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ABSTRACT 

This pape r describe s th e developmen t o f a  sola r cro p drye r whic h wil l mee t mos t 
of th e requirement s o f th e smal l holder . Hea t storag e ca n als o b e incorporate d 
if necessary . I t i s chea p an d use s locall y availabl e materials . Th e drye r i s 
designed t o operat e effectivel y throughou t th e yea r i n changin g climati c 
conditions an d i s suitabl e fo r dryin g a  rang e o f crop s includin g unshelle d maize , 
red chillis , rice , groundnuts , ginger , turmeric , onions , garli c an d variou s fruits . 

INTRODUCTION 

The Governmen t o f Mauritiu s ha s se t ou t productio n objective s fo r a  numbe r o f 
crops i n a  polic y o f self-relianc e (Tabl e 1) . Al l wil l nee d t o b e drie d an d stored . 
Some crop s ar e onl y harveste d a t particula r period s o f th e year , bu t th e harves t 
times o f al l thes e crop s i s spread throughou t th e yea r (Tabl e 1) . 

Large scal e producer s wil l normall y us e industria l dryin g processes . Th e 120 0 
small holder s wh o wil l b e calle d upo n t o contribut e thei r share , wil l no t b e abl e 
to affor d suc h processes . Mos t smal l holder s far m onl y on e fift h o f a  hectar e 
and cultivat e severa l crops . The y ar e scattere d widel y accros s th e island , an d i t 
is uneconomica l an d impractica l t o sen d thei r produc e t o a  centra l dryer . I t is , 
however, feasibl e fo r smal l holder s i n a  particula r are a t o for m cooperative s o r 
associations. 

Sun-drying i s currentl y th e onl y practica l approac h fo r smal l holders . Bu t ther e 
are severa l drawbacks , includin g th e inabilit y t o achiev e th e recommende d 
maximum saf e moistur e content . Fo r example , su n drie d maiz e ca n onl y reac h a 
minimum o f 14 % moistur e an d necessitate s furthe r artificia l dryin g t o 12 % a t 
the rat e o f M R 10 0 pe r tonne . 

This pape r therefor e describe s th e developmen t o f a  sola r drye r suitabl e fo r th e 
needs o f smal l holder s an d whic h ca n b e use d t o dr y al l thes e crop s an d utilise d 
throughout th e yea r i n Mauritius . 

DESIGN AND CONSTRUCTION O F AN EXPERIMENTAL PROTOTYP E DRYE R 

The desig n o f th e experimenta l prototyp e drye r wa s simila r t o th e on e develope d 
by Exel l (1980 ) fo r ric e dryin g a t th e Asia n Institut e o f Technology , Bangkok . 
However differen t material s wer e used . A  sketch o f th e drye r i s show n i n Figur e 
1. Th e drye r wa s mounte d o n 20 0 m m concret e blocks , whic h i n tur n stoo d o n a 
platform o f concret e cemen t 5 0 m m thick . Th e platfor m an d concret e block s 
enclosed a n insulatin g laye r o f ai r betwee n th e collecto r plat e an d ground . 

The sola r absorbe r wa s mad e o f 2 2 gaug e plai n galvanise d meta l sheet s coate d 
with mat t blac k painte . I t ha d a  collectio n are a o f 2 3 m 2. I t wa s fixe d an d 
supported b y a  horizonta l framewor k o f mil d stee l bars . Sixtee n clea r windo w 
glass pane s (1. 2 m  x  0.9 5 m  x  4  mm ) fitte d t o a  mil d stee l structur e incline d a t 
an angl e o f approximatel y 20 ° fro m th e horizonta l forme d th e cove r o f th e 
collector system . Th e join t betwee n th e windo w fram e an d glas s pane s wa s 
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sealed wit h meta l putty . Th e inle t ven t (4. 8 m  x 0. 1 m ) wa s a t th e botto m o f th e 
collector. 

