1
R717 condenser 6= 1107= Mg 7 Qs =gl — 1)
R717 EEV Tﬁ7 ms mmn Cr.rmir \//m he = hy
Cascade condenser = 5= M7y My™= 4= Ty Q... =myhs —hg) =m,(hy, —hy)
R744 compressor Y= My= Ty = M W, = M
Usue, R744 Ny
R744 EEV '”.L:;: ”.L4: ””1?.744: G i VPrr1a DPrraa hy =,
R744 evaporator = 1, = Mgy, Qoprs =,y — 1)
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Fig. 1 Schematic diagram of the R744-R717
cascade refrigeration system.

Table 2 Correlations of R744-R717 cascade
refrigeration system simulation

R744 R717 Air
- olo- Di
Heat  mele G ielingki  Dittus and
phase Boelter amn
transfer Wang

Two- Gungor and Cavallini and

coefficient . (12) . (15)
phase Winterton Zechin
Single- .
P phfse F anmng(lé)
ressure .
Churchill™” Wang(1 K
drop Two- . (16)

Pierre
phase

st AT g AaAlel = Audr|E oF
7 FHE H&315)E B AdolA vk $57]9] A7)
= 2,500x500x80 mm, AT SV 7] 5,000x500
x80 mm, 1|3 F2Aol= AwFr]e] dol= 18 m
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“WFJ%N4*KﬁM%;%QW%
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e R744 Compressor(lg) :
Ny.simaa = 0-00476. R —0.09238 R , 4 0.89810 (1)
Ny simaa = 0-00816 27— 0.15293 R, +1.13413 )
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Fig. 2 Flow chart for R744-R717 cascade
refrigeration system simulation.

e R717 Compressor(lg) :

1y zmy =— 0.00097 R2—0.01026 R -+ 0.83955 3)
Mgz = — 0.00076 R2—0.05080R,+1.03231  (4)

R744-R717 M 2=7]0)= WEA| 28] COPE 2(5)9)
2ol FHEH Ztdo] corE 2l(6)3} o] AAtHET

QE]?'T44
COPy,,, = ——201 5
Fotet Wml? + WR?44 ( )
QEH744 QL.}W17
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Table 3 Operating condition of R744-R717 cascade
refrigeration system modeling

Parameter . Value .
Fixed Variable
Cuse | Tpnrass Tonmz, Al ey
Case 11 Ty rrans Tormr, Topnmz AT
Case 1l T prass Topnr, Toopraa AT,
Case IV Tyrrans Tonnr, Tasmia  Tormaas Tornt
Case V Te pras, Tompmz, AL, Tp.pras
ChseVl Ty pras, Tomraa, ALy, Te.rmr
EAn(C) =-15
Te.4ir(C) = 25
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Fig. 3 Variations of heat transfer capacity and
compressor work with the R744 condensing
temperature(Case 1).

N

COP,,, - - COP_, -0-- COP__ —i—

R717 Total O

COP

0 T = -30°C, TC o= 35C, AT_=5C
|

10 5 5 10
TC.R744(DC)
Fig. 4 Variation of COP with the R744 condensing

temperature(Case ).

S7FR QlEte] 4F7] 2o %F o] Tkl ATAlelE
of E2+= Wule] o] FolE7] witolth Ed uvt
Abo]Zo] QbS] AR 25t 457 AQ%FHol
Zrastal olo] EEEE Wujo EE2%w7) 7467
o] 1 §F719 SIS 193 kWA 15.8
kW= oF 13.6% #4sh= 2102 UEsth R744 &5

257} Zﬂﬁ“ﬂ upel Aol = Ao &5 &

gk oF 6.7% s o= FRlF AT

Fig. 4= Case 12] 2|4 R744-R717 N2=A0|=
Alz=glo] mek, Aek 18] WA CcoPel WstE Hol
FaL ok Aol B §HE7 20T S7HE | whet
gk AFo] E4(R717)8] COPE 2.0890 A4 3.628 F7}38l=
" Aok Alo] Z4(R744)2] COPE 349914 17102 =1
Al Faske A4S B ol A Alo]Z9] &7
o] F7tah= B Ak Alo] &9 g2 FhAe)

(© SAREK



R744-R717 A=A 0] = WEA| 2o A] Az Wl & d5 a4

7] wjiLolt) E3 Aol B FULETF FIETE
G Alo]E9] COP 57k ALt Ato] &9 H51] 2hAa
2 Qlte] ¢E7] o] A HAsta gy ew S
7] &e] FFAaEo] 2] wjFelth. [AA Ato]E<] COP
T WE R744 SHLE Z2A e ST R
LA HdgEs 7H & v FAshe AEE 7R
t}. o] Fig. 394 YERD vle} o] Al =7 o
& S7VekE Wb 1w F57] A& fAske] 7 v
U451 Ao SRR ko] sl A wA7] o
wolth & AFolA AaAelE Fuglr|e] XAt
5CE AT ] R744 257} 5Tl A AA| ALo)
9] A corE 1.132.& yEyt)

3.2 H2%0|= dmeb|el aet W et As2E
Walol mE MESA DE(Cusell 1)

Fig. 59} Fig. 6= Case 19} Case M 7 A 2t
dughr)e] A% Zhdke] b7 4o WalkE veh
a9tk A= dadkr]e] EEA7F STA] 2
0CE Z7)ste] wtet AxAol= dwdhr]e] -
L Case I Z790A 103% F718F1 01, Case 1T
A oF 4% Fadhe TS Ry 7 x7
BE age] SHAES TS Bolth e =7
7 gro] HEH] FUhE Qo] ZF ¢E7)e) e

st Aow A E et

Fig. 7 Case 11, Case T ZZANA F|=A o=
A 2~Ele] COP W3S HoFa gt} 7~ Aol= o
w7 el 2EAprb FhEe] wel g coPe] AT
234904 26122 11.5% S7I8ll e, A coPe
3299014 19722 40.1% ZAAsIR =], ol AT
57] o) FUtet g el 7|91 Aot
w3 A 2E AA e coPy FHEFe) A vk
AF7] Ao AAFHG AT 457] de) FThol
A YJERY oF 113914 0912 ¢F 19.5% 748t A
o2 MU A Case Mo ZANAE 27

o= dughr|e] =27t Sl wel gk CoPel
749 23004 15102 34% A3 oH, Ak COP
= 32004 32622 1.8% F7I8t=H, ol adt b5
7] do] F7tet WhH A aAlol= dugkr] o] dugt
o] Thasta Ak ob57] A3 SE-go] A UdA
SHAl A5 7] wiEolth Al2=®l dAe] coPE Atk

&7 A FHdeFe] fXHE vhd g ¢hE7)
o] Z7l=Fo] AA YERY 1L13oA 0842 °F 25.7%

(© SAREK

N
a

S

=3

f 20_ E,R744 R744

(=2 O------==""" O

= O-mmmmmmmme- 0----

o3

2 15- §

= S Xmrmmrmim T

................. X=mm

§ X

o 10- o 1)

8 @ ] (]

7]

& N YN Y A

£ 5 g—

-~ /V/

3 4

I 0 Termus™ -30°C Ternr™ 35°C Termr™ -10°C
T T T T
5 10 15 20

AT__(C)
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