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Abstract 

Sun drying ofmqize grains on unperforated and perforatedsurfaceswas conducted under simulated solar 
radiation intensity of afJout 800 Wlm: and in the field, where solar radiation intensity was variable. ,The 
drying depths employed were 10, 20, 30 and 40 mm under simulated solar radiation conditions and 20 
and 40 mm in the field The response variables measured were weight loss at all depths and moisture con
tent and temperature distributions in the 40-mm depth bed The results in terms of overall drying rates 
indicate that, at depths greater than 10 mm, the perforated surface was superior (P < 0.05) to the 
unperforated and at 40 mm th.e efJectwas about double that of the contro/. Changi,!gof dryingdepthfrom 
10 to. either 20 or 30 mm on the perforated surface did not affoct the specific drying rates significantly (P < 
0.05) 'except on 40/,;;n depth. On the unperforated surface the overall specific drying rates decreased sig
nificantly (P<O. 05) with ~hange oj drying depth from 10 to 20 mm and above: Lolt'er moisture gradients 
were achieved on th£! ierforaied surface and despite the higher drying rates temperatures in the bed were , 
lower than on the u;lperforated surface. In order for high drying throughput to be achieved, drying depth ' 
of about 30';"m on perforated surfaces is recommended. Sun drying in the field yielded results that were 
similar to those obtained under simulated solar radiation conditions despite the fluctuating nature ofter
restrial solar radiation intenSity. Further work in the field, focusing on theefJect of aperture size ofperfo
rations and 'the gap ~ize between the drying surface and the ground floor for perforated surfaces is 
needed.'" , ' , , " , ' ,,' 

" , 
, " .. , . 

Keywords: Sun drying, simulated solar,radiation, unperforated ~urface, perforated sl,lrface, ' 

Introduction ' , (Brooker et at.: 1992; Silayo, 1995):'The ~orkof 
J .'. _', ,'. 'Bassey(1981),Sod~aetal.(1985)atidJl.Jaam 

S,un drylO? stIll ~cc~unts for a large .proportlon (1986), I!ave also giv~n s?me insight irtt9 the 
of all dned crop products. Techmques used' phenomenon. However, 'compared with some 

range from han~ turning on a wOoden marto large' detailea studies ofmon: soPhl'sticated solar dry _ , 
scale concreted yards with ni~chanized sp~ading, ing systems presented by Exell (1980), Garg aD9 
turning an~ g~thering: Desp,i~e this, the physic~l.. Sharma (1990i a,nd Bala ~d'\yoods (1993,1994 
p~ocesses lOv~lved are, not well understood. SI- a & b), the analysis of sun drying sys~ems is still 
multaneoust11~imal an~ moisture diffusion h~ve inadequate~ince sun drying is widely pr~cticed< 
been suggested,to c(,lOtnbute largely to sun drymg by rural communities, particularly in the devel-
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oping countries, improvements in its management may increase its usefulness. 
The main objective of this study was therefore, to compare the effectiveness of sun drying of grains on perforated against unperforated surfaCes, in terms of drying rates and moisture content and temperature distribution through the depth of grain. The focus was on maize grain, which is the major staple food iriTanzania. The experiments were conducted under controlled conditions in the U:K: using ~ lllboratorY solar 'simuiator rig, and the obselVed phenomena were verified under field ~onditio'nS 'in TaDza:rua.·· ..•• '.' , 

Materials and Methods 
Prior to·the drying experiments (under simulated and field conditions), dry maize (Staha variety) was re-wetted to moisture content of about . 22.S % wet-weight basis, so as to have uniform initial,. moisture content for the experimental materials. The .amount of re-wetting water used was calculated using the relationship (Silayo, .' 1995) ", , ';",. '; 

.,' I. [U/1-lvl; ) ...... . w = m. ---'-.--
c' " I 'IOO-M' . " 

J ~ ~, \ . 