The dryin g chambe r house d fou r meta l tray s (1. 2 m  x  1. 0 m  x  0. 3 m ) wit h a 
bottom o f fin e galvanise d wir e mesh . Th e side s wer e mad e o f a  doubl e laye r o f 
galvanised shee t meta l an d painte d black . Tw o meta l door s provide d fo r th e 
drying chambe r wer e insulate d wit h bitume n painte d particl e board . Th e 
chimney (0. 2 m  x  0.2 6 m  an d heigh t 1  m ) wa s mad e o f shee t meta l an d painte d 
black. 

Initial dryin g test s wer e carrie d ou t b y natura l convection , bu t late r th e drye r 
incorporated a  force d ventilatin g syste m provide d b y a  centrifuga l fan . Th e fa n 
was powere d b y a  12 0 watt , 240 V and 90 0 rp m moto r capabl e o f displacin g 2 5 m 3 

of ai r pe r minute . T o obtai n a  unifor m ai r flo w ove r a  sola r collecto r tw o shee t 
metal baffle s wer e installe d insid e a  plenu m o f cross-sectiona l area , 0.02 5 m 2 

(380 m m x  6 5 mm) . 

RESULTS AND  DISCUSSIONS OF EXPERIMENTA L PROTOTYP E 

Performance o f sola r collecto r 

Design studie s o n variou s type s o f sola r ai r heater s hav e bee n reporte d (Buelow , 
1961; Clos e 1963 ; Whillie r 1964 ; Bevi l an d Brand t 1968 ; an d Nile s e t al . 1978) . 
However, a  simpl e metho d o f calculatin g collecto r efficienc y i s t o tak e th e rati o 
of th e ne t rat e o f usefu l hea t energ y collecte d pe r uni t are a t o th e amoun t o f 
solar insolation : 

When empt y th e temperatur e ris e o f th e dryin g chambe r an d absorbe r plat e wer e 
respectively 35° C an d 40°C , an d th e relativ e humidit y wa s reduce d b y abou t 45 % 
below tha t o f ambien t air . Th e averag e ai r velocit y throug h th e dryin g be d wa s 
0.025 ms - 1 . Calculate d sola r collecto r efficiency , usin g th e abov e equation , 
showed tha t i t varie d fro m a  minimu m o f 34 % to a  maximu m o f 40% . 

where: =  collecto r efficiency ; =  useful hea t collected , K J h r _ 1 ; 
A =  are a o f collecto r absorber , m  ;  an d I  =  tota l insolatio n norma l t o th e 
collector, K J hr -1 m - 2 . 

By measurin g th e outle t collecto r temperatur e an d ambien t ai r inle t 
temperature, th e usefu l hea t outpu t pe r uni t are a o f collecto r i s obtained from : 

Qu =  G C p ( T o - T a ) 

where: G  = mass flow rat e o f air per uni t area o f collector surface , k g hr -1 

m-2; C p =  specific hea t o f air , K J kg -1 °C -1; T 0 =  air temperatur e leavin g 
collector °C ; and Ta =  ambient ai r temperature , °C . 

Efficiency i s therefore : 
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Performance o f drye r 

Dryer operatin g b y b y natura l convectio n 

Several dryin g test s o n batche s o f maiz e cob s an d groundnut s weighin g fro m 10 0 
kg t o 25 0 k g wer e carrie d ou t an d th e result s showe d a  temperatur e ris e o f 30° C 
and a  dryin g tim e averagin g 6  days . Th e moistur e conten t o f bot h maiz e an d 
groundnuts wa s reduce d b y 32 % an d 38 % respectivel y t o thei r require d storag e 
values o f 12 % and 9% . 

