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Comparison of Heating and Cooling Performance and Economic
Analysis of a Heat Pump with Electronic and Thermal Expansion
Valves

Dae-Ho Choi

Department of Refrigeration and Air-conditioning Engineering
The Graduate School, Pukyong National University

Abstract

The structure consists of compressors, evaporator, condenser, expansion
valve, etc. The principle of operation is to evaporate the refrigerant
compressed by high temperature and then send it to the condenser to form
a cycle where high temperature heat is emitted outside the low temperature.
In contrast, the condenser operates as an evaporator and the evaporator
operates as a condenser to reduce the temperature of the hot outside heat
exchanger and the temperature of the refrigerant to cool down. As a result,
due to the increase of interest in the heat pump, many researches have been
conducted on the performance of single expansion valve in the heat pump,
comparison of the temperature equation and electronic expansion valve. Heat
moves from high temperature to low temperature. But in heat pump, on the
other hand, pick up heat from low temperature to high temperature.At first,
heat pump was developed to evaporate the compressed refrigerant through
absorbing surrounding heat such as refrigerator, freezer, air conditioner.
Currently, it is used for cooling device that transfers a low-temperature heat
source to a high temperature by using heat of a refrigerant or condensation
heat, heating device that transfers a high-temperature heat source to a low
temperature, and combined cooling and heating device. Depending on the

driving method, it can be divided into electric and engine type, and it also



can be divided into air heat source, hydrothermal source and geothermal
type depending on the heat source. In addition, for the heat supply method,
it is classified into hot air, the cold air, warm water and cold water type,
and it is also classified into heating, cooling, dehumidification, and both
heating and cooling for the range of pump’s usage. However, study of the
performance of the two types of expansion valves in the heat pump is
lacking. Therefore, the purpose of this paper is to compare and analyze the
performance characteristics of electronic and thermostatic expansion valves in
the heat pump, to check the characteristics of the two expansion valves,
provide other basic data for selecting expansion valves, and to conduct a
preliminary study of existing market products for developing orifice
replaceable electronic expansion valves. Comparison of mass flow rate,
compressor power consumption, cooling and heating capacity, and COP was
compared between the thermostatic expansion valve and the electronic
expansion valve. The results of the experiment are as follows. During
cooling mode, when the temperature of the indoor unit increased, the
temperature of the outdoor unit decreased, the efficient increased. During
heating mode the lower the temperature of the indoor unit, and the higher
the temperature of the outdoor unit, efficient increased. And the result of
response speed about degree of superheat control between the -electronic
expansion valve and the thermostatic expansion valve, the -electronic
expansion valve showed faster response speed due to the thermostatic
expansion valve. Finally, according to the economic analysis, the initial
investment cost can be recovered after about 11 years using the electronic

expansion valve instead of the thermostatic expansion valve.
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NOMENCLATURE

SYMBOLS

T Temperature

P Pressure

Q Cooling capacity

C, Specific heat

W Compressor power consumption
COP Coefficient of performance
f Frequency

G flow rate

m Mass flow rate
SUBSCRIPTS

e Evaporator

c Condenser

W Water

com Compressor

in Inlet

out Outlet

sub Subcooling

sup Superheating

r refrigerant

- Vil -

bar
kW
kl/kg-°C
kW

Hz
kg/h
kg/h
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Fig. 1.2 Photograph of electronic expansion valve
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Fig. 2.1 Schematic diagram of an experimental apparatus(Cooling)
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Fig. 2.2 Schematic diagram of an experimental apparatus(Heating)
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Table 2.2 Specification of condenser and evaporator

Condenser and evaporator
—lte Qo
e Manufacturer Swep
Model B25TH
Type Plate
Capacity (kW 11.58
L= E 0=

B oRelME 8% Wne) ERe }E BT Py Y5 54
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Table 2.3 Type and specification of expansion valves

Electronic expansion valve

Manufacturer Dotech

Model DPF(0)-3.2C

Type Electronic Expansion Valve
Capacity (kW) 10.56 (3USRT)

