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ABSTRACT 

An experimenta l sola r drye r designe d an d constructe d a t th e Fores t Product s 
Research Laborator y o f th e Universit y o f Liberi a i s described . Th e drye r ha s a 
flat plat e sola r collecto r wit h transparen t eas t an d wes t facin g walls . Th e 
collector sectio n an d th e dryin g chambe r ar e a  singl e structure . Drye r 
temperatures an d ambien t temperature s ar e presente d fo r th e hour s o f 7:0 0 a m 
through 7:0 0 p m fo r typica l sunn y an d cloud y days . Result s fo r sunn y day s wer e 
used t o estimat e th e efficienc y o f th e sola r dryer . I t wa s calculate d that , o n 
average, i n thi s sola r drye r i t woul d tak e abou t 2 8 day s t o dr y 8  m 3 o f woo d o f 
0.5 specifi c gravit y fro m 55 % to 15 % moisture content . 

INTRODUCTION 

Traditionally, woo d i s drie d b y stackin g lumbe r i n a n ope n yard . Thi s i s ver y 
inefficient i n term s o f dryin g tim e an d qualit y o f th e drie d product . 
Conventional dr y kilns , powere d b y petroleum-base d fuel s o r othe r fuels , ar e 
very efficien t bu t ar e expensiv e t o instal l an d operate . Sola r dryin g ca n offe r a n 
alternative t o bot h ai r dryin g an d conventiona l kil n drying . I t i s mor e efficien t 
than ai r dryin g an d les s expensiv e tha n kil n drying . 

Two basi c type s o f sola r kil n design s hav e bee n develope d an d used . I n th e first , 
the sola r energ y collecto r portio n an d th e dryin g chambe r ar e combine d int o a 
single unit . A n alternativ e desig n ha s th e collecto r an d th e dryin g chambe r a s 
separate units . Bot h design s hav e advantage s an d disadvantages . Th e combine d 
system ha s a  majo r advantag e o f bein g simpl e an d relativel y inexpensive . Th e 
major advantag e o f th e separat e syste m i s tha t th e collecto r are a an d 
orientation i s usuall y fre e fro m th e constraint s impose d b y th e geometr y o f th e 
drying chamber . Thus , th e collecto r coul d b e mad e larg e enoug h t o optimis e 
heat outpu t an d th e dryin g chambe r coul d b e heavil y insulate d t o reduc e losses . 

The purpos e o f thi s stud y wa s t o desig n an d construc t a n experimenta l sola r woo d 
dryer t o asses s sola r dryin g possibilitie s i n Liberia . 

Energy analysi s o f sola r drying proces s 

In a  typica l sola r dryer , sola r radiatio n i s collecte d t o provid e energ y i n th e 
drying chambe r tha t ma y b e converte d int o usefu l wor k fo r drying . A  simplifie d 
energy equatio n ma y b e stated as : 

U =  E  +  L  (1 ) 

where U  i s th e tota l energ y inpu t int o th e system ; E  i s th e amoun t o f energ y 
available fo r th e dryin g process ; L  i s th e tota l energ y los s fro m th e system . 
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In the cas e o f a  solar dryer , th e tota l energy , U , i s mad e u p o f th e sola r energ y 
derived fro m th e tota l radiatio n reachin g th e sola r collector , th e indirec t 
radiation receive d fro m surroundin g groun d an d objects , an d radiatio n du e t o 
back reflections betwee n th e collector plat e and the solar screen . 

The amount of energy available fo r th e drying process, E, is given by: 

where: H v i s the hea t o f vapourisatio n o f wate r (cals/g) ; and W r i s the weigh t of 
water remove d from th e wood (kg). 

The heat losses , L, are mad e up of 

L =  s  +  r  +  v  +  q  (5 ) 

where: s i s the unavailabl e energ y du e t o absorption b y the sola r screen ; r  i s th e 
energy reflecte d b y th e sola r screen ; v  i s th e energ y los s throug h ventilation ; 
and q  i s th e energ y los s throug h th e wall , roo f an d floo r o f th e kil n b y bot h 
conduction, and conductive-convective mechanisms . 

Thus fo r a  given quantity o f lumbe r bein g dried i n a sola r dryer , th e energ y tha t 
will b e use d fo r th e dryin g process , E , wil l depen d mainl y o n th e differenc e 
between th e operatin g temperatur e o f th e drye r an d th e correspondin g outdoo r 
temperature a t an y given time . Th e efficiency o f a  solar dryer i s determined by 
what fractio n o f th e tota l inpu t energ y i s made available fo r th e dryin g process . 
However, th e valu e of E  in equation 1  is almost constan t fo r a  given dryer design 
and kiln load. I t i s possible, however , t o design a  sola r drye r whic h i s capable of 
absorbing a  greate r amoun t o f inpu t energy , U , and reducin g th e hea t losses , L, 
in which case the energy that wil l be made available fo r dryin g will be increased . 

