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(Consumption of primary energy (MJ))
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Figure 1.7 Comparison with the GSHP system and conventional system
(Amount of carbon dioxide emissions (kgCO2))



Table 1.2 Environmental evaluation of the conventional system and GSHP system

. . Amount of carbon dioxide
Consumption of primary
energy (MJ) emissions (kgCO,)
Conventional system
(Electricity consumed + heating oil) 977,333 52,944
(2005-2010 average)
GSHP system
753,802 40,072
(2014 average)
Quantity of reduction 223,531 12,872
Reduction rate (%) 22.9 24.4

Table 1.3 Performance evaluation, initial cost and running cost comparison

Indirect expansion Direct expansion GSHP
GSHP system system
Performance evaluation In the current general system COP 4 to 6 COP 61012
Initial cost 270 200
Running cost 75 30~40

(i e — AR 7 & Z D)5 2011.3.No8)

l Indirect expansion GSHP system l

-—{ Heat Pump y

I Direct expansion GSHP system |

v
Y

30m

Heat exchange

/v Heat exchange part: Under the ground and
Heat pump , Heat pump and indoor

indoor

% Heat exchange part: Under the ground and

v Refrigerant: Water , Propylene glycol

v Depth of borehole : About 100 meter

v Cost of drilling: Expensive

v Refrigerant circulating pump : Necessity
v Component part: Many

4
>

v Refrigerant: HCFC(R410A)

v Depth of borehole : About 50 meter

v Cost of drilling : Low

v Refrigerant circulating pump : Unnecessity

( Component part: Little

Figure 1.8 System diagram of indirect expansion system and direct expansion system



Closed loop Openloop

Heat Pump = Heat Pump

Compressor

Figure 1.9 Closed loop and open loop in GSHP
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Room-air
i Conditioner
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30m

Figure 2.1 Flow sheet of the direct expansion type GSHP system
(Arrows and number ; flow direction and order)
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Figure 2.3 Picture of compressor
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Figure 2.4 Picture of expansion valve

Figure 2.5 Picture of four-way valve
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Figure 2.6 Picture of sight glass

Figure 2.7 Picture of indoor unit
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Figure 2.8 Design flow of indirect expansion GSHP system
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Table2.2 Specification of fin-type heat exchanger in the air-source-type air conditioner and
Underground heat exchanger

The fin-type heat exchanger in the air-source-type Underground heat exchanger
air conditioner
Heat transfer area 1.525306 (m?) 3.889605 (m?)
Capacity 0.002512 (mq) 0.004136 (m°)
Heat exchanger inlet 15.88 (mm) 6.52mmx5 (32.6mm) , 30m, 1set
Heat exchanger outlet 9.52 (mm) 9.52mmx1 (9.52mm) , 30m, 1set

Heat collection
tube (Cu)

Thermal insulating
material

Steel gas pipe

Silica sand

Water

Figure 2.9 Underground heat exchanger in this system

16




Figure 2.10 Underground heat exchanger in the upper section

Figure 2.11 Underground heat exchanger in the bottom section
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Figure 2.12 Picture of receiver tank
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Figure 2.13 Picture of sonic drill
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| —
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Hot wire anemometer

660mm
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Figure 2.14 Calorimetric measurement at indoor unit

Table 2.3 JIS standard conditions of air conditioner

JIS standard conditions (JIS C 9921-3)
Cooling mode Heating mode
Room temperature 27C 20C
Environmental Room humidity 47% 59%
condition Outdoor temperature 35C 7C
Outdoor humidity 40% 87%
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Table 2.4 List of measuring instruments

Measurement item Drand/Make/Company Specification Accuracy
0.1~4.99m/s : =0.15m/s =
Hot wire anemometer/ 1digit
Room air conditioner 4CH ANEMOMASTER 0.125.0m/s 5.0~9.99m/s : £0.3m/s £
wind speed (m/s) (Model 6244)/ ' ' 1digit
Kanomax JAPAN,Inc. 10.0~25.0m/s : £0.6 m/s =
1digit
Room air conditioner Hygrometer/ +2%RH:10~90%RH[25°C]
inlet and outlet TR502RGS1000A-BH/ 0~ 100% +3%RH: 2~10%RH[25C]
humidity (%) Toplas Engineering Co.,Ltd ’ :90~100%RH[25C]
Refrigerant
tem Srat e(C) Resistance thermometer bulb/ Class A
u
P . . R003-3/ —50~200C .
Room air conditioner +(0.15+0.002] t |) C
. CHINO Co.,Ltd
temperature('C)
Regular
Thermocouple/ g .
Underground temperature200°C Class 1
t rature (°C) IT3M(class1)/ Absolute +0.5C (—40~125C)
empe +0. — 40~
P CHINO Co.,Ltd i .
maximum250°C
Refrigerant Pressure gauge/
pressure GP-M100/ 0~10MPa +1.0% of F.S. Less than
(MPa) KEYENCE Co.,Ltd
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Figure 2.15 Physical properties of refrigerant

