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ABSTRACT; .Elevated temperatures 3ndex<:es~w.iluctuations-mthin a gram' silo.resultdneondensation.
of moisture ontllCi:;~er,wall·su.r:faA;esand·its,migmtion;withilvtb.e gtfamb~~:leadingito'.:iD:oolding and;
.caking; There is thetteeuro-idetttlfy,approprllite inaterialsfOfisllo'~CtiM that'wilhnuumlre ~e'.
tluctUati6IiS andT~uCe 'grnm'spoilage in Silir.ig~;A.5 .6m3gra:msUdciIDst:rUctedTrom,15fluri';'itbick treatcli' .
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'termitemound clay:tmck'Swas' tesred1fOiitemperiiture'fluctUaboriS: . Momink~~~oonl3hd'-evenirig-

~~~~~{:;;~~~;.~:;m~
The in~um'and iriii,iIDtimt~es' i~ra~ Withilitne"s~o:;w~12{)oC'anq'j~C: 1~~(#iv~IY,.'a(

;;~i;;;rf~~gf~~~~~:'
~=:~;:!=~;~~,=;~'~,~O~:;I;~;::.
l~:INTRPDUCTlON:"Th~H~~O;j$.'one;pf.!lw.)IOO~(PQPu1ar,structures,~fQr(grain!$k>~~ibecaQ:Sec.
ofJthe:eas.e:9fhaiIdlirig~steelanda11Jlllinium ate OOtpDlonlyusedias':theimateria1S,eficoostniction., Jn warm.
humid climate, such as that:prevalent1n Nigeria:·land:;wherelthe;·tl3ily[~iftuct1iafiOn$;are,hi~:;
ni.etiU:sikis,sUffei.:mdiStUte:cotidensationi'~:mitheidev~l6fBrlem;()fh6t~aoo.\ca1dng~ofthe;st0tOO:·
grains [1}. ,~~t\·.- ':.t., ~...;:7,\}1.)~·~·(~JJ,rrn<)J l\:.;rf~:..:·t;t ·~;·b~'-,~~fjUL;";L (fi'r~}r-l/b.J~:~:~,:/j"l.. .'T':.":- ~::n;)~;f;.!}})fJr;

Three sources of heat contribute to the temperature within a silo. These are the external heat from solar
riiCfuu!orl whicb:1penetiatesthewaU;ilitolttle"gilifubulk;'fhelHferlW ~~,dM~t1c~~MJ/thJ
~riilir~6ff,':afiJ·'j~llittiJ~'bf til~~6fga1u~;i~!hjwrthe'~Sife>./I if~ ;~itd'lpt~&. is"'(~tr&f::ili;i{fIJMe'
·~·.J.(:··l· j~'!r'~:l'''''-'''~'''''''- .•··,·t"1·~·~·1(,··-J· ,,':": .,.:, .. [., .. ~~. ·-I·('·-I"·r·-~~i···i·.-!·....'~.".~·'f"·· i"'H /1 (".~-H'qt\:r' ··'i."--{tr"p·'·, reo',-,:moiStill-e'contootan(l _~~ the illterrlM h~t ~o~tces 'are-~~gugi~ie:'wneD'theJjrite~,na.I'1ieat'so4rces; :

·~'~4t~~~a~~~~~:~~~~~:~~,
:~;~lE,~~~~;1~;:~:,":,~:'~:":'~:',j\~:i!';:::;:'
i>3:_:,~uth~_!~.~om_~~~ shollld,be a~~ J19
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Temperature control is a key factor in the storage of grains-as it influences the quaIity of the grain and
regulates pest populations in the stored 'grain [2]:- Theabilityof asilo to limit the penetration of solar
radiation hlichh'e &td16sute ~tt'liehcethe' ftgui~WMthGfutJh1ai~;·&ri!~~; ~~dices of
silo perfornUnk.:~~"~"~r / ()fi"j if_: r2/t'Y J ~i = j ) ~.17~ j(.!~.f .~-~·r.l-i'~_·::~>ll-(f._~·i t-.J~i l

Besides the prohibitive cost whicl).,b.as.to' be 'reduced, I:eSeatchefforts 'on. silos in Nigeria have been more
concerned with reducing the temperature-within the- storage enclosure, attempting to find materials-that
could: severely dimittheflow ofihean fromtheisutf.oUndirigs·into:~thesilo enclosure.. lA: riUmQeilQ:{$die&,
have peen' ,unde~eR-to, examine-the temperatures-and, temperature.fluctuations -experiencedwithin and,
outsidesilos of Qifferentmaw.~q:{ WAStmc.t;i,QIl, ;Lu~ and Mijinya~ [3]:reporWdtbatiil an environmeat.
