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Fig.1-2 Temperature differences between ground and ambient. (NPO £ A Hit
BFAREEHS) ,2018)
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Tablel- 1 Comparison of the character of renewable energy.
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Fig.1-3 Schematic view of the heat pump cycle.
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Fig.1-5 Classification of the horizontal GHE. (RE®E [HFBEFIHAIcH -
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Fig.1- 6 Classification and schematic of the GSHP system. (B354 [ #hH 2F]
RAZdHlcoTOIA R4 WETHEAMKRI ,2018) .
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Fig.1-7 Installation number of the GSHP system in Japan. (NPO £ A Hi # 24
FIAREBSBIORES PRI AHICHZoTOTA R4 HFTHA
B ,2018) .
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Fig.1-8 Comparison of the installation capacity of the GSHP system. (Modified

from Laud et al. (2020))
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Fig.2-1 Schematic diagram of field test site installed three Slinky-coil type
horizontal ground heat exchanger under different ground surface coverage. (a):

Field test site (b): Slinky-coil and Pt100 (c): Cross section of field test site.
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Fig.2-2 Variation of ambient temperature and ground temperature at depth under

each ground surface coverage.
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Table 2-1 TRT conditions.

Duration | Circulation
TRT No. Start time rate Heat load
day L/mmn W/m
TRT-1A | 2017/11/21 15.0 46.5
TRT-1S | 2017/11/20 1 14.8 51.2
TRT-1L | 2017/11/22 14.5 50.7
TRT-2A | 2018/5/28 14.8 31.8
TRT-2S 2018/5/7 15 15.0 20.7
TRT-2L 2018/6/18 14.9 32.4
AT/q =T -T|/(q/L) (2-2)
7272 L
T R BB R (= (BA A R AR N DV IR+ IR KIR) /2 ) [°C]
T : TRT BRAARE D 1m % & 4] 1 H iR [°C]
a . BgHE [W]
L KPEER S [m]

FRM OB O TRTIZEB I 5 AT/IqDOEAL % Fig.2-4 12779, RBRK THIC
BWTERM TR OB WAT/IqEZ R LTZDIET A7 70 F%&# (TRT-1A) TH 0,
Z O fEIE 0.083 [°C/(W/m)]Td D, ZILiIfi-R#L & i L CHATEALZHICK L T
BUEARIRE OB MEERRENZ ENEX LN D, HHE R (TRT-TIE7 27
7/ kXD 0.003 [°C/(W/m)]/~ S W E (0.080[°C/(W/m)]) %R L7=2%, &KOMH
me LT T A7 7/ bRHFELD 0.001 [PC/(WmEWETHBE L THE Y, 1F1F
FMUEBTHDZENDNoTo, THICH LT, E4AERFBE(TRT-IL) TIEHK b/ &
VY 0.073[°C/(Wm)] &2 /R L THEY, ZAEZMBEHEEIC LSS, KFEA | 2L
RBEIIE VWAL HMEN 2B T2 EnfEE SR, 2FROXEEMICEL T
1%, ZERMTRT-IL) TIEHMAK LV B L Z 0.01[°C/(Wm) KW ETHER L Tk
D, TOETHBRBGEND 6 FEMBZICITHARICRLTWD, ZOYHBRICA
U7=70%, Fig2-2 L0, AKBOZEAD Im EMEICHES S ETIC7 BREE
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Fig.2-3 Results of short-term TRT in each ground surface coverage.
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Fig.2-4 Variation of temperature increment per unit heat exchange amount in

each ground surface coverage in short-term TRT results.
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Fig.2-5 Results of long-term TRT in each ground surface coverage.
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Fig.2-6 Variation of temperature increment per unit heat exchange rate in each

ground surface coverage in long-term TRT results.
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Fig.2-7 Variation of daily water content under soil and lawn and daily

precipitation in period of TRT-2S.
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Table 2-2 Properties of numerical model.
Thermal Volumetric
conductivity | heat capacity
W/m/K MJ/m’/K
Soil 1.163 2.149
Pipe 0.045 2.149
Flow path 0.045 3.027
3:‘
-~ GHE
zZ 3 i,

