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of a 2-Stage Compression Heat Pump Using River Water
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ABSTRACT: The objectives of this study are to predict actual system performance and
effective operating range of the 2-stage compression heat pump system using river water. An
electronic expansion valve was applied to the simulation to analyze the effects of operating
conditions on the system performance. The developed program was verified by comparing the
predictions with the measured data. The results from the present model showed a good
agreement with the measured data. In addition, the heat pump simulation was conducted by
increasing condenser reservoir inlet temperature to investigate the benefits of the 2-stage
compression over the 1-stage compression in the heating mode. The performance of the 2-
stage compression cycle was better than that of the 1-stage compression when the inlet tem-
perature of the condenser reservoir was higher than 40 C.

Key words: River water(3t34%), 2-stage compression heat pump(29¢% 9 H =) Electronic
expansion valve(EEV, 23 Z4-74]), Simulation(Al &2 o] 4)
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Fig. 1 Schematic diagram of the heat pump.
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Fig. 2 Flow chart of the cooling simulation.
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Fig. 3 Flow chart of the heating simulation.
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Table 2 Specifications of experimental setup

Specifications

Copeland ZR47TK3E 2RT
Copeland ZF18K4E 3RT

Saginomiya DKV18 10 kW
Fujikoki BD24SH 15 kW

Items
High-stage
Compressor Low-stage
EEV High-stage
Low-stage
Heat Condenser
exchanger | Evaporator

Alfalaval Plate 16 kW
Alfalaval Plate 12 kW
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Fig. 4 Comparison of the simulation data
with the experimental data.
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Fig. 5 P-h diagram of the cooling cycle
with river water temperature.
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Table 3 Optimum conditions in the cooling cycle with river water temperature

i . lin, .
It%r\;le;)r?rvgflitﬁé EEV [%)]enmg Mas S[kf;(;‘g rate cca(;(;citi POV\ESW;? put Optimum COP

[l (kW]

21 61.9 0.0717 11.77 2.68 4.39
23 59.8 0.0722 11.66 2.76 422
25 57.1 0.0729 11.60 2.86 4.09
27 55.5 0.0732 11.46 2.94 3.93
29 54.4 0.0736 11.21 3.01 3.72
31 52.7 0.0740 11.05 3.10 3.56




300 dHE -

AR, Wi 2yl Faz dua ol

WiAtel 2o A& shAsE L7 €4
o2 Ayl "o 571 €4 =
10CE 1AA 7}

2 5 ggen, SRS g
& AN Hy £ e WhlelZRE
9 22583 e o webd H4 ¢
Axel AAHY

Q4 E Fig 67 #o] 8%
2% B Fugdel ®
7] R, 7 gEFI)E
of oA Auit m
ez A
Aol Agele oled A
7] Slske] wrat Age] %
1, A% BEVE Aw
u, I¢ EEVE
BH e ARh

Aelel AFHYL FAFE
3 A9 EEV ©F aha4e
A=A FAAEH, 4714

= o oy
1o o2 [T 10
o
12
o]

o
X,
ol

o

o
o
2
s

o %
ol
Mo

it
ke

1o
o
et
<
N

o

7199 4
dgo] &

RIS

1
L

fio 32
o

o ofi =2
o Mo Y A L o

N
&

o

o |0

2o o
>

1

—E‘E
o
L

fo it 2 oox ot 2 i
o f i ol o
LA

il
N

332 R om oy

ofy
e

T o
3
o

33

P[kPa]

10°

10%

River watar temperature

~«~ 18°C
—e- 14°C
-r 12°C
-m- 10°C

++ 8°C

inlet

os /

150 200 250 300 350

nikJ/kg]

Fig. 6 P-h diagram of the heating cycle

A EEVe AA=7t F743
% 7}3)

with river water temperature.

ol#el @efFol

EEV M%7} #7138}

Aend ol 27

_’_S‘_OIEIT‘:_

AE7IE

=]

29 g §HE7)

AA 2858 A

rl?(_[
jgmrﬁ;'§01o
r\rmmjo_‘:ﬁjﬂ
oh’.‘u‘ol)lr ob

-
ol
inad

g
I

o
i

N

B ow

N
Sk
olN
N
sk
et
AR R A

tlo
i
o
£
32
o

dou £ e

ol
oo
ot
o fo

Table 4 Optimum conditions in the heating mode with river water temperature

River water Low—stage Highfstage High-stage Heatipg Totgl Optimum
tempt::rature EEV opening | EEV opening | mass flow rate | capacity |power input COP
[C] [%] [%] Lkg/s] (kW] [kw]
6 34.6 16 0.0930 156 435 3.64
8 37.3 16.4 0.0970 16.0 452 3.68
10 40.2 16.8 0.1009 16.9 467 3.70
12 425 16.8 0.1057 18.0 4.86 3.74
14 452 17 0.1101 185 5.02 3.75
16 47.0 17.2 0.1158 19.3 525 3.81
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