
Vol. 60, No. 251
2021. 4

◆特集：地中熱の利活用最前線

Vol. 29, No. 2
2021. 4

Journal of the Heat Transfer Society of Japan

Thermal Science and Engineering



2021 4   J. HTSJ, Vol. 60, No. 251 

U 3

25A U
30A U

Rb

 
U Rb  

 

 
 
 
 

 

 

 

 

 

 

 

3

GCE

0.5 10 m

 

 

 

100m

1.2 1.8W/m/K
2.0W/m/K
  

 
 100m  

 

0.9 1.7 2.5
 Rb0 0.19 0.13 0.10
 Rb1 0.15 0.10 0.08

 Rb0/Rb1 0.79 0.82 0.85

U-tube g (W/(m K))

Oval Rb1
Ratio Rb1 /Rb0

Normal Rb0

https://www.htsj.or.jp/journals/2121.html 



Vol. 60 2021 

No. 251 April 

 
 

 
 

 
   
   
   ···········  

 
 

 ····························  ···········  1 
 

  ·················  ···········  2 
 ····························· NPO   ···········  7 

 
  ·················································································  ···········  13 

HP  
  ·······························································  ···········  19 

 ···················  ···········  27 
 

  ····················································································  ···········  33 
 

  ······························  ···········  40 
 

  ····················································································  ···········  46 
 ·························  ···········  54 

 
 ·········································································································  61 

 

60 58  ··································  62 
58   ··························································  64 
58  ····························································  66 

 ·····································································································  77 
 

 ··································································································  81 



Vol.60 No.251 April 2021 

 
CONTENTS 

 
Opening-page Gravure: heat-page  

Katsunori NAGANO (Hokkaido University) 

Kosuke ITO, Naoe SASAKI (Nihon University) 

Junya TAKESHIMA (OYO Corporation)     Opening Page 

 
Special Issue: Latest Utilization Technology of Ground Source Heat  
Preface to the Special Issue on “Latest Utilization Technology of Ground Source Heat” 

Tetsuaki TAKEDA (University of Yamanashi)    1 

Technology Development of Renewable Heat 
Satoko TANIGUCHI (New Energy and Industrial Technology Development Organization)    2 

Trends of Industry for GSHP Systems 
Masakatsu SASADA (GeoHeat Promotion Association of Japan)    7 

R&D Aimed for Low-Cost and High-Efficient Closed-Loop Ground Source Heat Pump System,  

Design & Performance Prediction Tool and Potential Evaluation System Using Geoinformation 
Katsunori NAGANO (Hokkaido University)    13 

Shallow Depth Ground Source Heat Pump System with Steel Pipe Pile Heat Exchangers 

 Activities of College of Engineering, Nihon University – 
Kosuke ITO, Naoe SASAKI (Nihon University)    19 

Introduction of Developments of Snow Melting and Air Conditioning Technologies Utilizing Shallow  

Geothermal Energy 
Niro NAGAI (University of Fukui)    27 

Hybrid Air-Conditioning System and Ground Heat Exchanger for Effective Use of Ground Heat 
Akio MIYARA (Saga University)    33 

Snow-Melting Technology by Groundwater and Ground Source Heat and the Example of Air  

Conditioning Facilities by Aquifer Thermal Energy Storage 
Masatoshi YAMAGUCHI, Mutsumi YAMAYA,  

Masahiko KATSURAGI (Japan Groundwater Development CO., LTD.)    40 

Estimating Ground-Source Heat Potential Using Terrestrial Fluid-Flow Modeling Techniques 
Junya TAKESHIMA (OYO Corporation)    46 

Technological Development of Ground Source Heat Pump that Uses Direct Expansion Method 
Tetsuaki TAKEDA (University of Yamanashi)    54 

 
Calendar    61 
Announcements    62 
Note from the JHTSJ Editorial Board    81 



 
 

2021 4  - 1 - J. HTSJ, Vol. 60, No. 251 

 
 
 
 
 
 
 
 
 

100m 150

10

1 2 

 

2010 3
2012 3

2014 4

 

 

NPO

HP

 

 
 

 

 
Preface to the Special Issue on Latest Utilization Technology of Ground Source Heat” 

 
Tetsuaki TAKEDA (University of Yamanashi) 

e-mail: ttakeda@yamanashi.ac.jp 



 
 

2021 4  - 2 - J. HTSJ, Vol. 60, No. 251 

 
 
 
 
 
 
 
 
 

 
5

2018
50

[1]

 

2020 60,000TJ 12kWt
646 2015 1.9

[2]

2018
480GWth

[3]  
2000

2017
GSHP 2,662

NEDO

 
 

 

2020 GSHP 2

DOE
2012 GSHP

[4]

 
DOE 2012 2016

GSHP

GSHP 2030
10%

[5]  
2009 2013

Ground Med [6]
GSHP

COP GSHP
8

 
Technology Development of Renewable Heat 

 
Satoko TANIGUCHI (New Energy and Industrial Technology Development Organization) 



 
 

2021 4  - 3 - J. HTSJ, Vol. 60, No. 251 

Horizon2020
GSHP

25
[5]

 
 

1  

 
 

NEDO

 

NEDO 2019
[7]

“

”
 

2000 2017 GSHP

2005 2000 2017
3

1
 

NRW  

NRW
2002 100

2005
GSHP

2005

 

2 NRW  
NRW  



 
 

2021 4  - 4 - J. HTSJ, Vol. 60, No. 251 

NRW GSHP

NRW

 

GSHP
2020

3.2  

2014
4

NEDO

2014
5 2019

 

20 15
2

1
20%

 

2 NEDO

ZEB

6
5 18

 



 
 

2021 4  - 5 - J. HTSJ, Vol. 60, No. 251 

3

 

ZEB ZEH
ZEB AI

 
2020

TRT

2023
TRT

 

ZEB ZEH

NEDO

 

2030
1,341 kL 55 kL

667 kL 618 kL
[8]

 

 
NEDO

 

10 1



 
 

2021 4  - 6 - J. HTSJ, Vol. 60, No. 251 

2050

 
 

[1] IEA, Renewables 2019 Market analysis and forecast 
from 2019 to 2024 (2019) 

[2] John W. L and Aniko N. T, Direct Utilization of 

Geothermal Energy 2020 Worldwide Review, World 
Geothermal Congress 2020 (2020) 

[3] Werner W. and Monika S., SOLAR HEAT 
WORLDWIDE IEA Solar Heating & Cooling 
Programme (2019) 

[4] U.S. Department of Energy, Research and 
Development Roadmap: Geothermal (Ground-
Source) Heat Pumps (2012) 

[5] , 

29
2018  

[6] Dimitrios M., Constantine K., and Marcel R., The 
European Project Ground-Med “Advanced Ground 
Source Heat Pump Systems for Heating and Cooling 
in Mediterranean Climate”, World Geothermal 
Congress 2010 (2010) 

[7] 

, 2019
2020  

[8]  
2015  

 



 
 

2021 4  - 7 - J. HTSJ, Vol. 60, No. 251 

 
 
 
 
 
 
 
 
 

5

 

1  

 
1  [1] 

9

 

39
90

62 [2]  

 

20

2004 10

 
Trends of Industry for GSHP Systems  

NPO   
Masakatsu SASADA (GeoHeat Promotion Association of Japan) 

e-mail: geohpaj@geohpaj.org 



 
 

2021 4  - 8 - J. HTSJ, Vol. 60, No. 251 

5 10kW 5 500 kW
 

- -
-

 

CO2

 

HFC

 

PE100

 

U
2

U
1

2000

 

U 3
1

PHC

4 U

-
 

 

 

 



 
 

2021 4  - 9 - J. HTSJ, Vol. 60, No. 251 

U

[3]
 

PHC

U

 

 

80m 120m

300m 350m

 

[2]

 

2

2019

 

 

Ground Club
LCEM

 



 
 

2021 4  - 10 - J. HTSJ, Vol. 60, No. 251 

TRT  

TRT

(TRT) [2]
TRT

TRT
TRT  

TRT
2020 19

25 TRT
2  

REPOS

11

 
2014 5

NEDO

2019 NEDO
 

JRA
JIS

JIS ISO
 

ANSI CSA
 

[4]

 

 

3

 



 
 

2021 4  - 11 - J. HTSJ, Vol. 60, No. 251 

2013

web
2016

web

web
2021 4
web

 
web

web

 
web

 

2009
1000

[5]

Ground Club

[4]
web

 

2014

2020 117 107
 

 
2 TRT

 [2]  

 

CO2

50

 

 

 



 
 

2021 4  - 12 - J. HTSJ, Vol. 60, No. 251 

 

 

 

2020  

2000

2010
2011

2015
2010

 

2014 2018 NEDO

2020
2020 2050

10

 

 
 

[1] 30

https://www.env.go.jp/press/106636.html 
[2] http://www.geohpaj.org/
[3] 

 
(2014). 

