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For apprehending the performance of solar heating system, it is important to understand the relations of heating load and the system 
elements such as heat collection, heat storage, insulation, and so on. In this study, the measurements in the 3 buildings made 
progress at the same time for comparing the influence by these elements on the system, because the effect of the solar heating system 
is fluctuated by weather conditions. This paper describes outline of the measurements and specifications of the two test buildings that 
the air-based solar system is installed in. It also shows the changes of the heat flow on underground surface by installing the 
insulation under basement, changing the area of solar heat collector, or applying the water-pack as the additional heat storage. 
 

Keywords : Air-based solar heating system, Heat balance, Heat flow on the ground surface  

 
 

 

 

4

2011

 

2

80 100

        *  Graduate Student, Dept. of Architecture, the Univ. of Tokyo, M. Eng. 
        **  Graduate Student, Dept. of Architecture, the Univ. of Tokyo 
       ***   Previous Graduate Student, Dept. of Architecture, the Univ. of Tokyo, M. Eng. 

****  
Project Researcher, Dept. of Architecture, Graduate School of Eng.,  
the Univ. of Tokyo, Ph. D. 

*****  Satoh Energy Research Co., Ltd., Ph. D. 

******  
Associate Professor, Dept. of Architecture, Graduate School of Eng.,  
the Univ. of Tokyo, Ph. D. 

******* OM  Director of R&D Department, OM Solar Inc., Ph. D. 
******** OM  Senior Researcher of R&D Department, OM Solar Inc. 

環境系　697号

【カテゴリーⅡ】 日本建築学会環境系論文集 第79巻 第697号，271-280，2014年 ₃ 月
J. Environ. Eng., AIJ, Vol. 79 No. 697, 271-280, Mar., 2014

実験棟における冬季の床下吸放熱特性の評価
空気式太陽熱集熱を利用した住宅のシステム性能改善に関する研究　その１

EVALUATION OF THE CHARACTERISTIC OF HEAT FLOW UNDER THE FLOOR  
IN THE TEST BUILDINGS IN WINTER

A study on the improvement of system performance in the residential building  
using air-based solar heating system　Part 1

崔　榮　晋＊１，小 原 克 哉＊２，草 川 研 二＊３，高 瀬 幸 造＊４ 
佐 藤 　 誠＊５，前 　 真 之＊６，盧　炫　佑＊７，駒 野 清 治＊８ 

Youngjin CHOI, Katsuya OBARA, Kenji KUSAKAWA,  
Kozo TAKASE, Makoto SATOH, Masayuki MAE,  

Hyunwoo ROH and Seiji KOMANO

 ＊１ 東京大学大学院工学系研究科建築学専攻  Graduate Student, Dept. of Architecture, the Univ. of Tokyo, M. Eng.
  大学院生・修士（工学）
 ＊２ 東京大学大学院工学系研究科建築学専攻　大学院生  Graduate Student, Dept. of Architecture, the Univ. of Tokyo
 ＊３ 元　東京大学大学院工学系研究科建築学専攻  Former Graduate Student, Dept. of Architecture, the Univ. of Tokyo, M. Eng.
  大学院生・修士（工学）
 ＊４ 東京大学大学院工学系研究科建築学専攻  Project Researcher, Dept. of Architecture, Graduate School of Eng., the Univ. of Tokyo, 
  特任研究員・博士（工学）  Ph. D.
 ＊５ 佐藤エネルギーリサーチ　代表取締役・博士（工学）  Satoh Energy Research Co., Ltd., Ph. D.
 ＊６ 東京大学大学院工学系研究科建築学専攻  Assoc. Prof., Dept. of Architecture, Graduate School of Eng., the Univ. of Tokyo, Ph. D.
  准教授・博士（工学）
 ＊７ OM ソーラー㈱　取締役・技術部長・博士（工学）  Director, R&D Department, OM Solar Inc., Ph. D.
 ＊８ OM ソーラー㈱技術部　上席研究員  Senior Researcher, R&D Department, OM Solar Inc.

