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Advanced Exergy Analysis of Cascade High-temperature
Heat Pump System based on Experimental Data

HU Xiao-wei, LI Guan-ming. DONG Sheng-ming,ZHANG Bei
( College of Mechanical Engineering, Tianjin University of Commerce, Tianjin, China,Post Code :300134 )

Abstract: In order to study the characteristics and causes of the exergy loss distribution of the compo-
nents of cascade high-temperature heat pump system to clarify the direction of system optimization , the ex-
perimental bench of cascade high-temperature heat pump system was built to achieve the large tempera-
ture rise of 90 “C (30 °C to 120 °C). The conventional and advanced exergy analysis methods were re-
spectively adopted to study the cascade heat pump system based on the experimental data. The results
show that the exergy losses of high-temperature and low-temperature compressors are the highest. The en-
dogenous and the avoidable exergy losses of the system account for 93.73% and 70.79% of the total ex-
ergy loss respectively. It is indicated that the exergy loss is mainly resulted from component itself and the
potential for component improvement is considerable. The endogenous and avoidable exergy losses of the
high-temperature and low-temperature compressors and high-temperature condenser are the largest, so
these components should be considered preferentially during the system optimization, which can reduce
51.04% of the system exergy loss.

Key words: advanced exergy analysis, cascade system, high-temperature heat pump , optimization
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Fig. 1 Schematic diagram of experimental system
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Tab. 1 Exergy analysis and calculation models of the cascade high-temperature heat pump system

e ERRH 7 S R
IR R &% (ev) Ep e = my o leg =€) Ep o =mi(e —ey) Epe = Epoy = Ep o
IR ESFHL(LTC) Ep e = Wic Eppe = mp(e, —e) Ep e = Ep e — Epiae
ARG EESR (CHX) Epcnx =my(e; —e) Epcux = my(es —e) Epcnx = Epcnx = Eponx
IR (LTTV) Ey iy = my(e} +ey —e)) Ep vy = mye; Eyirv = Ey v = Ep v
Pl EFEHLOHTC) Ep e = Warc Ep e = my(es —es) En e = Er e = Ep e
RIS EERS (con) Epcon = mu(es —e7) Ep on = My con (€ —€11) Epev = Epcon = Ep con
R (HTTV) Eg yrry = mn(ﬂ; +ey - eé') Ep yry = mnesr Ep v = Evwrv — Ep prry
A4 (o) Epia = Epine + Ep e + Er o Ep o = Epcon Epw = ZE[,

SBUR 2 Gk 18 M B D EE 1752 A | P N
WS £, AT DA B B G A B OE A $R T
BT, it AR

E; =Ep ¥ EY (10)

AN A G A 2 R p TR AR R A A
XT3 AN ] WA % A 2 1 R Z5 A T AR M A, A
S Y DG 3 T afk G A 2 o X 1A T S A A
BYTHEL , T 20T R G B, A AR Y 2 AR
= FERE T R LA S g AL SR AR . iR
WA T MPGPRES R, AR (1) 545 3

E;JIN = EP(ED/EP)UN (11)
KA (Ey/Ey) "™ — A0l d i e o Mo o 5 i ss
Pl e

FEIH e — B4R R 4 #8451, BRIV I5 A sk A A

1k ST PR AT SR EYT SR T
SR E ™ LR SMRR T S A B

Ey = E}V™N + BV + EYVPO+ BV (12)
B =B (EAED™ (13)
Ey™ = Ep —=Ep™ (14)
By = By =By (15)

EAVEX _ pEX _ pUN.EX (16)
2 B — TN TR S AT B ¥ Ui 2 A

3 HESERA

RIEERETR, REREN RSS2
IR Xof 28 48 1) R AEL 2 A A T 3 B A% A A 1B
B4 3 FRt™ o RPN RS ALA AT
HEPEER , O i e RIS R

®2 BERTERAMREER

Tab. 2 Experimental results at various state points

RES THE H 1/ MPa R EE/C Hog/kd - kg™ Hoffi/k - (kg - K) 7' dfihkkg - s oAl k) - kg™
1 R134a 0.60 27.16 416.16 1.74 0.06 3921
2 Rl34a 2.34 94.10 457. 68 1.77 0.06 70.50
3 Rl34a 2.34 72.95 309.32 1.35 0.06 44.49
B Rl134a 0.60 21 .57 309.32 1.37 0.06 36.78
5 R245fa 0.62 71.76 456.72 1.78 0.09 33.09
6 R245fa 212 124. 81 486.19 1.80 0.09 56.20
7 R245fa 2.12 119.91 372:19 1::51 0.09 24.79
8 R245fa 0.62 70.63 372.19 1.53 0.09 19.41
9 7k 0.10 30.46 127. 66 0.44 0.39 1.58
10 7K 0.10 26.37 110.56 0.39 0.39 0.82
11 7K 0.10 115.76 485.82 1.48 0.50 60.39
12 7K 0.10 120.44 505. 68 1,53 0.50 65.65
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Tab. 3 Parameters of the ideal cycle and

unavoidable cycle
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Tab. 4 Results of the conventional exergy analysis

and calculation

oM ESKW E/KW Ey kW g/ y* /%
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Tab. 5 Results of decomposition of the exergy loss( kW)

i Ep" Ep* ERY iy
GHzEESE 0,191 -0.035 0.124 0.031
GRE4EHL  0.745 0.098 0.766 0.077
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RIS % 0.385 0.053 0.213 0.225
FIREgL 0.818 0.095 0.829 0.083
EORABER  0.347 0 0.305 0.042
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Tab. 6 Results of combination of the exergy loss( kW)
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