vt

Fig.2-8 Developed numerical model of horizontal ground heat exchanger in

FEFLOW.
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=72 L
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Lyipe : KA GHE O # Ik & [m]
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TFL 7Y a—VRE 40wt% KIEIRICESERE LT, BWEETVIZANL
L HEOMBER AR EIXT 4 — /v RTRIE SN fECHEL .,
BHEETVORERERALZEICBNT, TTAVOKEICIE, BET —4% (Fujii et
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WMHAT S 1| NWHEOBRE T 7 v /7 A2 KM, HiFRm2 oM AT 5 E
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Q=R+ Ry, Ry = Hrr — L (2-4)
R =(1~a,)] (2-5)
Ry, = o(273.16 +T,)(0.526 +0.076 p* |1 0.062c) -6
R« =0(273.16 + T, )" (1-0.062¢) (2-7)
Ho =a (T, - T,) 2-8)
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Fig.2-9 History matching of calculated outlet temperature and ground

temperature with their measured values.
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Fig.2-10 Long-term simulation results of cooling and heating.
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Fig.2-11 Comparison of COP for different ground surface coverage. (a): cooling

(b): heating.
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Fig.2-12 Variation of heat exchange rate with (a): albedo and (b): evaporation
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Table 3-1 Conditions of TRTs

Time Heat load Flow rate

Date Test (Hours) (kW) (Lmin) Note
2018/2 TRT-1 48 3.0 20 Single tube
2019/2 TRT-2 24 15 15 U-tube

2019/11 TRT-3 24 3.0 20 Single tube
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Fig.4-2 Setting window of BHE in FEFLOW.
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Fig.4-5 Relationship between pipe diameter and heat exchange rate.
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Fig.4-7 Schematic of GHE path cross section in different cases.

64



Akita University

8000 40

7000 1 35

6000 r 1 30
Heat exchange rate

per lenght of GHE
5000 r 1 25

Heat exchange rate (W)
Heat exchange rate per length of GHE (W/m)

20
3000 . 1 15
2000 |+ s ) Heat exchange rate 1 10
1000 + ‘ |5
0 ' ' ' 0

0 50 100 150 200

Horizontal lengh of GHE (m)
Fig.4-8 Relationship between GHE length and heat exchange rate in case of 35°C.

8000 40
—_
7000 35 g
2
=
6000 1 30 o
z b
= S}
L 5000 1 25 9
> gy

—

(=]
S 5
= 4000 | 120 =
S O
S =
S 0
5 3000 b Heat exchange rate 115 §
= per lenght of GHE o
£ )
e =)
2000 M 210 ‘E
>
A >
(D
1000 ...« Heat exchange rate 15 5
s O
] 25°C| E

0 ! 1 1 0

0 50 100 150 200

Horizontal lengh of GHE (m)

65



Akita University

12000 60
L
...
o -'..__Jl g
10000 | e s B
Heat exchange rate I E
per lenght of GHE T
Z 8000 | 140%
5] -~
= 0
—
0] A [
Sh 5
o 6000 | 1 30
= 5]
= - &
)
§ 4000 } 4" Heat exchange rate 120 g
am & =
ry 5
2000 | 11058
-
o
T
45 °C
0 1 1 1 0
0 50 100 150 200

Horizontal lengh of GHE (m)

Fig.4-9 Relationship between GHE length and heat exchange rate in cases of
25°C and 45°C.

18000 7079

16000
14000
11986
12000
10000

8000

5613

4000 3367
2000 I
0
0

0.01
Velocity of groundwater ﬂow (m/day)

Heat exchange rate (W)

(=)

=

(=]

[=]
T

Fig.4-10 Variation of heat exchange rate for various groundwater velocities.