[4] 
 

https://www.mlit.go.jp/common/001016159.pdf 
[5] 

2  
(2020). 

 
 

 



 
 

2021 4  - 13 - J. HTSJ, Vol. 60, No. 251 

 
 
 
 
 
 
 
 
 

2014 5
6

NEDO

GSHP
20 GSHP

[1]  
 

1
BHE U-tube  

2
 

3 GSHP
 

4
 

 

 

Fig. 1

3

85m
1/v [min/m]

Heavy
Middle Light 3 90Hz

 
Fig. 2 90N

1/v 2 min/m
Middle 67Hz

1/v 0.9 min/m 55%
30%

2.5
 

Fig. 1(b)

Fig. 1(c)

3 1

AI
On-line

 

BHE Rb[m K/W]
Rb  

 
R&D Aimed for Low-Cost and High-Efficient Closed-Loop Ground Source Heat Pump System,  
Design & Performance Prediction Tool and Potential Evaluation System Using Geoinformation 

 
 

 
Katsunori NAGANO (Hokkaido University) 

e-mail: nagano@eng.hokudai.ac..jp 



 
 

2021 4  - 14 - J. HTSJ, Vol. 60, No. 251 

 
 
 
 
 
 
 
 
 
 
 
 
(a) Outside view of the drilling machine     (b) Schematic diagram              (d) Transferring mode 

 
 

 
 
 
 
 
 

 
Fig. 2 Comparison of drilling time for unit depth 
 

 
Fig. 3

U
Fig. 4 30A

HDPE
U

30A U
2 U

 30A  U 
Fig. 5 3

25A
U 30A U

g 1.7 
W/(m K) 25A U

BHE Rb 0.13 m K/W
30A U BHE Rb

0.10 m K/W 23%
25A

U 30A U

 

 
Fig. 3 Section of 25A normal and 30A oval shape 
single U-tube in BHE  

 
Fig. 4 30A Oval shape HDPE pipe, and oval single 
and oval doble U-tubes 
   
 
 
 
 
 

Table 1 Comparisons of Rb 

(c) Remote controller 

0.9 1.7 2.5
 Rb0 0.19 0.13 0.10
 Rb1 0.15 0.10 0.08

 Rb0/Rb1 0.79 0.82 0.85

U-tube g (W/(m K))

Oval Rb1
Ratio Rb1 /Rb0

Normal Rb0

Rb Table1

Fig. 1 Developed automatic drilling rod changing system and a vibration drill head 

(a) Fluid domain (b) BHE domains   (c) Soil domain 
Fig. 5 Calculation model of Rb for BHE by FEM 



 
 

2021 4  - 15 - J. HTSJ, Vol. 60, No. 251 

60kW HP
30kW

30kW
60kW Fig. 6

9 kW~80 kW

COP
4.30 4.51

30 kW
HP

65 75 COP 4.17
3.65  

 
 
 
 
 
 
 
 

 

HP
GSHP

ON-OFF
Fig. 7

Fig. 8  
 
 

 
 
 
 
 
 
 
 
 
Fig. 8 Interface of GSHP simple controller 

GSHP

BHE
GSHP

HR-GSHP
HR-GSHP 

Fig. 9

Fig.7 GSHP simple controller Fig. 6 60 kW type HP unit 

Table 2 Performances of a developed 60 kW type HP 
unit consists of a non-inverter and an inverter driven HP 

 
 
 
 
 
 

 

Table 2



 
 

2021 4  - 16 - J. HTSJ, Vol. 60, No. 251 

HR-GSHP

ASHP 
HR-GSHP 

GSHP 
Fig. 10

Fig. 11 BHE
GSHP 

GSHP 
BHE 10 1,000 m

GSHP 15%
LCC Fig.12

BHE
10 20 7 
10 LCC 5,300 

HR-GSHP
GSHP HR-GSHP Fig. 13

HR-GCHP
23 % 20 %

GSHP
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9 Concept of repeating heat extraction and heat 
release for Heat Recovery Ground Source Heat Pump 
(HR-GSHP) system with short cycle hours 

 
Fig. 10 HR-GSHP system for food factory 
 

 

 
Fig. 12 LCC for 10 years and simple payback period 

 
Fig. 13 Comparisons of operation and initial costs 
 

GHE
2007

Fig. 11 Heat load of GSHP for BHE numbers 



 
 

2021 4  - 17 - J. HTSJ, Vol. 60, No. 251 

GSHP
Ground Club GC

Visual Basic
 [2]

10
Version up

JAVA
GUI

Fig. 14 (a) (c) Version
Ground Club Cloud (GCC)

. 
 

 
(a) Appearance of GUI of “Ground Club Cloud” 

 
(b) Possibility for multi heat source system 

 
(c) Variety of BHE to spiral type heat exchanger 

Fig.14 New functions of “Ground Club Cloud (GCC)” 

Fig.15

6300
8

3
8

250 m 250 m 1 m
8

Ground Club 3
BHE 3 GSHP

APF BHE
Fig. 15

APF

Fig. 16 (a) APF 4.0 BHE
10 km

BHE 120 m 140 m
Fig. 16 (b), (c)

BHE 500 m
 [3] BHE 80

100 m, 60 80 m, 
80 100 m 60

80 m  



 
 

2021 4  - 18 - J. HTSJ, Vol. 60, No. 251 

 
Fig. 15 Production process of some potential maps 
for shallow ground thermal energy resource 

 
(a) Whole Japan (10km grid) 

 
(b) Kanto area (500m grid) 

 
(c) Noubi and Osaka plane (500m grid) 

 
Fig. 16 Distributions of needed BHE length for 
standard detached houses in each climate zone [3] 

2014 2018 5 NEDO

4

U
60kW

HR-GSHP

20 %
GSHP

 
 

2014 2018 5 NEDO

NEDO

 
 

[1] NEDO: 

26 30 , NEDO 
(2019). 

[2] K. Nagano, T. Katsura and S. Kindaichi: 
Development of a design and performance 
prediction tool for the ground source heat pump 
system, Applied Thermal Engineering, 26, 14–15, 
1578-1592 (2006). 

[3] Y. Sakata, T. Katsura, K. Nagano: 500m gridded 
estimation of required length for a closed type 
borehole heat exchanger in ad ground-source heat 
pump system, J. JSCE, Ser. G (Environmental 
Research), 75, 5, I_177 - I_183 (2019). 



 

 

2021 4  - 19 - J. HTSJ, Vol. 60, No. 251 



 

2021 4  - 20 - J. HTSJ, Vol. 60, No. 251 



 

2021 4  - 21 - J. HTSJ, Vol. 60, No. 251 



 

2021 4  - 22 - J. HTSJ, Vol. 60, No. 251 



 

2021 4  - 23 - J. HTSJ, Vol. 60, No. 251 



 

2021 4  - 24 - J. HTSJ, Vol. 60, No. 251 



 

2021 4  - 25 - J. HTSJ, Vol. 60, No. 251 



 

2021 4  - 26 - J. HTSJ, Vol. 60, No. 251 



 
 

2021 4  - 27 - J. HTSJ, Vol. 60, No. 251 

 
 
 
 
 
 
 
 
 

 

BACH
2013 10

[1]

30m

m

+1
2
16

 

1990
  

2002
[2], 

[3] [1]
BACH

 
 

BACH  

 
 

 

15 40m
1.5W/(m K)

3MJ/(m3 K)

16  
1

m
m

Introduction of Developments of Snow Melting and Air Conditioning Technologies 
Utilizing Shallow Geothermal Energy 

 
Niro NAGAI (University of Fukui)  

e-mail: nagai u-fukui.ac.jp  



 
 

2021 4  - 28 - J. HTSJ, Vol. 60, No. 251 

100 300W/m2

/m2

 
1

1

 

 

3

[4], [5]

 

[6], 
[7]

1

 

[1]
 

 

 

(b)  
1  

 

(a)  

2 BACH 

CPU



 
 

2021 4  - 29 - J. HTSJ, Vol. 60, No. 251 

2012 10
[8]  

