St VA F 8 A A6 A2E pp.24~29 2012d 4€¥

R744& 2AlHIZ2 AIE5l= R404AE WUSA|AHIO M= EA
Performance analysis of R404A refrigeration system using R744
as secondary refrigerant
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Abstract : In this paper,

secondary refrigerant was performed numerically to optimize the design for the operating parameters.

an analysis on performance and exergy of R404A refrigeration system using R744

The

operating parameters considered in this study include subcooling and superheating degree, internal heat exchanger

and compression efficiency, evaporation and condensation temperature in the R404A refrigeration cycle and

temperature difference of cascade heat exchanger.

The main results are

summarized as follows The

COP(coefficient of performance) of R404A refrigeration system increases with increasing evaporation temperature.

The evaporation capacity of R744 as secondary refrigerant increases with the increase in evaporation pressure of

R744 secondary refrigeration. And the enthalpy in the evaporator outlet of R744 increases with the increasing

evaporation pressure of R744 secondary refrigeration. Therefore, it is important to analysis for the relationship

between COP of R404A refrigeration system and refrigeration capacity of R744. As cascade evaporation

temperature increase, the exergy loss of condenser and compressor using R404A is the largest among all

components. Therefore, the exergy loss in the condenser and compressor using R404A must be decreased to
enhance the COP of R404A refrigeration system with R744 secondary refrigerant.
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Fig. 1 Schematic diagram of R404A refrigeration

system using R744 as secondary refrigerant
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Table 1 Energy and mass balance equation for each component of R404A refrigeration system using R744

as secondary refrigerant

Cycle Component Energy Mass
Compressor (1—2) Wy =my(hy —h,)/ 0w
Condenser (2—3) Q.=my(hy—h;)
Subcooling degree (3—4) AT cn my=m, =m,
Refrigeration cycle Internal heat exchanger =m,=m
QleH:(hat_ha):(hl_hs) !
(R404A) (4—5 and 8—1) — M5 = Mg
Expansion valve (5—6) hy =hg I
Evaporator (6—7) Quas.e =My (h; —hg)
Superheating degree (7—8) AT
Secondary 100p Liquid pump (11_)12) h12 — hn +(P12 _PM) " my, = Mg = My,
(R7A4) Cascade heat exchanger(12—9) Quse =my (hg—hyy) =m, =m,
Evaporator(10—11) Q. =my (h; —hyy)
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Table 2 Entropy and exergy balance equation for each component of R404A refrigeration system using

R744 as secondary refrigerant

Cycle Component Entropy Exergy
. Compressor(1—2) Sgen =My (s, —5;) Xgen = Tofmp(sy—sy)}
High
temperature Condenser(2-3) Sgen =My (55—5,) Xgen = To{my(s3—s,)}
refrigeration Internal heat
eXChanger Sgen :mII(557S4)7mL(Sl 758) Xgen :To{mll(sf)isél)imL(S] 758)}
cycle (45 and 8-1)
(RAD4A) Expansion valve(5—6) Sgen = Mipy(S5— ;) Xgen = To{mp(ss—s5)}
quuld Dump(11—>12) Sgen :mL(Slzisll) Xgen :To{mL(SuiSll)}
Secondary Cascade heat
loop exchanger Sgen =M (87— 5¢) +mp(sy—sy,) | Xy, =T{my (s;—s6) pmy(sy—sy,)
(R744) (6—7 and 12—9)
Evaporator(lo_)ll) Sgen = nIIL(SH - - (Qm&,c/Te) Xgen = To{mL(Sll - Sl()) - (Qms.c/Te)}
Aol AFH 7ML EUE 2 Afo| 29| AFhF Qus = Quasc = Qe ©6)
(m), ¥=7] dFW), 5718 HN2Aols du
7o AgFe theel Hom Ayt Qs =y (b~ hig) =mylhy —ho) "
A4 BEH A7, Q. RIM4E $Z7)004 153 dFo|
I, Q... RAVMAE FE7AA F53 Aol
Yom=>Ym (1) :
in out R744§ 2i}“lc')rﬂ] = A}‘g‘s}b R404A-§- 1’g /‘] .{\_Eé! 9]
A AL (COP)E R7444 F%719 F49%(Q)H

oA 5z

Q- W+th Y mh=0 2)

out

JEZT HE

S = Zms- Sms- X[ 1 )

out 1

A A REA

)Q -W, +me 3 imx 4)

out

Xloss = Z

]

A A EA(X,. ) NEHSA Guoy-Stodola ZHA|
Aoz RE g o) AN 5 ¢

& gl

Xloss = Tosgen (5)
Fig. 1& ¥ 7014 283k WEAol 29 44
=5 YR Zloja, o] Ao Bag 452 Table
1ol Adsifnt. AxAole dugr] W R744¢9%

RAOAS) AEB(Q,)E 919 7HolA F9l2el &
E4o] gna POz ok @)% (DN 1t
e % gk

RA04A9} R7449 LW Oi—rEi olge] 2
8= A4td.
Qe
COP = 47 8

R7T4E 2ZAFAZ AHE3HE RAMMAE WAl
of 7 #4884 g AuA et AFALLS Table
1o, JEZ TS} AAMA] AL Table 291 247+ YEL

3 Table 30 & AFoA AHEE = WEAI2E
s B4 HAE YA Table 3914 45

= 22FA 2 RT445 AH43h= RAMAS Y
29 dwA FH =zt Table 39 #4]
HE Table 13 29| 24& A4Fst e 2
o] &3ta] 22k FAE R7442 AFR3 RAMA

YAl 29 A e nAs FLLE, I

Aol FHeE THeY, Ax T dAE
A A EuA g}

3. Z2a o pa
31 SLU2E Heto wE ds5AHF
_%_

Flg 38_ Z‘F‘?:E(TC , 9H.}_\_7ﬂ O]E %EiHATcaS)?

_26_



Table 3 Analysis conditions.

Refrigerant R744, R404A
T. [C] 40
T., [C] 20 ~ 10
AT [K] 5
AT, K] 5
Mux, [/] 0.8
Nes [/] 0.8
s [/] 0.8
= Teas,e ™ Teas,er [K] 5
Teas,er [C] 5
Teas.es [C]

AT

cas

3.5

T,=40[c] 7.=08 [
s0fA T =51C 7,=08 w

AT,,=5[C] 7,=08
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Fig. 3 Effect of evaporation temperature on R404A

refrigeration  system  using R744  as

secondary refrigerant.
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with variation of evaporator inlet pressure.
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Fig. 5 Effect of R744 evaporate pressure on R404A
refrigeration system using R744 as secondary

refrigerant.
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Fig. 6 Effect of Tcse on exergy loss rates of each

component of R404A refrigeration system

using R744 as secondary refrigerant.
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