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Abgract: Commercial buildings are generally cooling-dominated and therefore reject more heat to a vertical
ground heat exchanger(GHE) than they extract over the annual cycle. Shallow ponds can provide a cost-
effective means to balance the therma loads to the ground and to reduce the length of GHE. The objective
of this work has been to develop a design tool for surface water heat exchanger(SWHE) submerged in
shallow pond. This paper presents the analysis results of the impact of design parameters on the length of
SWHE and its application effect on geothermal heat pump(GHP) system using vertical GHE. In order to
analysis, We applied e-N7U method on designing the length of SWHE. Analysis results show that the required
pipe length of SWHE was decreased with the increase of approach temperature difference and with the
decrease of pipe wall thickness. In addition, when the SWHE was applied to the GHP system, the temperature
of verticad GHE was more stable than that of standalone GHE system.
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Fig. 1 Surface water heat exchangers submerged in shallow pond and their application on GHP system
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Fig. 4 Effects of pipe diameter and pipe thickness on the length of surface water heat exchanger
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Fig. 5 Target building, 3D modeling, and hourly building loads for analyzing application effects



s . -
54 Sl
Month of the year Month of the year Month of the year
40123456789101112 40123456789101112 4012'3’:456789101112
Entering source, EST Entering source, EST Entering source, EST
351 —— Leaving source, LST 1 351 —— Leaving source, LST E 351 —— Leaving source, LST b

Max. EST
=254°C A

25 Design EST
for cooling (30°C) g

25 Design EST
for cooling (30°C)

Max. EST |
i3 =23.4°C

25 Design EST
for cooling (30°C)  ga

Temperature, T ['C]
N
it
Temperature, T ['C]
N
it
Temperature, T ['C]
N
o

~Min. EST= 9.7°C

“~Min. EST= 9.7°C *~Min. EST= 9.9°C

5 5 5
DeS|gn LST for heatlng (5 C)/ 0 DeS|gn LST for heatlng (5 C)/ DeS|gn LST for heatlng (5° C)/
'\%Q “@wqgﬂ?% o’g S S S N“%Q»“@Q&Qf@mo,@g < @‘*’Vé” PR Q;\ ’\n’Q "Q’Qw@%@q'%é’g Q’Q@ @‘bvé’« SSe®
Tlme, t [hour] Time, t [hour] Time, t [hour]
(@ No SWHE (b) SWHE, 25.1 kW(502.4 m) (c) SWHE, 37.7 kW(753.6 m)
Fig. 6 Hourly variation of ES7 and LST in GHP system with SWHE
40 T T T T T T T T T 40 T T T T T T T 40 T T T T T T
Max. EST, ------- Min. EST Max. EST, ------- Min. EST
351 D EST f ling (30°C) 28. s”cA 357 D EST f ling (30°C) 1 357
xy esign or cooling xy esign or cooling 273c 1707
2 A £, 301 A £, 301
- - -
g 9__; 254 9_ 254
=1 =1 =1
E E 20+ E 20+
g g 151 g 151
; 5 10 ;
2 2 10+ 2 10+
(ST Bttt e A 153 Mttt A (ST Bttt
0 DeS|gn ESTfor heatlng (5° C)/ 0 DeS|gn ESTfor heatlng (5° C)/ 0 DeS|gn ESTfor heatlng (5° C)/
Nk D AL O NI Nk D AV o NI Nk D AV o NI
’LV’\Q’LV,@,@@/,‘} ’LV’\Q’L,\},@,@@/,‘} ’LV’\Q’LV,@,@@/,‘}
Time, t [month] Time, t [month] Time, t [month]
(@ No SWHE (b) SWHE, 25.1 kW(502.4 m) (c) SWHE, 37.7 kW(753.6 m)

Fig. 7 Long term variation of maximum ES7 in GHP system with SWHE

T2 Ay A FAusr] #3250 A AIZFEH (8760417 WEkel Ar](20d) WIS ¥A5)
St} Fig. 6(@)<F Fig. 7(@°A 42 LH 3 A Fdusr|uk o] &3t 49, BT A 3| 25.4TC A 20
o] Ay 288C7kA ZF3tth. ol= WA AEQ W¥uk el Wit Fauc AM 2 A9y AFd
w7 FH Ak do] FHX 7] wiZo|t) Wk A x4 dudr|E HE JEAIZ 83 Fg.