(I) 

where 
w = amount of re-wetting water, g 
m = irutial weight of grain, g 
M = initial moisture content of grain,. % wet-weight basis 
M = desired final moisture content, % wet-weight basis 

,'. The solar simulator consisted of rune tungsten halogen lamps (each with) kW capacity), arranged in a square grid. The rig was designed and fabricated for the purpose of this study. The irra- . diation capacity of the simulator ranged from SOO to 800 W/m as measured by Solarimeter (Model , .Nq. 101820D, CASSELA, LONDON) on a flat -surface, d~pe~ding on' height from the- grid. The , s~lar simula~or)V~ ,installed in a laboratory, bUilding with mi~mum openings in order to mirunuze ihe influence offluCtuatmg weather in the external eAvironment~ Expenmentswith the solar simula. tor were done)lt the. raciiation lntens'ity of 799 ,W/m, . ',' 
.' ' U n.qer the 'simulated solar radiation conditions, dfylng experiments were performed on Ii t:raywith a diameter of 40 cm, Two types of materials were 

used in the bottom of the tray: an unperforated solid insulation material (unperforated surface) and later on a honeycomb base that was porous (perforated surface) enough to allow passage of , air from underneath. The experiments were-done for grain depths of 10,20,30 and 40 nim 'on both the unperforated and pelforated surfaces 'and replicated three times, In order to monitor weight changes,the tray was mounted on a · weighing balance (Sartorius 6100plus); For the , 40 inni 'depth treatment sample, the tray was instrumented with a thermocouple system (type-n · placed at the centre of the sample in order to measure temperature within the grain and on the grain surface. Additional experiments were conducted for 40 mm depth sample in order to morutor moisture content distribution. These were also replicated three times, 
Under field conditions, similar experiments were repeated on both the unperforated and perforated surfaces at Sokoine UruverSity of Agriculture for the 20 and 40 mm'depth treatments, The purpose of the field trials was to veritY the results .obtained under simulated solar conditions, 

, The variables measured were weight loss (± · 0.1 g) with time and ini'iial and final moisture content of grain for the four treatmentS (10, 20, 30 and 40 mm depths), under the simulated solar conditions and two treatments (20 and 40 mm depths) under field conditions . .other factors investigated were moisture content and temperature distributions along the 40 mm grain depth for both experimental conditions (laboratory and field), Weight loss 'was' determined on half-hourly intelVal by recoi-ding'the chaitges in grain weight. Moisture content of the grain was . determined USing the v~ntilated oven method at .' 130 Cfor38hours(l~O, 1980-E;BS 1981), Temperature distributiori was measured throughout the depth of the grain using seven thermocouple wi~s (type~T) at'~,S mm intelVals (starting from the stqface):T~o extra thermocouples were use4 to ,measure terperature at 2 and 6.S mm below and above the, grain surface, respectivelY: This was done to assess the effect of radiation exchange betW~n th~ grain surface and the .radiation soury'e, Thermocouple readings were changed from.mV to C scale using the standard type-T thennocouple cal'ibration tables. For moisture content distnbu~6n through the 40 mm I 
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Table 1. Mean specific drying rates 0," the unperforated 
and perforated surfaces obtaned under the simulated solar 
irradiance of 799 W 1m 

Grain depth Specific drying rates x 10 % age dif~ 

(nun) (KgI[kg.m2 [MJ.m·2 )] ference in 
specific! 
d r y.i n g 
rates. 

Unperforated Surface Perforated Surface 

10 4.76" 4.33" -9.0 

20 3.86c 4.23" 9.6 

30 2.36d 3.588 51.9 

40 l.61' 3.16b 95.9 

Means with different superscripts in a row and in a column 
imply significant difference at 5% level. 

Between the unperforated and perforated sur
faces, the results also indicated that at 10 mm 
grain depths, the specific drying rates were not 
significantly different (P > 0.05). At greater 
depths, the specific drying rates for the perforated 
surface were significantly greater (p <0.05) than 
that on the unperforated surface. This difference 
became more pronounced with increase in depth. 
For the deepest bed, the perforated drying system 
gave about twice the specific drying rates in com
parison with the unperforated one. 