,,:,~er~;the ambient temperatures yariedJ)~~ ;~l.8°~ 3.p.g:3.8°C,$.9~~.~,a.~1, ~iJp.;v~e4£rom,
2o..2~C to 38°G while, for a.wooden silo in the.same J~i()~, the:valP:es,w~ ~~ 22°<;' and }7,:).~C;,

__,' •...•.. _ . _.,~_ 0-:; .... , .. , . ~,' .), ...• ~ .... , .. J \ ••• ~ •• _,_.1. _I •••• ' ••••

~ey,~~~o~ ,tem~~~~IP~~ti,,9I?;S,?{ !!r£.'; ,~~~.,~~,7gY'it9! ;~((.!~~~nw./,~J:~4;W~~J~P.,O~J

respe,¢v~lx- ~9,S#P~~n~~~~~" ~~~_f:1lqP~~oJ4J,!~~ ~p:~l~~:~,~,?\>s~fY~:

:~~~\i~~!:l~l1:l;!I:li~~~6j~i~~t:l~~;:::~~~;:
~ere'iO:~iC:·9JOCarid"8;.5'd~f'fri~~~ibt;!~i!~d ~~~nsilos, ~v'eiY/'· .:.'..1.'. ,,:'.

~li l5J¥40rtelth~-attein~ 'b)/ib.J'Nigg&ii· stcir~d'P}odUCti;;~cir~, ~ Nlge&'to'
rem\ce fuiD.periitiire:fluctuati~ wJb1n' Inetai';silos:"Th~;'riietlli';sil~; Were ~j~ ti;'fdur tte'atrilents;·
~se werefullin~u~ti&rWitli '5~ 'rOcK~wooFanltiaI%tilZe(f~1"Sli~;'~oh bt'<ml§ Ftlleroor,
painting with white paint; and painting with white paint-cOthptemenfOO·wrthitOp!'Sbading~p31mlear
thatch. .Osunade arid Lasisi [6) reported that cbaiigeS iJi temperature Withirl"JateiiZed concrete silos were
slower- thanthosewithin lmetal;silos., ;Thebigher>tel'npetafuIeS and·~ :flubt6anons,:gerieiaUf.
experienced with. metal tsilos: are. attributed .;:totheieapid. flowi iO£-'heat;oCcaSioJ1ed:,bybthelhigh-thermal
conductivity of the materials: 62.W/m~Kfo.t;isteeliand25.0W/1!l°Kforahnnini~ .. , a, l'i', , ,l': .: :"! '

Theprimary objective of the ~o*h~rein,r~®<lWa$]1:Q~_the~,~ftempe$.f~l~(t,~e
tluctuations experienced within and outside a treated termite mound clay silo. , ' .. ;; .i.:

';:J(\{: i:, :.--';dJ:":; ".: :_~. /: ,.•il:.: ''''-(' »....i(; t.;~':: i", p:dni: '::'-:i."lJI ~'jf: ,\ ~.t~:!ii ~">'I:!~·~:r··:'j·; (~ ·i~~i(·~ (.-'~ L"

2., ~~~~S ~,~~~I?~:' TIte,~»o;~e~Hor:fl1js:SW~;~'WiJof ~~ .~~ .•,~,~:9;p
~lJW ~ewr,J~ffi~~~,~4,~ ~~ty,<?fs...?i?~~r.lt,w~.~~~?f \?~W~c~i~~mm~~;~

C~~j~~~~~~.{8rli<f.:~~~~i;Ba~t~~,~~I~/~~,!~~~,~~i?1;~~,~G~~-~
on Sl. Ho~ ~Jr~~R~ o,f.t~e~e, ~~~~tio~ ..~1.'",br~i'~rP,~d,,?~~,o~r~~)'1 ,S,WJ~{!<.~,~~tb:~,g)~
iiiterest iIit:hlS-woik' was 'to mv~ the effiCIency of'the silo'Diatirial'm rOOucmgme'tlow of s'6Iaiheat
into the silo, the experiment was carricii bui6tiiiili brriiiiY silo:'Morriirii ~ffi~n~ride~ifuriPeiifirie~;
andtlte maximum aiidDlliiiiiiUffi tempeiitUres-~xpei1enc~f over a i4liiperlo(fw~r,e~edmihID and
outside the silo. Readings were taken thrice daily at 0600hr, 1200h,r and.1800hff.or-~pet1:Odofs¥'yc:4l;ys
ii:' . .. .,; .!"'. ," J ". '".','; 'j '.;'.'~"':.."'::::: ~.',;, i ", ',' ~
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using combined maximum and minimum thermometers installed within .and outside the silo. The obtained
data were subjected to a t-test in order to establish any significant difference between the inside and
outside temperatures. The waIls were regularly inspected for moisture condensation through rubbing with
absorbent paper and the palm.

3.0 RESULTS AND DISCUSSION
3.1 Daily Temperature Pattern: The temperatures recorded within and outside the silo during the
