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Exergy Analysis of R744-R404A Cascade Refrigeration System
Hoo-Kyu Oh' - Chang-Hyo Son*

L2 9 B =Re i dudy|S 71AE R7449F RAMMAE A A o= Y
g SlelM WAL A AHAE ol2Hor BAag =
FEE FAEG HYAE, ¢ QLA 457 E8, S P SHLE Solth BHF FRE £
S o Pk ALACIE FULET Z/HE4S RIMAS TALOIF S COPE Z7kete WHHe
R7448 A &AL| 2] COPE ATt ety olef@ o2 A7 A2A0)= YEAe| 2] COPE A
o] gAsIh E HNAAE ZHLET} 2S4S R4MMAE SE79 P& AXA £20] 71
A& & AUtk wEbA R7449F R404AE A2 oE WFA LTS COP 2 fIsiAE R404-E
Z27)9} ¢tZole] AR AL Zojokut s},
Aol 1 AMAA T WEALE, AR BA HAYn] YA A

Al =g o] xRl
AollA aed

L ofrt r{.m offt

1~ r°"

4N ol rly

Abstract: This paper describes an analysis on performance and exergy of R744-R404A cascade
refrigeration system with internal heat exchanger to optimize the design for the operating parameters of this
system. The operating parameters considered in this study include subcooling and superheating degree,
internal heat exchanger and compression efficiency, evaporation and condensation temperature in the R744
low- and R404A high- temperature cycle, respectively. The main results are summarized as follows : As
the evaporation temperature of cascade heat exchanger increases, the COP of R404A high-temperature cycle
increases. But the COP of R744 low-temperature cycle decreases, and the COP of total cascade cycle is
almost constant. As cascade evaporation temperature increase, the exergy loss in the R404A condenser and
the R744 internal heat exchanger is the largest and the lowest among all components, respectively.
Therefore, the exergy loss in the condenser and compressor of R404A must be decreased to enhance the
COP of R744-R404A cascade refrigeration system.
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Table 1: Energy and mass balance equation for each component of cascade refrigeration system using R744

and R404A.

Cycle Component Energy Mass
Compressor(1—2) Wy =my (h2 —h, )/nc‘Hnm,H
_ Condenser(2—3) Q.=my (h, — h3)
High Subcooling degree(3—4) AT en My =m; =My
temperature — _
) ] Internal heat exchanger =mg=my
refrigeration Quix.n = (h4 _hs) = (hl - hs)
) (4—5 and 8—1) =mz =mg
cycle - —
(R404A) Expansion valve(5—6) hy =hg =m; =myg
Evaporator(6—7) Qus,e = My (h; —hg)
Superheating degree(7—8) AThu
Compressor(11—12) Wy =my (hy,—hy, )/nc,an,L
Condenser(12—13) Qusc=mp (hjy—hy;)
Low Subcooling degree(13—14) AT L my =my; =My,
temperature Int | heat h =m.=m
. . nternal heat exchanger =Mz =My
refrigeration Q = (hyy—hy;) =(hy; —hy)
g (1415 and 18—11) L s s =m,; =m,
cycle ' o °
(R744) Expansion valve(15—16) 15 — Dyg =m;; =My
Evaporator(16—17) Q. =my (hy; —hye)
Superheating degree(17—18) ATt
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Table 2: Entropy and exergy balance equation for each component of cascade refrigeration system using
R744 and R404A.

Cycle Component Entropy Exergy
Compressor(1—2) Sgen = mH(SQ - 51) Xgen = To{mH (52 - 51)}
High
tempegr;ature Condenser(2—3) Seen =My (s5—5,) Xpen = To{my(s3—s,)}
Seen =My (s5—s,
refrigeration Internal heat exchanger gen n( 5 0 X =T {m (s.—s,)—m, (s, —s )}
gen 0 H\®5 4 L\»1 8
eycle (4—5 and 8—1) —my (s; —sg)
(R404A) | Expansion valve(5—6) | Sy =my(s;—s;) Xgen = To{mu(ss—ss) }
Cascade heat exchanger | Sgen =M (s7—54)
Xgen = To{my (7= s6) Jmy(s5—s;)
(6—7 and 12—13) +my(s;3—5p)
Low Compressor(11—12) Sgen =My (815 —5;) Xgon = To{my (s, —5y,) }
temperature
.p . Internal heat exchanger | Sgen = My (515 514)
refrigeration =T {my(s;; =) —mp (s, —s5)}
| (14—15 and 18—11) —my (s;; —Sy5)
cycle
(R744) Expansion valve(15—16) | S, :mL(Sle_SLa) X gen :To{mL(Sw—Sw)}
Sgen =M (17— 5y6)
Evaporator(16—17) gen_ (Qu./T.) Xgen = To{myp (17— 516) = (Qus.e/ Te) }
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Table 3: Analysis conditions.
Refrigerant R404A, R744
T, [C] 40
T., [C] -50
ATsuczﬂTsuc.L AT, suc,H» [K] 5
ATsuh:ATsuh,L:ATsuh‘]D [K] 5
Thix = Thax, L~ hox 1 [] 0.8
™o, L™ e, 11 [/] 0.8
T]n1:7]n1L:7llnH5 [/] 08
ATCBS :TCaS,CiTCBS,P’ [K] 5
TCELS‘C’ [GC] 5 ~ '25
Tcas.,e’ [OC] 0 ~ -30
A4 P4
Xloss = E( )Q W +me me (4)
i out
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Figure 2: Cascade refrigeration cycle of R744 and
R404A on T-s property plots.
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Figure 3: Cascade refrigeration cycle of R744 and

R404A on P-h property plots.
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