2007

[9] 2 2

 
2007

Bubble-Actuated Circulating Heat pipe
BACH [10]  

m
m

2007 BACH
2

BACH
BACH

2

BACH

[11], [12]
[13], [14]

BACH

 

3
m

10

[15]

BACH
[16]  
BACH 4m 15A

SUS304 4

-1.7
3.0 60cm

BACH

BACH

N

O

N

O

3m 6.8m 

water 
BACH 

(ground surface) 

undergroun
d soil 

concrete 
wall 

snow melting panel 
1m × 1m steel top 

snow 

 

0.8m 

3

BACH installed 

thermosiphon installed 

4 2009 12



 
 

2021 4  - 30 - J. HTSJ, Vol. 60, No. 251 

0
 

5m m
16

30 0

 
5

BACH 2
BACH

2

BACH 5
1

 
BACH

2m 4m 6m 3
BACH 1

300W
100W

100%
 

3m
2.2m 4.5m BACH

8 [17] 2
1 4m 1 6m

BACH 8
100 150W 50W

BACH

 
 

2014 2018 NEDO

[18] [21]  

ASHP
ASHP

GSHP

COP
GSHP

GSHP 100m

GSHP

H

5m

:
:

:
:

16

5

:
:

5 BACH  



 
 

2021 4  - 31 - J. HTSJ, Vol. 60, No. 251 

 
2015 6

5m  H
GSHP

GeoSIS HYBRID
HYS-AG08WX ASHP GSHP

HP
ASHP 5.0 kW GSHP 3.0kW

HP
5 ASHP

5 ASHP GSHP
ASHP GSHP

 
 

8

H
8/14

H

ASHP

GSHP

ASHP

GSHP

 
6 HP  

 
5m

2015
1

SCOP=3.29 ASHP COP 3.81 GSHP
COP 3.11

 
HP  

GSHP  
 

HP

 
6

SCOP 0.5 3.81
1 2

HP HP

SCOP
 

 
 

NEDO
JST A-STEP

 

[1] BACH
52-221 (2013)

pp.27-32  
[2] 

46 - 
196 (2007) pp.38-41  

[3] 

112 – 1087 (2009) pp.456-457  
[4] 



 
 

2021 4  - 32 - J. HTSJ, Vol. 60, No. 251 

(B ) 76 - 767 (2010) pp. 1090-1101  
[5] Nagai, N., Takeuchi, M., Yamahata, S., Miyamoto, 

S., Yamazaki M., Geothermal Snow-Melting 
System Utilizing Solar Heat Storage into 
Underground through Seasons, Proc. 7th 
International Conference on Snow Engineering, 
(2012), pp.337-352. 

[6] 

2010
G0600-4-4 (2010) pp.1-2  

[7] 

58
B011 (2021) pp.1-3  

[8] 
51-217 (2012) pp.14-19  

[9] 
4771964  (2011)  

[10] Nagai, N., Iwamoto, A., Onishi, T., Shingu, H., 
Advances and Opportunities in Bubble-Actuated 
Circulating Heat Pipe (BACH), Frontiers in Heat 
Pipes, 1 - 2 (2010), pp.1-7. 

[11] 
(BACH)

 2011
G060023 (2011) pp.1-5  

[12] Nagai, N., Asano, M., Tottori, S., Development of 
Top-Heat Type of Bubble-Actuated Circulating 
Heat Pipe (BACH) and its Heat Transport 
Characteristics, Proc. 3rd International Forum on 
Heat Transfer, (2013), pp.1-3. 

[13] 
BACH

C115 (2016) pp.1-2  
[14] 

BACH
55

D012 (2018) pp.1-5  
[15] 

27 - 3 (2010) pp.271-279  
[16] 

BACH 
50

II (2013) pp.428-429  
[17] 

BACH
19

E225 (2014) pp.1-4  
[18] 

92-1071 (2017)
pp.15-21  

[19] 

E122 (2018)
pp.1-6  

[20] 

E123 (2018) pp.1-6  

56
J113 (2019) p.1  

 
 



 
 

2021 4  - 33 - J. HTSJ, Vol. 60, No. 251 

 
 
 
 
 
 
 
 
 

10 15 m 

1 T-s
1(a)

1(b)
T-s

3

 

[ 1-3]  

 
1  

 
 

NEDO
2014 2018

20%
20%

[4]
2019 30%

[5]

 
Hybrid Air-Conditioning System and Ground Heat Exchanger for Effective Use of Ground Heat 

 
Akio MIYARA (Saga University) 

e-mail: miyara@me.saga-u.ac.jp 

 

 
(a)  

 

 
(b)  

T

s
1s4s3s

kp

op

T

s
1s4s3s

kp

op



 
 

2021 4  - 34 - J. HTSJ, Vol. 60, No. 251 

2006
20 m

[12-14]

 
 

COP

[15]

 

2

 
 

 

3
1 1.8 m 1.8 m 2

3
 

 

 
2  

 

 

[6-9]

[10,11]



 
 

2021 4  - 35 - J. HTSJ, Vol. 60, No. 251 

[16]  
4

 
5 COP

COP  
 

 

 
 

4  
 

5
COP  

6
 

Hybrid
COP Air

1.5
1.2

Hybrid COP Air

Hybrid COP
Qeva W

6
Hybrid

Air
Air

Hybrid  



 
 

2021 4  - 36 - J. HTSJ, Vol. 60, No. 251 

COP
7

CQ HQ

compL pumpL
COPnet  

COP H compC
net

comp pump comp pump

Q LQ
L L L L

      (1) 

pumpL

HQ pumpL
COP  

COP H H comp
net

comp pump pump

Q Q L
L L L

        (2) 

(1) (2) COP COPnet net

H net pumpQ COP L
V p

COP  

0H netQ COP V p             (3) 

 

 0H
net

H H

Q V p pCOP
Q Q p

         (4) 

  
 

 
7  

 

2006 3

U

[12] 8(a) U

4  
8(b)

U

U 4 L/min
8 L/min  

 

U  
(a)  

 

 
(b)  

8  

QH

QC

Lcomp

Lpump



 
 

2021 4  - 37 - J. HTSJ, Vol. 60, No. 251 

U

 

 
 

 
(a) U  

 

 
(b)  

9  

10(a) (b)
[13]

10(b) 2

32%

 
 

 
(a)  

 

 
(b)  

10  
 

wQ

sQ

9 U
[17] 10m

17.7 27
U

 



 
 

2021 4  - 38 - J. HTSJ, Vol. 60, No. 251 

 

 
11

 
 

[18] 12(a) (b)

7

Case 4

23%

 
 

 
(a)  

 
(b)  

12  
 

11 27 7 L/min

2 L/min U
COPnet = 1 (3)

COP  



 
 

2021 4  - 39 - J. HTSJ, Vol. 60, No. 251 

 
 

[1]  Ishiguro, S., Takeda, T., Murata, Y., Aoki, T., Yoda, 
O. and Okubo H., Study on Ground Source Heat 
Pump That Use Direct Expansion Method Using 
Foundation Pile, Trans. of the JSRAE, 35-4 (2018) 
359. 

[2] 

32-
3 (2015) 335. 

[3] Lusia, U., Simonetti, M., Chiesa G. and Grisolia G., 
Ground-Source Pump System for Heating and 
Cooling: Review and Thermodynamic Approach, 
Renewable and Sustainable Energy Reviews, 70 
(2017) 867. 

[4] https://www.nedo.go.jp/activities/ZZJP_100067.ht
ml 

[5] https://www.nedo.go.jp/activities/ZZJP_100154.ht
ml 

[6] 

(2020) A334. 
[7] 

(2020) 
A341. 

[8] 
(2018) E111. 

[9] 

(2019) B331. 
[10] 

(2020) A343. 
[11] , 

(2019) B333. 
[12] Jalaluddin, Miyara, A., Tsubaki, K., Inoue, S., 

Yoshida, K., Experimental study of several types of 
ground heat exchanger using a steel pile foundation, 
Renewable Energy, 36-2 (2011) 764.  

[13]  Jalaluddin, Miyara, A., Thermal performance 
investigation of several types of vertical ground heat 
exchangers with different operation mode, Applied 
Thermal Engineering, 33-34 (2012) 167. 

[14]  Ali, Md. H., Kariya, K. and Miyara, A., Performance 
Analysis of Slinky Horizontal Ground Heat 
Exchangers for a Ground Source Heat Pump System, 
Resources, 6-4 (2017) 56. 