－ 271 －



1

 

2)

12.5
3)

4.5
13

4), 5) 10

38.1

6) 6.5m3

 
 

 

Tcolout

To Qcol

Qcol

η ρ
 

Qcol = cρ V (Tcolout To)  (1) 
η = Qcol/(Acol I)    (2) 

 ρ=353.25/ (Tcolout+237.15)  (3) 

Qr

Quf Tuf Ths

αc

Qr = cρ V (Tcolout Tr)  (4) 
Quf = αc (Tuf Ths) Ahs  (5) 

=Fhs Ahs

 

V

 

－ 272 －



2
Quf

Qf

6  
Qvd = cρ V (Tduct Tufout)   (6) 
   = (cρ Voluf Tuf ) + Qf + Quf  

Qwall

Qceil Qwin Qv

Qvu + Qf = cρ V (Tufout Tr) + Qf (7) 
        = (cρ Volr Tr ) + Qwall + Qceil + Qwin + Qv 

Tcolout Tduct

8 Qr 7
Qvu 6 Qvd

3  
Qvu + Qvd = cρ V (Tduct Tr) = Qr (8) 

3

1

2  
3  
4

4 (1)

PV

PV

(2)

(3)

(4)

2012 3
3 5

6 4
4

1
33.12m2

23m2 Q
8 3.4W/m2K

Q 2.7W/m2K
Q

(1)

Qr

Qvu

Qvd

(3) Quf

Qf

(2)
Qg

(4) Quf’

Qwall,Qceil

Qv

－ 273 －



7 Q
Q

8
4

150mm * 600mm 
180mm* 3790mm* 6520mm 

(U 0.335W/m2K) 

, PB t=9.5mm,  t=36mm, 
,  t=9mm, 

GW16K 100mm, PB t=12.5mm 
28mm ( 0.13W/mK) 

(U 0.361W/m2K) 
 t=28mm,  

t=80mm, 40mm, PB t=9.5mm 

(U 0.627W/m2K) 
 t=0.42mm,  

 t=12mm, GW32K t=50mm 
Low-E (3-A12-3 U 1.7W/m2K) 

( )  
XPS 3 B t=50mm ,  

( 0.03W/mK) 
XPS 3 B t=50mm

XPS 3 B t=50mm( 700mm) 
 t=3mm, GW32K t=25mm, 
 t=3mm  

6,370
910 910 910 910 910 910 910

91
0

91
0

1,
82

0
91

0

3,
64

0

1,
36

5
1,

36
5

N

910 910 910

0

1

2

3

4

5

0

10

20

30

40

50

12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00

0

1

2

3

4

5

0

10

20

30

40

50

12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00

0

1

2

3

4

5

0

10

20

30

40

50

12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00
2012 6 9 6 10 6 11 6 12 6 13 6 156 14

H.BN

PV

890

1,
50

0
4,

02
0

t0.42
t12

GW32K t50PV

(PV) 

12.8% 11.4% 
PV -0.37%/  

1792W 1600W

W3560mm D3920mm H35mm  
/  

W890mm D980mm H35mm 
 /  

(JIS C 9861 ) 94.5% 

12.1% 10.8% 
[%] = [%]

[%] / 100 

－ 274 －



1 0.87m2

112W PV
1 0.87m2 100W PV

2
1 PV

3.49 m2 1.34m2

13.96m2 5.34m2

2 4

1
9  

1

1

3)

3
2

3  

2.4kW

20

-10

0

10

20

30

40

50

60

[
]

( ) ( )
( ) ( )

12 8 12 9 12 10 12 11 12 12 12 13

-500
-400
-300
-200
-100

0
100
200
300
400

[W
]

12 8 12 9 12 10 12 11 12 12 12 13

30.8 

74.9 

27.1 

34.6 41.6 

30.0 

0

20

40

60

80

100

120

[M
J]

_
_
_

0MJ 0MJ

71.6MJ

102.0MJ
[m2] 

[m3/h] 

A 250 
2012 11 28

12 10 17 30  
12 13 24

B 7.0 2.7 120 2012 12 29  
2013 1 6  

C 14.0 5.3 240 2013 1 7 14  

D 14.0 5.3 240 +  2013 1 24 29  

－ 275 －

1 0.87m2

112W PV
1 0.87m2 100W PV

2
1 PV

3.49 m2 1.34m2

13.96m2 5.34m2

2 4

1
9  

1

1

3)

