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A Study on Heat Transmission Through Roof Materials for

Amimal Structures
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Summary

The objective of this study was to measure and compare the radiation heat load
generated through a few chosen shade-materials that would protect animals from the
direct solar radiation heat in summer condition.

The results obtained from this study are as follows;

1. when the materials were used in original state, the most effective material for radiat-
ion heat reduction was slate, followed by aluminum and galvanized steel successively.

2. The radiation heat load under the white top and black underside aluminum was
2.5 Cal. per hour per square cm less than that under the bare aluminum of their
diurnal peak.

3. When the modified galvanized steel was used, the radiation heat load was reduced
as much as 2.4 cal per hour per square cm by attaching plywood under the gal-
vanized steel, 3.9 cal per hour per square cm by attaching plywood and coating
white paint on the top of the galvanized steel. The galvanized steel covered by hay
material showes similar result as that of the galvanized steel lined with plywood.

4. In case of slate, the radiation heat reduction value was increased by using bare
slate, white top slate and white-top-black-underside slate in the descending order.

+ 5, The calculated value of radiosity of inside surface of aluminum was about 20
percent of the radiation heat load, the reduced value of radiosity by coating paint
was considered to be indirect indication of the effect of total radiation heat load
reduction of painted surface.

6. About an hour of the time lag of radiation heat load peak on sept. 10 for slate
materials should be investigated more comprehensively in future.
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Table-1, Thickness of material used.

Material , ;\:;m‘_ }gea(ivsixé:l‘il’lywood‘ Slate:., Hay

Thickness 0.5
(mm) |

0.4 o0.32] 45| 20

B RES IE ERKE V30 J3d B8
of BEA #TEtMiEd QA (Thermocouple) &
AR (Fig.2).

Fig. 2. Temperature measuring devices

Fig. 3. General view of experiment
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Table-2, Average intensity of solar and sky
radiation on the horizontal surface.

.. Time|
10 30 1
Date |

\
i

3012 3013 3014 3015 30

9. O!
.71
%9
9.10]
a1

36.0
4.5
35.2l

|
356, 2:

|
32.7|
i
\
|

1)
t ¥
N O o (o —

37.0

34,8
16,1

36.°6!
39

|

|

35. 2;
34,6
15. 3i
35.21
18. 8|

24.8
25.4
23.46
32.1
1.2

16.6
8.9
22.3
24.8
6.6

Table-3. Average Air Velosity (m/sec)

\’I‘lmel \
10 30|1 30]2 3013 3014 30]5 30

Table-4. Duratlon of Sunshme 0. 1hr)

—_ Time|
10 : 3011 3012 3013 3014 30,15 : 30
Date 1 |

9.6 1 10, 10 10 ‘ 10110
9.7 10° 10 1 7“ 1
1

10 |
9.9 1 10! 10 10
9.10, 10| ol 10

10 10
9.1 10 1 O! 0

Table-5. Air Temperature )

Timej

10 301 301230181 3014 3015 30
Date l | I | |
9.(:»1
9.7
iy
9. 10|

9. 11

25.9
27.9
22.4
24.3
24.3

26.8 27.5
23.9 28,1
23,90 24.5
25.5 5

4

23.3i

21.5
25.1

19.2
22,4
22.0

23.6
27.4
21.0
23.5
23.0

2. 7‘
28.9)
22.7
25.0

25.
34, 3!

