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ABSTRACT 

The desig n an d fiel d testin g o f a  tw o to n capacit y maiz e sola r drye r ar e 
described. Successfu l dryin g wa s achieve d bu t natura l convectio n reduce d th e 
energy efficiency . I t i s conclude d tha t th e seasona l short-ter m utilisatio n o f th e 
dryer doe s no t justif y th e financia l investment . 

INTRODUCTION 

Many paper s dea l wit h theoretica l studies , modellin g an d laborator y wor k o n 
solar dryin g (Kranzie r 1975 , Harri s 1976 , Midwes t Pla n Servic e 1980 , 
Muthweerappan 1978) . Durin g th e las t 6  year s ou r laborator y ha s designe d an d 
tested a  numbe r o f experimenta l scal e sola r dryers . Thes e includ e 5  kg capacit y 
solar dryer s (fo r wood ) an d 25 0 k g capacit y dryer s fo r maize , cassava , se a fish , 
and okra . Thre e sola r dryer s o f 2. 5 m 3 capacit y hav e no w bee n buil t fo r 
cooperative farmers . Thei r desig n an d constructio n details , an d th e result s o f a 
field tes t ar e describe d below . 

DESIGN AND CONSTRUCTIO N 

The sola r drye r wa s designe d fo r crop s o f abou t 20 % wate r conten t t o b e reduce d 
to 13 % according t o regiona l climati c dat a an d governmenta l regulation . 

It i s o f a  mixe d typ e o f desig n wit h a  hea t storag e system . Sola r energ y i s 
collected o n a  glaze d are a o f 8 1 m 2; 2 7 m 2 o n th e roo f (D 1, D 2) an d 5 4 m  fo r 
the indirec t hea t collectio n proces s (C 1, C 2) (Figur e 1) . Th e are a fo r indirec t 
collection i s twic e a s bi g a s tha t fo r collectin g sola r energ y directl y s o tha t th e 
temperature i n th e dryin g cabine t i s kep t highe r tha n th e ambien t temperatur e 
even a t night . 

Because th e latitud e o f th e locatio n i s lo w (6 ° -  7°N) , a  symmetrica l profil e i s 
adopted t o reduc e hea t losse s b y th e sid e wall s an d t o allo w eas y loadin g an d 
unloading o f th e crops . Th e wall s ar e insulate d b y a  10c m thic k laye r o f cotton . 
Two dryin g trays , 1.2 0 m  b y 1 2 m , ar e separate d b y a  corrido r o f 1  m  i n width . 
Below eac h tray , a  roc k pil e storag e syste m o f 0. 4 m  thicknes s help s t o kee p th e 
relative humidit y lowe r tha n 60 % eve n wit h a n ambien t valu e o f 100% . Th e 
thickness o f th e roc k pil e i s calculate d accordin g t o th e tim e o f hea t propagatio n 
from th e botto m t o th e to p o f th e bed . Th e diamete r o f th e rock s i s abou t 5  c m 
in orde r t o allo w eas y circulatio n o f th e ho t air . 

The lowe r ai r collector s hav e a  0.1 m thic k laye r o f rock s a s asborber , hea t 
exchanger an d inle t ai r filter . Th e resultan t highe r hea t exchangin g are a 
compensates fo r th e therma l inerti a o f th e rocks . Thes e rock s ar e commonl y 
used an d availabl e i n rura l villages . Th e roc k laye r i s painte d blac k an d 
supported b y a  fin e wir e mesh . Th e inle t ai r ha s t o cros s i t befor e flowin g int o 
the dryin g cabine t throug h th e storag e bed . 

In th e symmetri c profile , a  ro w o f collector s face s sout h an d a  secon d nort h 
(Figure 2) . 
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RESULTS OF FIELDS TRIALS 

Field trial s wer e conducte d wit h tw o ton s o f maiz e i n a  laye r o f 6  t o 8c m 
thickness. Figur e 3  show s th e temperature s an d relativ e humidit y withi n th e 
dryer durin g 5  day s operation . Mea n dail y insolatio n wa s 4  kwh/m 2/day. Th e 
temperature insid e th e drye r range d fro m 30° C t o 58° C a s th e ambien t 
temperature increase d fro m 21° C t o 35° C durin g a  day . Th e ai r temperatur e i n 
the dryin g cabine t i s abou t 16° C highe r tha n th e ambien t temperatur e an d i s 
sufficient fo r grai n drying . Th e relativ e humidit y varie d fro m 18 % t o 60 % 
against 60 % to 100 % fo r th e ambien t air . 

The ai r flow  wa s ver y wea k bu t th e moistur e conten t droppe d fro m 20 % t o 14 % 
in th e firs t da y (Tabl e 1 ) wit h a n overal l energ y efficienc y o f 15% . Th e secon d 
day reduce s th e moistur e t o 13 % followed b y th e usua l fluctuation  aroun d 12 % of 
the nex t tw o day s i n good agreemen t wit h th e genera l equilibriu m curv e o f maiz e 
and relativ e humidit y o f th e ambien t ai r (Figur e 4) . 

CONCLUSION 

Maize grai n ca n b e successfull y drie d i n th e sola r drye r i n tw o day s instea d o f 
four day s i n th e traditiona l ai r dryin g process . A  drop i n moistur e conten t fro m 
20% t o 14 % i s achieve d i n on e day . Thi s performanc e ca n b e furthe r improve d 
by increasin g th e ai r flo w t o 3m 3/min fo r on e m 3 o f maize . A s i n a n earlie r 
prototype, PV C duct s ca n b e installe d throug h th e storag e be d t o b e opene d o n 
the firs t da y an d close d late r on . 

Local materia l an d manpowe r wer e use d bu t th e cos t ($10,000 ) remain s hig h 
comparatively t o th e 4  to 6  weeks o f utilisatio n durin g th e year . 
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FIGURE 1: Cross-sectiona l diagram o f a  two ton capacity maiz e solar crop dryer 
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FIGURE 2: Symmetri c plan of two ton capacity solar drop dryer for maiz e 
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FIGURE 3: Temperature s and relative humidity within solar crop dryer 
during 5 days operation and the insolation, ambient air temperatur e 

and relativity humidit y 
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TABLE 1 : Moistur e conten t o f maiz e duri n urin g dryin g tim e 

FIGURE 4: Maiz e dehydration curv e 

Initial 
moisture 

Drying Time (days ) 
1 2 3 4 5 6 

Me 

Mo 
20% 14% 13.2% 12% 11.6% 12.1% 12.6% 
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