36 T T T T T T T T
b Borehole number : 20 (5x4)

344 Borehole length : 150 m R
1 Borehole pipe length : 6,000 m
32+ —— Maximum EST at 20th year 7

| —6— Maximum EST at 1styear |
301~ 288°C ]

. .\.\'\.\.\.@;C'_
25.4°C

Maximum EST [’C]
N
®

26 ]

1 no SWHE 1
224 (Borehole, standalone) 1
20 ] 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " ]

0O 5 10 15 20 25 30 35 40
SWHE capacity [kW]
0 200 400 600 800

SWHE length [m]
Fig. 8 Application effect of SWHE on GHP system in terms of maximum EST of borehole heat exchanger



Al

Fd

G awgrlel g3t 48

Tholl gk AA A

o

gk 55

fol

6(b)°t Fig. 6(c)oll A ¥zol Hi EST= Witk o= 7] AlEdeld A3<l Fg. 7(b)2k Fig. 7(c)°l
M g 4 glvh AAHow Axg duir)e S (Heol)e] FUtEFH Hi ESTE WeEiith
= A2 A" W Aol St
A3 Axg dudr)e FF3 dolo] = Fig. 89 Akl F71(201d) A& ol
ANZ B, Fa ST 288TolA 264CT7HA ezttt ol AFEF dusr| S
al

, S Ade el Ak 22 AxSFUE e W, AFEuIIE Y Mgt gonA AT 2k
Ao AL & vk guE AT 5 ok shA A i dalgy] dol2E ¥ dA§H
el A I A Abolld H&ES st 2 (trade off)o] A @ ¥ o] ofglt

5 &4 &

AT E AA AT AR dadky] dold WA Fs BAST B3 ¢4 d1H g A
TR A gy Qur|E o] oI MY F, AT =@ 2k WstE 483t
A Quy] 4 2= AR 2= Aoj(H T =&=xhE A e, dagy] vpolx Hoj= =&
oStk oF&E AR 2EVF :&F S ol o= FASHAIRE, o] upEAFo] JFLS AU oew
AAJth AL 2EAZE e v, o] 2 upgA|Fo] S5 ol ta Foleth HEIE dolT FA7}
gkowl, A= dddelr A FaFol HAastr] wol SDRo| S5 dpo]Z Hol= Fadt.
Z) Doy Alxgel A dugr]E F7F 485k, ARte]l Aldes ATEudy] o e
Wt A dudrls AAZ o, ¥ o5 AddF dAdLAs7E T8 AR wEhb vddt
2AM dde FATE F, o] IR FEFE AL el

(References)

(1) Lund, J. W. and Boyd, T. L., 2015, “Direct Utilization of Geotherma Energy 2015 Worldwide Review,”
World Geothermal Congress 2015, Melbourne, Australia.

(2) Sarbu, 1. and Sebarchievici, C., 2014, “General Review of Ground-Source Heat Pump Systems for Heating
and Cooling of Buildings,” Energy and Buildings, Vol. 70, pp. 441~454.

(3) Kavanaugh, S., 1998, “A Design Method for Hybrid Ground-Source Heat Pump,” ASHRAE Transactions,
Vol. 104, pp. 691~698.

(4) Kavanaugh, S. and Rafferty, K., 2014, Geotherma Heating and Cooling: Design of Ground-Source Heat
Pump Systems, ASHRAE, Atlanta

(5) McCrary, B. H., Kavanaugh, S. P., and Williamson, D. G., 2006, “Environmental Impacts of Surface
Water Heat Pump Systems,” ASHRAE Transactions, Vol. 112, pp. 102~ 110.

(6) Saha, R. K. and Sekulic, D. P., 2003, Fundamentals of Heat Exchanger, John Wiley& Sons, New Jersey.

(7) Rogers, G. F. C. and Mayhew, Y. R., 1964, “Heat Transfer and Pressure Loss in Helically Coiled Tubes
with Turbulent Flow,” International Journal of Heat and Mass Transfer, Vol. 7, pp. 1207 ~1216.

(8) Churchill, S. W. and Chu, H. H. S, 1975, “Correlating Equations for Laminar and Turbulent Free
Convection from a Horizontal Cylinder,” International Journal of Heat and Mass Transfer, Vol. 18, pp.
1049~ 1053.

(9) Sohn, B. and Kwon, H. S., 2014, “Performance Prediction on the Application of a Ground-Source Heat



56

by

e S - B!

Pump(GSHP) System in an Office Building,” Korean Journal of Air-Conditioning and Refrigeration
Engineering, Vol. 26, No. 9, pp. 409~415.
(10) DesignBuilder Software, 2011, DesignBuilder V3.0

(11) Gaia Geothermal, 2014, Ground Loop Design-Geotherma Design Studio User’'s Manual, Gaia Geothermal.