Thermostatic expansion valve

Manufacturer Danfoss
Model 068U1714
Orifice Replacement
Type
Thermostatic Expansion Valve
Capacity (kW) 10.56 (3USRT)

Fig. 2.3 Installation photograph of bulb
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Fig. 2.4 Refrigerant flow diagram of 4-way valve
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Table 2.4 Specification of 4-way valve
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Table 2.5 Specification of additional equipment

Receiver tank

Manufacturer Kyungan thermotec
Model EVC10B-00
Capacity (kW) 7.1L

Available
refrigerants

R12, R134a, R22,
R404A, R407C, R410A,
R500, R502, R507

Solenoid valve

Manufacturer Danfoss
Model 018F7301
e Inlet("' 1/2
N ‘i{ Tube ) /
o % !
B °C | outlet(*) 1/
Check valve
Manufacturer Danfoss
Model NRVH-12s
Tube Inlet("") 1/2
stze Outlet("") 1/2

_’|3_




Sight glass

Manufacturer Danfoss
Model SGN-12s
Inlet("' 1/2
Tube ) /
S1Z€ | Outlet(") 1/2

Filter drier

Manufacturer Danfoss
Model DML-084
Inlet("' 1/2
Tube =i /
SI2€ 1 Outlet(™) 1/2
Water pump
Manufacturer Wilo
Model PU-S600M
Power 220V (400W)
Rate flow rate (Max) 160L/min

_14_



2.1.4 A7) 4 AS717]

Table 2.6 Specification of controller and measurement equipment

Electronic expansion valve controller

Manufacturer Dotech
Model EVC10B-00
) (B () ()
Rated power Max 4W at 24V dc
I l"'q'l L= |
DPR-TH1-ST-XHP
Model
(NTC 5K )
Range -50 ~ 50°C
Accuracy + 0.3°C
Model DP512-G7-XHP
Range -1 ~ 15 bar
Accuracy + 1.0%
Power meter
Manufacturer Yokogawa
Model WT 230
Voltage 15 ~ 600V
Range
Current 0.5A ~ 20A
Accuracy + 0.1%

_15_




A27 APFAFA 9w
Water mass flow meter
& - =  Manufacturer Corea Flow

Model TBN-II-AD

Range 600L/h ~ 6000L/h
; Accuracy + 0.5%

Constant temperature bath 1
Manufacturer P K. tec
Power 3phase, 380V

Capacity (kW) 11.58kW
Constant temperature bath 1I
Manufacturer P.K. tec
Power 3phase, 380V

Capacity (kW)

11.58kW

Absolute pressure sensor

()

Manufacturer Flow & Sensor
Type din
Connecting Size
& 1/8 PT

Range

0 ~ 50 bar (OV ~ 5V)

Accuracy

+ 0.25%

_16_




Absolute pressure sensor

Manufacturer

Daeyoung sensor

Type

T

Range

-270°C ~ 400°C

Size

1.6 x 10cm

Accuracy

+ 0.3% (-20°C ~ 150°C)

Multi-channel recorder

"ﬂ Manufacturer Yokogawa
Model Dr-230
Maximum Input 60
Channels
Accuracy + 0.05%

_17_




Table 2.7 Installation pictures according to expansion valve

Electronic expansion valve

IO R R AT
= ERE L]

= . Y e S ¥ L

Fig. 2.5 Photograph of experimental apparatus
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Table 2.8 Experimental conditions(Cooling)

Bgee] mZ S|EHELS He SA4S dotety] S A 212

KS B 2327°] &-& S|EHZo| A8t Aslglon, o]F Aol ofs
E

Parameter Value Unit
Inlet temperature of chilled
water into indoor unit @ T, R c
Greliissgicid i SO E
S;lii’ile:d(}?ater flow rate in indoor 2.000% ke/h
Cooling water flow rate in
outdoor unit : G 2000+ ke/h
Inverter frequency : f 60* Hz
Superheating degree : TSup 6* T
Subcooling degree : T, 1.5% C
Refrigerant R410A* -
Expansion valve A B -

