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Development of an Electric Circuit Transient Analogy Model in a Vertical
Closed Loop Ground Heat Exchanger
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ABSTRACT: Several numerical or analytical models have been proposed to analyze the thermal
response of vertical ground heat exchangers (GHEX). However, most models are valid only after
several hours of operation since they neglect the heat capacity of the borehole. Recently, the short
time response of the GHEX became important in system simulation to improve efficiency. In this
paper, a simple new method to evaluate the short time response of the GHEX by using an analogy
model of electric circuit transient analysis was presented. The new transient heat exchanger model
adopting the concept of thermal capacitance of the borehole as well as the steady—state thermal
resistance showed the transient thermal resistance of the borehole. The model was validated by
in-situ thermal response test and then compared with the DST model of the TRNSYS program.

Key words: Analogy(“JA}), Electric circuit(#7]3]2), Ground heat exchanger(*]% g 3t7]),
Thermal response(& £ %), Transient analysis(#=3141), Vertical closed loop(5=2]
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Table 1 In-situ thermal response test
Fluid condition and result of A-site
Condition of thermal response test
Disturbed Area | Undisturbed Area | Start time 2009-09-25 10 : 00
Fig. 5 Schematic diagram of ETAB End tl.me 2009-09-27 10 .: 00
simulation region. Sampling 1 i
Number of total data 2881 points
Borehole
Typor = hR,0=¢ "+ T, 0@ Depth 150 m
i/ —t/r Diameter 150 mm
Toper = hB(I=e )+ Tope 0 (10) Heat carrier(water)
Q). AA0IA AEE 10 i 27 Co ReT Convection (.:oefﬁcient 3679 W/m2K
coR. ,‘ﬂaﬂiel A]N—’\O]]:]j Co Cedl i;qu] Density 1000 kg/m3
v e eroah s el e Viscosity 0.000855 | Ns/m2
A= Tex, Tk 219), 211008 = F HA &3} Soecific hoat 419 KJ/keK
2ol AFgEA 0w FF, Ce, Cooll A7he A P e ' N
2 LA IR, LR Wl Cy, Coo) 2EAb= Mass flow rate SL1_ | ke/min
29), 4A0e] £2 3 WA G} o] A4 Grout material
o= =gt Conductivity 0.81 W/mK
¥ dAd 2ol A A4 (ground)e] e racul Density 100 | ke/m3
7ol vl ek A FLEE =3l TRNSYS Z 21 Specific heat 3.5454 kJ/kgK
of AT REol AE&5 3 3= Kasuda and Soil conditions
Archenbach'”'¢] ®9& ALg3tglth. Fig. 5 wa Density 2640 kg/m3
G v g Al g ot w Specific heat 0.909 kJ/kgK
B Fo] AAE AFHuwdy] dAG ndo A & Undisturbed soil temp. 14.56 (®
Ao 2~3 m7b AFEH I Gtk B mdo A Pipe(HDPE)
rec g 25 mE AREStaL AT Hugkr|e] A7)t Outer diameter 42.2 mm
Abg o ® QI Blaeh A A A e &= Inner diameter 345 mm
sl5 A <dY(line source) ©]E& o] &3] 27 Thermal resistance 0.41 K/W
ahal ot Results
Soil conductivity 3.08 W/mk
3. ETAB si 4 2d 2| AZF Soil diffusivity 0146 | m2/day
2 Ao A Jfakst ETAB 29l ASS 93lA AE yepdith =5 2 AlE g o] ol A= U-tube
AbAZALSE A7 = AR ESHAIE Ao vl A4S Paul®] B Spacing(x = 29.33 mm) 2 2 714
sttt A8 A Fold AFHudr] AA A AF A AAEAT)
AEE A4S 98] Td HolEo] o 5047 F Fig. 6= AA Y &E&HAE dHolH e ETAB 8
ot TdY dFE FAstd AF T AT MAF 9 DST ®de] sjA 2435 vepdeh DST
B8 S48k Algelth 2 el = 10 kWel & o] 48A17Fe] M ATkl A F-&HAIY dloly
FS FASAT dEHAE S AT RE 3 o] b 1.62Ce HarHaE Kol d ¥l ETAB
frio 9l HolZo gk Algoln=m FH4< dF R ABAIZE AT A D-&HAIE HolH o
H @S AT 5 o oln] T3] ASHE Al H] 1.30Ce] FdHAE B o2 DST tiv]
ArAoz AlPE Al Fe] dHolgol7] wjEoltt HA7F 0.32TC A A JeEbioh Fig. 72 1417 &<t
Table 12 AAY dFo A&HAE =13 574 o] M ANE HolFa e, DST EEE 14
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