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ABSTRACT 

This pape r describe s theoretica l analyse s applie d t o th e optimu m desig n o f tw o 
types o f sola r cro p dryers . On e use s a  fla t plat e sola r collecto r an d th e othe r a 
multilayered one . Th e desig n specificatio n wa s t o reduc e moistur e conten t o f 
90kg o f shelle d maiz e fro m 20 % t o 13 % moistur e content , we t basis , i n on e day . 
The drye r wit h a  fla t plat e collecto r achieve d onl y a  thir d o f th e targe t dryin g 
rate. Th e desig n usin g a  multilayere d collecto r achieve d highe r temperature s 
but grai n dryin g duratio n wa s no t substantiall y reduced . Usin g th e theoretica l 
analysis an d experienc e wit h th e tw o experimenta l dryers , a  suitabl e prototyp e 
solar cro p drye r wa s designe d an d constructed . Fo r simplicity , th e eventua l 
design adopte d ha d a  fla t plat e collector . 

INTRODUCTION 

Traditionally, man y cerea l crops , vegetable s an d fruit s ar e drie d b y thinl y 
spreading the m o n prepare d groun d i n ope n sunlight . Generally , ther e ar e larg e 
losses o f produc t du e t o dispersa l b y win d an d destructio n b y rodents , bird s an d 
domestic animals . Moreover , th e traditiona l dryin g metho d i s no t eas y t o contro l 
and overheatin g ca n occur , makin g insec t penetratio n easie r an d henc e hig h 
storage losses . Rewettin g an d overdryin g i n variabl e weathe r condition s ca n als o 
cause som e losse s an d reductio n o f th e qualit y o f th e product . 

In th e cas e o f maize , i t ha s bee n reporte d (Mood y 1980 ) tha t losse s increas e wit h 
time whe n maiz e i s lef t i n th e fiel d afte r maturing . Losse s o f u p t o 22 % afte r 
two months , increasin g t o 50 % afte r thre e month s hav e bee n reporte d i n th e 
humid tropics . I n orde r t o reduc e suc h losses , maiz e mus t b e harveste d a s soo n 
as i t mature s an d the n dried . 

In recen t years , attempt s hav e bee n mad e t o reduc e post-harves t losse s an d als o 
improve th e qualit y o f th e produc t b y using smal l scal e sola r dryin g devices . Fo r 
example, a  sola r ai r heate r ca n b e designe d t o suppl y war m ai r t o th e produc t 
placed i n a  safel y locke d cabinet . 

This pape r describe s theoretica l analyse s o f th e optima l specificatio n fo r fla t 
plate an d multilaye r sola r collectors . Tw o prototyp e dryer s wer e designe d wit h 
the expectatio n o f dryin g 90k g o f shelle d maiz e fro m 20 % t o 13 % moistur e 
content, we t basis , withi n on e day . 

The pape r outline s th e furthe r optimisatio n o f thes e cro p dryer s an d th e fina l 
prototype constructe d fo r us e b y farmer s i n Kimalewa , Bungoma , an d Hom a Bay . 
The choic e o f prototyp e desig n wa s governe d bot h b y performanc e 
characteristics an d th e nee d t o produc e a  desig n tha t i s simpl e fo r farmer s t o 
construct. 

ANALYSIS OF THE COLLECTORS 

A ver y large , an d henc e expensive , collecto r woul d b e capabl e o f dryin g a  smal l 
quantity o f grai n i n a  ver y shor t time . Th e ai m o f optimisatio n i s t o reduc e thi s 
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patio of collecto r siz e to quantity of grain by increasing th e efficienc y an d henc e 
decreasing the necessary size of the collector . 