3
2

3  

2.4kW

20

-10

0

10

20

30

40

50

60

[
]

( ) ( )
( ) ( )

12 8 12 9 12 10 12 11 12 12 12 13

-500
-400
-300
-200
-100

0
100
200
300
400

[W
]

12 8 12 9 12 10 12 11 12 12 12 13

30.8 

74.9 

27.1 

34.6 41.6 

30.0 

0

20

40

60

80

100

120

[M
J]

_
_
_

0MJ 0MJ

71.6MJ

102.0MJ
[m2] 

[m3/h] 

A 250 
2012 11 28

12 10 17 30  
12 13 24

B 7.0 2.7 120 2012 12 29  
2013 1 6  

C 14.0 5.3 240 2013 1 7 14  

D 14.0 5.3 240 +  2013 1 24 29  



2.4kW 10

40 250m3/h
20

2012 11 28 12 10 17 30
12 13 24
12 8 12 13

11
12 6

( 9 a, b1 b5) 6
13

(102.0MJ) (71.6MJ)
42.5% (30.8MJ)

(34.6MJ) 12%

2012 12 29 2013 1 6 9

0

200

400

600

800

1000

1200

-5

0

5

10

15

20

25
[W

/m
2 ]

[
]

1 1 1 2 1 3 1 4 1 5 1 6

0
30
60
90
120
150
180
210
240
270

-10
0

10
20
30
40
50
60
70
80

[m
3 /
h]

[
] 110.6m3/h

1 1 1 2 1 3 1 4 1 5 1 6

0
30
60
90
120
150
180
210
240
270

-10
0

10
20
30
40
50
60
70
80

[m
3 /
h]

[
] 113.5m3/h

1 1 1 2 1 3 1 4 1 5 1 6

14.8 12.4 
7.3 

13.3 
8.7 

12.5 14.2 12.3 
6.8 

12.2 8.7 11.9 

0

5

10

15

20

25

30

0

5

10

15

20

25

30

[%
][M

J/
]

1 1 1 2 1 3 1 4 1 5 1 6

16.7 15.3 
9.0 

17.0 
9.7 

15.3 16.4 14.7 
8.6 

15.7 
9.6 

14.5 

0

10

20

30

40

50

60

0

5

10

15

20

25

30

[%
][M

J/
]

1 1 1 2 1 3 1 4 1 5 1 6

4.3 3.7 2.8 
4.6 

2.8 3.8 3.8 3.2 2.3 
4.1 

2.4 3.4 
0

5

10

15

20

25

0

2

4

6

8

10

[%
]

[k
W
h/

]

PV PV

1 1 1 2 1 3 1 4 1 5 1 6

PV
22.1kWh 19.2kWh

PV (1 1 6 ) 

0
500
1000
1500
2000
2500
3000
3500
4000
4500

-5
0
5

10
15
20
25
30
35
40

[W
]

[
]

( )

-800

-600

-400

-200

0

200

400

[W
]

7.4kWh

1 1 1 2 1 3 1 4 1 5 1 6

0
500
1000
1500
2000
2500
3000
3500
4000
4500

-5
0
5

10
15
20
25
30
35
40

[W
]

[
]

( )

-800

-600

-400

-200

0

200

400
[W

]

6.2kWh

1 1 1 2 1 3 1 4 1 5 1 6

2.8kW 
565W 

06 00 23 00 
20  

PV 1 1 6  

12.6% 
12.8%  

10.9% 
11.4%  

92.5% 
94.5%  

95.9% 
94.5%  

－ 276 －



4
2013 1 1 1 6

4 2
7.4m2 2.5m2 14

110m3/h  
14 6

160.6MJ
110.6m3/h 146.2MJ 113.5m3/h
9.0%

PV 5

15, 16

0

200

400

600

800

1000

1200

-5

0

5

10

15

20

25
[W

/m
2 ]

[
]

