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FEAGe Aoks 75 B AD olF AHE BA F e 7A 5D JEE AN skl d5ets mdg)
TOUGH2E 71O 2 & REL AFAT T 439 FFADYe B 3 W 992 52X melsignt. £4 293
AAGE $FADR] Py 9ol T AF W Aseske] Awd L A SH) A FF2 WO, 53 PVC Ee
PE SOl s} ALY eI A NN E FEIE 4ATI HEF 1) Iwdo] FoF LAYS HolF
oh E Aol Y 2 ASHE 51w Age] SRR WY T ¥ KA 454 D o)F AYL FPHe
2 AR § 982 uelEth oed X =Y J1He FEAGRY A, AT 2 29 WA ud Y5 I
o= BNT W F85H B8Y 5 UL

F80] . FFAEGAY, AN AL, Ak frE, € °lF,

Numerical modules based on a conventional thermo-hydrological numerical model, TOUGH?2, are developed to provide a
numerical modeling technique for a standing column well (SCW). Cooling and heating operations for two different types of SCW
are then simulated using these modules. Modeling showed these operations to be significantly influenced by heat exchange and
fluid mixing between the SCW and the adjacent geologic formation and groundwater. The results also reveal that heat exchange
between the oppositely flowing outflow and inflow in the PVC or PE pipe and the SCW borehole is an important factor. Overall,
the numerical modeling technique developed here can reasonably simulate fluid flow and heat transport phenomena in the com-
plex internal structures of a SCW. The proposed technique can be used practically for the quantitative analysis of heat exchange in
a SCW at the design, construction, and operation stages.

Key words : standing column well, shallow geothermal, groundwater flow, heat transport, numerical modeling technique
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HdH Ao SHelM frefd 9ol dn A
yzle] &8 A AF-e] ey =] & (high-enthalpy
geothermal)yS ©]-&-sk= W} o] A AL AL (low-
enthalpy geothermal)S o]-83l= WHOE Urozitt. =)

X 53] 31E WE(heat pump)s I T AE W
ol Zge ‘%‘—}1 lom, 12 &g AH7F S7kske FAl0]
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7L A% YHT LEE fAsRe 540 At o
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pump system)©] ATHHahn et al., 2010).
ol2]gt /e T Aok G JIE HEZ A=H Fol
A 7P BRA R G5 Q= Ao| 77494 (Standing
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Fig. 1. Schematic diagram of the geologic formation (modeling
domain), the standing column well (SCW), and the grid
elements used in the numerical simulations. Vertical exagge-
ration is 30 times.

Table 1. Thermo-hydrological properties of the geologic formation.

Property Value
Porosity [%] 5.0
Intrinsic permeability [m?] 2.00 x 10713
Solid density [kg/m?] 2,700
Specific heat [J/kg/°C] 960

Heat conductivity [W/m/°C] 2.84

(cooling operation)2] 7% F=57}F oy
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Fig. 2. Schematic diagram of the standing column well (SCW) and its discretization and assemblage for IFDM (Integral Finite

Difference Method) grids: (a) type A and (b) type B.

2) WA A8 (type A R FFAEH S AT o
7P de] ARREE gurERl ®lolw, BR-¥(type By
FrAl BF0] oloke wWiHE A2 WAe]3L Hwang
(2013)l] fal AATE vk ek AFE] A 71E] Wy
o7 FFAGA] FAlol] Y3 PVCHlo| =2 B35l 3}
o] Rsl47t % HZ (submersible pump)E FE o] 8]
E P {90 (inlet)E FFEH, S|E HEA X Fo]
28d F(2= WPt BT F) A fE T (outlet)E T
ofo] A WHE FYE AT fAS A &
0 9 P A SR §5EhFie 2). Mo B
9L ARYIE Aulz FIALY o) 47 B
7 EAele] SPREYE AR2 oEauA Al £ U
o walo] Aol a7t 49TE Bl S|E Wiz
AR, L7t ske 4A7E 4ETE AAN FRAL
el EAlske PESolZE Falel Halnw SEdt

(Fig. 2(b)). BF&¢] A4 AfTE 4 HlaLsiis o
F< PVCIo|Z |2 Hubiol] 55 HEE AX|g 2H
JF= volzs BE vt glomFFAES Wil PE
‘JJ—O]»—LQ,]— Bﬂeﬂi /\4;]) l:rLZ—]Q PVC“L}-O]——E
Hx Hels Aol oflet & Jeje] PEFO|ZE A&H O
2 YA AlFE F 7] wdel Alge] 8ol

8] WA frElstth(Hwang, 2013).