* Standard condition

_20_



Table 2.9 Experimental conditions(Heating)

Parameter Value Unit
Inlet temperature of chilled
water into indoor unit : T, 7 Az C
i RSl I c
Srk:iiile:thvater flow rate in indoor 2,000+ ke/h
Cooling water flow rate in
outdoor unit : G % ke/h
Inverter frequency : f 60* Hz
Superheating degree : T, 6% C
Subcooling degree : T, 1.5% C
Refrigerant R410Ax* -
Expansion valve A, B -

* Standard condition
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Table 3.1 Calculation of industrial electricity price by KEPCO'™

Electric charges [Won/kwh]
Basic Spring and Fall
Summer Winter
Classification fare (March ~ May,
(June ~ (November
[Won/kW] A " September ~ o )
ugus ~ Febru;
‘ October) b
Low voltage
5,550 81.0 59.2 79.3
power
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Table 3.1 Calculation of the operation time per day through reference

load
Cooling Heating
TEV EEV TEV EEV
Compressor Power [kW] 3.646 3.58 3.804 3.8
Capacity [kW] 12.51 12.7 14.93 15.35
Reference Load [K]] 418,400
A Day's Running Time [h] 9.29 9.15 7.78 7.57

Table 3.2 Calculated electricity price

Season
| .

L]

Summer

82,624

EEV

80,824

Spring and Fall

67,855

Winter

* On a monthly basis
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66,540

Price [Won] '
| Heating

TE EEV
62,811 61,816
74,715 73,382




Table 3.3 Electricity consumption charges by passing year(TEV)

TEV
PV PWAF IP I n Charge
865,959 0.988631 875,917 0.0115 1 865,959
1,722,072 1.966021 875,917 0.0115 2 856,113
2,568,452 2.9323 875,917 0.0115 3 846,380
3,405,210 | 3.887593 875,917 0.0115 4 836,757
4,232,454 | 4.832024 | 875,917 0.0115 5 827,244
5,050,293 | 5.765719 875,917 0.0115 6 817,839
5,858,834 | 6.688798 875,917 0.0115 7 808,541
6,658,182 | 7.601382 875,917 0.0115 8 799,348
7,448,442 8.50359 875,917 0.0115 9 790,260
8,229,718 | 9.395542 875,917 0.0115 10 781,276
9,002,111 10.27735 875,917 0.0115 11 772,393
9,765,722 11.14914 | 875,917 0.0115 12 763,612
10,520,652 | 12.01101 875,917 0.0115 13 754,930
11,266,999 [ 12.86308 875,917 0.0115 14 746,347
Table 3.4 FElectricity consumption charges by passing year(EEV)
TEV

PV PWAF LP | n Charge
849,482 0.9886307 | 859,251 0.0115 1 849,482
1,689,306 | 1.9660215 | 859,251 0.0115 2 839,824
2,519,582 2.9323 859,251 0.0115 3 830,276
3,340,418 | 3.8875927 | 859,251 0.0115 4 820,836
4,151,922 | 4.8320245 | 859,251 0.0115 5 811,504
4,954,200 | 5.7657187 | 859,251 0.0115 6 802,278
5,747,357 | 6.6887975 | 859,251 0.0115 7 793,157
6,531,496 | 7.6013816 | 859,251 0.0115 8 784,139
7,306,720 | 8.5035903 | 859,251 0.0115 9 775,224
8,073,130 | 9.3955416 | 859,251 0.0115 10 766,410
8,830,826 | 10.277352 | 859,251 0.0115 11 757,697
9,579,908 | 11.149137 | 859,251 0.0115 12 749,082
10,320,474 | 12.01101 859,251 0.0115 13 740,566
11,052,620 | 12.863085 [ 859,251 0.0115 14 732,146
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