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ABSTRACT 

This pape r present s th e firs t result s o f specifi c experiments , conducte d t o desig n 
a low-cos t sola r drye r fo r smal l (les s tha n 50 0 kgs ) t o mediu m (abou t 100 0 kgs ) 
scale ric e farmin g operations . Dat a characterisin g weathe r conditions , an d th e 
operation an d performanc e o f th e drye r configuration s investigated , unde r no -
load an d loa d condition s ar e presented . Mas s flow  rate s o f dryin g ai r ca n b e 
improved by : i . adequat e sizin g o f chimne y diamete r an d cabine t insulation ; ii . 
proper desig n o f th e heate d airflo w pat h leadin g t o a  bette r outpu t (drie d grain s 
per uni t time ) pe r uni t o f glazin g area ; an d iii . replacin g purchase d importe d 
elements o f th e drye r wit h comparativel y inexpensiv e bu t superio r locall y 
available materials . 

INTRODUCTION 

The spirallin g cos t o f importe d fue l an d materials , th e developmen t an d us e o f 
such dryer s ha s becom e ver y unattractive . Thi s pape r report s th e developmen t 
of a  sola r cro p drye r whic h i s bot h fre e o f th e disadvantage s o f th e traditiona l 
sun dryin g metho d an d conservativ e i n us e o f energ y an d materials . A s a  resul t 
of investigation s reporte d here , tw o prototype s wer e designed . Th e performanc e 
of thes e prototype s o n a  no-loa d an d loa d base s ar e compare d wit h controls . 

EXPERIMENTAL APPARATU S 

The sola r cro p drye r use d fo r experimentatio n i s show n schematically , i n Figur e 
1. I t consist s o f a  sola r collector , dryin g cabinet , an d chimney . Th e ai r heate r i s 
constructed fro m galvanise d stee l shee t meta l 0.1 6 c m thick , plywood , 1. 2 c m 
thick an d glazin g 0. 3 c m thick . Th e shee t metal , painte d black , act s a s th e 
absorber plate . I t i s enclosed i n a  woode n fram e heavil y insulate d wit h glasswoo l 
of 1 0 c m thickness . Th e ai r ga p betwee n th e absorbe r plat e an d glas s cove r i s 4 
cm. 

Air enter s th e collector , whic h i s incline d a t 20 ° t o th e horizontal , throug h th e 
inlet a t th e lowe r end . Heate d ai r fro m th e collecto r flow s int o th e dryin g 
cabinet throug h a  heavil y lagge d throat . 

The dryin g cabinet , mad e o f plywood , ha s a n are a o f 9 0 x  9 0 cm 2 an d heigh t o f 
70 cm. U p to thre e woode n rack s insid e i t ca n carr y slidin g tray s wit h wir e mes h 
bases fo r loadin g th e crops . Al l th e cabine t panel s ar e insulate d wit h 7. 5 c m 
thick bag s fille d wit h dr y sawdust . Ther e i s a  chimne y o f adjustabl e heigh t an d 
diameter. 

Figure 1  show s th e locatio n o f th e copper-constanta n thermocouple s insid e th e 
dryer system . Thes e ar e connecte d t o a  dat a acquisitio n syste m (deployin g a 
temperature indicator , mode l 3167 1 Therm o electric ) t o monito r th e 
temperatures. Temperatur e reading s ar e correc t t o -  0.5°C . 

The flo w rat e (m 3/s throug h th e drye r i s monitore d usin g a n acces s por t (Figur e 
1) locate d midwa y alon g th e lengt h o f th e chimney . Thi s pos t i s close d betwee n 



- 3 4 -

readings wit h a  cork . Th e prob e o f th e anemometer , T A 40 0 b y Ai r Flow , 
measures th e flowrat e i n a  cross-sectio n coplana r wit h th e thermocoupl e 
location T 7. 

The solar radiatio n o n the plan e o f th e collecto r i s measured usin g a solarimeter 
(solar 118 , Enercorp). Humidit y i s measure d b y dr y an d we t bul b readings o f a 
sling psychrometer . A  wind anemomete r measure d win d speeds in the vicinity of 
the dryers under test . 

EXPERIMENTAL PROCEDURES 

Experiment I 

Two simila r dryer s prototype s P I an d PI I wer e subjecte d t o th e sam e weathe r 
conditions t o study the effec t th e change s i n chimney diamete r o n the mas s flo w 
rate. P I wit h chimne y diamete r 1 5 c m wa s th e contro l an d PII , positione d i n 
parallel to PI , was fitted wit h a different chimne y diameter fo r eac h test . 

Experiment II 

Two dryers (PI and PII ) identical excep t tha t P I was not insulate d wer e subjecte d 
to the same insolation levels . 