St Aol AR wheb 7] TOUGH2 4] 2l
IFDM (Integral Finite Difference Method)E 7|WFO.Z &}
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o} A5 A, A7 A Alele] 74 2 JE wA
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Table 2. Specification and thermal properties of the SCW compartments.

Property PVC pipe PE pipe Stainless pipe
Diameter (outer) [mm] 125 50 50
Diameter (inner) [mm] 117 42 44
Solid density [kg/m’] 1,400 930 8,000
Specific heat [J/kg/°C] 1,046 1,900 510
Heat conductivity [W/m/°C] 0.19 0.38 16.00

7 el HE Wy 9 Ao g ket & Z7he 12
T2 Az HPor St (Fig. 2). ©ol5 ¥fo]ze
44 E42 Table 201 A=} UTH(Titow, 1984; Lin-
deburg, 2013). Z} A} Q40| Fuj9} FA1HLS Table 201
BAE do]zEe] A7 o] Ao Qs AEEHAL o]
2R F7F 7ke] 57F ZHA2 Deng (2004)2] Aol
o] &3k WS L3It gyt o] Aol vEA
AollM e Zs Tholze] jFEgt opg} Jlo| X 2|
BE AAE sl E ol d4s dEs BAKE
oh A ] Uiel 7F mlolze] YoM e fA
4 F olgo] BT IHHULH A5 FFALEH 7
A F7hol| tiste] A fA frs 9 E olFo] EF AL
HEACE 22} 7} glo]ze} vlolze] ol te] kS
A e A FaL 04 I olFRte] IHHAYLE T
T PVC B PE To]|Z Afejol] 237 F7bo] Qe Faitdt
FTHI) e FES AR A §F 7S
olojof stEE fA frs B & olse] BT IHHUG
(Fig. 2).
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7 sjolze] Wi 25 ML olgalel The o) ol

AT

2

D
k, ective e 4
= @

47114 D= stolze] H7olc. B FFALDY i
W A3 QHste] WRE Teistelor s, olm &
SRESASE thee] Aol o8] AHgEt.

2Du

=t 5
Tap )

ke//ec/ive =
A7IA i FARRAT, ue FAC] BAEREEE, oo
ALl Wolt), T3 vpEAS f= tee] Ao o]ty
2P =1 tH(Chen, 1979).

—}— = 3.48-1.7372In( %~ 16;426lnA2)
f a

7104 &= AZA7]AIG(pipe roughness)Z 0.0015 mm, a
= FA ol =29 REAE, Re= Reynold’s numberZ

gew pom,

Re = Du/v ©)

(©6)

vE 2E AT, A TRl Aol ol AlrtE

_ (8/a)1,1098+(7 149/Re)0'8931 (8)
P6.0983

A B 9oe] 2719 oFF 22 AREFE S0m
Aol Ashre] e 7PdstaL B el dEe
LS. 2719] e 2L FH Aol e Ak
e ZYY 999 S (z=-50mpellA 15°Co]L Hit A
& ZAPE 0.0257°C/mR] A& 7P FATHKIGAM, 2005).
ALY e 29 ol WiF Asks Egtell <

3 19.0°CE 73 7oz 7Pt} rdd gode] u
22 A (x=20mel aiHE gEzk ALo] vYH A

7| (Dirichlet boundary)ys &3t RdE F99] SIH
(z=-50 my& = A2o] 1 AAE W vt (z =

BN

(@)

=

e AL
do X 2

450 mye A f5S BEFTSoE Al 7]
o=}y 2Ke)
276

R

+FEE Ao THsilon, SIE Href g ®
0 A7 §-5 %S 100 ton/day (1.157 kg/s)= 3FiTh.
9 S Y 29 Ay AU 25M 5°C =
& SR AEFRE A FUEE A0R Sl o f=
T £57F 30°C opde] =W oS 30°CE AlFHsii.
A2 g 2] By U] Sl 5°C W &
=7t AETRE A FYEE 20R SlAL o fEe]
L=7} 7°C ol8l7h =¥ o8 7°C= AT



466 gl - 3 - B - ASE

(a) (b)
3207 T T T T T T T T 3207 T T T T T T T T
zaf

e L P

g 2001 £
el i
£ s
- r =

2op

ok

1“0 10 20 30 40 50 &0 T0 B0 20

Time [ day ] Time [ day |

Fig. 3. Temporal changes in temperature of the outflow (from the heat pump) and the inflow (into the heat pump) during the cooling
operation of the heat pump for (a) type A and (b) type B.
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Fig. 4. Spatial distribution of temperature in the geologic formation, for (a) and (b) 1 day, (c) and (d) 1 month, and (e) and (f) 6 months
since the start of the cooling operation of the heat pump for type A (left column) and type B (right column).
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