experimentation period are presented in Fig. I to 4. The morning temperatures within the silo were
almost constant at 20°C. The ambient morning temperatures varied between 21°C and 27°C with a mode
of 24°C. The afternoon temperatures for the silo were also almost constant at 300c with only a few days
recording either 2~C or 29.50C. The ambient noon temperatures ranged between 320C and 36°C with a
mode of 35°C. The evening silo temperatures were quite similar to those at noon. Evening ambient
temperatures varied between 27°C and 36°C but still maintained a mode of 35°C. The morning and noon
temperatures within and outside the silo were quite distinct without any overlap. The evening temperatures
however had a little overlap. A typical daily temperature pattern for the 45th day of the experiment is
shown in Fig. 4. Elevated temperatures promote insect development, increase metabolic activities and, in
some cases, grains in contanct with the silo wall may be roasted. Attainment of lower temperatures as
found in the silo would eliminate these effects and maintain grain quality in storage.

3.2 Temperature Fluctuations: The temperature fluctuations within and outside the silo are shown in
Fig 5. The temperature fluctuation within the silo varied between ~ and lOoCwith an average value of
9.5°C. The fluctuation outside varied between goC and l3°C with an averge value of IO.50C. These
values are significant because a lower average temperature fluctuation within the silo compared with a
higher ambient temperature fluctuation is an indication of the potency of the wall material to limit solar
Table I: t-test analysis at 1% level of significance of heat flow into the silo enclosure. High temperature
temper.dure fluctuation fluctuations promote moisture condensation which is

Location Mean SD t df tab eliminated at lower values. The water absorbent
Ambient 10.28 1.56 papers used to rub the wall surface ramained
Within Silo 9.54 0.48 3.54 118 2.36 unmoistened, indicating the absence of moisture on

the wall surface. The wall surface was warm when::::!!~at 5% level of significance of felt with the palm. The temperature fluctuation values

were subjected to a t-test, the extracts of which are
Location Mean SD dft-:-~ __ -f-__ --+__ +-t----l_---4_t..:;;.b~ shown in Tables I and II. The analyses reveal that -
Ambient 3395 153" there was a significant difference at both 1% and
Within Silo 29.54 0.48 21 118 1.98 5% levels.UNIV
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4. CONCLUSIONS AND RECOMMENDATIONS: Grain silos constructed from treated termite
mound clay bricks are capable of maintaining lower temperatures that are conducive for grain storage.
Fluctuations in temperature can be reduced, thus eliminating the possibility of moisture condensation and
maintaining grain quality. It is recommended that temperature measurements be carried out on the silo
under full load in order to establish the possible temperature gradients that may develop.
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