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Development and Performance Evaluation of Natural Energy Utilizing House (Part 1)

— Effects of Air Circulation Type Simple Solar Heat Utilizing System and Solar Radiation
Absorbing Heat Reserving Floor —

B gt ZN OEY?
Fujinori HANAWA Takeshi MORIKAWA
Abstract

Simple and cost saving solar energy utilizing system, for which under-roof-draft-path from eaves to ridge that
‘ ventilate the hot air formed between roofing and roof insulator by solar radiation in summer was used as a solar
collector in winter, was installed in an experimental house equipped with simple and cost saving solar radiation

absorbing heat reserving floor. Under a real living condition, they were tested for their efficiency and showed a good

performance especially in combination of both of them making the experimental house comfortable in winter.

F—O—F : KIBE, EXEHR, AHER, EB, B, K

Key Words : Solar heat, air-type heat collection, solar radiation absorption, heat reservation, roof, floor
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Fig. 1 External appearance of the experimental house.
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Table 1 Specification of the experimental house.

Total floor area 173.99 m*>  (182.69 m? including a stairwell)
Building volume ~ 483.90 m’
Azimuth angle -2°  (Bastward)

Lat. 36° 02’ N. Long. 140° 13 E.(IV area)
Equivalent leakage area (C value): 0.57 em¥m® (< 5.0 cm*/m?)
Coefficient of heat loss (Q value): 2.02 W/ m*K. (< 2.7W/m’K)
Overall coefficient of heat loss: 368.5 W/K  (ventilation; 80 m*/h)
Solar radiation gain (u value): 0.030 (Summer) . 0.107 (Winter)

[Insulator] Foundation ; Form glass (A= 0.035 W/mK, ¢ = 60mm,
K =0.583 Wm*K) , Walland Ceiling ; High performance phenol
form (n=0.020 W/mK, =50 mm, K = 0.400 W/m’K) , Roof:
urethan form (A =0.021 W/mK, 7= 40 mm, K =0.525 W/m*K)

[Windows] East, West and South ; double glazing plastic sash

(K =2.905 W/m*K, = 0.79) , North ; Insulation double
glazing plastic sash (K = 1.720 W/m’K, n = 0.62)

[Roof] Solar radiation collecting part (37.9 m")
sheet steel (Black, o = 94.7%, ¢ = 0.88) , Other part ; Galvalume
sheet steel (Deep green, o’=87.8%)

{Walt} First floor ; Galvalume sheet steel (Deep green, o’ = 87.8%
Second floor ; Galvalume sheet steel (Sand white, o’ = 48.5%)

[Others] 3.8 kW of Solar cell, Electric hot-water supplying

Location

; Galvalume

system, LPG Range, Public water supply, Amalgamation septic tank.

¢f M; coefficient of heat conduction, K; coefficient of over-all
heat transmission, o; absorption coefficient of solar radiation, ¢;
thermal emissivity. o’;absorption coefficient of near infrared, n;
solar heat Gain coefficient.

First ﬂoor Duct  Second floor

e e
h < i
) [&
|
S e

1F North-West
1F South—East

2F South-West

Fig. 2 Floor plan and measuring positions ( <+ ).
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A:Winter

Roof and Roofing (1) R " Ridge air flow
Insulator (2) &7 T r - . changing valve (3e)

Under roof draft path (3a)
Ridge vent (3b) -

Eaves vent (3c)
Outerwall draft path {3d)

Duct (4a)
Valves (4b) . _ .

Fan (40) Fans (8)- ~

Floor
draft (9)

SRAHR floor™* (5a)
Under floor draft path (5b)

B:Summer
Garret

Weat under roof draft path-

Upper surface of the
SRAHR floor®

' m A Basement ceiling
Stub surface ..

Floor draft « Duct bottom

Lower surface of the
SRAHR floor™

*Solar radiation absorbing heat reservoing floor
Fig. 3 Outline of the air type simple solar heat utilizing system
and Solar radiation absorbing heat reserving floor and their
operation in winter and summer. Air flows are shown with solid
arrows. Temperature and relative humidity measuring points in
garret and basement/under floor space are also indicated ( -4)

A . B

Fig.4 Solar radiation
absorbing heat reserving
floor. A: extrusion molding
cement boards; B:
Installation of extrusion
molding cement boards; C:
Finished with black tiles.
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Fig. 5 Differences of Indoor temperatures with (B) and without
(A) solar system.
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Fig. 6 Temperatures of slab surface and ceiling of basement, garret and outdoor air (2006.9.15 2007.3.24)
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radiation absorbing heat reserving floor, DB: Duct bottom, 1F SE: south-east part of the 1% floor, OA: outdoor air. Air circulation type

simple solar heat utilizing system was used (A) and not used (B).
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Table 2 Five days averages of the highest and the lowest

temperatures (°C)

of each positions of the solar radiation

absorbing heat reserving floor and a living space (1F SE) and

approximate times of the average temperatures based on Fig 10.

FwWU FwoWU FwWL FwoWL 1F SE
Highest temp.
+ Solar sys. 374 357 214 176 205
Approx. time 1300 1230 1’7:00 1900 15:30
No solar sys. 401 374 189 165 194
Approx. time 12:30 1230 1700 1330 1530
Lowest temp.
+ Solarsys 118 15 134 113 137
Approx time 700 700 800 T80 6:30
No solar sys. 125 120 135 122 140
Approx. time 6:30 630 730 700 6:30
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Table 3 Five days averages of the highest and the
lowest temperatures of floor draft (FD) and a living
space (1F SE)
temperatures based on Fig 11.

and approximate times of the average

FD 1F SE
approx time  temp. | approx time temp.
Highest temperature
+Solar sys. 1600 2196 1530 2002
No solar sys 1400 2488 1600 2156
Lowest temperature
+Solar sys. 630 1204 6:30: 1538
No solar sys 600 1566 630 1822
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