[15] http://www.geohpaj.org/info/potential  
[16]  +

37-3 (2020) 275. 
[17] Jalaluddin, Miyara, A., Thermal Performances of 

Vertical Ground Heat Exchangers in Different 
Conditions, J. Engineering Science and Technology, 
11-12 (2016) 1771.  

[18] Ali, Md. H., Miyara, A., Analysis of Optimum 
Slinky Loop Arrangement for Horizontal Ground 
Heat Exchanger, 34-4  
(2017) 473.  

 



 
 

2021 4  - 40 - J. HTSJ, Vol. 60, No. 251 

 
 
 
 

 

2050

2050

 
1

 

[1]

2018
1965 17,545MJ/ 31,320MJ/
1.8

7  
JGD

 
JGD

 
 

1963 38
38

[2]

 
 

1

 
Snow-Melting Technology by Groundwater and Ground Source Heat 

and the Example of Air Conditioning Facilities by Aquifer Thermal Energy Storage 

 
Masatoshi YAMAGUCHI, Mutsumi YAMAYA, Masahiko KATSURAGI (Japan Groundwater Development CO., LTD.) 

e-mail: yamaguchi@jgd.jp 

1



 
 

2021 4  - 41 - J. HTSJ, Vol. 60, No. 251 

SGP-  15A 16

1  

cm

1
2

 

2 JGD
930m2 [3]

2018/2019

100k /
110 /m2

15

 

3

25
U 2

100 /  

3

 

1

2  
2021/1/9 9 00  -6  

2  

3



 
 

2021 4  - 42 - J. HTSJ, Vol. 60, No. 251 

4 .
12

30cm/
1 2 10cm/

U

[4]  

 

4
U 5

U
[5]  

3  
2020/2/7 15 00  -2  

 

4

5 U  

4



 
 

2021 4  - 43 - J. HTSJ, Vol. 60, No. 251 

Aquifer Thermal Energy Storage
ATES

1990
2015 3000

[6]  
JGD ATES

1 1973

2011
 

 
1 JGD  

1974   
1975  

 
1983  

 
1998  

2002  
5

 
2009  

 
2011  

2013  

 
2014  

2018  NEDO

JESC

 
2020  

 
NEDO

JESC ZEB

 
 

 
2

 

 
 

ATES

ATES

[7] ATES

Hi-ATES High-Efficiency Aquifer 
Thermal Energy Storage 2014
2018 [8-9]

5 6
7  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2
 



 
 

2021 4  - 44 - J. HTSJ, Vol. 60, No. 251 

180m2

2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 HI-ATES  
   

 150mm 
72m 4  40 68  

 
30kW

1  
 

 
1.5kW 1

 
 

 0.75kW 1
 

 

 
10kW 6   

 SGP15A 20cm
416 2 

 

4
4

2017
8 10

22
16

1
 

2
9

100

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7 Hi-ATES  
3 4  

6 Hi-ATES  

8  



 
 

2021 4  - 45 - J. HTSJ, Vol. 60, No. 251 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CO2

 

[1] 2020 (2020) 115  
[2] 2

1997 194  
[3] 

CD,vol.35 (2019) 
[4] 

25 , 
, 29  (2014) 102. 

[5] Masatoshi Y, Masahiko K Thermal Efficiency of 
the Borehole Heat Exchanger Built with Drilling 

Mud FEFLOW2015 Conference USB 2015  
[6] 

 (1980).
https://www.env.go.jp/water/jiban/pdf/ATES_pam
phlet_202003.pdf 

[7] 
( ) 24 

 
, (2013)  

[8] 
 

 
(2018)  

[9] 
, , Vol.83 (2019) 

528. 
 

9  

3,000

2,500

2,000

1,500

1,000

500

0

500

1,000

1,500

2,000

2,500

3,000
MJ/day MJ/day (MJ/day)

MJ/day



 
 

2021 4  - 46 - J. HTSJ, Vol. 60, No. 251 

 
 
 
 
 
 
 
 
 

200m

15m

GSHP(Ground Source Heat 
Pump system)

 

 

1[1] U
U

 

2014 [2]
2015 [3]

 

 

1 [1] 

 
 

Estimating Ground-Source Heat Potential Using 
Terrestrial Fluid-Flow Modeling Techniques 

 
Junya TAKESHIMA (OYO Corporation) 

e-mail: takeshima-junya@oyonet.oyo.co,jp 



 
 

2021 4  - 47 - J. HTSJ, Vol. 60, No. 251 

 
3  

3
50m, 

1m 150m
 

 

 
2  

2

COP

/  
2

3

 
 

 
2  

 

 
1.5 km2

 
 

3



 
 

2021 4  - 48 - J. HTSJ, Vol. 60, No. 251 

 
3 [4] 

 

3
GEO-CRE

4 GEO-CRE 3
 

 
4 3 GEO-CRE  

 

22

6000

N

3

N
3

2008 IDW Inverse Distance Weighted
IDW

 
4 4

 
 

 
4 [4] 

 



 
 

2021 4  - 49 - J. HTSJ, Vol. 60, No. 251 

GETFLOWS GETFLOWS

3

Integral Finite Difference Method IFDM

1 2

 
5

6 

5  
[5] 

 

100m

18 20

14
 

 
6 100m [5] 

 

100m U
7 3
125  

7 [5] 



 
 

2021 4  - 50 - J. HTSJ, Vol. 60, No. 251 

1.0 10-2cm/s 0.4
3,000J/kg/K 2.0W/m/K

3

30L/min
50W/m 5

8 8
Thermal Response Test TRT

 

 
8 [5] 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

9
 

10 100m

1.2 1.8W/m/K
2.0W/m/K

 
 
 
 

 
 
 
 
 
 
 
 
 

9 [5] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10 100m [5] 



 
 

2021 4  - 51 - J. HTSJ, Vol. 60, No. 251 

28 1

3
6 5 6 1

 
 

1  
 
 kW  kW  

3 9.3 4.3 
4 10.8 5.1 
5 9.2 6.2 
6 8.5 6.7 

 
 

COP = 0.07× + 3.4 
COP = -0.16× +9.067 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.1
COP

 
50m,75m,100m 3

11

COP

COP  
 
 
 
 
 
 
 

11 [5] 
 

COP
COP

12 13
COP 12 13

100m COP  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 12 COP 100m [5] 

COP 3.5  
5.5 COP

COP

COP
COP



 
 

2021 4  - 52 - J. HTSJ, Vol. 60, No. 251 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

COP
COP

14
COP 3.5 5.5
14 COP

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

15
100m

50m  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

13 COP 100m [5] 

14 [5] 



 
 

2021 4  - 53 - J. HTSJ, Vol. 60, No. 251 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3

 
1)

3

 
2)

 
3)

100m

50m

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NEDO
26 30

 

[1] 
3(2015). 

[2] 
1 

GIS
32

4 229-239(2010). 
[3] 

37 4 133-141(2015). 
[4] 

(3)
(2019). 

[5] NEDO /

/

26 31
93-253(2019). 

15 [5] 



 
 

2021 4  - 54 - J. HTSJ, Vol. 60, No. 251 

 
 
 
 
 
 
 
 
 

Ground Source 
Heat Pump GSHP

[1] 28 3
[2]

GSHP

23
NEDO

[3]
Fig. 1 GSHP

1 2
 

 

 
Fig. 1 Flowsheet of typical GSHP 

1
GSHP

20

GSHP

[4-6]  
GSHP

GSHP

 
24 28

GSHP

GSHP
[7-15] [16, 17]

GSHP
Air Source Heat Pump ASHP

R410A R32

 
Technological Development of Ground Source Heat Pump 

that Uses Direct Expansion Method 

 
Tetsuaki TAKEDA (University of Yamanashi) 

e-mail: ttakeda@yamanashi.ac.jp 



 
 

2021 4  - 55 - J. HTSJ, Vol. 60, No. 251 

 
 

Fig. 2 ASHP

 
 

Refrigerant : R410A
Cooling : 6.8kW
Heating : 9.0kW

Borehole : 30m, Material : Cupper
Diameter : 1/4inch- 5tubes, 3/8inch-1tube

Underground 
heat exchanger

Power : 4kW
Cooling : 27
Heating : 20

Indoor unit

Replace

 
Fig. 2 Schematic drawing of experimental apparatus 

using boreholes 
 

30 m
105.3 mm

SGP 

5 6.35 mm 1
9.52 mm U

9.52 mm
SGP

R410A 6.95kg
1kg 4kW

2.2kW 38m2 26m2

38m2

4kW 1
[18, 19]   