The observations made on drying depths and 
drying surfaces (Figs. 1 and 2, Table 1) imply that 
sun drying of grains at greater depths is generally 
inefficient, particularly on unperforated surfaces. 
Also, SUI} drying on perforated surfaces can be 
done at depths ranging from 10-30 mm, but for 
enhanced throughput, 30 mm deJ»h performs best. 
Unperforated surfaces are suited to 10 mm or less 
drying depths. The improved drying performance 
on the perforated surface was due to the effect of 
buoyancy of air through the perforations and the 
grain mass, in addition to moisture and thermal 
diffusion through tile grain (Brooker et al., 1992; 
Silayo, 1995). This would bring about a convec
tive heat and mass transfer mode in the grain, 
leading to increased moisture loss. 

Drying uniformity 

The flnal moisture content (Fig. 3) and temper
aturedistributidns (Fig. 4) through the 40 mm 
grain depth were hlsci compared for perforated and 

1 
; 
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unperforated surfaces. Use OfperfOlpted Sur
face resuited in more unlfoim drying with low 
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Figure 3: Avege moisture content of IOmm thick layers of 
maize grain in 40 mm depth after six hours of drying at 
the simulated solar Irradiance of 799 W/m' 
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FJgure 4: Temperature across 40 mm depth of maize 

grain at the fourth hoor of drying at the sbnulated solar 

. irradiance of 799/ W 1m 

/ 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



100 V.C.K Silayo and J.L.Woods 

grain depth, 10 mm strata layers were sampled from the tray at the end of drying, followed by moisture content detennination. 
Solar radiation intensity, which is the prilIlll!Y 

S\Ul drying controlling factor, was measured using the solarimeter. In addition, other environmental factors that have influence on the drying process were measured. These included wind velocity by cup anemometer (M/16008, CASSELA, LONDON), ambient temperature by mercury-in-glass thennometer and relative humidity by'measuring wet-bulb and dry-bulb temperatures using a'sling hygrometer. All the parameters were measured for both simulated and field coilditioI}s except wind velocity that was measured only in the field. 

Results and Discus'sion 

Laboratory results 

Drying characteristics 

Results for the simulated solar radiation experiments at the intensity of 799 W 1m2 in the laboratory are shown in Figures 1 and 2. The figures show grain weight loss with drying time at different grain depths on both unperforated and perforated surfaces. The results indicate that weight loss increased with drying depth. At the same time the results indicate that the overall specific drying .rate (kg/[(kg.m2)(MJ.m·2
)] decreased (Table 1). This observation was pronounced on the unperforated surface, which had shown more decrease of the specific drying rates with depth compared with the perforated surface. On the unperforated surface, changing from 10 mm depth to depths of 20 mm and above produced a significant reduction (P < 0.05) in the specific drying rates. On the perforated surface, there was a significant reduction in specific drying rates (P < 0.05) only on changing the drying depth from 10 to 40 mm compared with changing from 10 to either 20 or 30 mm. 

500 T---- -- - ------ ---.--- --- - -------
! ' -H-bl0 -&-020, -9-030 -'-040 

010, 020, 030 & 040 eland lor 10, 20, 30 & 40 mm d~ng depth 400 raspedMlly 

100 

011""""'---,--- ----,-------,----,----i o 100' 200 300 400 
. Elapsed drying time, min 

Figure 1: Weight loss by maize grain drying on the uperforated surface at the simulated solor Irradlance of 799W/mz 
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Figure 2: Weig'ht loss by m~ize grain drrtng on the I -uperforated surface at the simulated solor irradiance of 799WtmZ 
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moisture gradient between lay~rs, ~herea~'the 
unperforated surface resulted in non-unifomi dry
ing with high moisture gradient aCf()SS the grain 
bed. TIle difference in moisture content of individ
uallayers betweel). the unperforated and the perfo
rated surfaces d~creased from the b(lttom of the 
bed to the top. which implies.that on the 
unperforated surface only the top layer dried ef
fectively. Temperatures in the grain bed on the 
perforated surface were relatively lower compared 
to those in the unperforated surface, despite hav
ing the highest drying rates. This was attributed to 
convective heat and mass transfer in the grain bed 
for samples on the perforated surface due to pas
sage of air through the perforations (Silayo, 1995). 

Field results 
. . 

