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COMPARATIVE STUDIES OF TEMPERATURE FLUCTUATIONS WITHIN
WOODEN AND STEEL SILOS IN IBADAN
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Department of Agricultural Engineering
Faculty of Techniology, University of Ibaban.

ABSTRACT

Tamperature fluctuations and moisture condensation
wilhin the interiors of a steel and wooden silos were
I21armined experimentally, The steel silo is of 1mm
thickness while the wooden silo 1s a two-layered wall
panel of 12mm and 6mm thick plywood separated by
50mm air-gap. Measurements taken during the hot-
ter months ol March and April in Ibadan showed that
temperaturé fluctuations in the steel and wooden si-
los were 9°C and 7°C respectively. Corresponding
maximum temperature in the silos were 38.5°C and
37.2°C. While the interior of the wooden silo remained
dry, the steel silo had condensed moisture droplets
lining ils inner walls, Since moisture condensation in
a silo contributes 1o grain spoilage by biological agents,
wooden silos are rated superior in respeét of
reducing this adverse fealure.

KEYWORDS: Condensation, Conductivity,
Comparartive, Deterioration,
Fluctuation, Silo.

INTRODUCTION

Bulk storage of grain in Nigeria is usually in metal
silos. Aluminium and Steel are the common silo
constructional materials. These are matenals of high
thermal conductivity and some stored grains develop
hot spots,.roast and cake within these silos when
ambient temperature is high.

In the tropics, diurnal temperature may be as high
as 15 °C or more during the dry seasons. Under such
exposures, metal silos are subjected to wide tem-
perature fluctuation resulting in moisture condensa-
tion on the roofs and walls. This is so even when
radiation reflecting surface are employed. The con-
densed moisture migrates into the grain bulk and this
has been identified as a major cause of increased
fungal activity in stored grain. Anotnher occurrence

usually found in steel silos is the devetapment of hot
spots. Osobu (1971) and Onwiizuly (1986) reported
serious incidences of hot spets\and caking of grain
stored in metal silos in WesterirNigeria. Yaciuk et al
(1975) reported the abundart growth of anthropoids
and some other food geain destroying organism at
elevated temperature of around 40°c in grains stored
in metal silos, Bakshi and Bhatnagar (1972), also re-
ported the development of moisture gradient and grain
spoilage-in outdoor metal silos exposed to high solar
radiation,

Osgbu (197 ]) undertook a comparative study of
temperature fluctuations within a metal and a double-
walled concrete silo in Ibadan and observed lower
temperature fluctuations in the concrete silo. He also
found that the concrete had less maoisture condensa-
tion within it. Ajayi (1986) observed that when the
ambient environment was between 24°C and 30°C,
temperature fluctuations within a concrete silo was
from 2 J°c to 24°C while inside a steel silo, the fig-
ures were 2 |°c to 27°C.

Three sources of heat contribute to temperature
fiuctuations in a silo. These are the external heat from
solar radiation which penetrates through the wall into
the grain bulk, the internal heat from the metabolic
activities of the grain itself and respiration of organ-
isms within the silo. If the grain bulk is dried 1o a safe
level of moisture content and the material is initially
free of micro-organisms, the internal heat sources
are negligible (Bakshi and Bhatnagar, 1972; Sinha,

1973). When the internal heat sources are negii-
gible, the temperature within a silo enclosure depends
on only the ambient condition and the thermal con-
ductivity of the silo matenal. Matenals for silo wall
construction should preferably be of low thermail con-
ductivity.

The objective of this work was to compare the
pericrmances of wooden and steel in respect of
temperature fluctuations within the silo and the
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accompanying moisture condensation within the
silos.

2. MATERIALS AND METHOD

Two silos, each of capacity, 7m* were placed close -

lo each other in the premises of the Department of
Agricultural Engineering, University of Ibadan. The
cold, rolled steel silo is cylindrical in shape, 2.3 metres
in diameter, 1.7 metres in height and of wall thick-
ness of 1mm (Ajayi, 1986). The second silo was
wooden. It is of regular hexagonal section, each side
measuring 1.2 metres, the height being 1.8 metres. It
has solid wood (Mansonia altissima) frames and
plywood sheathing, the plywood being of African
Mahogany face and core veneers bonded with
phenol-formaldehyde adhesive. The wooden silo is
double-walled, being t12mm and 6mm thick respec-
tively and with a 50-mm air-gap between the walls
(Mijinyawa 1989). It has been established that
comparative test on silos in respect of temperature
simultation may be carried out on unloaded silos
(Bakshi and Bhatnagar, 1972; Sinha, 1973). The com-
 parative studies on the two silos were therefore car-
*ried out on empty silos. The tests were carried out
around March/April when the ambient temperatures
in the environment usually attain their higher values,
reaching as much as 38.5°C.