4

Coefficient of 

Performance COP
30 m

1.69 W/(m K) 0.08 
K/W 18.3  

Fig. 3
COP

5 1  
 

0

0.2

0.4

0.6

0.8

1

0

2

4

6

8

10

12

14

16

18

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00

Po
w

er
  C

on
su

m
pt

io
n(

kW
h)

O
ut

pu
t P

ow
er

(k
W

)
C

O
P

Operating  Time

Output Power COP Power Consumption

Refrigerant flow 
direction : 5 1

Ave. COP =13

Ave. Output power = 3.8kW

Ave. Power consumption = 0.3kWh

 

Fig. 3 Changes of COP, output power, and power 
consumption in cooling operation 

 
27 24

COP 12
COP 16

24 COP 11 12 24
3.8 kW COP

13 0.3 kW

5

20 m 30 m
2 MPa 2.5 



 
 

2021 4  - 56 - J. HTSJ, Vol. 60, No. 251 

MPa
 

Fig. 4
COP

1 5
 

 

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0

0
1
2
3
4
5
6
7
8
9
10

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00

Po
w

er
  C

om
su

m
pt

io
n(

kW
h)

O
ut

pu
t P

ow
er

(k
W

)
C

O
P

Operating Time

Output Power COP Power Comsumption

Refrigerant flow 
direction : 1 5

Ave. Output power = 3kW

Ave. COP = 7

Ave. Power consumption = 0.4kWh

 
Fig. 4 Changes of COP, output power, and power 

consumption in heating operation 
 

4 kW
0.5 kW

24 2.9 
kW COP 7.4 0.4 kW

COP COP
8

GSHP [20-22]
 

 

GSHP

GSHP
10 15 m

[23-27]

[28-32] COP

 
Fig. 5

12 115 mm
100 mm 10 m

 
 

 

Fig. 5 Schematic drawing of experimental apparatus 
using foundation pile pipes 

 
1

4.0 mm 3.2 mm 10 m 2
4.0 mm 3.2 mm 10 m

U 1
4

3 12
4.0 kW

4.5 kW 1
R32 1.8 kg

15.3 m2  
Fig. 6

 



 
 

2021 4  - 57 - J. HTSJ, Vol. 60, No. 251 

27 COP
1

3.1 3.3 kW 0.72 0.77 kW
COP 4.3

9 40 10 30 50 COP
4.7 2.79 kW

0.59 kW 15 40
16 30 50 COP 4.4

2.76 kW 0.62 
kW

2.8 kW
0.6 

kW
 

 

 
Fig. 6 Changes of COP, output power and power 

consumption in cooling operation 
 

 

Fig. 7 Changes of COP, output power and power 
consumption in heating operation 

 
Fig. 7

20 COP
8 50 9 40

50 COP 5.0
3.66 kW 0.74 kW

14 40 15 30 COP
4.8 3.44 kW

0.72 kW
3.4~3.6 kW 0.7 

kW  
 

GSHP

10 15 kW GSHP

GSHP

[33, 34]
1  

Fig. 8 GSHP
216 m2 12.5 

kW 14.0 kW GSHP 2
3

3
1

3

 
 

 
Fig. 8 Schematic drawing of GSHP system 

   
1 15.87 mm 3

9.52 mm U



 
 

2021 4  - 58 - J. HTSJ, Vol. 60, No. 251 

3 1 1
3

 
Fig. 9
18 kW

3.7 4.4 kW

COP 4
COP 3.2

 
 

 
Fig. 9 Performance in cooling operation 

 

 
Fig. 10 Primary energy consumption and carbon 

dioxide emissions in cooling operation 
 

Fig. 10
ASHP GSHP 1

43
ASHP 3276 kWh GSHP 2615 kWh

661 kWh

842 L
672 L 170 

L
ASHP 1252 kg-CO2 GSHP 999 kg-CO2

253 kg-CO2

20.2  
Fig. 11
16 kW

5 kW COP 3.4
COP

800 m

16.3 
kW 14 kW 16 %

 
 

 
Fig. 11 Performance in heating operation 

 

Fig. 12 Primary energy consumption and carbon 
dioxide emissions in cooling operation 

 
Fig. 12 A

GSHP 1

 

 



 
 

2021 4  - 59 - J. HTSJ, Vol. 60, No. 251 

70
A 3635 L

GSHP 2049 L 1586 L
43.6 

A 9635 kg-CO2 GSHP
3276 kg-CO2 6359 kg-CO2

66.0 %

 
 

GSHP
Fig. 2 5 8

7 15 m

20 30 m Fig. 2

ASHP

 
GSHP

 
 

 

[1] http://www.env.go.jp/press/106636.html 
[2] https://www.pref.yamanashi.jp/kankyo-ene/docu

ments/03_yamanashi_energy_vision.pdf 
[3] https://www.nedo.go.jp/activities/ZZJP_100043.h

tml 
[4] Takeda, T., et al., Proc. of the 3rd Int. Forum on 

Heat Transfer, Paper No. IFHT2012-123 (2012). 
[5] Tsutsumi, K., et al., Proc. of the 8th World 

Conference on Experimental Heat Transfer, Fluid 
Mechanics, and Thermodynamics (2013). 

[6] Ohashi, A., et al., Proc. of the 25th Int. 
Symposium on Transport Phenomena, Paper No. 
26 (2014). 

[7] Ishiguro, S., et al., Proc. of the 24th Int. 
Symposium on Transport Phenomena (2013). 

[8] Takeda, T., et al., Proc. of the 15th Int. Heat 
Transfer Conference, IHTC15-8940 (2014). DOI 
10.1615 IHTC15.acr.008940 

[9] Takeda, T., et al., Proc. of the Int. Conf. on 
Refrigeration, ICR2015 ID:477 (2015). 

[10] Takeda, T., et al., Proc. of the Int. Conf. on Power 
Engineering-15 (2015). 

[11] Watanabe, A., et al., Proc. of the 26th Int. 
Symposium on Transport Phenomena, Paper 
No.75 (2015). 

[12] Ishiguro, S. and Takeda, T., Proc. of the 29th Int. 
Symposium on Transport Phenomena, 
ISTP29-132 (2018). 

[13] Ishiguro, S. and Takeda, T., Proc. of the 16th Int. 
Heat Transfer Conference, IHTC16-23415 (2018). 
DOI 10.1615 IHTC16.nee.023415 

[14] Watanabe, S., et al., Proc. of the 9th Asian Conf. 
on Refrigeration and Air Conditioning, 
ACRA2018-D116 (2018). 

[15] Vol.37, 
No.3, pp.293-300 (2020). 

[16] Marumo, Y., et al., Proc. of the 9th Asian Conf. on 
Refrigeration and Air Conditioning, 



 
 

2021 4  - 60 - J. HTSJ, Vol. 60, No. 251 

ACRA2018-D115 (2018). 
[17] Nishizawa, R., et al., Proc. of ICR2019 - The 25th 

IIR Int. congress of refrigeration, ID: 647 (2019). 
DOI: 10.18462/iir.icr.2019.647 

[18] Ishiguro, S., et al., Proc. of the 8th Asian Conf. on 
Refrigeration and Air Conditioning, 
ACRA2016-146 (2016). 

[19] Ishiguro, S., et al., Proc. of the 12th Int. Conf. on 
Heat Transfer, Fluid Mechanics and 
Thermodynamics, HEFAT2016, pp.42-46 (2016). 

[20] Endo, T., et al., Proc. of the 8th Asian Conf. on 
Refrigeration and Air Conditioning, 
ACRA2016-143 (2016). 

[21] Endo, T., et al., Proc. of the 12th Int. Conf. on 
Heat Transfer, Fluid Mechanics and 
Thermodynamics, HEFAT2016, pp.1515-1519 
(2016) 

[22] Ishiguro, S. and Takeda, T., Academia Journal of 
Environmental Science 6(5): pp.121-128 (2018). 
DOI: 10.15413/ajes.2018.0118. 

[23] Ishiguro, S., et al, Trans. of the Japan Society of 
Refrigeration and Air Conditioning Engineers 
(2018). doi: 10.11322/tjsrae.18-43AC_OA 

[24] Takeda, T., et al., Proc. of the 16th Int. Heat 
Transfer Conference, IHTC16-23590 (2018). DOI 
10.1615 IHTC16.nee.023590 

[25] Ishiguro, S., et al., Proc. of the 9th Asian Conf. on 
Refrigeration and Air-conditioning, 

ACRA2018-D114 (2018). 
[26] Aoki, T. et al., Proc. of ICR2019 – The 25th IIR 

Int. congress of refrigeration, ID: 905 (2019). 
DOI: 10.18462/iir.icr.2019.905 

[27] Vol.37, 
No.3, pp.285-291 (2020). 