Drying curve s ( A an d B  i n Figur e 2 ) sho w tha t afte r a n initiall y hig h rat e o f 
drying, los s o f moistur e becam e progressivel y slowe r an d the n increase d a t th e 
final stag e o f drying . A  simple explanatio n o f thi s dryin g patter n i s tha t initiall y 
moisture a t th e surfac e o f th e grai n wa s muc h easie r t o remov e an d a s moistur e 
from th e interio r o f th e grai n move d t o th e surfac e th e proces s becam e slower . 
During th e fina l stag e mos t o f th e moistur e wil l hav e reache d th e surfac e wher e 
its remova l wa s faster . 

Drying rat e i s dependen t upo n bot h th e rat e o f ai r flow  ove r th e grai n an d th e 
temperature o f th e grain . Althoug h hig h ai r temperature s wer e easil y attaine d 
inside th e dryin g chambe r th e ai r flo w wa s relativel y slow . Thi s explain s th e 
rather lon g perio d neede d t o complet e drying . 

Dryer unde r force d ventilatio n 

Drying test s carrie d o n maiz e cob s indicate d tha t unde r force d ventilatio n ther e 
was a  temperatur e ris e o f 25° C an d an d th e dryin g tim e wa s reduce d a t leas t 
50%. Curv e C  i f Figur e 2  shows th e dryin g pattern . Fo r th e firs t fe w hour s th e 
moisture conten t droppe d b y mor e tha n 7% , an d thi s represente d a t leas t 50 % o f 
the moistur e t o b e removed . Fo r th e nex t eigh t hour s dryin g wa s partl y affecte d 
by overcas t period s an d th e moistur e conten t wa s reduce d b y onl y 2% . I n th e 
final stag e o f dryin g seve n hour s wer e require d t o achiev e th e 12 % moistur e 
content. 

The maiz e trial s wer e carrie d ou t i n summer . Trial s o n ric e wer e als o conducte d 
in winter . Th e highes t temperatur e ris e recorde d insid e th e drye r chambe r wa s 
20°C. Curv e D  i n Figur e 2  i s th e dryin g patter n fo r on e o f thes e trials . B y th e 
third da y th e moistur e conten t ha d droppe d fro m 30 % t o belo w th e 14 % require d 
level. 

System efficienc y 

The syste m efficienc y ca n b e calculate d usin g th e followin g formul a 

where W  = weigh t o f moistur e evaporated , kg ; L  =  laten t hea t evaporatio n o f 
water, K J kg - 1 ; I s =  insolatio n o n collecto r surface , K J hr - 1 m - 2 ; an d A  = 
Collector area , m 2. 

The result s obtaine d fro m th e dryin g experiment s showe d tha t wit h th e drye r 
operating o n natura l convectio n th e syste m efficienc y range d fro m 7 % t o 14% . 
When force d convectio n wa s employe d a  highe r valu e varyin g fro m 11 % to 18 % 
was obtained . 
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Economies 

The constructio n cos t o f th e prototyp e drye r wa s abou t M R 15,50 0 (value d a t 
1981) wit h maintenanc e cost s o f M R 20 0 pe r year . Maintenanc e include s 
cleaning o f th e glas s panes , th e interio r o f th e dryin g chambe r an d th e sola r 
absorber t o ensur e maximu m operatin g efficienc y an d repaintin g ever y fou r 
years. 

Table 2  gives th e annua l operatin g cos t calculate d o n th e drye r operatin g fo r si x 
months. I t i s assume d tha t th e drye r woul d las t fo r 1 5 years . A  10 % charg e fo r 
interest o n capita l investmen t i s allowe d t o cove r financin g costs . Th e electrica l 
energy require d t o powe r th e fa n i s evaluate d a s 1  Kw h pe r da y o f operatio n a t 
the rat e o f M R 1.4 0 pe r Kwh . 