24



Table 2.5 Physical property of R410A for pressure, specific enthalpy and specific entropy

Temperature Pressure Specific enthalpy Specific entropy
T Piig Pyap hm hvau S@ Svap
(K) (Mpa) (Mpa) (kJ/kg) (kJ/kg) (kd/Ckgk) | (kd/(kg-k))

213.15 0.0642 0.0640 114.66 394.72 0.6504 1.9645
218.15 0.0843 0.0839 121.47 397.40 0.6819 1.9470
223.15 0.1090 0.1086 128.32 400.02 0.7129 1.9306
228.15 0.1391 0.1386 135.21 402.57 0.7433 1.9153
233.15 0.1755 0.1749 142.15 405.04 0.7732 1.9010
238.15 0.2189 0.2181 149.13 407.44 0.8027 1.8876
243.15 0.2703 0.2693 156.17 409.75 0.8318 1.8746
248.15 0.3305 0.3294 163.27 411.97 0.8605 1.8629
253.15 0.4007 0.3993 170.44 414.09 0.8889 1.8516
258.15 0.4816 0.4800 177.69 416.09 0.9170 1.8407
263.15 0.5746 0.5727 185.02 417.97 0.9449 1.8303
268.15 0.6805 0.6783 192.46 419.71 0.9725 1.8202
273.15 0.8007 0.7981 200.00 421.31 1.0000 1.8104
278.15 0.9362 0.9332 207.66 422.73 1.0274 1.8007
283.15 1.0884 1.0843 215.46 423.96 1.0547 1.7912
288.15 1.2584 1.2543 223.42 424.97 1.0820 1.7816
293.15 1.4476 1.4430 231.54 425.73 1.1094 1.7719
298.15 1.6574 1.6522 239.86 426.19 1.1368 1.7619
303.15 1.8893 1.8835 248.41 426.31 1.1645 1.7515
308.15 2.1449 2.1385 257.22 426.03 1.1925 1.7405
313.15 2.4256 24187 266.33 425.26 1.2210 1.7286
318.15 2.7335 2.7261 275.84 423.88 1.2501 1.7155
323.15 3.0706 3.0628 285.85 421.72 1.2801 1.7007
328.15 3.4391 34313 296.57 418.46 1.3118 1.6833
333.15 3.8418 3.8344 308.41 413.54 1.3461 1.6618
338.15 4.2824 4.2760 322.43 405.60 1.3862 1.6322

Table 2.6 Physical property of R410A for density, specific heat capacity at constant volume and
specific heat capacity at constant pressure

Temperature Density Specific heat capacity at Specific heat capacity at
constant volume constant pressure

T p [ls] pvgp cvhq Cyig o] Cr;hq c pvap

(K) (kg/m") (kg/m") (kd/(kgk) | (kd/(kgk) | (kd/(kg k) | (kJ/(kg"k))
213.15 1376.3 2.7 0.8543 0.6207 1.3590 0.7673
218.15 1360.8 3.5 0.8543 0.6367 1.3649 0.7896
223.15 1345.1 4.5 0.8549 0.6531 1.3718 0.8132
228.15 1329.2 5.6 0.8559 0.6699 1.3797 0.8381
233.15 1313.0 7.0 0.8574 0.6870 1.3888 0.8642
238.15 1296.6 8.6 0.8593 0.7043 1.3990 0.8917
243.15 1279.8 10.5 0.8617 0.7218 1.4107 0.9206
24815 1262.7 12.8 0.8649 0.7393 1.4237 0.9510
253.15 12451 154 0.8679 0.7569 1.4385 0.9831
258.15 12271 18.4 0.8716 0.7745 1.4552 1.0173
263.15 1208.7 21.9 0.8759 0.7922 1.4740 1.0537
268.15 1189.6 26.0 0.8806 0.8099 1.4952 1.0930
273.15 1170.0 30.6 0.8859 0.8275 1.5194 1.1355
278.15 1149.6 35.9 0.8918 0.8450 1.5470 1.1822
283.15 11284 41.9 0.8983 0.8625 1.5787 1.2342
288.15 1106.3 48.9 0.9054 0.8801 1.6152 1.2935
293.15 1083.1 56.8 0.9134 0.8984 1.6579 1.3627
298.15 1058.6 66.0 0.9224 0.9175 1.7082 1.4455
303.15 1032.7 76.6 0.9324 0.9382 1.7687 1.5471
308.15 1005.1 88.9 0.9439 0.9608 1.8433 1.6753
313.15 975.3 103.3 0.9573 0.9860 1.9389 1.8429
318.15 942.9 1204 0.9731 1.0142 2.0680 20715
323.15 906.8 141.1 0.9923 1.0465 2.2560 2.4036
328.15 865.5 167.0 1.0170 1.0844 25616 29343
333.15 815.5 200.8 1.0513 1.1310 3.1533 3.9287
338.15 748.4 249.6 1.1082 1.1944 4.7792 6.5027
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FIE EBERROBRR