[28] Funatani, S. and Takeda, T., Proc. of the 24th Int. 
Symposium on Transport Phenomena, Paper No. 
106 (2014). 

[29] Funatani, S. and Takeda, T., Proc. of the 26th Int. 
Symposium on Transport Phenomena, Paper 
No.146 (2015). 

[30] Amano, S., et al., Proc. of the 8th Asian Conf. on 
Refrigeration and Air Conditioning, 
ACRA2016-175 (2016). 

[31] Amano, S., et al., Proc. of the 12th Int. Conf. on 
Heat Transfer, Fluid Mechanics and 
Thermodynamics, HEFAT2016, pp.867-870 
(2016). 

[32] Funatani, S. and Takeda, T., Proc. of the 12th Int. 
Conf. on Heat Transfer, Fluid Mechanics and 
Thermodynamics, HEFAT2016, pp.157-159 
(2016). 

[33] Okazawa, R., et al., Proc. of ICR2019 - The 25th 
IIR Int. congress of refrigeration, ID: 649 (2019). 
DOI: 10.18462/iir.icr.2019.649 

[34] Takeda, T. and Okazawa, R., Proc. of the Int. 
Conf. on Power Engineering-2019 (2019). 

 



 
 

2021 4  - 61 - J. HTSJ, Vol. 60, No. 251 

 
      

2021  
5  25( ) 

 
27( ) 

60  
58   

 2021  
3 12  

58  
 

Email symp2021@htsj-conf.org 

 

9  7( ) 
 

10( ) 

 
11th SOLARIS  

  11
 

matsu@eng.niigata-u.ac.jp 

 

10  3( ) 
 

7( ) 

 
2nd ACTS  

  ACTS2020  
secretary@acts2020jp.org 

 

 
 

      
2021   
4  22( ) 

23( ) 

54     
03-5206-3600 FAX03-5206-3603 
E-mail: handa@shase.or.jp 

 

 27( ) 21-1 21   ( )AndTech  
tsuyama@andtech.co.jp 044-455-5720 

 

5  24( ) 
 

26( ) 

7
MNF2021  

The 7th International Conference on 
Micro and Nano Flows 

  https://www.micronanoflows.com/mnf2021  

 26( ) 
 

28( ) 

26     
office@jsces.org 

 

8  22( ) 
 

24( ) 
2021 

   
office@jsmf.gr.jp 

 

 25( ) 
 

27( ) 

2021     
  TEL: 025-368-9310/FAX: 025-

368-9309 E-mail: office-jsem@clg.niigata-u.ac.jp 

 

9  21( ) 
 

23( ) 

2021    
Tel:03-3714-0427 
E-mail: jsfm@fr7.so-net.ne.jp 

 

 24( ) 
 

26( ) 

32st International Symposium on 
Transport Phenomena (ISTP32) 

  ISTP32  
 

utaka@ynu.ac.jp 

 

11  3( ) 
 

6( ) 

The 16th International Symposium on 
Advanced Science and Technology  
in Experimental Mechanics 

   
  TEL: 025-368-9310/FAX: 025-

368-9309 E-mail: office-jsem@clg.niigata-u.ac.jp 

 

 



 
 

2021 4  - 62 - J. HTSJ, Vol. 60, No. 251 

60 58  
 

58  
  
  

3 5 25 5 27  
 

 
5 26  

youtube URL  
  

  
  

  
 

5 26  
 

URL http://htsj-conf.org/symp2021/ 
 

 
  

a)  
b)  
c)  

 15 10 5
5

 
 2021 1

58  
 

 
  

12,000 15,000  
15,000 18,000  
 6,000  7,000  
 7,000  8,000  

 1 3 1 1  
  
  
  

5,000  
 

 
 



 
 

2021 4  - 63 - J. HTSJ, Vol. 60, No. 251 

 
  
  
 5 7

 
 

 
 

 
 2021

2021 5 18
 

 ID
 

ID ********** ********** 
  

 
 

 2021 5 18
 

 
 

  
  

 
 

  58  
      
  E-mail symp2021@htsj-conf.org,  FAX 024-956-8860 



 
 

2021 4  - 64 - J. HTSJ, Vol. 60, No. 251 

  



 
 

2021 4  - 65 - J. HTSJ, Vol. 60, No. 251 

 



 

2021 4  - 66 - J. HTSJ, Vol. 60, No. 251 

3 22

 

 
 

 
A121 

  
    ( ),   ( ),  , 

 ( ) 
A122 

  
    ( Astemo( )),  

,   ( ) 
A123 

  
   ,  ,  ,   (

) 
 

 
A131 MEB

  
  ,   ,  ,   (

) 
A132 

  
   ,  ,   ( ) 
A133 

  
  ,   ,  ,   (

),   ( ) 
A134 

  
   ,  ,  ,   (

) 
 

 
A141 

 
  
    ( ) 
A142 TRP

  
    (  ) 
A143   
    ( ) 
 

 
B111 

  
    ( ),   ( ), 

  ( ),   ( ),   (
),   ( ),   ( ) 

B112 
  

   ,  ,   ( ) 
B113   
  
 

 
B121 PEFC   
   ,  ,  ,   (

) 
B122 PEFC

  
   ,   ( ),  ,  

 ( ) 
B123 PEFC

  
   ,  ,  ,   

( ) 
B124 X PEFC 3

  
   ,  ,  ,  , 

  ( ) 
 

 
B131 PEFC

  
   ,  ,  ,   (

) 
B132 PEFC   
   ,  ,  ,   (

) 
B133 PEFC

  
   ,  ,   ( ) 
B134 

  
   ,   ( ),  , 

 ,   ( ),   ( ) 
 
 



 

2021 4  - 67 - J. HTSJ, Vol. 60, No. 251 

 
C111 

  
   ,  ,  ,   (

) 
C112 

  
   ,  ,   ( ) 
C113 

  
   ,  ,  ,   (

) 
 

 
C121 

  
   ,  ,   ( ) 
C122 Flame ball

  
   ,  ,  ,  ,  

 ( ) 
C123 

  
   ,  ,  ,  ,  

 ( ) 
C124   
   ,  ,   ( ) 
 

 
C131 -

  
   ,  ,  ,  ,  

,   ( ) 
C132 

  
   ,  ,  ,  , 

  ( ) 
C133 

  
   ,  ,  ,   (

) 
C134 

  
   ,  ,   ( ) 
 
 

 
D111 

  
    (

) 
 

 

D121 COF
  

   ,  ,   ( ),  
 ( ),  ,   ( ) 

D122   
   ,  ,   ( ) 
D123   
   ,  ,   ( ) 
D124 

  
   ,  ,  ,  , 

  ( ) 
 

 
D131 QCM

  
   ,   ( ) 
D132 Water vapor adsorption dynamics of zeolite-coated 

aluminum plates for adsorption cooling  
  Chumnanwat Suppanat, Ota Shinji, Kodama Akio, 

Kumita Mikio ( ) 
D133   
   ,  ,  ,   (

) 
D134 

  
   ,  ,   ( ) 
 
 

 
E111 5G ,

  
    ( ),  ,  

,  ,  ,  
,  ,  ,  

 ( ) 
E112 

  
   ,  , ALASLI Abdulkareem,  

 ( ) 
E113   
   ,  ,  ,  , 

  ( ) 
E114 BACH   
   ,   ( ) 
 

 
E121 

  
   ,   ( ) 
E122 

  
   ,   ( ) 
E123   
   ,  ,  ,   (

) 



 

2021 4  - 68 - J. HTSJ, Vol. 60, No. 251 

E124 
  

    ( ),   ( ),  
 ( ),   ( ) 

 

 
E131 

  
   ,   ( ) 
E132 

  
   ,  ,   ( ) 
E133   
  ,  ,    ( ) 
E134 

  
    ( ) 
 
 

 
F111   
    ( ) 
 

 
F121 

  
   ,   ( ),   (

) 
F122   
    ( ),   ( ) 
F123 

PIV   
  ,    ( ),  ,  

 ( ),   ( ),   ( ) 
F124 

  
   ,  ,   ( ),  

 ( ) 
 