Flat plate collector 

In orde r t o optimis e th e collecto r design , i t i s necessar y t o understan d th e 
processes o f hea t an d mas s transfe r insid e th e collector . Th e analysi s o f thes e 
processes i s complicate d du e t o th e constantl y changin g environmenta l 
conditions. However , i f som e simplifying assumption s ar e made , as discussed b y 
Othieno (1983) , hea t balanc e equation s ca n b e formulate d an d solve d 
analytically. Thes e equation s fo r a  simpl e fla t plat e collecto r (Figur e 1 ) ar e 
given below: 

For the transparent cover : 

(1) 

Sum of power 
lost b y convection 
to ambient and 
air strea m 

sum of power 
lost by radiation 
to sky and 
collector plat e 

solar power 
gained by 
the transparen t 
cover 

For air stream throug h the collector : 

(2) 

(3) 

The temperature s o f th e transparen t cove r (T g), th e ai r strea m (T a) an d th e 
black absorbe r plat e (T p) var y i n the directio n o f ai r flow . Therefor e th e abov e 
equations ca n onl y b e vali d fo r a  smal l sectio n o f th e collecto r o f 
length wher e the temperatures ca n be assumed t o be uniform . 

The solutions o f thes e equation s fo r a n optimise d fla t plat e collecto r ar e show n 
in Figur e 2 . Theoreticall y th e highes t ai r temperature s woul d b e achieved whe n 
the collecto r depth , d , i s clos e t o zero . However , i n practic e i f th e collecto r 
depth i s to o small , th e ai r significantl y cool s down whe n i t reache s th e cro p bin 
because o f th e availabl e larg e volum e fo r expansion . Furthermore , a s th e 
collector dept h i s reduced , th e ai r flo w patter n change s thereb y causin g a  dro p 
of ai r temperature . Thi s mean s tha t ther e i s a  minimu m collecto r dept h belo w 
which overal l hea t los s increase s s o fas t tha t efficienc y drops . I t ha s bee n 
suggested (Maced o and Alteman i 1978 ; Grainger e t al . 1981 ; Grainger 1982 ) tha t 
this depth should be about 5  cm. 

In thi s work , i t wa s confirmed tha t a  dept h o f 5  cm doe s no t allo w adequat e ai r 
flowrate throug h th e grain. Thu s the collector dept h should be more than 5  cm i f 
a reasonable amoun t o f grain i s to be dried withi n the desired period . 

For the bottom absorbe r plate : 

+ = 
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Collector efficienc y i s lo w du e t o th e hig h hea t losse s cause d b y hig h cove r an d 
absorber plat e temperatures . I t wa s therefor e necessar y to : 

(i) reduc e th e hea t losse s 

(ii) improv e hea t transfe r proces s t o th e ai r strea m 

(iii) increas e th e volum e flowrat e o f ai r 

These requirement s le d t o th e developmen t o f a  multilaye r sola r collector . 

Multilayer collecto r 

A multilaye r collecto r ha s tw o o r mor e ai r ducts . Th e ai r stream s ca n b e 
completely isolate d o r joine d b y perforation s i n th e partitionin g absorbe r plates . 
Many type s o f multilaye r collector s hav e bee n studie d (Othien o 1983) . Thi s 
paper report s studies , o n on e desig n wit h perforation s i n th e paralle l partitionin g 
absorber plate s a s show n i n Figur e 3 . Du e t o th e additiona l absorbe r plates , th e 
multilayer collecto r mus t b e deepe r tha n th e simpl e fla t plat e collector . Th e 
perforated laye r increase s th e hea t transfe r are a i n contac t wit h th e ai r strea m 
and henc e improve s th e hea t transfe r process . Consequently , th e temperature s 
of th e absorbin g surfac e includin g tha t o f th e transparen t cove r ar e lo w 
compared t o thos e o f a  simpl e fla t plat e collector . Thi s significantl y reduce d 
heat losse s fro m th e collecto r a s show n i n Figur e 4 . Thi s i s a  graphica l 
representation o f th e solution s t o th e mathematica l mode l develope d b y Othien o 
(1983) fo r a n optimise d multilaye r collector . 