3.1.1 BYLEFER (Thermal response test)

HirpE e — FAR T OEREITRDICHTZ D, BUNERBR AT, FEEREO AR
D ZLIXIEFICEETH D, BUSERBITHT ORI ZI D 5 2 TEEIZ /2D HNE
{82 (Thermal Conductivity) <CEMEHUE (Thermal Resistance) %4842 H DT, Hi
AR ORFHIBE L TR SN TV AR AETH H. PO REVRER L i
BAZHAZR R AN STV D S O SVEFEIC 31T 2 BB RO EER 2R L TH
0, BVIKHUE &3 P B HRER RO SE BRI A £ LT D @ BuRERBR oK
33117, BUSARBRIEE L, 08 43cm, BATX 70cm, & & 53cm DR — AT
EE (HWAR), Rt —4%—, RV, EBHRER, Ny 7700, FiEX
7, BHEROT—Zal—%2 ML 7-bDTHDH. BIREEIL 200V T, b —F—H
I35 BXBE (IKW~5KW) [ZRREATRETH 5. BUSERBR O 2K 3.1 12~ 1@,

W09 - k2= b

&
RyERS  wHit

11l®

L

MR R Ta=y h
A

H Q RS (W)
H CHTRZRBHBRE (W
r IR ZRBHBNE (2)
Tin :FHM@RAZEIAL (C)
N Tout :#FMRAROML (C)

o \

UFR

(HH - i BRI (et B 2 HP)
Figure 3.1 Schematic of thermal response test
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3.1.2 fE B

BULEABRICH O B S8 M 2 Table5.1 (2737,

Table 3.1 Using equipment for thermal response test

Instrument Company * Make Accuracy -
Inlet and outlet HACHIKO ELECTRIC
Class B, X2
temperature Co.,Ltd - Pt100
HACHIKO ELECTRIC
2kW : X2
Heater Co.,Ltd -
kW : X1
Pump — X1
Buffer tank HAGIHARA Boring Co.,Ltd X1
Hitachi Metals, Ltd. ALL
Thermal .
Expansion tank RIGHTS RESERVED - X1
response test .
. Diaphragm tank
machine -
Electromagnetic flow KEYENCE Co.,Ltd .
100L/min, X1
meter + FD-MH100A
Electrical power Panasonic Electric Works %1
meter Co.,Ltd - KW1M-H
Control board — X1
HIOKI E.E.
Data logger CORPORATION - X1
Logger 8430
Dynamo Denyo Co.,Ltd + 13ES
Ninomiya Electric Wire
Thermocouple
Thermometer Co.,Ltd -
-40~125°C
M0O302016-01
Determining area
KELLER Co.,Ltd
Water gauge + 0~50mH,0
DCX-16VG
Cable : 200m
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3.1.3 BB HE

BSEREBRITIEMEVEER, 2kW & — & —NEVEER, IRERERIENS 25, S ENT(EEH:
2006) @ZHEHL L CRlBR A L7-. EhiFIEA L PR,

[1] UGB RBRIEE & BASHd: & 2 W2 i L 7- R — A CTHEE L, B0 2 2R OK) Tl
7L, = 7HRE %2175, SEIF 7V U Fa—T0r2b0 1 RKEHEH (71U
9“:"—7) L?L:.

[2] BEE Y —, WEitET — & v J—I|Z8 T 2. REREITEL A O M A DIZBIT
5 BGHARIREEIZ DWW TTT S .

B8] e =% —%&A7ICLizE % 30 pRREBPARDOIER 21TV, BSHIFHA DI T 58,
BRI EE DN ES 2 O 2 ffgsd U722, AR ONE) X0 FIE R L 2 IR ET 5.

(ZEE L, PIAROTER 2RSS, TREITEBEROIEER S ELIRI & 725 &9

[4] t—%—
R ET . A@imgw > CHEHE L7,

:

[5] BVARITEBICHRE T ED GeoHP Y AT AOARICHEWRE S35, BLE LT,
(Sanner et al.,2005) | ZEE F OV HAE Tlid 30W/m, & W HER Tl 80W/m 24243 L T
Wb, AT KW D b — 4 — 7% v 30W/m FRE & L7z,

[6] AABLARIEBRIERITIZ, MR & BUBATENRE O xtd 7 v v MW T, %¢ﬂ§@#@
WEINIRL 720, Z OB 2 g OBVRERIC L EE SR E D ERE S ICBWT
Ty R’ SOEMRNE SN HEE & L7-. (Sanner etal., 2005) Tl 50 B LL_E DB
RIGERIF R 2 HESE LT\ 5. A ENE 50 R (92 BHIE) 1Ch7=»>TEM L7-.

[7] 7— 2 BSHRIET -2 e T—0REERICLLN, Pdsd 10 5UTETD
(Sanner et al.,2005). 4 [El% 1 5k T — % %2 Biis L7-.