22.
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Table-6. Roof inside surface temerature (°C) Sept. 6~11
R Time
\ 10:30 | 11:30 | 12:30 | 13:30 | 14:30 | 15:30
Material
Slate L 29.8 34.3 36,0 34.5 37.7 32.0
Slate (white top) 29.3 30.6 31.3 31.5 29.5 29.7
Slate (white top black underside) 27.5 29.8 30.3 30.5 28.7 27.9
Galvanized Steel 403 42.0 42.9 4.5 41 35.0
Galvanized Steel+ Plywood 2.3 35.7 37.1 36.7 35.2 3.4
Galvanized Steel4Plywood(white top) } 30.2 33.5 35.3 : 33 33,5 28.9
Hay-galvanized Steel ; 32.6 34.1 3.2 | 379 35.3 34.4
' |
Aluminum N 35.5 8.2 | 36 35.5 | 34.3
Aluminum | o ‘
(white top, black underside) | 31.8 33.4 37.0 | 34,7 34.6 3.6
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Table-17. Roof inside surface temperature (°C)
Sept. 10
e Time ' . | ' o
T Y 10:8¢ 0 11:80 12:30 ¢ 13:30 | 14:30 i 15:20
Material — ] i
Slate I 255 34.0 35.5 350+ 25.0 | 3.0
Slate(white top) bo2as 27.0 29.0 32.5 22.5 27.90
Slate(white top black underside) | 23.0 26.0 8.0 . 300 | 275 =
Galvanized Steel ‘ 29.0 44,0 41.0 38.0 34.C 23,5
Galvanized Steel+ Plywood : 28.0 30.8 34.0 29.0 27.5 23.0
Galvanized Steel+ Plywood(white top) 25.0 30.0 32.0 30.0 29.5 8.5
Hay+Galvanized Steel 25.5 | 27.3 34.0 33.5 | 34,0 32,0
Aluminum S50 29,0 34.0 33.0 1 340 33,0
Aluminum (white top black underside) | 23.5 28.0 36.0 3.6 2.5 | 220
Table-8. Black globe temperature(°C)
Sept. 6~11
- TimeﬁA | — : A
\\\ S 10:30 | 11:30 12:30 0 13:30 . 14:30 | 15:30
Material TTre— 3 j 1
Slate 30.0 30.6 37 32.3 26,1 | 9.3
Slate(white top) 29,7 30,0 | 3.2 | 321 28.8 ‘ 29.7
Slate(white top, black undreside) 28.7 29.4 30.1 30.4 28.1 ‘ 28.3
Galvanized Steel 32.6 33.3 3.8 338 32.8 . 3.4
Galvanized Steel+ Plywood 3.9 1 31 31 | 356 3.7 2:.9
Galvanized Steel+Plywood(white top) 29.5 | 30.4 33.2 31.1 31.0 28.3
Hay —galvanized Steel 30.2 | 3.2 . 33.3 31.9 1.2 20.9
Aluminum 1.4 30.6 ,  34.8 32.8 32.1 3.5
Aluminum(white top, black underside) | 29.9 29,6 32,6 ! 31.0 30.7 27,5
Table-9. Black globe temperature (°C)
Sept. 10
_\ Time ‘ er | = | - '*4
— P10:30 | 1130 12:30 1 13:30 | 14:30 520
Material T ! | !
Slate 255 | 285y 250 | 323 | 9.8 7.5
Slate(white top) 250 © 268 | 8.0 | 31.0 ! 288 27.0
Slate(white top, black underside) ~ © 240 | 260 | 27.5 | 300 : 28.8 26,0
Galvanized Steel 28.0 | 320 ! 320 @ 3i.0 | 30.9 20.5
Galvanized Steel+ Plywood 26,5 1 2.3 | 0.5 a8 20 22.0
Galvanized Steel+ Plywood (white top) 24.5 | 29.0 | 30,0 28.0 | 27.5 27.0
Hay +Galvanized Steel ‘ 24,5 26.5 < 27.5 | 28.0 | 22.0 om0
Aluminum | 250 1 200 0 305 | 280 | 29 7.0
Aluminum{white top, black underside) ‘ 23.8 ‘ 28.0 1 29.0 1 26.8 ‘ 25.4 | 24.9
Table-10. Temperature of black globe
exposed to sunshire(°C) 2. 5% ®
0 3011530122 3013 5014 3015 £ 30 O BAREHE
Date -, i : Eais 47%e] HF e Bed forsk Warners] 55
Soo~l1 . 36,04 407 40,5 40.0. 37. 71 34.3 Be uFsd EHeig o
200 27.5] 34.0 3.0 3500 34.0) 33.0 e SRS MAET A Q=oT¢(T: Globe 4
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J=¢aT*
714 J: #ti 2 g Btushr ft?
€ fabA g
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Table-11. Radiation Heat Load(cal/hr—cm?)
Sept. 6~11
. Time I
\\ 10:30 | 11330 ! 121 30 ' 13:30 | 14:30 l 15: 30
Material
Slate |49 48.5 . 50,3 | 49.8 . 443 | 453
Slate(white top) ‘ 48.6 47,6 1 496 | 49.8 | 43,8 .  45.2
Slate(white top black undersided | 47.6 4.9 | 48.3 469 | 429 43.2
Galvanized Steel 523 0 529, 539 | 517 . 496 47.7
Galvanized Steel+ Plywood \ 50.7 ‘ 49.4 1 511 \ 49,4 \ 48,1 45,6
Galvamzed Steel+Plywood (wite top) ‘i 48.4 | 48,3 49,7 479 1 47.2 43.2
Hay +galvanized Steel ; 49.4 | 49.6 514 49.2 47.3 | 47.1
Aluminum 1 51.4 48,7 53.6 % 50.7 | 48.3 1 47.7
Aluminum(white top, black underside) 1 48.9 46,7 50.3 i 47.9 l 46.6 45.2
Table-12, Radiation Heat Load(cal/hr—cm?)
Sept. 10
Time ‘ I
10:30 | 11:30 12:30 | 13130 14:30\ 152 30
Material TN : i
Slate ‘ 43.2 1] sl a0 | s29 | as7 43.2
1 |
Slate(white top) o E 43.6 ! 5.0 1 503 | 49 42,2
H | :
Slate(white top, black underside) . 406 423 i 44.3 | AB.4 | 43,8 40.3
| .
Galyanized Steel ‘ 46.6 l 52.1 52+2 49,0 l 48.3 48.8
Galvanized Steel+Plywood L9 | w7 o6 | ase a7 44.1
Galvanized Steel+Plywood(white top) | 41.4 L4722t 486 447 43.0 42.2
‘ !
Hay+Galvanized Steel ’\ 41.4 43,2 j 44,3 [ 45.8 45.7 | 45,0
Aluminum a3 47.2 9.6 | A7 4.5 | 486
Aluminum(white top, black underside) ] 39.3 45.6 46.9 6