The cos t o f dryin g maiz e i n a n industria l fue l powere d drye r i s M R 5 0 pe r tonn e 
for ever y pe r cen t moistur e conten t abov e 12% . I f th e averag e moistur e conten t 
of crop s sen t fo r dryin g i s 22% , the n th e charg e i s M R 50 0 pe r tonne . Tabl e 3  is 
the cos t benefi t analysi s fo r maiz e dryin g fo r differen t length s o f tim e o f 
operation annuall y whe n a n averag e o f 4  day s i s take n t o b e th e dryin g tim e fo r 
400 k g o f maize . 

The investmen t cos t coul d b e covere d fro m jus t ove r a  yea r t o abou t 4  year s 
depending o n th e perio d o f utilisatio n o f th e dryer . I n vie w o f th e relativel y hig h 
investment cost , smal l holder s ma y fin d i t advantageou s t o joi n themselve s i n 
cooperatives o r association s t o benefi t fro m suc h a  dryer . 

DEVELOPMENT OF AW IMPROVED PROTOTYP E 

Slope o f collecto r 

It ca n b e see n fro m Tabl e 4  tha t th e slop e o f th e collecto r ha s t o b e varie d 
constantly fro m -3 ° t o 43 ° throug h th e yea r i n orde r t o ge t th e maximu m 
insolation. Fo r fou r summe r month s th e optimu m angl e i s aroun d 1 o an d fo r th e 
four winte r month s abou t 39° . Onl y 2  months , namel y Marc h an d September , 
require th e averag e angl e o f 20° . 

Since a  multicro p drye r wil l b e use d throughou t th e yea r an d a  fixe d collecto r i s 
always preferable , th e bes t angl e ha s t o b e selected . I t mus t b e note d tha t an y 
inclination pu t o n th e collecto r wil l normall y resul t i n a  talle r an d therefor e les s 
practical an d economica l upwar d flo w dryer , unles s som e excavatio n i s mad e 
and/or a  slopin g sit e i s available . Als o th e talle r th e dryer , th e mor e vulnerabl e 
it i s t o cyclones . 

If th e averag e angl e o f 20 ° i s use d o n a  5  m  lon g collector , th e dryin g chambe r 
will hav e t o b e raise d 1. 7 m  abov e ground . An d t o b e practica l thi s drye r wil l 
need extr a accessorie s lik e a  platfor m an d staircases . Thi s woul d increas e 
further th e alread y highe r cos t o f a  talle r dryer . A t thi s angl e ther e wil l b e a 
decrease o f 6 % i n insolatio n i n bot h summe r an d winte r i e durin g 8  months o f th e 
year. An y advantage s associate d wit h suc h a n angl e i s therefore no t apparent . 

In winte r th e insolatio n i s lowest , an d i n addition , th e ai r temperature , humidit y 
and clou d cove r ar e a t thei r leas t favourable . I t i s therefor e mos t importan t t o 
use th e optimu m slop e o f 39 ° durin g thi s period , especiall y i f Ma y throug h 
August ar e th e majo r dryin g months . I n thi s case , ther e wil l b e a  los s fro m 
optimum o f 23 % i n th e summe r months , althoug h th e los s ca n b e offse t b y th e 
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higher summe r insolatio n an d les s sever e climati c conditions . Suc h a  collecto r 
slope wil l resul t i n a n extremel y tal l drye r wit h al l it s disadvantages . Howeve r a 
more practica l an d les s expensiv e downwar d flo w drye r (Figur e 3 ) can b e used . 

A horizonta l collector , o n th e othe r hand , offer s th e lowes t cos t an d i s mos t 
practical. Althoug h o n averag e i t bear s a  reductio n o f 6 % insolatio n throughou t 
the yea r an d 23 % i n winter , n o reductio n a t al l wil l occu r i n th e fou r summe r 
months. In  an y event , th e decreas e i n insolatio n ca n b e mad e u p b y increasin g 
relatively th e surfac e are a o f th e horizonta l collector . A n enlarge d collecto r t o 
meet th e requirement s o f th e winte r month s wil l o f cours e resul t i n a n over -
design fo r al l th e othe r months . I t mus t als o b e adde d tha t th e glas s cover , 
which i s ofte n paralle l t o th e collecto r surface , wil l als o caus e som e losse s b y 
reflection i n winter . Therefor e enlargemen t o f th e horizonta l collecto r mus t 
also b e considere d t o mak e u p fo r th e loss . 