[8] TEERAE T H2ITIHLANTIRL LA B EEE & 1 RALE DKk X 2 L, £ ORBRIEE 2 it
=15.

28



3.1.4 fENT

BUSERR TR ONTT — 2 2 7V Er ORI 2 -V TR L, HUg oA 2 BRE
RE L OH BT I O BHTA2 R D 7=, v B v OFIEE G 2 F O T AT R I X8 B ey
(2B 2 BERDIREE 2 IV D fftTis (LUT, FEBRIHE & IE5) LIEBRIF 1L O HIHIREE D
g7 —2 25051k (LUF, EHERHE L MES) 230 5. WEOFREMRESRIT, #rIiE
i DIRATESND.

T —T; =mlog(t) + b 4)

A=0.183 x q/m (5)

ZZIZ,

T BASHE A DR & H DR OBBA D SR E C]

Ti : B A DR E & O EE OBHAD LR E  (WIEE) [ C)

m : BUEACSEERRE ORRFFE L2 R T i xtEk s T 7 O & EEEROME X)
t: INEEEREER [min]

b: &%k

A HNBMRESEIWIM-K]

q: B EIHZ0 OMEET) (BAZ#iE) [Wim]

FEFETIE (1) 12350 C, BBRTIRIEORIFE L R T HH Y T 7 D&
EVEREL, (L2 £0AMBMEEEERDD. VAR AS—T AT
DEISEALO AT B v 1) OEBREBLEAT2 5 80, L AR A% —F 0 L O Tl
BB I E o, BE OEBELT 5. BEHUERETT 5 SR RN IARES

FRATRDbSINS.
(6)

t, =51r%/a

ZZig,

th : R/ IMINEE BRI [s]

o BYLEE (a=L/1pcp) [m¥s]
r: BSHAH O AR [m]

o : HIF DOREEE [kg/md]

cp : HIFF ORFE B/ - K]
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3.15 ZYLERBER

IR ICE RTINS ZANOFEBRIZIZIBWNT 30m OR T A—L a2 L, BUSERER
AT T2 kR % Table 3.2 (27 . BRI 2013425 H 10 HIZAT»7=. WIEDRER, +Ho
HNBVRERIT 1.69W/m-K, BUEHTIE 0.08KIW & 72 o7, WOARBYRERN 1.1W/m-
K, #8125 1.5Wim-K B L O +4E128 21WIm-K TH D Z L b, EBRGFToMNE
WEITK TE LB 26N, 2L, EBEODy T4 7% Tres—H L. %
7o, MR KOWENNEFICH DM T, AHEMEEET 3.0WM-K Fifkic/2n Z &
5, AREBRBITIIH T AKREIOEZEII/ NSNS EZ 5N 5. 3.2 2H T 30m £ To ik
BT 23, VREE 10m A1 £ TITAVRIRSOH FKR OB 2521 508, 1 10m LL
ECITLZE L, Y183 CL o 7-. R 10m LATR CHUR DS IR 228 L 7= #Ug iR %
ARG JEIREE L FESD, —AIIZZ ORI O AR RIR & [FIFREE & ST . R AT
T 5 IFLE i OFEMENRIRIL 147CTHY, KL, RBEIRE 18.3°Clikt
B RS, IR RS O A Fi RSP RIR 72 E OHIBR O ETH 5 LB 2 b
5.

Table 3.2 Result of the thermal response test

Depth of borehole 30m Flow rate 201/min
Borehole diameter 100A(105.3mm) Heated power 1.96kwW
Filed material Silica Sand Density 1.96g/cm?®
Themal conductivity 1.69W/(mK) Specific heat capacity 1.21kJ/kgK
Underground temperature 18.3°C Themal diffusivity 7.16 X107"m?/s
Themal registance 0.08K/W

2013/5/10 (atmospheric temperature 26.1°C)

0 N ry
—_ .. Effectiveness on
E D * atmospheric
2 * e temperature and
_;@ aquifer
w
=2
£ 15
5

*
=
<} 20 Constant-earth-
= temperature layer
2 25 18.3°C
a
(30) %
35
16 17 18 19 20

Temperature of soil [°C]

Figure 3.2 Temperature distribution of the underground
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316 31EDEL®

HipE e — N T OEREFTIR D ICH T 0 BUSERBR AT, EBRE O MR %
WD EIIEFICEETHD. BUNERBRIIP ORI E M D © 2 TEEIL/R 5 AEME
R SCEGLPUES O BRI A0 R T2 & O T, PRI ORGHIBE L TR ST
WHRBRITETH S, WRRFERR T ¥ S ANOFEERGIZEBV T 30m ORT A—/L %
AL, BUSERBRAITooR, HHEOAGEMAEZRIT 1.60W/m-K, Z3KHE 0.08K/W
EOARGBIREIX 183 CThoT-. —MRICAZJEIREILE ORI OSSR & R E
EENTEY, WRLEFFHOEMTEHKENK 14CTH LD L, R REIREN
18.3°C & HlBIm S, ZAUTILBLR BT O A iR RSO AHE R 72 & O MBENR 0 B T
5.