 
F131 PIV

  
   ,  ,  ,   (

) 
F132   
   ,   ( ) 
F133 V

  
   ,  ,  ,   (

) 
F134 

  
  ,   ,  ,  ,  

 ( ),   ( ) 
 
 

 
G121 

  
   ,  ,  ,  , 

 ,   ( ) 
G122 Pickering

  
   ,  ,   ( ) 
G123 -   
   ,  ,  ,   (

) 
G124 

  
   ,  , Rajagopalan Uma,   

( ) 
 

 
G131 

  
   , Liu Zhen,   ( ) 
G132 

  
   ,  ,   ( ) 
G133 

  
   ,  ,   ( ) 
G134 

  
   ,  ,  ,   (

),  ,   ( ),   (
) 

 
 

 
H111 

  
   ,  ,   ( ) 
H112 

  
   ,  ,   ( ) 
H113 CNT

  
    ( ),  ,  , 

  ( ),  ,   (
),   ( ),   ( ) 

H114 
  

   ,   ( ),   
( ) 

 

 
H121 

  
   ,  ,   ( ) 



 

2021 4  - 69 - J. HTSJ, Vol. 60, No. 251 

H122 TBAB
  

    ( ),  ,   
( ) 

H123 
  

   ,  ,   ( ) 
H124 

  
   ,  ,   ( ),  

 ( ) 
 

 
H131   
    ( ),  ,   

( ) 
H132   
    ( ),   ( ), 

  ( ) 
H133 

  
   ,  ,   ( ),  

 ( ) 
H134   
   ,   ( ) 
 
 

 
I121 

  
  Zhang Junkai, Shirakashi Ryo ( ) 
I122   
   ,  ,  ,   (

) 
I123   
   ,  ,  ,   (

),   ( ),  ,  , 
 ,  ,   (SEMITEC),   

( ) 
 

 
I131   
   ,  ,   ( ) 
I132 

  
   ,  ,  ,   (

) 
I133   
  ,   ,  ,   

( ) 
 
 

 
J121 

  
   ,  ,  ,   (

),   ( ) 
J122 Characterizing water molecular rotational relaxation in 

lysozyme aqueous solution by MD Simulation  
   ,  ,   ( ) 
J123 

  
   ,  ,  , 

  ( ) 
J124 

  
   ,  , Bistafa Carlos,   

( ) 
 

 
J131 

  
   ,   ( ),   (

),   ( ) 
J132 /

  
   ,   ( ) 
J133 Ar

  
   ,  ,   

( ) 
 
 

 
BPA1401 

  
    ( ),   ( ), 

  ( ) 
BPA1402 

  
   ,  ,  ,   

( ) 
BPA1403 Al-Ni

  
   ,  ,  ,  , 

KURNIAWAN Ade,   ( ) 
BPA1404 

  
   ,  ,   ( ) 
BPA1405 

  
   ,  ,   ( ) 
BPA1406 

  
   ,  ,  ,  , 

  ( ),   (
),   ( ) 

BPA1407 -   
   ,  ,   ( ) 
BPA1408 COF

  
    ( ),   ( ),  

,   ( ) 
BPA1409 REBCO



 

2021 4  - 70 - J. HTSJ, Vol. 60, No. 251 

  
   ,   ( ),   (

),   ( ) 
BPA1410   
   ,  ,  ,   

( ) 
BPA1411 

  
   ,  ,   ( ) 
BPA1412 

  
   ,  ,  ,   

( ) 
BPA1413 X   
   ,   ( ),   (

),  ,   ( ), 
 ,   ( ) 

BPA1414 
  

    ( ),   ( ),  
,   ( ) 

BPA1415   
    ( ),  ,  , 

 ,   ( ) 
BPA1416 

  
   ,   ( ) 
BPA1417 PEFC in-situ 3

X   
   ,  ,  ,  

,   ( ) 
BPA1418 

  
   ,  ,  ,   

( ) 
BPA1419 

  
   ,  ,  ,  

 ( ) 
BPA1420 

  
  ,   ,  ,   

( ),   ( ) 
BPA1421 Allen-Feldman

  
    ( ),   (

),  ,   ( ),  
 ( ),   ( ),  
 ( ) 

BPA1422 
Al2O3/

  
   ,  ,  ,  , 

  ( ),  , Surblys 
Donatas ( ) 

BPA1423 
  

   ,  ,  ,  
,  ,   ( ) 

BPA1424 Lennard-Jones

  
    ( ),   ( ), 

  ( ) 
BPA1425 

  
   ,   ( ) 
BPA1426 OH   
   ,  ,  ,   

( ) 
BPA1427 /

  
   ,  ,   ( ), 

 ,   ( ),   (
),   ( ),   ( ) 

BPA1428 DPD
  

   ,  ,  ,   
( ) 

BPA1429 
  

   ,  ,   ( ) 
BPA1430 

  
   ,  ,   ( ) 
BPA1431 

CO/H2   
   ,  ,   ( ) 
BPA1432   
   ,   ( ) 
BPA1433 

  
    ( ),  ,   ( ) 
BPA1434 

  
   ,  ,   ( ), 

 ,   ( ) 
BPA1435 

  
   ,  ,   ( ) 
BPA1436 

  
   ,  ,  ,   

( ) 
BPA1437 

  
    ( ),  ,   (

) 
BPA1438 

  
   ,  ,   ( ) 
BPA1439 

  
   ,  ,  ,  

 ( ) 
 
 
 

 



 

2021 4  - 71 - J. HTSJ, Vol. 60, No. 251 

 
A211 

  
   ,  ,  ,   (

) 
A212   
   ,   ( ),  ,  

 ( ) 
A213   
   ,  ,  ,   

( ),   ( ),   ( ) 
A214   
   ,   ( ) 
 

 
A221   
   ,   ( ) 
A222 

  
   ,  ,   ( ) 
A223   
   ,  ,  ,  , 

  ( ) 
A224 

  
   ,  ,  ,  , 

  ( ) 
 

 
A231 

  
   ,  ,  ,  , 

  ( ) 
A232 

  
    ( ),   ( ),  ,  

 ( ) 
A233 

  
   ,  ,  ,  ,  

 ( ) 
A234 

  
   ,   ( ),   (

) 
 
 

 
B211 / PEFC

  
   ,  ,   ( ),   

( ),   (FC-Cubic),   ( ) 

B213 X
  

   ,  ,   ( ) 
B213 PEFC

  
   ,  ,   ( ) 
 

 
B221 

  
  ,  ,    ( ) 
B222 

  
   ,   ( ),   (

),   ( ) 
B223 PEFC   
   ,  ,   ( ) 
 

 
B231   
   ,   ( ) 
B232   
   ,  ,   ( ) 
B233 

LBM   
   ,  ,   ( ) 
B234 

  
   ,  ,   ( ), 

 ,   ( ),   (
) 

 
 

 
C211 

  
   ,  ,  ,   (

) 
C212   
   ,  ,  ,  , 

  ( ) 
C213 

  
   ,  ,   ( ),  

,   ( ) 
 

 
C221 

  
   ,  ,   ( ) 
C222   
  ,   ,   ( ) 
C223 

  
   ,  ,  ,  , 



 

2021 4  - 72 - J. HTSJ, Vol. 60, No. 251 

 ,  ,   ( ) 
 
 

 
D211   
    ( ) 
D212 

  
   ,  ,   ( ), 

  ( ) 
D213 TSSG

SiC   
   ,   ( ) 
D214 

  
   ,  ,   ( ), 

 ,  ,   ( ),   
( ) 

 

 
D221 

  
   ,   ( ) 
D222 /

  
   ,  ,   ( ) 
D223 LiBr

  
  Makarim Dio Afinanda ( ), Wijayanta Agung Tri 

(Sebelas Maret University),  ,  ,  
 ( ) 

 

 
D231 

CO2 CH4   
   ,  ,  ,  

 ( ) 
D232 

  
  ,  ,  ,    

( ) 
D233 

  
   ,  ,  ,  , 

 ,  ,   ( ) 

 
E211 10kW   
   ,  ,  ,   (

) 
E212 

  
    ( ),   ( ),  

 ( ),   ( ),   (

) 
E213   
  ,   ,   ( ) 
E214 

  
   ,  ,   ( ) 
 

 
E221 Capillary Pumped Loop   
    ( ),  ,   

(JAXA) 
E222 

  
    ( ),   ( ),  

,   ( ) 
E223 3

  
    ( ),   ( ),  

 ( ) 
E224 CFRP

  
   ,  ,   ( ) 
 

