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Development of a heat exchange unit and
a potential map for shallow groundwater thermal energy

Hirohito YOSHIDA™ *, Akira TOMIGASHI***, Tsutomu TAKAHASHI* *,
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Abstract

A geothermal exchange unit has been developed to reduce the capital costs of ground source
heat pump systems. Its source of heat energy is shallow groundwater. The geothermal exchange unit
comprises flexible containers, sheets of heat exchanger and gravel of high permeability. The sheets
of heat exchanger run helically through flexible containers in the unit with gravel. Demonstration
experiments in the Kurobe alluvial fan proved that the unit can be installed up to GL-3 m by excavating
with heavy equipment. The result of demonstration experiments showed that the average and the
standard deviation of cooling outputs are 3.1 and 0.8 kW, respectively. Furthermore, this study selected
a candidate area for unit installation based on the depth limit of excavation with heavy equipment and
the water table. In result, this study proved that the unit can be installed in the fan toe with water table
and high Darcy velocity.

Key Words: geothermal energy, shallow groundwater, heat exchanger, candidate area, demonstration
experiment

okt

* H A T KRS 22016FFF#EE CPR2TELA23H), 20164F#EGE#iHSs CPR28FE10A20H) 12 T—HB5#E
TRy Y=Yy v rBRAS
Yachiyo Engineering Co., Ltd.
NSRBI S N RS AR A ST
National Institute of Advanced Industrial Science and Technology
R IV AT sk A&
Geo System Co., Ltd.
BRI I RVR T St RPN S R Y S Ty e i o

National Agriculture and Food Research Organization

— 017 —



HFKFREE 556055475 517~ 528 (2018)

B =1

WHEAFH S AT LA0EAIT X MIRE B L, EEBTREEHJFE T2 MP8sciI=y bx
BAZE U720 BASS Lz Bscifiz = v Mg, BRI LT L a v Ny FNICY — MBS &
HARICEREL, B2 EKREOEH BRI THRE L2V AT ATHL, ILH % AW TEANKEE
BRA AT o 72465, AREETE B & OB = & B | B RO S, 72, Elx V7 EiE
AERICC, ERICKZHENCE Y GL3m £ TORBICHRENTRETH S L &I, HEMHEED L
=v M 1#&YY) O HPEHHEREIZ3] KW (EEFZE0S kW) 2HIfF T s 2 pMiEs Nz, &
D7D, AR LBy PRI KBTS I LT, T CHIBHEREICE L /28X
A N OKIEZRFIRAHEIRETE DA REED D 5o & HI12, FEIREFIC TR L - ERIC X 2IBEHIRAR &

PR L 72 PRI @it e VT, A=y FOEAWRT) 7O 21T 072, TORER, Li%

=y MEHTOKE S T EIALE S 5 Rl

CTCEANVTRERTH S 2 LIRS Nz,

F—T—F PR, B TK, B, BN, AR

1. EUCBHIC

IR, EAETIE, R 2T AV F—FE
DORIG, ALAIREOWIMEESR, ERRRCEN S
BRMEDHER, SUBRZEBIRERNT 5 9%F, £ LT,
RHAREK & BB HE— I EH
Nk N e S I BIVE s el N [ A
ANORIGE LT, TANVF— ORI 2179
ERFHZOMEZ HIFEL T 5o 2016412135
L [ 2R ) F— AR50 | 23 RIRRIE S, il
JEL 72T AV F AR OER, HAETRL AV
F—BADNE, FEAFL AV F—FHOIREERRD
b, FHE - PRSI X 5 0 4
VFE =T AT L DOERILRE, EUR, BERH»
DOETHIYIZFHET 5 NS R ATR S 72,

EAE DR T A F—HEI, BFIH Z L
L L7FENToOMErdtEe 5o Tsl),
PNVF—FIHRERZ =0 57201218, Bz L))
RICHAT 2 2 EDIFETH L, 2Dz, T
AV F —FEARFTH TIE, MO 4 72 2RO IR
FEARDU B D 72 Sk 7 BRI OB D) AL A 203 B B
EENTWD,

FAETRI ANV —O—D2Th L, &
M EOBRMA L AT LOBJEE LGRS
THY, HERFTADZEFBINITEH A
nnEebiz, EHED COMEI V<, K
REAMEZEHTE L7720, TEFREIILAL T
Who — /T, HMHhEEZ Db ODOREHIEEIIMKA L
LTS, ¥ AT At 0 720 O R AL
RLEAROBLESFOIA MBI UHIBIZE T