3.2 v F VI B B EE & B\ T2 3R AT O T
3.2.1 BEERERB LU

BENEFEOREIRIE L 27°C L LI2BE0m R ERRE o —Fl 2 X 3.3~K 3.6 (2R
9. 2015457 H 22 HA 5 2015 45 7 A 23 H £ T 24 Frl#fHEIREROME R TH 5.
EERBAAA T D 4 5 (JEMEREE A D, RT7AR—HAR) OWBEE 2% 3.37 1IRT.
EHABH A E %, [TEMEMH O, A7 A — VI ADOED 2.1IMPa £ TRKICEH L=, £
D% 1.8MPa FRE F T FT 2 20V EIEFREMORE E & HIC EH L, K424 FFETH
0.5MPa b5 L7=. [EfEHEA D IERIR Il TH -7, JEHZITHIGE LT 4
ROWBE AL %K 3.4 TR d . EERBMEE, JEMEH O, BT A—L A0 OB BIE
FERK 7T0°CETER L7z, Z20% 30CRE F TR FI 223 EERFFHORE E & Hic -
AL, & %24 K THK 15°C E5 U7c. FEMEA O SR B I 3EEs  f H E — E iR %
~ L7, X35 ICiEEEHIM O COP, i) (BNZEFNEMA COEE), 1HEE S DRHZE
L& 7T, BNZEIEOELZMIA D O &)L E—3E0 5 3K 6 7= H 7 1358 62 B AR B 74
EERVTH AW Th oo, EL LT MM CTEREED I ThiIL TV D EET X, #
ARHgs Am 20 O AR T 133Wim &7 5. X 3.6 (2R T AR — L PN iR R EE 0 BERET 2
(bR 2%, JEIERFREORIE L & HIZES 10m &Y 20m #S o iR E N A L7=72
W, MEBINERL, COPREDLLELDEEZ TS, LLRNG, 24 B o
PoEEHIMITIX 12 225 COP BN TEY, EnlEHox X —HiELZ LT
L. ZIUIART A= VA O OBBLEEZENEETH SCIEV HETWEINLTH H.
— 7, BT HF—NEEROMTIREORFME{E R 5 &, EIRMGE &b 10mBELW
20m oo H R E BN IEERBR AR E A IR BRI EH L, FoRITESHITO 2 LT 7.
10m iR T 24 RefEEER 1 OWE EA IR TR 161CTho7-. st L, 30m
SOMAPIEE X ER T, EERE X EEEE R L. BREROEA, P EsR
BagslIhEfaes & 72 D720, K[URIR O BB EEGE N CEERE L, SEREEVA Bot L TR IR
WiT72 5. MIFERHZRN OMBERAE L B TE TV WAy, HIFIRE ORI 2k 6
HEMI9- 5 & 20m 705 30m HUS O CREMERESK T LD EEZXLOND. Ledo
T, 30m HSOHFIRE L ERET, BREBAHH L L TYH, WRIKHEOBHEAE R
EThibEEZTND.
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Figure 3.3 Refrigerant pressure change at the various points in the cooling mode
(24 hours operation 2015.7.22-7.23).
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Figure 3.4 Refrigerant temperature change at the various points in the cooling mode
(24 hours operation 2015.7.22-7.23).
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Figure 3.5 COP, amount of released heat, and power consumption changes in the cooling mode
(24 hours operation 2015.7.22-7.23).
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Figure 3.6 Temperature change in the borehole at various depth in the cooling mode
(24 hours operation 2015.7.22-7.23).
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3.2.2 BEELRERE L URET