Experiment III 

Two dryers P I and PII (Figure 2 ) were exposed t o the same weathe r condition s fo r 
data acquisition . P I carried a  tra y o f useabl e volum e 8 7 c m x  5 6 c m x  1 2 cm 
mounted 22. 5 c m fro m th e cabine t floor . PI I carrie d a  simila r tra y o f useabl e 
volume 7 7 cm x  55 cm x  12 cm havin g an air-flow slo t o f cross-sectiona l are a 5 
cm x 37 cm. 

Experiment IV 

On-load dat a measurement s fo r tw o dryer s P I an d PII , eac h wit h a  tray , wer e 
compared wit h tw o control , C1  an d C2 , ai r dryin g method s unde r th e sam e 
insolation levels . Th e tra y in PI and PI I was loaded wit h rice t o a height of 6  cm. 
Control, C1 , was a  ric e be d o n th e groun d containe d b y a  woode n fram e t o a n 
area an d heigh t equivalen t t o tha t o f th e be d i n PI . Control , C2 , had th e sam e 
quantity o f rice , a s i n C1 , sprea d thinl y o n th e groun d a s i n th e traditiona l 
method. 

Freshly cu t ric e wa s weighe d an d equa l quantitie s place d i n th e dryers , PI , PII , 
C1 an d C2 . Initia l sample s wer e the n take n fo r moistur e conten t tests . 
Temperatures wer e recorde d an d sample s o f ric e wer e take n fro m th e dryer s 
during the drying period a t regula r interval s of 3 0 minutes. Th e samples use d fo r 
the moistur e conten t determinatio n wer e take n afte r mixin g th e ric e i n th e 
dryers. 

Each sampl e o f ric e wa s weighe d an d the n place d i n a n oven , maintaine d a t 
110°C, for 2 4 hours. Th e weight of th e dried ric e wa s recorded an d th e moistur e 
content o n a dry basis established . 

During al l th e experiment s th e insolatio n ( I i n W/m 2, i n th e plan e o f th e 
collector) the temperatures , and the air flo w rat e (m/s ) a t th e measuremen t por t 
7 wer e recorde d a t 3 0 minut e intervals . Th e win d speed s i n th e vicinit y o f th e 
dryers wer e also monitored regularly . 
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RESULTS AND DISCUSSIO N 

The effect o f diamete r o f chimne y on mass flow  rate s in dryers under no-loa d 

The exhaus t ai r flo w rate s (m/s ) fro m th e dryer s wer e measure d usin g th e 
measurement por t locate d a t 7 , Figur e 1 . Thes e reading s wer e transforme d int o 
corresponding mas s flo w rate s unde r th e followin g assumptions : 

a. Th e densit y o f th e ai r a t 7  i s a  functio n o f temperatur e an d 
pressure a t tha t position . 

b. Pressur e a t 7  i s approximatel y equa l t o th e ambien t pressure , th e 
length o f ductin g fro m th e outle t o f chimne y t o tha t positio n bein g 
very short . 

c. Th e outle t ai r i s dry , thu s th e densit y o f th e ai r coul d b e obtaine d 
from publishe d dat a i n th e ASHRA E Handboo k 1981 . 

d. Th e equatio n o f continuit y applies . 

Typical value s fo r th e mas s flo w rate s obtaine d fo r variou s diameter s compare d 
against th e diamete r o f 1 5 c m (Control ) fo r differen t day s (meteorologica l 
conditions) ar e show n i n Figur e 3 . Th e genera l tren d i s tha t mas s flo w rat e 
increases wit h increasin g chimne y diameter . Thi s i s consisten t wit h th e 
reasoning behin d th e glazin g o f chimney s t o promot e gain s an d inhibi t losses . A s 
the losse s continu e t o ris e wit h increasin g diameter , th e mas s flo w rat e woul d 
tend t o a  pea k valu e wher e th e chimne y losse s matc h th e gains . Afte r thi s poin t 
no furthe r gain s i n th e mas s flo w rat e shoul d b e observed . I n th e prototyp e 
understudy thi s wa s achieve d wit h a  2 4 cm diamete r chimney . 

Effect o f adde d insulation on dryer mas s flow  rate s 

The insulate d drye r (PII ) ha d a  superio r mas s flo w rat e profile , compare d t o tha t 
of P I (Figur e 4) . Insulatio n promote s th e temperatur e differenc e betwee n th e 
hot colum n (heate d airflo w withi n th e dryer ) an d th e col d ai r colum n outsid e thu s 
increasing th e mas s flo w rate . Th e onl y limitatio n t o it s applicatio n woul d b e 
costs an d th e therma l protectio n i t offer s th e heate d ai r outpu t fro m collecto r 
without exposin g th e drye r mas s flow  rat e t o th e transient s o f therma l mas s an d 
ambient meteorologica l conditions . Stabl e drye r operatio n i s a  desig n objective . 

Effect o f interna l geometry o f flow  pat h on dryer mas s flow  rat e 

The differen t interna l geometr y di d no t resul t i n significantl y differen t mas s 
flow rate s whe n no t loade d wit h rice . Whe n loaded ther e wa s a  majo r differenc e 
in ai r mas s flo w rat e dependin g o n th e interna l flo w pat h geometry . (Figur e 5) . 

