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An Experimental Study on Variable-Speed Control of an Ground-Water Circulation
Pump for a Ground Source Multi-Heat Pump System
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Abstract The purpose of this study is to propose an enhanced variable-speed control method of ground-water circulation

pumps using inlet and outlet ground-water temperature difference and analyze its effect for the ground source multi-heat
pump system installed in a single-family house. As a result, it has shown to significantly reduce the electricity use of
ground-water circulation pump and improve overall system Coefficient of Performance (COP) due to the proposed variable-

speed control under partial load conditions after oversized and inefficient single-speed pump retrofit.
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Fig. 1 Bird-eye view of the case-study building.
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Fig. 2 Schematic diagram of the GSHP system with
measurement points.
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Table 1 Specifications of the GSHP system

Items Specifications | Remarks
Normal Cooling 14.4 kW -
capacity | Heating and DHW | 16.5 kW -
Cooling 3.0 kW COP 4.8
Electricity -
Heating and DHW | 4.13 kW COP 4.0
Compressor Type Inverter -
Refrigerant R410a -
Max. DHW temp. 65°C Superheated
Cireulation Ground Water 0.6 kW Single-speed
Pummps Heating 0.25 kW | with 60% of
b DHW 025 kw | efficiency
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Table 2 Thermal properties of soil and vertical wells OOt Signal i On/Off Signal
et Sa— Main Controller
Vertical Well 1 | Vertical Well 2

Items ;
Depth 150 m 100 m *-
No. of Well 1 1 O Q ] EE @
Spacing 5m 5 m ?L\)’::)?;ssor @
Vertical @
BQrehole 150 mm 150 mm ;o @
Well Diameter creatotion 1L E: -
Properties Circulation Water Water Pump Evaporator Condenser :g;c\g?ter $ﬁ§rrpnostat
Fluid Ethanol(12.9%) | Ethanol(12.9%) Ground-Source Heat Pump (wzm
Pipe 0.061 mK/W | 0.061 mK/W
Resistance
G q Ground-water Heat Exchanger
roun o o
Temp. 15.88 C 15.55°C Fig. 3 Schematic diagram of the GSHP system with a
Soil Thermal flow controller at heating mode.
Thermal . 3.25 W/mK 3.55 W/mK
. | Conductive
Properties
Thermal 2 2
.084 .084
Diffusivity 0.084 m'/day 0.084 m'/day
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Table 3 Specifications of ground-water circulation pump Fig 5= & A7 el AdH WS T L=Ael 242 A
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before and after pump retrofit j] jg—‘%ir’-t;ﬂ—;j& ; f\;;o;u; —%2 :j;f o E:HOE;LS] g;ﬂ;z

Homs Specifications —7*2110_17 o A 7]‘%4\l§'§_—(0n) A %5%231?_01]/_\1

Before After AdE AF22T)Y ET2(T)E SHst ¥

Control Single-speed VFD RE7IE %3}?4 7‘9-7]}‘\—]?%—‘ A1 7] 01] At

Design Capacity 0.6 kW 0.55 kW HRACIE S QT Eee) SRASTT. =

Design Head 20 m 127 m dTy) Aarehal of S A8 F3HE AN dTe) o H] S}

o] 22} 5, 2 HAKdTer-dTi = dTH) S 1] 2 2(PI) A

Design Flow % lpm 118 Ipm ol7)el gl PIAlol 7] Aabel 9.3t 7] HA W

Efficiency 60% 83% A& Ke) 2 ARZEK)E ol &sto] HlE AR PnAlolE
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Fig. 5 Flow chart of variable-speed control for ground-
water circulation pumps.
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Table 4 Comparison of measured data before and after
circulation pump retrofit

Date Mar. 25th Dec. 14th Remarks
Pump Control Single speed | Variable-speed -
Design Capacity 600 W 550 W

Max. Power 8723 W 123 W Measured
Water Flow Rate 73.1 lpm 39.1 lpm

Inlet and Outlet o o Measured
Temp. Difference L3 Lore Average
Pump Electricity 8252 W 447 W

Savings(%) - 94.6% Average

(© SAREK



N
Al
oo
my
il
D)
ifieA
o
=}
ful
ol
|m
o,
[
>
[
juii}
Ao
N
e
o
rigt
faic)
[
)
E
Jo
oft
>
2
2
- 2
o,
i1
olN

o
-

70 70 70 70
—HW Supply Temp. ——HW Sppply Temp.

50 4 HW Return Temp. 50 50 e HW Retirn Temp 50
——HW Flow Rate

A4

50

40 -

40

30 . t - _ 30

oLl ol her I
f (1 i ] -‘ f i l rJ BimliL I

10 10 10 |+ n.] LH—\ 4 |- 10

o “ ||‘ [+]

Q00F 200; 4D0° eo00° S00 1000 1°D0 1400 G600 3800 2obo: 2200 000 2:00 400 600 800 1000 1200 1400 1600 18:00 2000 22.00

March 25th (Min.) December 14th (Min.)
Fig. 6 Time series plot of hot-water supply and return temp. and hot-water flow rate before(3/25) and after(12/14)

ground-water circulation pump retrofit.
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Fig. 7 Time series plots of ground-water supply(inlet) and return(outlet) temp. with residual before(3/25) and after(12/14)
ground-water circulation pump retrofit.
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Fig. 9 Time series plots of ambient temp., heating and DHW capacity, and GSHP system power before(3/25) and after
(12/14) ground-water circulation pump retrofit.
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