B BBE ORI EOFMATEETH 5,
B ORI, HT KL EEAHET S
Hg (F=T T AT 4) &, WIS %
R L CORRA R 2 5B L C RIS BRI 3
2 (7 a—=X Ry A7 L0) Bdb (K,
2012) s HAREMWIZ BT % Mo R 205,
HTF£10~100 m (SR S KIBEORT A— V&%
BL, HAMNICHEROSHES S (DR,
UFa—7LIER) 2%iETAHZ LT, #TKE
DB ET) 70— ARV AT LADRT K=V
HRDBL e 7O0—XF VAT LTYH, EFEITE
AT A NI E HEg & L CHEEY) O JEBERTIZ B8
Hgm 2 3F AT 2 NN OBAFFI LI 2 T
Bo 72721, BN AL RHUEHE ) R 12
FHSNZHRTHY, HAT LRSI
IS OB LI L S, /2, EAIT A b
MENHEE LT, WiEs 1 ~2 m JiH] L2
AT T KD H 5205, ZOFHIL
RO B % Z TR T VI & h b H T TEASHR
AT SRERNC AR TRE X ) v b2V E W &
B EINTWE (Z)NEn, 2005), —F4 T,
EF (2012) 12X UL, AKFRUIERE DA W
729, [ImOFEIZTRTVWbo0, WTEE
WCEELZHTFARENSH L2 HITEAITANEK
MEICHIR CE 2 & SNb, S % % HidEFH
IRAED 72 0121F, Y AT LEA T A b OFEHKIZE
B B4 AT B SR B L 72 Bl o A 7 A1
5 U 72 ) 7238 A S O BE M ST e b
A, T mOEE T RKEFRE L7tz
FIREBIA 2 s

— 5018 —



RS, #EH S IENHIZERS AT
AV F — - FEEFATR A S (ESZ7E
BSSIE NB = A OV F — - BESERANT A B TSRS,
2018) (2B % [Hih# - FEKEFIHE 7 0 —X
RIS 27 2B %E ] (LA, NEDO ik #h 7
Oy 7 bEIER) I2BWT, EEHTAEZIZLD
D& 2 RKFHOTKBFHIZAE B L 7Bz
DFI%E & A RN 2 B L T b,

R ClL, EEBTRKERREL, K7HR—
W EORERTIEH L T20% L EO%iE T A T
B & BB L CRIZE L7 #hrh#cffir = » b ofk
PELFREEBRO MR N T HEEHIT, FHIEL
7=y bOERMEELY HE U CIER L 72EA
HH~ v T ORFEREEIC OV THRET %

2. FHELMp#HIZHBI— Y b

AWFETIE, T EESE mEZEOH T K
AR ELTWE, TOL) HEVITR (UL
Fe, KEHTREMES) &, BEVHTFRIZHERE
BOFERZZTRTVLDOD, KREEORT K-
WVHRDPKE DR =) v 7<= 2 & D IEIHD Y
oI L, RETHIVIERIZ L 28O
BB X OB O BN CTH ), T
DRLATREE 25 2 ESITEICERLTY
%o NEDO Wik 7ay 27 FTlX, 20X
7o PRSI 2 1T R C o Rh Y 7 2R
*HEL, ¥— MBS (G- —_v |}
Magen Eco Energy #1# | % fl\v 722581 = v
FERZE L7,

vo— MBS HLEE (G- — 0y b 1%, EE
S0mm D oDy ¥F—=4 TOMIZ, HFE6
mm, £&#5.6 m OMVRY = F L UHIE 117
RELE L72d DT, BBREhoRE S IEs
09mxEZ56mTH5 (M1), BN S
t— bRV TNEEEERT LWL, /O
N F =3 THhLBSIRNITTHAL, b —
TN =31 FIHh o TR F L CHE
AL, SMAlOH T K & SO T b B HRL
HLpoTnb, BEIEA, (2013) 12X, FF
KM FE A IAKE L 72 IREE T o — b RIBGscig:
E, Y= M 1IMHY OBSHEDGC KW & ART
A — VRIS 23100 m A 24 o B gE ) s Ty

HTRFERE 60 %% 45 517~ 528 (2018)

IR DFRIE
0.9m

RYITFL A
$6.0x117%

RERAD f

1 o — FEIERATHAZR
Fig.1 A sheet of heat exchanger.
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Fig.2 The developed shallow geothermal exchange unit.
(Shown in this figure is the geothermal exchange
unit of single sheet, while the actual installation
experiment adopted the unit of two sheets, to avoid
complexity. The unit of two sheets has shared inlet
of heat medium and divergence heat exchange unit
at the bottom of the unit.)
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Table 1 The condition and the result of demonstration experiments. (V,, ; Flow amount of heat medium, u;
Channel velocity, T,,; Inlet temperature, T, Outlet temperature , T,; Average channel temperature, Q;
Amount of heat exchange)

RIRE | ke | BRTIORE | KETOAE | oo | mume
Vin u (rout+rin)/2 rw 7 mf? o
(L/min) (m/s) (°c) (°c) OEJ‘EC) n (kW)
11.3 2.73%10™ 11.78 15.30 1.93 1.53
11.2 7.97 X107 8.59 15.77 1.59 1.24
12.0 1.67 <107 21.44 23.43 2.34 1.92
12.0 1.67X10™ 19.94 24.72 2.15 1.76
12.0 7.83 X107 8.36 16.75 1.41 1.10
6.0 3.92X107 11.08 18.31 1.91 0.81
6.0 7.85x107 9.96 17.17 2.45 1.02
6.0 2.73x10™ 9.97 13.10 2.74 1.10
6.0 7.85%10™ 17.73 20.13 3.24 1.40
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Geological map of Kurobe alluvial fan area.
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