Optimising a  multilaye r collecto r i s mor e complex . Th e numbe r o f perforate d 
absorber plates , an d henc e th e overal l dept h o f th e collector , depend s o n th e 
energy transmittanc e o f th e perforations . Thi s transmittanc e i s referre d t o her e 
as th e voi d factor , F v , t o distinguis h i t fro m tha t o f th e transparen t cover . Th e 
void facto r o f th e perforation s wa s measure d usin g tw o similarl y calibrate d 
pyranometers. On e measure d th e direc t unobstrate d sola r radiatio n whil e th e 
other measure d th e radiatio n unde r th e perforate d absorber . A t norma l 
incidence, thi s measuremen t wa s checke d b y calculatin g th e rati o o f th e are a o f 
the hole s t o th e tota l are a o f th e absorbe r plate . 

The optimu m gap , ,  betwee n adjacen t perforate d absorber s an d th e voi d 
factor, depen d o n th e effectiv e diamete r o f eac h perforatio n whil e th e optimu m 
number o f perforate d absorber s depend s o n th e voi d factor . Afte r severa l 
experiments, i t wa s establishe d tha t th e optimu m numbe r o f perforate d 
absorbers coul d b e estimate d usin g th e expression : 

(4) 

The bes t distanc e betwee n th e layers , , i s 3 D (5) 

Where D  i s th e effectiv e diamete r o f a  singl e perforation . Havin g determine d n 
and ,  the collecto r depth , d , ca n b e foun d fro m th e expression : 

(6) 

The widt h o f th e collecto r i s determine d b y th e tota l amoun t o f energ y require d 
to dr y th e grai n withi n th e desire d dryin g duration . Th e collecto r length , o n th e 
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other hand , i s determine d b y th e velocit y o f th e ai r passin g throug h i t an d th e 
maximum ai r temperatur e require d fo r th e dryin g process . Thi s lengt h ca n b e 
estimated experimentall y o r obtaine d fro m th e solution s o f th e mathematica l 
model. 

GENERAL DESIG N CONSIDERATION S 

In orde r t o desig n a  usefu l dryer , al l th e relevan t environmenta l condition s an d 
the dryin g requirement s o f th e we t produc t mus t b e known . I n thi s wor k a n 
optimised drye r wa s specificall y designe d t o dr y maize , bu t th e metho d ca n b e 
used t o desig n dryer s fo r an y othe r products . Th e informatio n neede d includes : 

i. environmenta l dat a (insolation , win d speed , ambien t ai r temperature , 
humidity). 

ii. th e initia l an d fina l moistur e content s an d th e quantit y o f grai n t o b e 
dried. 

iii. th e require d dryin g tim e (duration ) an d an y othe r limitations , fo r example , 
the saf e maximu m dryin g ai r temperatur e fo r th e particula r product . 

The dryin g rat e o f an y produc t i s generall y limite d b y th e diffusio n proces s o f 
water fro m insid e th e materia l t o th e surface . A t th e surface , th e dryin g 
process i s define d b y th e propertie s o f mois t air . Th e relationship s o f thes e 
properties ca n b e obtaine d fro m pyschorometri c chart s fo r th e particula r 
location. 

If th e dryin g proces s wa s no t limite d b y diffusio n processes , th e tota l energ y 
required fo r dryin g a  give n quantit y o f grai n coul d b e estimate d b y usin g th e 
basic energ y balanc e equation : 

The numerato r i s the energ y require d t o evaporat e a  mas s o f water , m w a s o a s t o 
reduce th e moistur e conten t o f th e grai n fro m th e initia l moistur e content , M i 
to th e desire d fina l moistur e content , Mf , we t basis . Th e denominato r represent s 
the energ y require d pe r da y t o evaporat e th e water . Th e dail y averag e 

d, shoul d tak e int o accoun t th e require d energ y t o remov e wate r 
efficiency, 
from insid e th e grai n t o th e surface . 