66



Akita University

DLEOHESMFICESE, #E SN 7Z GHEHDIRE X Y % GHE ® 10 Ao
WA E AR L, T O R % Fig.4-10 1Z/R"9 X 512, I FAKF 3 <
D EARLHBENBHFICHN T2 b0D, T I REEICE Y BOD
BHRALEELGRABEOTMGTOERMICIVAESG L RO THD, SHIC
R AKEEDENGETBAOBH NG RBA R ETIEMN LY, BABEN LY
IndEEZIOLND,

W, WTARDMALS M GHE DL EIZ G 2 2 EBICHOVWTHRAT S 2
DI, MTFAKRKBN T MENTA—=F L LT —ARZT 4 {75, K o b
—YaryTiE, EEOZ7 4=V FRBRGICESEHELZHREET AV EZMHET L
THEY, HEHEBLIOEREHFIIE A N —<w v F U VO LHBETH D,
i AKREAGTAICELT, UTFTD3>Dr—2&2zMELE,

« GHE 2%} L CEATT 2 #1 F KRN
« GHE A O 6 H Bz mh - TIEAT o T K
s GHE H a6 A0 IZm > TIWAT O T KGRI

14000
11986
12000
§10000 3
~—
&
51 8361 8364
=
) L
%.0 8000
=
2
" 6000 |
=
==
4000 | 3367
2000 | I
0
No flow Ito O Otol Cross

Velocity of groundwater flow (m/day)

Fig.4-11 Effects of groundwater in heat exchange rate of the GHE.
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Fig.4-12 Numerical model and schematic of cross section of GHE.
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Fig.4-13 Heat exchange rate of each GHE.
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D, =W GHE THHL V7NV UFEBLOX 7V UTFE LKL TYH, £
DREIAMBELIBRERTEMEBETHLZENHERIND,

Table 4-1 Drilling cost of each GHE

HGHE Single U-tube Double U-tube Coaxial Slinky-coil
GHE length 42 m
for1ogkw  ooM 93m 87m g3m (42 m*1 m*1 m)
Dn::]lng HDD/ Conventional/  Conventional/ Conventional/ Excavation/
m/?:os(: 5,000(%/m) 15,000(¢/m) 15,000(¥m)  15000(¥/m)  7,000(¢/m)
Total cost  ¥315,000  ¥1,395,000 ¥1,305,000 ¥1,245,000 ¥294,000

Table 4-2 Drilling cost of each GHE

GHE cost Total cost
GSHP system  Drilling cost (Yen)  (U-tube or

HDPE pipe) ' ¢")

HGHE 315,000 189,000 333,900
Single U-tube 1,395,000 558000% 1,953,000
Double U-tube 1305000 1,044,000 2,349,000
Coaxial 1245000 664,000 1,909,000
Slinky-coil 294,000 1200000 1,494,000

4-5 KERHMADARBMBORBIZEFZTEDRE

GHE O FEEE NP BEKRIEEZEBICHE 2B IOV THBRIAT L2201,
Fig.4-14 |28 9 X 912, H7ZICHEE Sm, 10m, 15m (2K & 100m @ GHE % /K F
FHHENWCHFE Ly — A2 BB LT VEHBEL, BTBEEY I 2L —Ya %
Khg Uiz, 7ok, BMEET VAN LW, IR s X OB R SME, Al
ECTHMELEETVERKICRELL, WBEFEY I a2 —va ORMFIZEL
T, BRPEBVEIZ 20W/m & L, BESMLEEHFIL, L 2016 4 12 A 7
520172 A 37A), 2007 6 ANSH 9H (40H) £TE L, HEERKRERHIX
24 FEffEKE & Lz, L EDOEMT, TNENOWEIZ GHE # 5% L= 546 0 #4
BARIREE B 2 315 L 72,
BEREY I 2L —Y a3 VOB % Fig4d-15 21, MPREEXSHNZE LE
EE AL E T 5 10m, 15m EEICHZ L7z GHE X, WIREREO T Zh Tl
LB RIEEZ 2R L7, —F T, RE SmIZ®RE L7 GHE IX, HIEEIZ
iE L7 GHE &g LT, B REEoE{EN/ NSWZ EE2RLIL, Th
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2

Fig.4-14 Schematic of GHE path cross section in different depth cases.

