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Performance Evaluation of a Two-Stage Compression Heat Pump System
for District Heating
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ABSTRACT: The objective of this study is to investigate the performance of a two-stage com-
pression heat pump system for district heating. The experimental setup of heat pump consists of
compressor, condenser, evaporator, expansion device, intercooler, flash tank, oil separator and
accumulator. The experimental evaluations on the two-stage compression cycle were carried out
under various operating conditions which were heat source temperature, the degree of compressor
inlet superheat, and intermediate pressure. The temperature ranges of unutilized energy as the heat
source were used in the test conditions. As the heat source temperature increased from 10C to
30C, the COP and heating capacity of the heat pump system increased by 22.6% and 45.8%,
respectively. The performance of the two-stage heat pump system increased by 5.29% with the
variation of the intermediate pressure in the same heat source temperature conditions.
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HOT WATER HEAT PUMP OF
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Fig. 1 Schematic of the heat pump system
for district heating.

=
=

Azwt 12 B



(e}
A 27

Z1
ezt
Eal

4o o
5
og,
Nt
ﬂlg :
|z
1
S
i
o
_0|L
32
)

> R e R N o

N e ™

ob L ot o I o

jats)
DL
ot r&

Hot water outlet

oil * *
separator
02

Inter cooler

Hot water inlet

Condenser

High stage
compressor

High receiver

Oil
separator
01

Heat source inlet

Heat source outlet

Low stage Acumulator Evaporator
compressor

Fig. 2 Experimental setup of the two-stage

compression heat pump system.

Table 1 Specification of experimental setup

Component Specification
1-st Danfoss 25 kW
Stage SZ125-3 Scroll
Compressor
9 stage Danfoss 17 kW
as SZ084-9 Scroll
Condenser  Plate type 41 kW
Heat
exchanger Evaporator Plate type 30 kW
IHX Plate type 8 kW
Expansion I*Stage AKV15-2 34 kW
device 2-stage AKV10-6 10 kW
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Table 2 Test conditions

Component Operation conditions
Inlet
temperature 50
Condenser [C]
secondary flow
Flo%w rate 99
[m"/h] ‘
10
Inlet 15
temperature 20
Evaporator [C] 25
secondary flow 30
Flow rate
[m/h] o0
Frequency[Hz]
(high stage compressor) 40, 50, 60
Superheat[ ] 2 5 8 11

(low stage compressor)
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—&— Hot water temp. (60Hz)
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Return water : 50 °C, 2.2 m’h
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Fig. 3 Hot water temperature and refrigerant
mass flow rate with the variation of
heat source temperature.
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Fig. 4 Heating capacity and COP with the
variation of heat source temperature.
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