Temperature readings were taken thrice daily;
around 6.00 a.m., ]2.00 noon and 6.00 p.m. In addi-
tion, readings on a maximum-and-minimum thermom-
eter were observed daily at 6.00 p.m. Ideally, a
thermal-hygrograph should be used to obtain a com-
plete detail of temperature situation within the silo.
However, the most important requirements for the
work were the indications of maximum and minimum
temperatures attained, as these have implications for
moisture condensation within.

3. RESULT AND DISCUSSION
The result are presented in Table 1 and graphi-
cally in Figure 1. The ambient températire were as

expected minimum.in the mornings and maximum

around the afternoons following when solar radiation

was maximum. The temperature fluctuation curve for

the interior of the steel silo was practically indentical
with that for the ambient, both curves overlapping on
some days. The curves for the temperature

flucutations in the interior of a wooden silo was quite
distinct from that of the ambient.

The minimum temperatures recorded within the
wooden silo were higher than the temperatures for
corresponding days within the steel silo and the am-
bient while the maximum temperatures recorded within
the wooden silo were lower than those for the ambi-
ent and steel silo.

While the thermal conductivity for steel is | 2-62
w/m° (parrish, 1973), it is only around 0.094-0. 42
w/m°c for wood (Mijinyawa, 1989). This accounts for
the wider flucutations in temperature within the
interior of the steel silo compared to the wooden one.
The average temperature were 7°C; 9°C and ] 0°C
respectively within the wooden and silos and in the
environment. The delay in the attainment of maxi-
mum temperature within the interior of the wooden
silo was also due to the low thermal conductivity of
the wall material.

Moisture condensation within an enclosure
depends on the temperature and relative humidity
gradients between its internal and external surfaces.
These are higher at night when ambient temperature
drops. With reduced temperature fluctuations within
the wooden silo, the moisture condensation therein
should be at a lower level than in metal silo. This was
observed during the tests, the inner walls of the
wooden silo were found dry while those of the steel
silo were visibly wet. A wet interior wall in a silo
promotes the prolification of fungi within. The mois-
ture condensed on the walls migrate to the adjacent
grains and these are readily attacked by the fungi. In
addition, there are associated insects which these
fungi serve as attractants to, these further causing
grain deterioration. It is therefore essential to prevent
moisture condemnation on silo interior walls.

4. CONCLUSION

Silos with plywood walls performed better than steel
silos in keeping down temperature fluctuation within
the silo interior. This could in turn limit fungal and
bacteria activities within stored grain especially
when naturally durable woods are used for silo

" ‘construction.
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TABLE 1

TEMPERATURES AND TEMPERATURE FLUCTUATIONS WITHIN AND OUTSIDE SILOS

Ambient Temperatures in ~~ ~ Temperatures in

Temperatures (°C) Steel Silo (°C) Wooden Silo (°C)
Day A+ B++ C+++ A+ B++  C+4+ A+ B++ C4++
T, 240 36.0 120 248 345 9.7 260 340 80
2. 270 37.0 100 254 350 96 27.0 350 8%
3. 250 350 100 260 360 100 270 324.. 54
4. 250 340 9.0 250 320 7.0 26.6 /318 5.2
5. 2180 36.0 142 220 320 100 20 310 90
6. 240 340 100 240 340 10.0 250 341 91
7. 264 37.0 106 290 385 95 282 372 9.0
8. 258 371 N3 240 350 1.0 261 340 7.9
9. 26,1 380 119 281 380 9.9 274 371 9.7
10. 262 38.0 118 260 360 10.0 270 350 8.0
1. 258 365 107 260 360 100 260 354 094
12. 264 380 116 26.0 36.0 10.0 268 366 9.8
13. 262 368 116 260 350 9.0 270 350 8.0
14. 252 350 98 25.0 /350  10.0 260 334 74
15. 258 370 11.2 240 . 366 125 271 350 7.9
16. 23.30 320 87 202 300 98 244 270 26
17. 240 320 8.0 203 270 6.7 271 305 34
18. 220 315 95 204 290 86 230 300 7.0
19. 242 335 93 203 295 9.2 240 292 5.2
20. 260 350 9.0 206 300 94 261 340 7.9
21. 253 335 82 204 300 96 26.0 350 9.0
22. 260 350 9.0 260 345 B85 265 320 55
23. 250 360 _11.0 260 350 9.0 263 352 8.9
24. 256 330 74 240 320 8.0 260 310 5.0
25, 220 300 80 220 300 8.0 23.0 301 741
26. 240 348 108 240 340 100 245 345 100
27. 26.0 360 100 240 330 9.0 270 320 6.0
28. 260 339 7.0 260 330 7.0 26.0 320 6.0
29. 240 302 62 255 340 85 260 326 6.6
30. 255 335 80 260 320 60 270 310 4.0
Average 10.0 9.0 7.0
A+ = Minimum temperatureg B++ = Maximum temperature

C+++ = Temperature fluctuation.
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