X, [RELHORELZ T 5 SmEO PR EN, HiEE & it LT, HfiE
ZAEOMMECIVEBRIVELS, AREVEVEDTHD EHA SN D, T2
T, GHE % #iz ¢ FICHEEO M P IREE O LL 255 LT, Figd-16 [ R T 55
FERELY, SmIEOHFIEE T, HREE L T6 A FATHK 0.8CIK<, 2 A
FARITHR 1.2°CRm o Te, Eio, S5mEO MR E & 4 50E EE 0 Z Ak o AL 48
ZITH 150 BV, WEREY — A L THFREO Y — 7 R 5 B4
PHEE Sz,

WA, ARy b B GSHP-1001 O HEGER AR PO IT LR LV, SmiEL 15m g
F—A2THRERLZABEKRO B OREZ B W CHERES B O L& R K
(Coefficient Of Performance, LA COP & W54) # &% L7, GSHP-1001 @ 1%

B AR DRI 2 L FIZR T, COP OFEEMFIZBIT LA o — 2 K E 2 %
e — FAR 7 ANHREE X, WmBEEKR TZ £ 4 35H2,28°C, 35HZ,12°CTH %,

P . =-023xT_ +14.0 (4-2)
cooling out
Copheating = 0.14><Tout +4.60 (4-3)
7272 L
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EEEEZFRE L, vk, [KEEMITEL T, 2010 F20 5 2019 FE TOEE
DEFEHKEO FEFEBICKRBMEELEZRAET — ¥ 27 2016 4 12 A b
2017 4F 11 A E COHM 2 BT OVHWRK[ELT —% L LT 10 F#0IRL
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GI/AE) NEEE (1538 GI/HF) LV REVWILICLHIEROEETH DL, &L
B LT 10 FFOIRE LA BRICER TS L, SmiEr — 2 OB AR E LA &
(1 4F B B2 55 & T Ip o0 B (AR BE & 10 4F H B2 55 & T IRp o0 BV (AR BE o0 72) 13 1.3
RIS 7 — 2 (1.5°C) LB L TR -77Z, ZhiE, SmERLOK G L&D
HEICIVHMPIREN TN Z L THMWICERREDN NI RDZTEEHDTHD,
ARIBOEBTICHLIEEOHBIZERICM NN LRI, 8D
ROREIIWZEVWERD-7-ELTH, 5SmEICEKE L2 GHE X, HIREIZEHE
L7 GHE & le# L €, BUEARIRENBIZTL VKRS, 2TV &R R
oo BRI, SmiEEHERE (1Sm{#E) CGHE % E L7 — AT, BAHLEH
0% 5 e D BV R LR E OB A E T 272010, | FHOBEE S I 2 L —v
a9V EITo T, FBARICH T D EH BRI E OBMR A Fig.4-18 IC7” 7, 5m
WICHRE L7 GHE 1%, e 2B\ AmBsEML CTHEREICHRE LT — A L
LT, MEREOW G TRBEKBEEZEOE{EN NS W LA RENTE, LD
EMG, MLFZEN 150 H A8 T SmiEIC GHE 258 BT 5 2 & TELZHEE S D
Filzky coP AEmEEND Z L, F2RE 10m UIEIC GHE # &% [E T 2 L EH
2, WHIZ A MBI LIZKRMT D EEZ LN,
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Fig.4-15 Relationship between GHE depth and heat exchange rate for different
installation depth.
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Fig.4-16 Temperature distribution in the ground at -5 m, -10and -15 m.
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Fig.4-17 Temperature behavior of the heat medium at -5and -15for the long-

term cooling and heating simulations.
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Fig.4-18 Relationship between the heat load and the average heat medium

temperature in the cooling and heating simulations.
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UbofER X, MHAREREN 150 BEEONMEZ R IREIC GHE %
RET L L, BRBE oM EICBER L Z En RS, LavL, MR E
FEMNTEOMNMMEEZL R TERETHFRESAICL > TEAL, &5
BOWBDOBILHRBICL - TR R EEZOND, £, MHEDE WD GHE
DEAZWENICEZD2EBIZONTEHANATH D, EEOHFIEENHE—K
FTOBMRE RO R TElcEn L amifte L, BARHENNM EF
DWELZREHEREL LESA, TORBXEREZRET 2D ICHPIE