Due to the fluctuating nature ofterrestrial solar 
radiation intensity. the field sun drying curves 
have been presented on the basis of integral solar 
radiation or insolation as shown (Fig. 5). As in the / 
case of simulated solar radiation conditions, field 
results show that at the same grain depth. samples 
on the perforated surface treatment yielded 
higher(P<0.05) specific drying rates relative to the 
unperforated surface (Table 2). In another obser
vation, change of depth from 20 to 40 lllin resulted 
in a significant reduction (P < 0.05 ) in specific 
drying rates on both the lillperforated and the per
forated surface as in the simulated solar radiation 
conditions. However. contrary to the tratments un
der simulated solar conditions, the percentage dif
ference in specific drying rates between the 
unperforated and the perforated drying surfaces 
did ?ot increase with increasing drying depth. TIle 
reaspn for this discrepancy was not clear but the 
fluctuating nature of weather in the field might 
hav~ contributed. 
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III ! ::! :~ ~: J ~ POb..... cte 0 .• 
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Figure 5: Weight loss by ~aize grain during sun drying In 

the field under variable solar radiation intensity 
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Table 2.Mean specific drying rates on the Wlperforated 
and perforated surfaces obtaned in the field under the 
variable solar radiation intensity 2 

Grain depth 
(mm) 

20 

40 

Specific drying rates X 10 %Age dif-

kgl[ (kg.m2)] (MJ.m'2 )] fer e nee 
specIfiC 

Unperforatedsurface Perforated 
Sluface 

3.90 5.38 

2.27 2.88 

drying 
rates. 

38.1 

27.1 

Means with different superscipts in a raw and in a colunm 
imply significant difference at 5% leveL 

The final moistur~ content distributions 
(Fig. 6) in the field also showed similarities to 
those observed under the simulated solar condi
tions, but for some reasons, their mean moisture 
levels did not show a clear trend between the two 
conditions and the drying surfaces. Temperature 
distributions (Fig. 7) during drying under field 
conditions were similar to those for the simu
lated solar conditions, 

only within the bottom layers. The discrepan
cies shown in the top layers could be due to com
plexities brought about by the combined uncer
tain fluctuations of solar radiation intensity and 
air velocity, which contributed to surface con
vective heat and mass transfer processes. HO\~
ever, such effects could not be easily quantified. 

30 

25 

.c 
-.::i 
;f. 20 

tt 
~ 15 
8 
I!! 
-il 10 
'0 
:::E 

5 

0 

1st 

UN: Unperlmlled surface aI the mean adar irra:tianced 516.7 Wlm2 

PE: Perforated surface aI the mean sotar irradianceof 486.7W/m2 

Inilial moisture content: 28.80 + 0.20 %d.b. 

2nd 3rd 4th 

10 mm layers from the bottom 

\iUNl 
~ 

FIpre 6: Average moisture content or JO mm thkk lay
en or maize grain In /40 mm depth after six hoon or sun 
drying In the field under variable solar .oadiatlon inten
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~~-------------------------, -+-LN ;-0- FIE 
l.N & FIE stand for the unperforat.:t and the p.forlded f45 surface respective.,. 

~ 
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~35 I .~--~.~---.-~~ 
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[lstence tern the grain bottom, mm 

Figure 7: Temperature across 40 mm depth of maize grain at the fourth hour of drying during sun drying in the field under variable solar radiation intensity 

Conclusions and Recommendations 
It can be concluded that sun drying on perforated surfaces provides higher drying rates than unperforated, particularly for deep grain beds. Lower moisture gradients and lower temperatures are achievable on perforated surfaces. These may slow down the reduction in seed viability during drying. Nevertheless further studies are needed for verification. In practical terms, it can be recommended to use grain depths of 10 to 30 mm on perforated surfaces for maize grain. whereas for unperforated surfaces the recommended depth would be 10 mm. For an enhanced throughput on perforated surfaces, drying depth of 30 nun is recommended for maize grain. Field sun drying yielded results that were similar to those obtained under the simulated solar conditions. Further studies in the field are required to involve many variations on types of unperforated surfaces and aper-. ture sizes of perforations for perforated surfaces. 
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