Thus, fo r a  multicro p drye r t o b e use d throughou t th e year , unles s th e sit e 
exceptionally lend s itsel f t o a  slopin g collector , a n enlarge d horizonta l on e 
should b e preferred . 

Optimisation o f throughpu t 

Most crop s tak e severa l day s t o dr y t o th e appropriat e moistur e content , eve n i n 
the bes t conditions . Thi s mean s tha t a  drye r wil l normall y remai n loade d wit h 
the sam e produc t fo r a  numbe r o f day s unti l dryin g i s over . Thi s wil l mak e th e 
drying proces s costl y fo r a  numbe r o f reasons . 

Firstly, eac h da y th e cro p harveste d ha s t o b e loade d i n a  separat e drye r o r se t 
of dryers ; thu s severa l unit s wil l b e neede d fo r on e crop , a s th e numbe r o f unit s 
needed wil l b e equa l t o th e numbe r o f day s o f drying . Further , i f th e dryin g i s 
shortened b y favourabl e conditions , n o advantag e ca n b e take n o f it . Bu t i f 
conditions becom e unfavourable , th e harves t schedul e wil l b e upset . Secondly , 
the drye r o r se t o f dryer s mus t b e enoug h t o hol d th e dail y harvest . Anythin g 
bigger o r smalle r wil l no t b e suitable . Als o i t implie s tha t onc e decided , th e 
volume harveste d itsel f canno t b e increased . 

The proble m ca n b e overcom e i f th e norma l pick-u p efficienc y o f 30 % ca n b e 
improved t o a s clos e a s possibl e t o 100% . Suc h a  hig h performanc e ca n b e 
achieved wit h a  tie r o f trays . Th e ai r leavin g a  norma l drye r i s stil l fairl y dr y 
and ca n b e utilise d again . Thi s principl e wa s use d t o develo p th e ne w dryer . 

Each se t o f on e o r mor e tray s i n th e tie r shoul d hav e a  capacit y t o contai n th e 
whole dail y harvest , an d therefor e th e numbe r o f set s require d wil l equa l th e 
number o f dryin g days . Thu s a t an y give n tim e al l th e tray s wil l b e full y loaded . 
Where th e capacit y o f th e se t ca n onl y contai n a  fractio n o f th e dail y harvest , 
the numbe r o f dryer s mus t b e increase d accordingly . 

The capacit y o f th e se t o f tray s i n fac t wil l b e limite d b y th e outgoin g relativ e 
humidity o f ai r whic h shoul d no t excee d th e wate r activity . Fo r som e products , 
a relativ e humidit y o f almos t 100 % leavin g th e dryin g chambe r ca n b e tolerated . 
Once th e moistur e absorptio n isother m i s known , a  simpl e laborator y experimen t 
using th e inle t ai r condition s ca n b e performe d t o determin e th e optimu m tota l 
bed thicknes s an d therefor e th e individua l tra y thicknes s an d it s capacity . 

Initially th e fres h produc t i s loade d i n th e las t se t o f tray s a t th e outle t o f th e 
drying chamber , an d everyda y followin g i t wil l b e move d on e ste p forwar d t o th e 
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inlet unti l th e require d numbe r o f dryin g day s ha s bee n reached . The n th e se t o f 
trays containin g th e adequatel y drie d produc t i s removed fro m th e botto m o f th e 
tier (fo r a n upwar d flo w dryer) , unloaded , refille d wit h fres h produc t an d pu t 
back o n th e to p an d th e whol e cycl e repeated . I n thes e conditions , th e dail y 
throughput o f th e drye r o r se t o f dryer s wil l mee t th e deman d o f th e dail y 
harvest. 