EOBLREM Yy HRXEMS ZETHONDMITE GIEEEY) X0, BIECE,N
CEBEOMMEZ RTREZHEE Lz, RIT, (LHEZEDEVD GHE O BB KR
B RIETHEEBCOVWTHBEY I 2L —Ya vy 21TH) 2 LIk FHL, &
W EREICOWTHE Lc, MATARICE LT, MPEET, o B=EHS Tk
X%, BHREMELLTEREEA, (e 2 b2 M 1 ORZEKETE(T 2%
HRETA* 52L&, UTOARBELND,

oT oT
—L=g— (4-4)
ot oz’
a= % (4-5)
Cgpg
T, = A cos(at — ¢) (4-6)
w=2" (4-7)
T
T, = Acos(a)t—g—¢) (4-8)
A= Aexp[— z(a)/Za)“] (4-9)
= 7(0/2a )" (4-10)
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Fig.4-19 Average heat medium temperature at installation depth (4 m,5 m, 6
m) in the cooling and heating simulations.
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Fig.4-20 Change of calculated ground surface temperature (a) and the
computed ground temperature (b) .
30 7
Ny
LA )
629 L COO]H’Ig - . 6 6"\
< « &
O - )
= B Heating 5
IS ©
: :
= B =
S 28 52
sy
27 ‘ . L 4
0 0.5 1 1.5 2

Amplitude of ground temperature (K)

Fig.4-21 Relationship between the amplitude of ground temperature vs. the

average heat medium temperature in the cooling and heating simulations.
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Fig.4-22 Calculated amplitude of the ambient temperature and the capacity of

variation of the average heat medium temperature in Japanese prefectures.
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Fig.4- 23 Result of history matching using TRT data.
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Fig.4- 14 Variations of temperature increment per unit heat exchange amount

in single-tube and u-tube.
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(@) - .
Piping on ground surface (b) Piping on ground surface (@) () F ater tank
| o7 2 and
/ . @~) -p Heater (1)
@ : Pump equipment ) - Pump :
i )

O : Flow meter N O : Flow meter | K ,®
f : Temperature sensor Heater f : Temperature sensor —:—— @

Data | Data |

logger | . - o | logger

Ground heat exchanger round heat exchanger

Fig.5-1 Schematics of experiment TRT (a) and temperature constant circulation

test (b).
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Fig.5-2-1 Graphical interpretation of thermal conductivity in TRT-5.
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Fig.5-2-2 Graphical interpretation of thermal conductivity in TRT-10.
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Fig.5-2-3 Graphical interpretation of thermal conductivity in TRT-20.
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M ET220EBELONDN, BRABOEE -EFBERBROMER X OHHE Y
2l —varOREAEDLE TCHRRNEZFMICELRT D,

= o R

=
=N A

91



Akita University

0.10

~ ‘&i L)

Thermal Resistance ((mK)/W)

TRT-20
0.00 -

0 0.5 1
Elapsed time (days)

Fig.5-3 Comparison of thermal resistance in TRT-5, TRT-10 and TRT-20.

5-4 RE—TERERAR

P—FREFy MR LIEMBEHA e =% —TKZ 7 NDIRE %L 35°C—E I
A EOICHHEL, 24 KEM O IRE— BB A Ei L 7=, Table 5-1 IZ#&BR D
ME—-HL2 Ry, TLOIC, BRRD2WERITEN G 2 5 HE KX GHE O B #2585
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R S, WIC, RPN ETHICEZ D2 BEICOVWTHRIAT 27201
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Table 5-1 Conditions of seven temperature constant circulation tests applying

constant inlet fluid temperature.

