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Computer Simulation of a Super-Heat Pump System

AHE Y5 UBE P8
H. J. Kim, D. S. Jung, C. B. Kim, K. Y. Ha
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Abstract

A super-heat pump system composed of a suction line heat exchanger, low and high stage
economizers, and a screw compressor is simulated to examine the energy performance and
design options. CFC12, HCFC22, HFC134a, HCFC22/HCFC142b, HFC32/HFC134a, and
HFC125/HFC134a are used as working fluids for comparison.

The results indicate that the proposed system charged with appropriate mixtures is up to
33.4% more energy efficient than the normal system with CFC12. The performance of the
super-heat pump system charged with mixtures was influenced by such factors as the tem-
perature matching, heat source temperature difference, low stage economizer, and high stage
economizer. The fluids with a larger liquid specific heat such as HFC134a would have more
benefits when a suction line heat exchanger is installed. 40% HCFC22,/60% HCFC142b mix-
ture seems to be a good candidate to replace CFC12. On the other hand, 25%HFC32/75%
HFC134a would be a good long term candidate to replace HCFC22.
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Table1. Cycle simulation condition

Variables Values
TSs(Water temperature enter-
. 10°C or 14°C
ing evap.)
TS;(Water temperature leaving 5
evap.)
ng(YVater temperature enter- s0°C
ing cond.)
MEV(Mass flow rate of water| 4.785kg/s*
in evap.) 2.658kg /s**
MCO(Mass flow rate of water| 6.220kg/s*
in cond.) 3.455kg /s**
DSH(Degree of superheat) 0c
DSC(Degree of subcooling) 0¢C
APr(Pressure drop in evap.) 20kPa
AP(Pressure drop in cond.) 20kPa
Agvar(Area in evap.) 120mi
Acoxp( Area in cond.) 100md
UEV 2 o
{(Overall HTC in evap.) 0.4¥/nt
Uco .
(Overall HTC in cond.) | C-487R/mi
CEFF(C.omp. isentropic  effi- 85%
ciency)

HTC : Heat Transfer Coefficient
* . When Ts;is 10°C % % ' When TS.igs 14T
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LMTDE = ( 1 - FSUPE)LMTDTPE
+FSUPE LMTDSUPE (2)

LMTD¢ = Fsypc LMTDsypc+ (1 —Fsusc—Fsurc)
LMTDTPC —+ FSUPC LMTDSUPC (3)

Qe = Ug Az LMTDg Epx 4
Q¢ = Uc Ac LMTDc Eux (5)
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Table2. Variables and Residual equations for the Newton-Raphson method

Variables Residuals Explanation
VA1) = M: |RE(1)=—Agrr+ AgrcaL Area balance in evap.
VA(2) = Pgye |RE(2)= — Acrr+ Acrcar Area balance in cond.
VA(@3) = Pus: |RE(3)= — (Hy— H7)Fsupe+ (Hs—H;7) Definition for Fsype
VA#4) =T |RE{4)=(Hs—Hs)—(H;—Hjy) Energy balance for SLHX
VAG5) = TS, |IRE(5)= —Qgvar+Me(Hs—H,) Energy balance in evap.
VA(6) = TS5 |RE(6)= (H,—H3)Fgyac— (His—H3) Definition for Fsysc
VA(7) = TS,s |RE(7)= (H.— H3)Fsypc— (H.—Hi;) Definition for Fsyec
VA(8) = TS,; |RE(8)= —~ Qconp+ HCAPC(TS,— TS,) Energy balance in cond.
VA9 = M [RE9)=Mz(H,—H,) —Me(H,—Hs) Energy balance in low stage economizer
VA({) = M, |[REW0)=My(H;,—H.)— (Mg+M,g)(H;—H,) | Energy balance in high stage economizer

Table3. Comparison between experimental and simulation results for three stage super heat pump

Experimental results Simulation results Relative error
Evaporator load (kW) 1130 1130 F0]7]
Condenser load(KW) 1345 1335 0.7%
Compressor work (kW) 215 205 4.6%
Pressure ratio 2.92 2.95 1%
COP |~ ¥ =3 [~ | 4.7%
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Table4. COP of various refrigerants on different systems

i ) When the temperature difference of water is 5°C at evaporator

Cycle A Cycle B Cycle C Cycle D
R12 4470 4.682 4.924 5.014
R22 4.546 4.559 4.853 4.954
R134a 4.390 4.684 4.938 5.034
R22/R142b(40 : 60) 5.155 5.240 5.551 5.657
R22/R142b(80 : 20) 5.128 5.149 5.466 5.572
R32/R134a(25 : 75) 4.806 4.954 5.298 5.419
R125/R134a(60 : 40) 4.295 4.807 5.101 5.232
it ) When the temperature difference of water is 9°C at evaporator
Cycle A Cycle B Cycle C Cycle D
R12 X x X X
R22 X X X X
R134a X X X X
R22/R142b(40 : 60) 5.334 5.535 5.853 5.962
R22/R142b(80 : 20) 5.005 5.105 5.399 5.501
R32/R134a(25 : 75) 4.685 4.945 5.274 5.393
R125/R134a(60 : 40) 4.005 4.668 4.922 5.047
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ek HCFC22+ o &37) HE QU 2 olf=
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o] HCFC22¢} Cp107 kJ/kmol K)Rr} =7]
] Fo|ct, mp2}A], SLHX S} Asol F8& 7+
Ae 2t PYele] Cp e & 5 A2, ¥y A

When the temperature difference of water

is 5°C at evaporator

When the temperature difference of water
is 9°C at evaporator

COP increase( % ) COP increase(% )

R12 4.74 R12 X

R22 0.29 R22 X

R134a 6.70 R134a X
R22/R142b(40 : 60) 1.65 R22/R142b(40 : 60) 3.77
R22/R142b(80 : 20) 0.41 R22/R142b(80 : 20) 2.00
R32/R134a(25 : 75) 3.08 R32/R134a(25 : 75) 5.55
R125/R134a(60 : 40) 11.92 R125/R134a(60 : 40) 16.55
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Table6. Heat exchanged in each economizer
for Cycle C and Cycle D(expresses as

percent of the total refrigeration
load)
Cycle C Cycle D
. Low stage | High stage
Economizer ) .
economizer |economizer
R12 14% 10% 6%
R22 13% 10% 6%
R134a 15% 11% 7%
R22/R142b 11% 9% 5%
R32/R134a| 12~14% 10% 7 %
R125/R134a| 15~19% 13% 9%
12
b R22/R142b
10 ~-d
8~
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Q &
=
& §
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2
o T T T T T T T

00 01 02 03 04 05 08 07 08 0% 14
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(a) Relationship between COP and temperature difference of water for HC

FC22/HCFC142b mixture for three stage cycle
(b) GTD, for HCRC292 /HOFC14%h mixture
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Fig.9 (a) Relationship between COP and tem-
perature difference of water for
HFC32/HFC134a mixture for three

stage cycle
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