 
E231 

  
    ( ),  ,  , 

  ( ) 
E232 

  
   ,  ,   ( ), 

  ( ) 
E233 

  
   ,  ,   ( ) 
 
 

 
F211 

  
   ,  ,  ,   (

) 
F212 DNS

  
   ,  ,  ,   (

) 
F213 

  
   ,   ( ),   (

),   ( ) 
 

 
F221 OpenFOAM LES  
    ( ),   (

),  ,   ( ),   (
),   ( ) 

F222 



 

2021 4  - 73 - J. HTSJ, Vol. 60, No. 251 

  
    ( ) 
F223 Effect of secondary flows on turbulent heat transfer in pipes 

with modified oblique wavy walls  
   ,   ( ) 

 
G221 

  
    ( ) 
G222 Si SiO2 PDMS

  
   ,  ,  ,  , 

  ( ) 
G223 CNT

  
  ,   , Seo Seungju, Shawky Ahmed 

( ), Kauppinen Esko ( ),  , 
  ( ), Jeon Il ( ),   ( ), 

  ( ) 
 

 
G231 High-throughput measurements of thermoelectric figure of 

merit by using lock-in thermography  
  ALASLI Abdulkareem ( ),   

(NIMS),   ( ),   (NIMS) 
G232 (< 340 nm)

  
   ,  ,   ( ),  

,  ,   ( ) 
G233 

  
  ,   ,   ( ) 
G234 Transport properties and device applications of one-

dimensional heterostructure nanotubes  
  FENG Ya, MARUYAMA Shigeo ( ) 
 
 

 
H211   
    ( ) 
H212 

  
    ( ) 
 

 
H221   
    ( ) 
H222 

  
    ( ) 
 

 
H231   
    ( ) 
  
    ( ) 
  
    ( ) 

 
I221 

  
   ,  ,  ,  ,  

 ( ) 
I222   
   ,  ,  ,  ,  

,   ( ) 
I223 3 PTV

  
   ,  ,  ,  ,  

 ( ) 
I224 2

  
  ,   ,  ,   (

) 

 
I231 

  
   ,  ,   ( ) 
I232 

  
  ,  ,  ,  ,   

 ( ) 
I233   
   ,   ( ) 
I234 

  
   ,  ,   ( ) 
 
 

 
J211 Lennard-Jones

  
    ( /JST ),   (

) 
J212 

  
    ( ),   ( ) 
J213 

  
   ,  , SURBLYS Donatas,  

,   ( ) 
J214 



 

2021 4  - 74 - J. HTSJ, Vol. 60, No. 251 

  
   ,  , SURBLYS Donatas,  

 ( ) 
 

 
J221 SiO2 /

  
    ( /SCREEN ), 

 ,   ( ) 
J222 Lennard-Jones

  
  ,  ,    ( ) 
J223 

  
    ( ),   ( ), 

 ,   ( ) 
 
 
 

 
A311 

  
   ,  ,  ,  ,  

 ( ) 
A312 

  
    ( ),  ,  , 

  (JAXA) 
A313 2   
   ,  ,  ,   (

) 
 

 
A321 

  
   ,  ,   ( ),  

 ( ) 
A322 

  
    ( ) 
A323 TEM   
   ,  ,  ,   

( ) 
A324   
   ,  ,   ( ),  

 ( ) 
 
 

 
B311 LSM/YSZ

  
    ( ),   ( ),  

 ( ),   ( ) 
B312 

  
   ,  ,   ( ) 
B313 Numerical investigation on optimization of porosity 

distribution in a reaction-diffusion system in porous media  
  CHAROEN-AMORNKITT Patcharawat (Suranaree 

Univ. of Tech.), SUZUKI Takahiro, TSUSHIMA Shohji 
(Osaka Univ.) 

B314 
  

   ,  ,   ( ) 
 

 
B321 3   
   ,  ,   ( ) 
B322 

  
    ( ) 
B323 

  
   ,  ,   ( ) 
B324 

  
   ( ), TORRES Juan F (

),   ( ),   (
),    ( ) 

B325   
    ( ),   ( ), 

  ( ) 
 

 
B331 

  
   ,   ( ),   (

) 
B332   
   ,  ,   (

) 
B333 

  
    ( ) 
 
 

 
C311 

  
   , Silveira Joao Vitor,  ,  

 ( ),   ( ) 
C312   
   ,   ( ),  ,  

,   ( ) 
C313 

  
    ( ) 
 



 

2021 4  - 75 - J. HTSJ, Vol. 60, No. 251 

 
C321 

1D   
   ,   ( ),   (

) 
C322 

  
   ,  ,  ,  , 

  (LTS) 
C323 P-Q

  
    ( ),   (

),   ( ),  ,   
( ),   ( ) 

 

 
C331 

  
   ,  ,  ,  , 

  ( ),  ,  ,  
,  ,   (

) 
C332 VO2 CPU

  
   ,  ,  ,   (

) 
C333   
    ( ),  ,  , 

  (JAXA) 
 
 

 
D311 

  
    ( ),   (

) 
D312 

  
    ( ),  ,   (

),   ( ) 
D313   
   ( ), TORRES Juan F (

),  ,    ( ) 
 

 
D321 

  
  ,  ,    ( ) 
D322 

  
   ,  ,   ( ) 
D323 

  
   ,   ( ),   (

) 
 

 
D331 

  
   ,  ,  ,   (

) 
D332   
   ,  ,  ,   (

) 
D333 GHP

  
   ,  ,   ( ),  

 ( ),   ( ) 
 
 

 
E321   
   , Nag Sarthak,   ( ) 
E322 

  
    ( ),   ( ), 

  ( ) 
E323 

  
   , FERNÁNDEZ Pablo,   (

),   ( ),  ,  ,  
 ( ) 

 

 
E331 

  
    ( ), KAPOOR Anushka, SEFIANE 

Khellil ( ),   ( ) 
E332 PM

PM   
   ,  ,   ( ) 
E333 AFM   
    ( ),   ( ),  

,  ,  ,   ( ) 
 
 

 
F311 

  
  ,   ,   ( ) 
F312   
   ,  ,  ,   

( ) 
F313 In situ thermal characterization and real-time internal 

structure observation of individual water-filled carbon 
nanotubes  

  LI Dawei,  ,  ,   (
) 

 

 
F321   



 

2021 4  - 76 - J. HTSJ, Vol. 60, No. 251 

   , Liu Yangchi,   ( ),  
 ( ) 

F322 D
MEMS   

   ,   ( ) 
F323   
   ,  ,   ( ) 
F324 2 PVTx

  
   ,  ,  ,   

( ) 
 

 
F331 

  
   ,  ,   ( ) 
F332 

  
   ,  ,  ,  , 

  ( ) 
F333 

  
   ,  ,   ( ) 

 
G311 

  
    ( ),  ,  ,  

 ( R&D Group),  ,   ( ), 
  ( R&D Group),   ( ) 

G312 
  

   ,   ( ),  ,  
 ( ),   ( ) 

G313 A Three-Dimensional Model for Capillary Flow in 
Rectangular Nanochannels  

  Chen Kuan-Ting,   ( ),   (
),   ( ),  ,  

 ( ) 
 

 
G321 

  
   ,  ,  ,   (

) 
G322 

  
   ,  ,   ( ) 
G323 

  
   ,   ( ) 
G324 Bi2Te3-CsSnI3   
   ,  ,  , 

  ( ) 

 



HP ML  
 

 

 HP ML  

ML 
HP 

 

 

 

 
1 4 l 

 
HP

 
ML  HP  

 

 
HP   
ML  HP

 

 
 

 
HP  

 

HP

 
http://www.htsj.or.jp/wp/media/36banner.pdf  

 
t-inada@mail.dendai.ac.jp 

nhajime@nda.ac.jp 
ichiyanagi@sophia.ac.jp 

general-affairs@htsj.or.jp 
office@htsj.or.jp 

 
Word Text  

HP
 

ML pdf  
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

2021 4  - 77 - J. HTSJ, Vol. 60, No. 251 







2021 4  - 81 - J. HTSJ, Vol. 60, No. 251 

 

Note from the JHTSJ Editorial Board 

 

1

 

2050

 

 

  

Hajime NAKAMURA (National Defense Academy) 

e-mail: nhajime@nda.ac.jp 

 

 

   

   

 

    

     

     

    

TSE    

TSE    

  239-8686 1-10-20 

    

   

 Phone: 046-841-3810 3419 

  E-mail: nhajime@nda.ac.jp 