1 7 1 8 1 9 1 10 1 11

0
60
120
180
240
300
360
420
480
540

-10
0

10
20
30
40
50
60
70
80

[m
3 /
h]

[
] 224.0m3/h

1 7 1 111 8 1 9 1 10

0
60
120
180
240
300
360
420
480
540

-10
0

10
20
30
40
50
60
70
80

[m
3 /
h]

[
] 216.3m3/h

1 7 1 111 8 1 9 1 10

29.9 27.8 25.1 29.1 29.8 26.1 27.9 24.6 28.9 29.4 

0

5

10

15

20

25

30

0

10

20

30

40

50

60

[%
][M

J/
]

1 7 1 8 1 9 1 10 1 11

34.6 33.4 31.0 35.0 35.1 27.8 30.1 27.8 31.9 32.0 

0

10

20

30

40

50

60

0

10

20

30

40

50

60

[%
][M

J/
]

1 7 1 8 1 9 1 10 1 11

9.3 8.8 8.6 9.6 9.8 8.2 7.8 7.5 8.3 8.7 

0

5

10

15

20

25

0

5

10

15

20

[%
]

[k
W
h/

]

PV PV

1 7 1 8 1 9 1 10 1 11

PV
46.2kWh 40.6kWh

PV (1 7 11 ) 

0
500
1000
1500
2000
2500
3000
3500
4000
4500

-5
0
5

10
15
20
25
30
35
40

[W
]

[
]

( )

-800

-600

-400

-200

0

200

400

[W
]

9.2kWh

1 7 1 8 1 9 1 10 1 11

0
500
1000
1500
2000
2500
3000
3500
4000
4500

-5
0
5

10
15
20
25
30
35
40

[W
]

[
]

( )

-800

-600

-400

-200

0

200

400

[W
]

8.1kWh

1 7 1 8 1 9 1 10 1 11

30.2 28.6 24.8 26.9 27.5 
22.1 23.3 21.4 22.4 22.8 

3.9 5.0 
4.6 5.6 6.1 

2.3 2.5 2.7 3.3 3.7 0

5

10

15

20

25

30

35

[M
J]

26.9 27.6 24.6 26.9 27.8 
20.6 22.2 20.0 21.0 21.3 

3.8 
5.6 

6.0 7.2 7.9 

2.7 3.8 4.5 5.4 5.9 
0

5

10

15

20

25

30

35

[M
J]

1 7 1 8 1 9 1 10 1 11

0

20

40

60

80

100

0

1000

2000

3000

4000

5000

[%
]

[k
J]

0

20

40

60

80

100

0

1000

2000

3000

4000

5000

a b1 b2 b3 b4 b5 c4 c5 c2 c7 c1 c3 c6 c8

[%
]

[k
J]

－ 277 －



20
Q

4 14.8m2

5.0m2 2
2013 1 7 14

17 5  
6 PV

18, 19

106.3MJ 224.0m3/h 95.6MJ
216.3m3/h

14.5MJ
22.3MJ

1.5 20 1

21

106.3MJ 18.7MJ 17.6%
95.6MJ 28.1MJ

29.4%

Qvd Qf Qf

Quf Quf 1 (0:00~23:59)
Qunder

Qunder’ 6
9 10 9 Qunder 10

Qunder’ 7 8 Qunder

Qunder’
Qunder Qunder’

Qvd Qunder Qunder’
0.6% 3.7%

Qunder = Qvd Qf Quf Qf’ Quf’   (9) 
  Qunder’ = cρ Voluf ΔTuf (10) 

PV 1 7 11  

12.4% 
12.8%  

10.8% 
11.4%  

93.2% 
94.5%  

95.2% 
94.5%  

Qvd [MJ] Qunder [MJ] Qunder’ [MJ] 

Qunder 
Qunder’  

[MJ] 
1 7  30.2 2.40 0.02 2.38 
1 8  28.6 -0.18 0.02 -0.19 
1 9  24.8 -1.11 0.00 -1.11 
1 10  26.9 -0.31 0.00 -0.31 
1 11  27.5 0.02 0.00 0.02 

Qvd [MJ] Qunder [MJ] Qunder’ [MJ] 

Qunder 
Qunder’  