(7) 

(8) 

The dryin g duratio n i n day s an d th e widt h o f th e collecto r ar e relate d b y th e 
expression: 

(9) 

The mas s o f water , m wa' ca n b e estimate d fro m th e initia l an d fina l moistur e 
contents, M i an d M f respectively : 
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If i t wer e possible t o balance thi s equation,_th e tas k o f designin g a  drye r woul d 
be ver y simpl e an d straigh t forward . Bu t an d ar e not  know n before th e 
dryer i s designed. However , ca n be calculated fro m th e estimate d value s of 
the temperature s o f ai r enterin g an d leavin g th e grai n stac k i f grai n depth , 
moisture conten t an d dryin g tim e ar e known . Brooke r e t a l (1974 ) suggeste d a 
drying equation which relates all these parameters : 

Where 9  i s th e dimensionles s ai r temperature , y  i s th e tim e uni t an d d  i s th e 
grain depth factor . Fo r moistur e ration, MR, the relationship is: 

The grai n dept h facto r an d th e actua l grai n depth , dg , ar e relate d b y th e 
expression: 

Where t n i s the period o f hal f respons e fo r th e cro p at differen t initia l moistur e 
contents and for ai r temperatures . Th e equilibrium moistur e content , M d.eg an d 
equilibrium temperature , T a.eg. a t variou s relativ e humiditie s ca n b e obtaine d 
from dat a given by Brooker et a l (1974) for various cereals. 

Since the temperatur e o f ai r reaching the grain from th e collector i s known fro m 
the collector optimisation process, i t i s possible t o select a  suitabl e temperatur e 
for th e air leaving the grain so that a  suitable grain depth can be calculated fro m 
the drying Equation (12). Henc e daily averag e drying efficiency, ca n also de 
calculated. Obviously , knowing th e grain dept h an d th e quantit y o f grai n t o b e 
dried wil l make it possible t o determine th e cro p bin area. Fo r convenience , th e 
collector widt h shoul d b e equa l t o th e sid e o f th e bi n t o whic h th e collecto r i s 
connected. 

For a  natura l convectio n dryer , i t i s necessar y t o kno w th e buoyancy-induce d 
flow an d th e pressur e hea d create d abov e th e atmospheri c pressure . Th e 
bouyancy-induced pressur e which initiates the motio n of air throug h the dryer is: 

(13) 

As air flow s throug h th e dryer , it s pressur e decrease s du e t o wal l frictio n an d 
bends in the system. Fo r an indirect crop dryer, the largest pressur e drop occurs 
inside th e grai n stack . Th e magnitud e o f thi s pressur e dro p ca n b e estimate d 
from th e expression : 

(10) 

(11) 

(12) 
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Where K  (ug) i s th e pressur e dro p pe r uni t dept h o f grai n an d i s ai r velocit y 
dependent suc h tha t an y availabl e pressur e hea d abov e th e surroundin g 
atmospheric pressure will cause air-flow throug h the grain. 

Chimney height 

Airflow throug h th e drye r ca n b e enhance d b y th e Dresenc e o f a  chimney , 
carefully designe d fo r th e purpose . Chimne y desig n mus t conside r th e balanc e 
between force s whic h produc e th e flo w agains t thos e whic h retar d th e flow. A 
chimney woul d b e usefu l i f i t create s th e Bernoull i effec t t o suc k ai r int o th e 
dryer o r i f the air insid e the chimney is warmer tha n the air outside so that ther e 
is an upwar d pressur e dro p i n th e chimney . I n th e latte r situation , th e rat e a t 
which ai r i n th e chimne y cool s dow n t o ambien t temperatur e determine s th e 
maximum heigh t o f th e chimney . Fo r example , i f th e ai r cool s down to ambien t 
air temperatur e withi n l m height , the n th e chimne y heigh t shoul d no t b e mor e 
than lm . Fo r a  rectangula r chimney , thi s maximu m chimne y heigh t ca n b e 
determined fro m th e expression : 

However, i n natura l circulatio n dryers , th e ai r leavin g th e grai n stac k i s 
generally mois t an d almos t a s col d a s ambien t air , an d s o th e presenc e o f a 
chimney ma y not  hav e an y effec t (T ai T a e). I n thi s cas e ther e i s no need t o 
have a  chimney . Thi s ha s bee n experimentall y confirme d an d therefor e th e 
dryers have been built withou t a chimney (see Figure 1). 