Date Test Flow r ate Note
(L/min)
2019/12/9~12/10  Con35-20 20
2019/12/26~12/27  Con35-10 10 Change flow rate
2020/3/31~4/1 Con3s-5 5
2020/4/20~421  Cha.Con35-20 g Change of flow direction
at elapsed 12 howrs
2020/5/5~5/6 I1s.Con.35-20 20
Change flow rat
2020/5/9~5/10 Is.Con35-10 10 Jange fow rate
with msertion
2020/5/14~515  Iis.Con.35-5 5

GHE 1 o Z\ & o 48 B2 i & % 5L/min, 10L/min, 20L/min | L7z & & O % {5 JE
— EEBRA B % Con.35-5, Con.35-10, Con.35-20 X FF L, &lBro A DiEE, H
MR, ARt &, P Es L O KIR O£ (k% Fig.5-4-1, Fig.5-4-2, Fig.5-
4312, BB O ADIREICHE BT 5L, ARIRED 35°CL D RVWE %
AL TWD A, TAVIEH 85 U 72 A 50 GHE W O K 238 88 BA 4 & i K
Z U7 AL, BREICHE L TKY 7 NORENDIBICTR L0 T
o, LvL, BBEEES KD KE W Con35-20 THRBRBIMA 2 DK 2 K] TK
Z 7 NOIRED 35°CHETLE Lic, BAZHzEaEIcAL T, 2aToBTY
—FRXZy FOREREICIO ADIRE & H O EEOREZN —RFHICRKE L
D L TCRARHMEENFTAENLTWVWD EIHIICRAZDLN, THITADREDE
LICHTH2HABREDIEEDEIICEDZ D THY, ARHELFMT D LT
BRHARRRTHL LN OEHTELI D LEEX LN D, RICHERBRMER K
D EFE L7 B AR B O i & Fig.5-5 (12", Fig.5-5 X W B IR B o8N IC
Bl L CEAAR AR S A L TR Y, RiE Tl 72 BVER PR A BR IR B R L
THELLLEREHBEAELH S, L2 L, fERIEEL SL/min 205 10L/min |2
MEELEEOBRMPMEOLFRO RS SIXALZEZET 2 b AR 2 M m R E£L
hole, 2L, MBROEMAIC K > TRELFHOEWNICLY KT 7125 %
DRBEPREL ST, T LTHBRELEM L -FHOEWIC LY BHEX GHE ©
O RRE N R s 2 ENBARHBEERBICEE S AT EBE I LND,
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Fig.5-4-1 Heat medium temperature, flow rate, heat exchange rate and ambient

temperature in Con.35-5.
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Fig.5-4-2 Heat medium temperature, flow rate, heat exchange rate and ambient

temperature in Con.35-10.
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Fig.5-4-3 Heat medium temperature, flow rate, heat exchange rate and ambient

temperature in Con.35-20.
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Fig.5-5 Comparison of heat exchange rate in Con.35-5, Con.35-10 and Con.35-
20.
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Fig.5-6 Comparison of heat exchange rate in Con.35-20 and Cha.Con.35-20.

GHE ZABEIR o 98 BRIt & % 20L/min & U, SRERBAAG & 12 ReE 52 A8 B8R 7 1A &
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Con.35-20 & Ll U 7= BAss#a %6 8h 2 Fig.5-6 ([C/° 9, RERIERAT 2 I8, FHER
MEats & Wi & #4 5 &, Cha.Con.35-20 (28 F D IE 5 B W o> 2442 #a 26 8 1%
Con.35-20 & AR 2 ZF & 2~ L7y, WG RK OBAZH )X Con.35-20 & ik
LTERWAKETHRBLTWL2Z N5, FRKELTUTOEBRZZ LN
5. EfEERM&TIEO GHE AR E O AIRE TR bE< 25— T, MHdEE
DEALFEIL GHE Ao TIRA /NS R D, T 7200 B RIEE & Hd
EEOEEZIT, BRHBICBVWTIHICIZIE - EOM THEFESND, L LIFEHER
RRICIZ R BRI & TP IR E DR MELA W 272D HEXN GHE HAICES< I
Mo CHEZENRAIZ/NIL 720 GHE D& 47 IS M2y > TR H & A L

e, MIERICKVEALZHBESTDKEN TN EZLND, RAFEOH
SRMOFETHIRMINTWD, 7o & 21X, Fujiietal. X ZJgiEE (L« -
1.5m, FJ&:-2.0m) {ZHi% L 7= Slinky-coil /K EH GHE (28T 2 i 72 i8R 7