The numbe r o f tray s i n th e tie r ca n b e increase d o r decrease d dependin g o n th e 
drying condition s an d th e expecte d harvest . 

Heat storage 

As th e ambien t temperatur e fall s a t night , th e relativ e humidit y o f th e ai r 
increases. Whe n i t ha s reache d th e wate r activit y level , absorptio n o f moistur e 
in th e produc t wil l occur . However , i f th e drye r i s kep t airtigh t a t night , onl y 
minimal absorptio n o f moistur e fro m th e enclose d ai r wil l occur . 

More important , microbia l activit y wil l star t abov e certai n wate r activitie s an d 
thus spoi l th e product . Fo r exampl e abov e a  wate r activit y o f 0.8 0 mold s wil l 
start t o grow . I t ma y therefor e b e essentia l fo r certai n product s whe n dryin g 
takes mor e tha n a  day , t o maintai n a  relativ e humidit y o f th e ai r belo w 80 % b y 
preventing th e temperatur e t o fal l to o much . Thi s ca n b e achieve d b y 
maintaining th e drye r airtigh t afte r sunse t an d switchin g o n a  supplementar y 
artificial heater . Th e heater , presentin g a  numbe r o f drawbacks , ca n b e avoide d 
altogether i f a  hea t storag e syste m ca n b e incorporate d i n th e dryer . 

A collecto r surfac e ,  havin g a  hig h therma l inertia , serve s a s a  hea t stor e bu t 
unfortunately onl y durin g shor t cloud y period . T o b e usefu l th e hea t mus t b e 
stored belo w th e dryin g chambe r an d i n sufficien t quantitie s t o maintai n th e 
warmth o f enclose d ai r throughou t th e night . 

An assembl y o f blackene d concret e unit s (Figur e 4 ) wil l serv e th e purpose : 
concrete ha s a  hig h therma l inertia . Th e unit s mus t b e streamline d t o minimis e 
the rat e o f hea t absorptio n an d t o decreas e th e pressur e dro p an d therefor e th e 
need t o us e a  mor e powerfu l fan . 

The downwar d flow  drye r (Figur e 3 ) ca n als o b e adapte d t o provid e a  hea t 
storage system . Sinc e th e storag e materia l i s unde r an d therefor e afte r th e 
drying chamber , i t i s th e wast e hea t whic h i s utilised . Therefore , a s oppose d t o 
the upwar d flo w dryer , i t i s a  hig h rat e o f hea t absorptio n whic h i s desired . Fo r 
this purpose , properl y arrange d blackene d basal t boulder s offerin g minima l 
pressure dro p ca n b e used . Th e result s obtaine d wit h a  prototyp e ar e show n i n 
Figure 5 . 

A suitable multicro p drye r 

Figure 6  show s diagrammaticall y th e feature s o f a  multipl e cro p drye r suitabl e 
for smal l holders . Th e glas s cover s ar e slightl y incline d (1 % gradient) t o enabl e 
rainwater outsid e a s wel l a s condensatio n wate r insid e t o ru n off . Otherwis e a 
glass cove r paralle l t o th e collecto r wil l resul t i n a  bette r hea t transfe r 
coefficient. Th e sam e stee l framewor k an d galvanise d iro n sheet s ca n b e use d 
but th e investmen t cos t wil l b e lowe r tha n tha t o f th e experimenta l prototype . 
Other cheape r substitut e material s ca n b e use d t o cu t dow n th e cos t stil l more . 
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When crop s lik e unshelle d maiz e ar e t o b e drie d onl y th e tw o incline d tray s ar e 
used. Th e cove r o f th e dryin g chambe r i s firs t opene d the n th e uppe r tra y i s 
removed an d th e botto m tra y filled . The n th e uppe r tra y i s replace d an d fille d i n 
its turn . Whe n dryin g i s ove r th e door s ca n b e opene d an d th e crop s wil l 
immediately fal l int o th e awaitin g baskets . I n certai n cases , onl y th e botto m 
tray nee d b e used . 