For th e flow  throug h be d desig n (PI ) th e dryin g ai r fro m collecto r i s passe d 
through th e entir e mass , acros s th e surfac e o f individua l grains . Fo r th e flow -
under-and-over be d desig n (PII ) onl y th e botto m an d to p layer s o f th e ric e be d 
are expose d t o dryin g air . Moistur e transfe r fro m grai n betwee n thes e tw o 
layers woul d occu r a s a  resul t o f vapou r migratio n betwee n soli d grain s a s 
opposed t o vapou r releas e fro m grain s t o heate d ai r i n th e flo w throug h be d 
configuration. S o th e mod e o f vapou r transfe r an d flow  pat h i s differen t fo r P I 
and PII . 
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While mor e detaile d test s ar e require d t o confir m th e efficienc y o f th e tw o 
designs, i t is , howeve r possibl e t o mak e certai n broa d generalisation s fro m th e 
results, Figur e 6 . Startin g fro m th e initia l moistur e conten t o f th e freshl y 
harvested ric e th e rankin g o f th e dryer s i s CII , CI , P I and PI I i n tha t order . A t n o 
insolation, e g overnight , th e ric e absorb s moisture . Th e change s i n moistur e 
content ar e no t smoot h bu t ther e i s a n overal l decreas e i n th e leve l o f thi s 
parameter wit h time , i n agreemen t wit h wor k alread y reporte d b y Bassey (1982) . 

Significance o f win d measurement s 

Meaningful reading s o f win d spee d coul d no t b e obtaine d a s an y prevailin g win d 
regime wa s ver y changeabl e -  win d gust s o f betwee n 1- 3 m/ s onl y laste d fo r a 
few secon d an d wer e fe w an d fa r apart . It s effec t i s expected , however , t o b e 
twofold: 

a. promot e improv e flo w rate s whe n drye r i s substantiall y aligne d i n 
its direction ; 

b. encourag e hea t losse s fro m th e dryer . I t i s note d tha t th e result s 
of thi s win d effec t ca n b e uncomplementary . 

CONCLUSIONS 

1. Th e analysi s o f performanc e o f dryer s i s quit e complex . A n averagin g 
technique relatin g th e averag e value s o f insolation , heate d ai r mas s flo w 
rate, temperatur e etc . i s neede d a s a  simpl e too l t o analys e th e 
interacting variable s relatin g th e drye r syste m t o it s loa d (dryin g rice) . 
This woul d "iro n out " th e proble m o f induce d irregularitie s du e t o therma l 
mass (insulation ) an d ambien t meteorologica l conditions . 

2. I t i s unrealisti c t o compar e th e traditiona l metho d o f dryin g ric e o n a 
virtually unlimite d are a t o othe r method s deployin g a  limite d area . Whe n 
drying are a become s a  premiu m an d alternative s (wit h superio r therma l 
properties) t o importe d purchase d material s ar e availabl e th e capita l cos t 
involved i n drye r desig n an d constructio n ca n b e drasticall y reduce d t o 
match ope n ai r dryin g o n a  limite d area . Th e resul t presente d suggeste d 
this wher e i t i s difficul t t o separat e PI , PI I an d C1  i n term s o f 
performance. 

3. Thre e evidentl y chea p way s o f improvin g dryin g ai r mas s flo w rate s i n 
free convectiv e dryer s ca n b e identified : 

a. Optimisin g chimne y diamete r -  th e result s o f Experimen t I . 

b. Adde d insulatio n b y switchin g ove r t o cheape r locall y availabl e 
materials wit h bette r propertie s e g mudbricks , cla y brick s an d 
mortar fo r constructio n o f dryin g cabinet . 

c. Reducin g th e resistanc e t o dryin g ai r flo w b y redesignin g flo w 
path. 

RECOMMENDATION 

Research mus t b e directe d toward s bette r an d firme r contro l o f drye r 
performance (dryin g ai r mas s flo w rat e an d temperature) . Th e us e o f simpl e 
shutters t o contro l th e ai r inflow s an d exhaus t shoul d b e explored . 
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FIGURE 1 : Diagra m o f d r y e r showin g g e n e r a l f e a t u r e s an d l o c a t i o n o f m e a s u r e m e n t s 
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FIGURE 2: Diagra m showing internal geometry of P I & PII under load 
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FIGURE 3: Effec t o f chimney diameter on mass flow 
rates through dryer under no-load 
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FIGURE 4: Effec t o f insulating dryer cabine t on mass flow rate s 
for no-load condition 



FIGURE 5: Compariso n of mas s flow rates  for flow "through-bed" 
versus "flow-over-and-under bed " for loaded condition 
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FIGURE 6: Dryin g curves for variou s conditions using rice 
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