Design checks (steps) 

The desig n o f th e whol e drye r i s complex . Th e procedur e recommende d her e 
enables the designer t o check the scal e and likel y operatio n whe n a specifi c cro p 
is t o b e dried . I t ha s been use d whe n designing a  numbe r o f cro p dryers . Th e 
following are the steps to be taken : 

1. Determin e sola r radiatio n a t th e location , maximu m safe temperatur e fo r 
the crop , initia l and fina l moistur e conten t o f th e crop , an d th e desire d 
drying duration of a known quantity o f crop. 

2. Estimat e ai r mas s flowrat e throug h th e cro p stac k an d th e widt h o f th e 
solar ai r heate r an d the n calculat e th e require d cro p dept h usin g 
Equations 10, 11 and 12. 

3. Sinc e th e quantit y o f th e cro p i s know n an d th e cro p dept h ha s bee n 
determined, th e cross-sectiona l are a o f th e cro p bi n ca n no w b e 
determined. 

4. Determin e th e average drying efficiency usin g Equation 10. 

5. Obtai n collecto r dept h fro m th e mode l analysi s a s outline d above , 
calculate ai r velocit y throug h th e collecto r an d determin e th e collecto r 
length require d t o hea t ai r t o th e maximu m saf e temperatur e fo r th e 
crop. 

(15) 

(14) 
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6. Calculat e th e efficienc y an d widt h o f th e collector . Us e Equatio n 9  t o 
calculate th e width . I f th e calculate d widt h i s no t numericall y clos e t o 
the estimate d width , tak e th e calculate d widt h an d repea t th e procedur e 
from ste p 5. I f the calculated widt h i s within 80% of th e estimate d width , 
take th e estimated widt h and calculate ai r velocity throug h the grain. 

7. Compar e th e buoyancy-induce d pressur e an d th e pressure drop across th e 
crop stack . I f pressur e drop across th e crop i s higher tha n th e buoyancy -
induced pressure , tak e a  ne w smalle r valu e o f ai r velocit y throug h th e 
crop, obtai n a  ne w ai r mas s flowrat e throug h th e cro p an d repea t th e 
procedure fro m ste p 2 . I f pressur e dro p throug h th e grain i s much lower 
than buoyancy-induce d pressure , tak e a  ne w large r valu e o f ai r velocit y 
through th e grain , obtai n a  ne w ai r mas s flowrate  an d repea t th e 
procedure fro m ste p 2 . I f buoyancy-induce d pressur e i s slightl y highe r 
than pressur e dro p throug h th e cro p the n th e obtaine d dimension s o f th e 
dryers are wel l matched and the dryers can now be constructed . 

Two dryers wer e constructed o n the basis of theoretica l analyses outlined above . 
In each case the specification wa s to dry 90kg of shelle d maiz e fro m 20 % to 13% 
of we t weigh t i n one day. I n practice, the dryer wit h a flat plat e collectors only 
achieved a  third th e expected drying rate . Th e second drye r wit h a  multilayere d 
solar collecto r achieve d highe r temperature s bu t th e grai n dryin g duratio n wa s 
not significantly reduced . 

The result s o f theoretica l analyse s an d experience s gaine d wit h th e tw o 
experimental dryer s wer e use d t o furthe r optimis e th e design s an d t o desig n a 
suitable prototyp e sola r cro p dryer . Prototype s wer e constructe d an d installe d 
for use by farmers i n Kimalewa, Bungona and Homa Bay. 

CONSTRUCTION O F THE DRYERS 

The sola r collecto r (ai r heater) , cro p bi n an d tw o tray s wer e al l separat e unit s 
which coul d b e easil y remove d fo r repai r o r replacement . Th e sola r collector s 
were mad e o f aluminiu m sheet s painte d wit h severa l coat s o f matt-blac k paint . 
In one case the collector plate was insulated a t th e back with a sheet o f plywood . 
In general the back an d sides of th e collecto r plat e shoul d b e insulate d wit h 5  to 
10 cm thic k goo d insulatin g materia l (e g diatomite) . Th e collector s wer e the n 
covered wit h tw o sheet s o f transparen t ultra-viole t resistan t polythene , leavin g 
an air gap of abou t 5  cm between th e cove r an d th e collecto r plate . Thi s size of 
air ga p ha d bee n previously foun d t o be th e optimu m fo r thi s typ e o f ai r heater . 
For thi s ai r gap , th e heate r shoul d b e abou t l m lon g s o as t o hea t ai r t o abou t 
60°C whe n the insolation i s about 1000 W m-2. Accordin g to the Kenya Bureau of 
Standards, grain drie d fo r huma n consumptio n shoul d no t b e heate d abov e 60° C 
during drying. However , since the grain temperatur e i s generally lowe r than the 
drying air temperature , i t i s safe t o use air temperature s up to about 70°C. Thu s 
the collector length woul d generally be longer than lm but  less than 3m. 