If crop s lik e chilli s o r slice d frui t ar e t o b e dried , onl y th e horizonta l tray s ar e 
used. I n thi s cas e loadin g i s don e b y openin g door s o f th e dryin g chambe r an d 
sliding i n th e trays . Thes e shoul d fi t exactl y on e o n to p o f th e othe r t o ensur e 
that ai r goe s throug h th e bed s only . 

For crop s whic h ca n tolerat e direc t dryin g additiona l dryin g ca n b e obtaine d 
from th e glas s cove r o f th e dryin g chamber . Otherwis e screenin g ou t wit h a 
piece o f cardboar d wil l b e necessary . 
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TABLE 1: Productio n objectives i n the self-reliance polic y 
and harvest time s for key crops 

Crop Productio n Harves t time s 
objectives 198 7 Summe r Winte r 

(Tonnes) 
Nov De c Ja n Fe b Ma r Ap r Ma y Ju n Ju l Au g Se p Oc t 

Maize 15,00 0 X X X 
Groundnuts 250 0 X 
Garlic 45 0 
Turmeric 23 0 X  X  X 
Ginger 200 0 X 
Onions 430 0 

Beans & Peas 160 0 
Rice 600 0 
Coffee 8 0 
Chillies 22 5 X X X 

X 

X 
X 

X 

X 

X 
X 

X 

X 
X 

X 

X 

X 
X 

X 

X 

X 

X 
X 
X 

X 

X 

X 

X 
X 
X 
X 
X 

X 

X 

X X 
X X  X 
X X  X 
X X  X 
X X  X 

X X  X 

(Source: Whit e Pape r o n Agricultural Diversification , Governmen t o f Mauritius ) 

TABLE 2 : Maintenanc e ite m 

Maintenance ite m Cost/yea r 
MR 

Depreciation o f drye r 68 7 
Interest o n capital investmen t 155 0 
Annual maintenanc e cos t 20 6 
Electricity fo r 6 months 25 2 

Total annua l cos t 2695 
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TABLE 3 : Cos t benefi t analysi s o f sola r drye r 

Period o f 
utilisation 
(Months) 

4 
6 

12 

Annual 
operating 
cost (MR ) 

2611 
2695 
2947 

Returns 
(MR) 

6000 
9000 

18,000 

Profit 
(MR) 

3389 
6305 

15,053 

Payback 
period 
(Years) 

4.57 
2.46 
1.03 

TABLE 4 : Monthl y variatio n o f optimu m slop e angl e (facin g north ) 

Day o f Mont h Optimum Slop e Angl e 

14 Novembe r 
10 Decembe r 
17 Januar y 
16 Februar y 

SUMMER AVERAG E 

1 
-3 
-1 
7 

1 

15 Ma y 
11 Jun e 
17 Jul y 
16 Augus t 

WINTER AVERAG E 

39 
43 
41 
33 

39 

16 Marc h 
15 Apri l 
15 Septembe r 
15 Octobe r 

18 
29 
22 
10 

AVERAGE 20 
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FIGURE la : An experimental prototyp e 
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Figure lb : An experimental prototyp e 
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FIGURE 2: Dryin g curves (A) and (B) for maiz e and ground nuts, 
both under natural convection ; 

(C) and (D) for maiz e and rice, both under forced convectio n 
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FIGURE 3: Downwar d flow dryer with heat storag e 

FIGURE 4: Upwar d flow dryer with heat storag e 
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FIGURE 5a: Temperatur e wit h heat storage in downward flow  drye r 

FIGURE 5b: Temperatur e withou t hea t storage in downward flow  drye r 
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FIGURE 6a: A  suitable multicrop dryer 
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FIGURE 6b : Sectio n AA'  o f multicro p drye r 
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