MICOWTIEREY I 2L —2aryZ2ZE0 TR LE, TORE, TS EEIC
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M2yo THRBER LIc 7y — AR bR R BV RIR 8 27 U, BVRIRE &
HAFEECRELENBRKEVENS/NIWEIZH D ML E K 258 Fim & L
o Lo T, Lo EMREZZEST 2L, BEX GHE IZHB T 2 8HIH D
B 10 O RS IZ BN LB W TR R TIEI AR WA, EEZEDB A
D g BB EER D) VAR A B IS 3 W TTHRAE BR 05 18] O S 2 HEE A GHE o BAAZ #i g
UEBECADTHDL EHEIND,

HAEX GHE 1T 25A OR Y =F L U EZH# A L7z £ T, GHE BUEK o 1E 27 i
# % 5L/min, 10L/min, 20L/min (& L7z & & O & E — E G &R B % Ins.Con.35-
5, Ins.Con.35-10, Ins.Con.35-20 & # L, WEZfHA LR\ — A& LT Con.35-
5, Con.35-10, Con.35-20 TE N E A bbilg L 7o BAAL L % &) & Fig.5-7-1, Fig.5-7-2,
Fig.5-7-3 1277, ok, WEORBIZEL TRy Z—U 73 T TR,
Ins.Con.35-10, Ins.Con.35-20 IZBI L Tix, NEEZMA LW — R LIZIEFRBED
S W FE N B S U772, Ins.Con.35-5 TIEEAZHFEE NIR /KX > 7 O B
DENIC E 0 BALZEEB B /NL A ETFTLTWDA, RBEHBRKEND OB
BEHRBICEHT AL, (LNO TERERAVTEENEICLIBEISEDOEETHD Z
EBRBZLND, LERST, WTFNORBRTHEARHEFHINE 2/ A LR
W — AL FZIERBROFEEZ R L TEY, WEZFH AL X D EAZ &N
O BRI,

WAz, B kominoREBIZEAL, UTFIRATRG-2)E0 A 2 VX%
AR L7, ok, ATEOBICITENRMEREOREKRFIEE B E L7,

vD, QD,

Re= V“ = A (5-2)
=72 L

v BAVBEOR 0 S 2 [m/s]
D, : KNERE (HEDHE, GHE ONE) [m]
v BVBEIR O B oRG AR 5K [m?/s]
Q : BEAR O RE I = [m3/s]
A GHE o i % W7 i i [m?]
Re : LA/ V¥ [-]

TORR, NEELOF—RIZEBITDH LA 7 VXX, Con.35-5, Con.35-10,
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Con.35-20 TZX L4 2,664, 5,327, 10,655 THDH, —H T, NEADFY— R
BULZLA 7 NVAEOFREICEL TIE, MALENEONEBIZIZER TR SN
TWalew, NENMHEERXNGHERNT T EFMICHELL TS EEZX LN, K
HEZRETHIZEDRNETHS, 2T, NEELOF— 2 L RIRE OB
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EENBELZ 304mm LHETE SN, ZHNIEINEFAEL OKJER 52.4mm)
EHEEL T, KDERBBEZ 8% EREIBAL, MENHEML THHHL D
REPEBELICKWZLEERLTWVD, R E LT, WEMH ALK DB &
ERBEDO LN o RIT, WNEZHRAT LI L THREMmMBEOHAICIY
IR I K2 T3% MM 225, ¥ Wr i B O JE IR D Z2 iz L 0 i o dK 8 % ik
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Fig.5-7-1 Comparison of heat exchange rate in Con.35-5 and Ins.Con.35-5.
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Fig.5-7-2 Comparison of heat exchange rate in Con.35-5 and Ins.Con.35-10.
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Fig.5-7-3 Comparison of heat exchange rate in Con.35-5 and Ins.Con.35-20.
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- B HA R 1 H
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MM EIREICE L X, FMAsBLC CHREfAOEE»OCHEIBEE~OEE S
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Fig.5-8 Relationship between Reynolds number and heat exchange rate.

W, AR EBEOHMENELENEEZDO LA ) NV AEOENIBICERT S
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