The air heater s wer e eac h coupled t o a  crop bin whic h could tak e up to 90 kg of 
shelled we t maize . Thus , th e cro p bi n had t o hav e a  volum e o f abou t 0.1 5 m 3 

with a thin layer (less than 15 cm) of grain t o allow unidirectional natural flo w of 
warm ai r throug h th e grain . Havin g determined th e widt h o f th e sola r collecto r 
that woul d provide enough energ y fo r th e require d dryin g duration, i t wa s simple 
to mak e th e cro p bi n widt h th e sam e a s tha t o f th e collector . Grai n dept h o f 
about 10 cm was found t o produce a pressure drop of about th e sam e value as th e 
pressure difference create d b y the hot air i n the heater . 
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Like th e ai r heater , th e cro p bi n shoul d generall y b e properl y insulate d t o 
minimise excessiv e los s of hea t fro m th e dryer . Th e dryer s constructe d i n thi s 
work wer e howeve r no t insulate d sinc e th e constructio n o f insulatio n chamber s 
would make the dryers too complicated fo r a n unskilled person to construct . 

Earlier, durin g th e experimenta l stage , observation s showe d tha t th e 
temperature o f ai r insid e th e grain stack and the actual temperatur e o f th e grain 
were higher at th e bottom o f th e stack tha n at th e top . Thu s the bottom laye r o f 
the grai n drie s muc h faste r tha n th e to p layer . Fo r thi s reaso n tw o trays wer e 
constructed t o facilitat e th e remova l o f th e botto m laye r a s soo n a s maiz e ha d 
dried dow n to the require d moistur e content . Th e to p tra y woul d the n be moved 
to the bottom positio n wit h fresh we t maiz e placed a t th e top . Thi s arrangemen t 
has mad e i t possibl e t o dr y mor e maiz e pe r da y tha n wa s originally considered in 
the design . 

The ai r heater , facin g Sout h a t Kimalew a an d Bungoma an d Nort h a t Hom a Bay 
was incline d a t a n angl e o f abou t 20 ° t o th e horizontal . Thes e collecto r 
orientations ha d bee n determine d a s th e bes t fo r th e latitude s an d tim e o f th e 
year. 

The sun' s ray s pas s throug h th e transparen t cove r an d ar e absorbe d b y the blac k 
plate whic h become s ho t an d heat s th e ai r abov e it . Sinc e th e ai r heate r i s 
inclined t o th e horizontal , th e ho t air , bein g less dens e tha n th e surroundin g air , 
rises along the ai r heate r an d so air flo w throug h th e syste m i s established . Th e 
temperature o f th e ai r leavin g th e collecto r depend s o n th e lengt h o f th e 
collector; the longer th e collector th e hotte r wil l be the air a t th e collecto r exit . 
However, th e ai r temperatur e i s no t a  linea r functio n o f lengt h sinc e th e hea t 
losses increase as the temperature increases . 

COST OF THE DRYER 

Apart fro m th e transparen t collecto r cove r an d th e suppor t legs , al l othe r 
exposed part s o f th e drye r wer e mad e ou t o f expensiv e meta l sheet s (e g 
galvanised iro n sheets) . Thi s was intentionally don e to ensure the long life o f th e 
dryers. Th e dryers are therefore expensiv e at approximately  shs . 300 0 (K£ 150). 