SENZEE O ERE % 20°C & L7254 O FEiEfisE o —fFl 2 X 3.7~[X 3.10 (Z/~7
201441 H 29 H/ 5 1 A 30 H £ T 24 R EFnEIEROME R TH 5. EHIZHMGEZ O 4
ROWBTET) (EREFEH AN, N7 A— L AR) ORFMZE(L AKX 3.7 28T, EAEsH 0
JE 771349 1.9MPa~2.4MPa O] CEE§ 543, T 2.1MPa TH 5. JEMERED A,
AT HR—=LOHAOENIFE—CHETH D, 4 SOREENEK 38 IRT. HELES
EFREICEMEA OB LR 7 A — VAN DREIRIZIE—CHETH 5. JEMEREH D EE X
) 34 C~BICOMTEE L, ZHIUTHEWEMEEHA D OIREENEHT 5720, EHEEIC
BB TODIRREIZ R o 7= EHERI SN D . Z OARRE TR 7 A — L A R O 7 I
WCRE L2 A N7 T A bmikies B CHER T 2 & KUK ML 72 o Tz, PR
A £ L O RER AR 3.9 8T, ) (BENZEFEATORE) TFIEERE AL
IFR ST 3.0kW F2EE TZLE L, V5 COP X 7.2 38 L ONHEE /11349 0.5kW ThH - 7=, %
FEIEHR DA &[RRI BVEH ST £ &4 0 OFREEILK 100W/m Th 5. X 3.10 ([CHi
BESAZRT. AT A /VNOES EBOREZLE L5 & 10m, 20m 35 L O 30m HiSuv
TNOLA LEEBE L & HICIEENZIIE T LT Y, Ei S oEE K T iTRkk
THI 10CTh o7, BEEIRIZI W IR B HAZR S kb7 VIREZE LA o1
52 END, MPEASHERN THBLOZEIEWENE T L TWRWARERH D EE 2 b
5. Lo T, EFLOBLE BITREIIC D 5t ARnERIR OMEE 2 T3 5 720,
RT HR— LNIZHNE I HEAK L TR T R — L INOKE BT 25O MBI 72 BRE 27 A
FUMAT LI ELMBONERH L EEZTWA. X 311 ITHBIRBRE 2 T L ORf 3
AN I
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Figure 3.7 Refrigerant pressure change at various points in the heating mode
(24 hours operation 2014.1.29-1.30).
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Figure 3.8 Refrigerant temperature changes at various points in the heating mode
(24 hours operation 2014.1.29-1.30).
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Figure 3.9 COP, amount of extracted heat from the ground, and power consumption changes in the
heating mode (24 hours operation 2014.1.29-1.30).
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Figure 3.10 Temperature change in the borehole at various depth in the heating mode
(24 hours operation 2014.1.29-1.30).

Pouring water

v We intend to inject water into
the borehole and suppress the
temperature change of the
underground heat exchanger.

Underground heat exchanger

Figure 3.11 Auxiliary cooling system by pouring water into underground heat exchanger
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3.2.3 MR HAER N D B ER 5 1F)

EEERZAR TP B e — R AR 7 T, MR AR R 30\ TR IEEIREA LS RS - VA & 1
D RIR AL & 72 DT, WE e B HAGR DAEERDSHEN L S LTV, 22T, 4E - B E
HEEAIRF (S 31T 2 MR B HAZR N OB G 72 R IEAG BR 5 (M A IR E T D 72, W AN i 2 75
PR ST A OMRRE AT, X 3.12 (CKHER DO H R B HAER N O IR BR 7 17 & 7
7 EEHAIRE (Z 3 THIH BV A BR N O I G BR 7 0] & 1 i8Rl & 5 PRI & L7256 0
HUSEE & COP K UNHEE %X 3.13 120 L, IBEEHRC 38U T Hl P B Ha g N O v IS
BRT 28 5 RS LIREM & LA OBSEE & COP 5 X ONHEE ) #IX 3.14 1TR
T BEERICB T, WEIEER T LM DA L, 5IREEIC T DA, 24 I
O ESEVE T 4.8kW, ) COP 1% 7.1, “FHMEE L 0.7TKW & 7o 7=, KRRD
IEAY 5 B S WA L LI & 72 2356 1 e THUSBVE 1M TR 1kw B8N L 7=
Y, HEE LK 0.26kW 755 0.66kW L #J 25 5L 7po7=Z & D, DY 5 FREMIN S
A S 728550 COP 3 16 025 12 ~DOZALEER HF &2 LI25A1E 9 6 6.5 ~0D
2k & 72 0 SRR O COP 1389 12 D& 7e o7z, ZAUTKURIKR DM B s 7z 1
TEEA DAL, TR CREE LT 5 g /i3~ 2 T CHREMGEFRIZ A D 238, ikl ZEEHE
LNt a LR 2720, EEMmERESK T L THRIRROMEN 1 mEilE L5358
BT, REEPIARE LR, JEMEROMBEBENINERKLEZFERTHL EEZTND.
—75, BEEEERIC BT, WEEER F 2N 5 IR M HIRA L, 1 & 72254, 24 FEH
DS EASREITH 2.7KW, X COP 13 4.3, S EE /11X 0.6kW & 722 o 7=, BRI EExR
R I P BT HASR I AR I AR L 72 D T2, R OM Y, 5 M iA L, EEHE N
THEHEHIAE R L, EMEORAMAE R LD EEZ TS, & LI OB S
WEGE FTDBRIRETHZETCHRRLMERIIE 20, O OEBIC LY, BEFEEREE
DWEBEEINEL Y, COPBMETFLIEbDEEZ NS,

Heating mode Cooling mode
Borehole outlet Borehole inlet Borehole inlet Borehole outlet
Gas Liquid
1/4 inch Cu pipe X 5

3/8 inch Cu pipe X 1

Figure 3.12 Flow direction of refrigerant in the underground heat exchanger for heating and cooling
mode.
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Figure 3.13 COP, amount of released heat, and power consumption changes in the cooling mode
(Single tube to 5 tubes).
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Figure 3.14 COP, amount of extracted heat from the ground, and power consumption changes in the
heating mode (5 tubes to single tube).
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3.2.4 p-h RER(F Y = VBB & B EEREDHEE