[MJ] 
1 7  26.9 -0.08 0.03 -0.11 
1 8  27.6 0.58 0.02 0.56 
1 9  24.6 0.55 0.00 0.55 
1 10  26.9 1.65 0.00 1.64 
1 11  27.8 2.27 0.00 2.26 

0

200

400

600

800

1000

1200

-5

0

5

10

15

20

25

[W
/m

2 ]

[
]

1 24 1 25 1 26 1 27 1 28 1 29

0
60
120
180
240
300
360
420
480
540

-10
0

10
20
30
40
50
60
70
80

[m
3 /
h]

[
] 209.3m3/h

1 24 1 25 1 26 1 27 1 28 1 29

0
500
1000
1500
2000
2500
3000
3500
4000
4500

-5
0
5

10
15
20
25
30
35
40

[W
]

[
]

( )

1 24 1 25 1 26 1 27 1 28 1 29

-1600

-1200

-800

-400

0

400

800

1200

[W
]

1 24 1 25 1 26 1 27 1 28 1 29

(1 24 29 ) 

－ 278 －



4 ( 14.8m2

5.0m2)

22 50mm
4.05m2 270mm 1000L

2013 1 24 29

1000L 1
4.2MJ/K 2.8 MJ/K

5.1 MJ/K 3.4 MJ/K 37
1000L

182kJ/m2K 9)
170 kJ/m2K

107.9MJ 14.4MJ
13.3%

66.9MJ 45.2MJ 67.6%

24

9
Qunder Qunder’ Qvd

4.7%  

3

2

13.2%
12%

2 10m2, 
1/2

4

1.5

1000L

13.3%
67.6%

Qvd [MJ] Qunder [MJ] Qunder’ [MJ] 

Qunder 
Qunder’  

[MJ] 
1 24  43.4 8.06 0.03 8.03 
1 25  20.4 -3.15 -0.01 -3.14 
1 26  16.5 -6.68 -0.01 -6.67 
1 27  40.4 4.19 0.02 4.17 
1 28  25.7 2.50 0.13 2.37 
1 29  42.0 4.08 0.02 4.06 

43.4 

20.4 16.5 

40.4 
25.7 

42.0 

21.3 
14.5 13.6 

21.7 
11.9 

22.4 

17.3 

7.1 4.9 

14.9 

8.3 

14.4 

3.4 

4.2 5.4 

5.9 

5.8 

6.2 

1.4 1.9 2.6 2.9 2.8 2.8 
0.9 8.2 8.6 7.8 10.1 9.6 

0

10

20

30

40

50

[M
J]

1 24 1 25 1 26 1 27 1 28 1 29

0

20

40

60

80

100

0

1000

2000

3000

4000

5000

a b1 b2 b3 b4 b5 c4 c5 c2 c7 c1 c3 c6 c8

[%
]

[k
J]

－ 279 －



23 25 NEDO
OM

OM

 ,  , , 

10) αc = 5.6+3.9 v (v) 4.9m/s

Tcolout  Qcol W 
To  Qr W 
Tr  Qv W 
Tuf  Quf W 
Ths  Quf’ W 

Tduct  Qvd W 
Tufout  Qvu W 

T  Qunder W 
V m3/s η 
I W/m2K ρ kg/m3 

Fhs W/m2 
Qf W Acol m2 
Qf’ W Ahs m2 
Qceil W Voluf m3 
Qwall W Volr m3 

Qwin W αc W/m2K 
10) 

Qg W  

c J/kgK 1005 J/kgK 10) 

1 -40 60 0 100%RH  

 1 ISO9060 Second Class  

 1 ISO9060 Secondary 
standard  

1 0 40m/s, 0 355°  

1 42.2mV/kW m2  
SAT  1 

11 
11 
36 
63 
19 
19 

150 
5 
1 
1 
1 
1 
1 
6 

PV  8 
8 
4 
4 
1 
2 
5 

DC  1 

CT  

DC  1 
DC  1 
AC  1 
AC  1 
AC  1 

5 
3 
1 

4 CT  

（2013年 ₆ 月10日原稿受理，2013年12月17日採用決定）

－ 280 －