44,6 42.6 42.
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Table-13. Direct Radiation Heat
Load(cal/hr-cm’)

~_ Time [ : | |
10 30” 3012:30?13:30114:30.15:30

Date ’ ; | 3 \
9.6~11 1| 58,6 65, 1‘ 65,21 62. 9‘ 59. 5\ 51.7

.10 4.8 554; 59.6 599] 549| 53.6

Table-14. Radiosity(cal/hr—cm?)

Sept. 6~11

Time ‘10

Materh

Aulminum

Aluminnm (white
top, black underside)i

15

‘n IERIE ’14
£300: 301 30

30‘ 30| :

9497101{97|98f95

73‘75 78'76]7673

Table-15. Radiosity(cal/hr—cm?)

Sept. 10
\Tlme , | i] ‘ '15
Material ~\:‘ 30 30 30
Aluminum

84189!98‘94|95194

Aluminum (white

top, black underside)| . 6 6 9

74\75<69

3. ¥ &
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Black globe RE ] 4% &2 432 Radiometer

nderside
of shade-

Fig. 4. Diagram indicating general magn-
itude of energy emission by different
parts of surround making up radia-
tion environment for animals ander
shade, as measured by directional
radiometer
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Fig. 8. Diurnal Radiation Heat Load for
Aluminum(average from Sept. 6 to
Sept. 11)
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Fig. 10. Diurnal Radiation Heat Load for Gol-
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Fig. 11. Diurnal Heat Load for Galvanized
steel (Sept. 10)
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