WL OARAERE, J£77)D 6 GSHP DM BLRAEZ #2325 121, p-h BRIXI(E Y = /V#RX) %
HAWg, JIELESHOMBORE L IE D%, p-hfXcT ey 325 L BHRT 2 2 L3
LWRERIRRE 2R -5 2 & AR, Hih BV HgR R FHIBR LIEFICHE Th H. K33 K&
X 3.15 (2 p-h BRIXIOHENE 2 73, p-h BRENE, WY A 7 VTR S 5 = R L — (5
O BN OR S CEEIRSIND DT, WEVE, KEVE, ENEEN D EME
S EMEGRHK, VAT LAORGFOBE, HETHDH. b— MRV T TITHET D B0
AR L CESBmB TN D . OOIKIBNTE D A A My )3 EREHE 2O A F 3 TERE S
A, @QOEIREED T AT/ % . TV BB S IGEEE XL 0 KR Ol & B i
UBEEN & BRI i L, @Dimmit L 72 b, —J5, WA S IREN LRI 5.
AR & 7p > T mR O MBI R K - THIESN@ODORIBIRE L 70D, S HIZAFKSRT
WX 0 BEORE OWR & BT 5 2 & TRBIEAE S TR LODOIKIRIKE S A L 722
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Table 3.3 State change of refrigerant

Machine State change of refrigerant
(DCompressor inlet DO—@ State change of refrigerant in compressor
(@Compressor outlet @—() State change of refrigerant in condenser
(3Condenser (®—@ State change of refrigerant in Expansion valve
(DEvaporator @— State change of refrigerant in Evaporator

Pressure
(MPa)
€}
/7
hy hy hz Specific enthalpy
(KJ/Ke)

Figure 3.15 Mollier chart
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Figure 3.18 Picture of sight glass
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Figure 3.19 Underground heat exchanger temperature in intermittent operation
(2013.8.19-8.23)

42



50 200

4 Power consumed o COP O Output power

45 180

40 - = g 160
5 O
835 ¥ 0 140
= 2
Z 30 1205
= :
g 25 A 100 &
Z A * o E
=] A 2
820A 808
2 15 60
=]
(=W

10 40

0] 9] o O
5 © 20
0 0
8/19 8/20 8/21 8/22 8/23
Day

Figure 3.20 COP, amount of extracted heat from the ground, and power consumption changes in
intermittent operation (2013.8.19-8.23).
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Figure 3.23 COP, amount of extracted heat from the ground, and power consumption changes in the
heating mode (1 month operation 2015.1.19-2.29).
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(1 month operation 2015.1.19-2.29).
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Figure 3.25 Flow diagram of the GSHP system based on the direct expansion method.
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Figure 3.26 Picture of experimental equipment

Table 3.4 Underground heat exchanger specification

Underground heat exchanger Underground heat exchanger
(Single borehole) (Double borehole)
Heat transfer area 3.889605 (m?) 4.388176 (m?)
Capacity 0.004136 (m®) 0.004805 (m?)

Heat exchanger inlet 6.52mmx5 (32.6mm), 30m, 1Set 6.52mmx4 (26.08mm), 20m, 2set

Heat exchanger outlet | 9.52mmx1 (9.52mm), 30m, 1Set 9.52mmx1 (9.52mm), 20m, 2Set

Borehole diameter 100A (105.3mm) 150A (155.2mm)
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Figure 3.27 Underground heat exchanger temperature in cooling mode.
(12 hours operation 2017.7.15)
25 1.0
A Qutput power o COP O Power consumed
20 0.8
=9
8 €16) @E
o
™ © DD 25 C§%EQO
2 10 O30 o S = 0.4
&, O :
= A AAQQ.A
= Og%@m% RIS, Ama%ma %@55'11
@) 5 = Q AA %\ = 02
el YN
OOOOOmA A £on
A
0 &%\ ! ! ! ! ! ! L 0.0
\} \} \} \ \} Q Q \}
R N R R G
Operating Time

Figure 3.28 COP, amount of released heat, and power consumption changes in the cooling
mode(12 hours operation 2017.7.15)
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Figure 3.29 Refrigerant pressure change at various points in the heating mode
(12 hours operation 2017.7.15)
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Figure 3.30 Refrigerant temperature changes at various points in the cooling mode
(12 hours operation 2017.7.15)
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Figure 3.32 Underground heat exchanger temperature in heating mode.
(7 hours operation 2017.12.5-12.6).
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Figure 3.33 COP, amount of extracted heat from the ground, and power consumption changes in the

heating mode (7 hours operation 2017.12.5-12.6).
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Figure 3.34 Refrigerant pressure change at various points in the heating mode
(7 hours operation 2017.12.5-12.6).
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Figure 3.35 Refrigerant temperature changes at various points in the heating mode
(7 hours operation 2017.12.5-12.6).
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Figure 3.36 Observation well temperature in heating mode.
(7 hours operation 2017.12.5-12.6).
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Figure 3.37 Confirm corrosion of underground heat exchanger.
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v vinyl house (8 X27m)
v HP ; Heating mode 14.0kW

; Cooling mode 12.5kW (2 Set)
v Borehole 30m X 3 (2 Set)

Water circulating system

3 parallel borehole system

Figure 3.38 Ground source heat pump system of green house

Figure 3.39 Picture of distributor
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Figure 3.40 Picture of green house and duct

Figure 3.41 Picture of indoor unit and duct
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Figure 3.43 Temperature distribution of the underground
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Table 3.5 Result of the thermal response test

Depth of borehole 30m Flow rate Water level
Borehole diameter 150A(155.2mm) Heated power 3.175kW
Filed material Silica Sand Density 1.96g/cm?