An example o f energ y calculation s showe d tha t th e energ y require d t o dry 90kg 
of maiz e fro m 20 % to 12.5 % moisture conten t we t basi s i s about 2 4 MJ. Thi s i s 
equivalent t o 0.5 2 k g o f liqui d oi l (Calorifi c valu e =  10,400 calorie s pe r gram) . 
Thus with a burning efficiency o f 50 % and drying efficiency o f abou t 80% , about 
1.3 k g o f oi l fue l woul d b e require d an d thi s woul d cos t i n 198 5 i n Keny a £0.7 5 
sterling. Th e cos t o f th e drye r ca n therefor e b e recovere d fro m oi l saving s i n 
about 2  to 3  years i f th e drye r i s used fo r a t leas t 6  months each yea r (9 0 kg of 
maize dried ever y 3  days). Wit h mino r repairs , th e drye r woul d normall y las t a t 
least 6  years . Thi s i s a  realisti c economi c advantag e whic h indicate s tha t thi s 
type o f drye r wil l have a  vita l rol e t o pla y i n th e rura l developmen t o f farmin g 
techniques. 

CONCLUSION 

One of th e aim s of thi s wor k was to simplify th e design of an efficient sola r cro p 
dryer so that unskille d farmer s ca n construc t efficien t dryers . But , drye r desig n 
remains a  comple x tas k whic h ca n onl y be accomplished b y technically qualifie d 
people. I t i s therefor e necessar y t o trai n th e farmer s t o desig n an d construc t 
dryers while a simpler desig n approach i s being sought. 
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The acceptanc e analysi s o f th e cro p dryer s whic h hav e bee n buil t i s stil l i n 
progress. However , i t i s hope d tha t th e farmer s wil l accep t the m o n th e basi s o f 
the followin g advantages : 

1. reduce d cro p losses . 

2. safet y fro m insects , rodents , domesti c animal s an d theft . 

3. controllabl e drying . 

4. hig h qualit y produc t especiall y whe n climati c condition s mak e traditiona l 
drying metho d difficul t t o achiev e withou t sever e losses . 

5. reduce d amoun t o f labou r compare d wit h traditiona l dryin g systems . 

6. reduce d lan d are a tha n normall y require d fo r traditiona l su n drying . 
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NOMENCLATURE 

Cp =  specifi c hea t o f ai r a t constan t pressur e ( J Kg- 1 K - 1) 

G =  sola r radiatio n ( W m- 2) 

H =  vertica l heigh t (m ) 
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h =  correctiv e hea t transfe r coefficien t ( W m- 2 K - 1) 

K =  therma l conductivit y ( W m -2 K - 1) 

m =  mas s (kg ) 

m =  mas s flowrat e (k g s - 1) 

M =  pe r cen t moistur e conten t we t basi s 

n =  numbe r o f perforate d absorbin g layer s 

p =  pressur e ( N m - 2) 

Q =  hea t flux  ( W m - 2) 

T =  temperatur e (K ) 

U =  hea t los s coefficien t ( W m - 2 K - 1) 

u =  velocit y ( m s -1 ) 

x =  distanc e alon g th e collecto r (m ) 

= absorptivit y o f a  surfac e 

= emmissivit y o f a  surfac e 

= Stefa n -  Boltzman n constan t =  5.67 x  10 -8 Wm -2 K -4 

= transmissivit y o f a  materia l 

= angl e o f incidenc e (deg. ) 

= densit y (k g m ~ ) 

= efficienc y 

S =  are a pe r uni t lengt h 

Subscripts: 

a =  ai r 

c =  collector/chimne y 

d =  dryin g 

e =  exit/effectiv e 

f =  fina l 

g =  transparen t cover/grai n 
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= initial/inle t 

1 =  laye r 

o =  ambien t 

p =  plat e 

s =  sky/surroundin g 

w =  we t grain 

wa =  wate r 
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FIGURE 1: Sola r crop dryer 
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FIGURE 2: Mode l solution for a  flat  plat e collecto r 
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FIGURE 3: Multilaye r solar air heater wit h perforated absorbin g layers 
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FIGURE 4: Mode l solution for multilaye r solar air heate r 
with two perforated absorbing layers 
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