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Purpose: Recently, in order to realize eco-friendly buildings, studies on renewable energy technologies have . o

conducted in field of building energy. Among these technologies, a ground source heat pump (GSHP) system can o xjuje
achieve higher performance than conventional air source system. However, the GSHP system has been delayed dueto  X|
high initial cost and lack of guidelines for performance analysis of various design factor. Therefore, this paper aims to

. . . C . " Ground Heat Pump (GSHP) System
proposed design and operation method to improve the performance of the GSHP system and to minimize the additional Numerical Simulation
cost. Method: In this study, numerical simulation was conducted to accurately predict the heat exchanger rate (HER) Operation Method
and entering water temperature (EWT) of the GSHP system. The numerical simulation was coupled with soil model, ~ Heat Exchange Rate (HER)
ground heat exchanger (GHX) model and ground surface heat flux model. Furthermore, the performance of GSHP A CCEPTANCE INFO
system was analyzed according to the operation method of the system such as flow rate, operation time, and limit ~ Received Aug 26, 2018
temperature. Result: As a result, the HER and the EWT of base case were 34.3W/m, 10.26C respectively in the ~ Final revision received Oct 15, 2018
condition of 9.3lpm flow rate, 9 hours per day operation, and 5C limit temperature. Accepted Oct 20, 2018
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(c) Boundary Condition of Top Layer

(a) Ground Heat Exchanger
Fig. 2. Analysis domain of ground heat exchanger, Borehole and

Boundary condition of top layer [15]
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(b) Enlarged Layer around Borehole
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Adiabatic

(a) Simulation Model
Fig. 3. Numerical analysis model
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Table 1. Simulation conditions

A2E Arledor QIR AF2E A4 2 AQE 45 At
P F7199 A2l fig vueE Tl 25E 1
stol 284 ATLES ST Hsgn 2840 27] 28
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3 @ 4w st B 27] AFLEE A949T U
w3 [16~18]% Farsto] sl Ft AF52=< 16CE 283519
.

Table 2. Thermal properties of soil, grout and U-tube
. Conductivity Heat Capacity
Porosity (Wm'K) MI/mK)
Soil 0.01 35 2.92
Grout 0.001 1.5 2.80
U-tube 0.001 0.41 2.30

Table 2.= B, 2eh¢-E 9 A2 uey] 299 d=4 27
& pehdith, £ QA RE Fje] 7 de] £EEo] gk 5
Faor Aot od, spgete] GiE: 22 A RS F
ot B4 go|] et AA] TRT(Thermal Response Test) BI2EE 5

=2
s 7 wlol [1918 Fatste] Algsold 2o 283t
ES DS E Aae diHoR o] g5 Qs AR ER 7

—

Table 3. Case Study Condition

Parameter Condition

Calculation Tool FEFLOW + User Subroutine

Ground Heat Exchanger Single U-tube, 32A

Borehole Concrete Grouting, depth : 100m

Analysis Domain 20m x 20m x 100m

Operation Period 12/1 ~ 2/28 (3month)

Operation time 09:00 ~ 18:00 (9hour)

Flow Rate 9.3 Ipm

Circulation Water Limit Temp. 5°C, Initial AT. 10°C

Initial Ground Temperature 16 °C
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Operation Time Flow Rate Limit Temp.
(hour) (LPM) (9]
Case 1 9
Case 2 6
9.3
Case 3 3
Case 4 1 5
Case 5 4.65
Case 6 18.6
Case 7
E——— 9
Case 8 0
EE— 9.3
Case 9 2
Case 10 2
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