Themal conductivity 1.35W/mk Specific heat capacity 1.52kJ/kgK
Underground temperature 14.4°C Themal registance 0.145k/w
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Figure 3.44 Atmospheric temperature change at inside and outside of house
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Figure 3.45 COP, amount of extracted heat from the ground, and power consumption changes in the
cooling mode
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Figure 3.46 Underground temperature in cooling mode
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Heating mode
Capillary

Heat pump
Cooling capacity 6.8kW

Heating capacity 9.0kW
Refrigerant:
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Cooling capacity 2.2kW 5 JD

Heating capacity 3.2kW
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———————mpg

Receiver tank s
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Figure 3.47 Flow sheet of the GSHP that use direct expansion method using foundation pile
(Arrows and number; flow direction and order)
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Figure 3.48 COP, amount of released heat, and power consumption changes in cooling mode
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Figure 3.49 Temperature change of underground at 3 m away from the foundation pile in cooling
mode
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Figure 3.50 COP, amount of extracted heat, and power consumption changes in heating mode
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Figure 3.51 Temperature change of underground at 3 m away from the foundation pile in heating
mode
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Figure 3.52 Flow rate of underground heat exchanger
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Figure 3.53 Flow sheet of the GSHP by water cooling method
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Figure 3.54 Underground heat exchanger
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Figure 3.55 Section view of heat exchanger

Table 3.6 Specification of Underground heat exchanger

Inner diameter Outlet diameter
Copper pipe 21.6mm 27.2mm
Polyvinyl chloride pipe 41.6mm 48.6mm
Casing pipe 204.7mm 216.3mm
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Figure 3.56 Flow rate of underground heat exchanger
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Figure 3.57 Cooling mode with water injection
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Figure 3.58 Cooling mode without water injection

74

Integral power consumption[kW], COP



3.7.5 BEEEIRE R

X 3.59~[¥ 3.60 |ZEEHEIAFER O —Fl 2 ~7 . mEER & [RERICEK 8.59 R T H— /LN
AHUR K DOFEKREAT /2 > T2 B R 2R3, X 3.60 O # F/AKDFKELTI: > T2 5:FTlE
ﬁwcmNiuLSMWMﬂﬁf%otﬁ,W%ﬁ%@E%Z&WKﬁLr,%SMV&
1/3 FEDE TH 72, K 3.60 OHIF/KDIETKEITIR > TOIRWRIEO iSRS B 2079,
IEHREAAG 5 IR IC b — MR 7 ADTREN 5°Ca FlEl D, Hirh ZAAS B PN 0D 7K 8 7K O s
B ik o A7 AMEBNZERRAME [k U7z, 230D OfER K 0 BE FiElE T3 2 #1838 D15
BEFEAR RN D, Hih B HEs A D - H O COREXENHERTE T, ZE LIEERNMTZT
W, BRI P BT BER EHOAR M ORI A L, BRI AR5 2 & C, BEL
TEERNA[REIC R D B2 D.

mm Output power ¢ Integral Power consumption ——1Inlet temperature of HP
Outlet temperature of HP ¢ COP sCcop

[ ]
=}
—
(=}

i
[= -]
o

o L L
) PN
|
|
‘ ;

|
I
J
\
I
\
J
\
\
[ N T

(3]

b e iy o
““ml“WWHWH”\M |I“|||| i ? TN ‘”““W" LT 'd” ‘wln\l\ ”‘u\l\ { \||H| L HHIMH“M Tl 1 | L)

6 it M
1 N I NHNNHHNH\NNHH\HHNH\NHNH HNHHNHH\N\H NN\H\N\NH\\NHHH\N\\H\H\NHHHNN HNN\\NHN\H\\NHHHMNHH\N\HH\HHNHH\\\N\H\N\N\\
ol ||

|’H o ! ! o 1 o O e N
.IN\NH“HHH“NN\HH\N“NHN\\NNM“W T HHNHH\N\WH\N\H\\H\HN“\NH\HHHNN“H\HNHH\\NHH

==}
£~

Integral power consumption|kW], COP

Output power[kW], Temperature[C]
=

22:00 23:00 0:00 1:00 2:00 3:00 4:00 5: 00
Time

Figure 3.59 Heating mode with water injection
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Figure 3.60 Heating mode without water injection
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