THE EXPERIMENTAL SOLAR DRYER 

The sola r drye r buil t a t th e Fendel l Campu s o f th e Universit y o f Liberia , i s a 
wooden fram e wit h a  3/ 8 inc h plywoo d interio r wall . Th e exterio r wal l i s mad e 
of 2 6 gauge galvanised iro n sheets. Th e dryer ha s the followin g dimensions: 

E =  H 1 +  H 2 +  H 3 (2) 

H1 i s the energy required t o heat th e wood substance an d i s given by: 

H l
 =  W tCw

 ( Td -T a
) (3) 

where: W t i s the tota l weigh t o f th e we t woo d (kg) ; Cw i s th e specifi c hea t o f 
wet woo d (cals/g/°C) ; T d i s th e drye r temperatur e °C ; an d T a i s th e ambien t 
temperature. 

H2 i s the energ y require d t o overcom e hygroscopic forces , and it i s dependent on 
heat o f sorption o f wood . 

H3 is the energ y require d fo r heatin g and vapourising the moistur e removed fro m 
the wood , and i t i s given by: 

H3 =  H v W r (4) 
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Length (eas t t o west ) 5.1 m 
Width (nort h t o south ) 3.6 m 
Height (nort h wall ) 2.7 m 
Height (sout h wall ) 2.3 m 

The to p hal f o f bot h th e eas t an d wes t facin g wall s an d th e roo f ar e mad e o f 
6mm thic k glas s sheets . Th e 7 5 x  15 0 c m roo f pane l i s interconnecte d wit h 
moisture proo f silk a fle x masti c an d fitte d int o tongu e an d groov e woode n strips . 
The 4. 5 x  6.0 m foundatio n o f th e drye r i s concret e an d on e metr e abov e th e 
ground. 

The hea t absorbe r i s mad e o f blac k painte d corrugated , 2 6 gaug e galvanise d 
sheets fastene d t o a  woode n fram e an d suspende d a t abou t 3 0 c m belo w th e mai n 
roof. A  15c m ai r passag e ga p i s lef t betwee n th e hea t absorbe r an d th e sout h 
wall. Th e distanc e betwee n th e hea t absorbe r an d th e nort h wal l i s abou t 4 0 cm , 
which i s larg e enoug h t o facilitat e th e installatio n o f fan s t o provid e ai r 
circulation withi n th e dryer . 

All surface s insid e th e drye r ar e painte d blac k t o improv e th e tota l hea t 
absorbing capacit y o f th e entir e system . Th e tota l cos t o f material s fo r th e 
construction o f th e drye r (excludin g labour , supervision , etc» ) wa s abou t 
$3000.00. 

MEASUREMENTS OF DRYER TEMPERATURES 

The temperatur e insid e an d outsid e th e drye r wa s measure d ever y hou r fro m 
7:00 a m throug h 7:0 0 p m ove r a  1 0 wee k period . Thi s provide d enoug h dat a fo r 
clear (sunny ) an d cloud y (over-cast ) days . 

PRELIMINARY RESULT S 

Figures 1  and 2  show th e averag e drye r temperature s wit h respec t t o th e hou r o f 
the day , fo r a  typica l clea r an d over-cas t day , respectively . Th e averag e ris e i n 
temperature abov e ambien t temperatures , range d fro m abou t 5° C t o 22° C fo r 
clear (sunny ) days . Th e averag e ris e fo r cloud y day s range d fro m abou t 2° C t o 
16°C. 

On sunn y day s th e averag e drye r temperatur e durin g th e da y (7:0 0 a m throug h 
7:00 pm ) wa s abou t 49° C an d th e averag e ris e i n temperatur e i s about 20°C . 

These result s wer e use d t o determin e th e theoretica l efficienc y o f th e sola r 
dryer an d t o estimat e th e expecte d rat e an d schedul e o f dryin g fo r typica l har d 
wood specie s o f Liberia . 

THERMAL ENERGY OUTPUT 

The magnitur e o f energ y availabl e fo r dryin g fro m a  sola r drye r ca n b e 
determined o n th e basi s o f temperatur e ris e i n th e dryer , tha t is , th e difference s 
between th e drye r temperature s an d th e correspondin g outdoo r temperatures . I f 
the drye r i s considere d a s a  typica l hea t exchanger , th e therma l energ y outpu t 
from th e syste m i s given by : 

Q =  C  x  M  x  T 
P 

(6) 
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where: C p i s th e specifi c hea t o f th e medium , whic h i n thi s cas e i s air ; M  is th e 
mass flo w o f ai r fro m th e entir e volum e o f th e dryer ; T  i s th e operatin g 
temperature o f th e system . 

The ris e i n temperature s take s int o consideratio n hea t losse s fro m th e system . 
Hence i n calculatin g th e therma l energ y outpu t fro m th e drye r i t i s appropriat e 
to us e th e valu e o f th e differenc e betwee n th e drye r temperatur e an d th e 
ambient temperature . Hence : 

Q =  C  x  M  x  ( T d - T a )  (7 ) 

where: T d an d T a ar e drye r an d ambien t temperatures , respectively . 

The volum e o f th e sola r drye r i s approximatel y 46m 3. Th e specifi c hea t o f ai r i s 
0.24 cals/ g -  °C . Densit y o f air , ,  a t a  drye r operatin g temperatur e o f abou t 
50°C, i s 1.1 2 x  10 - 3 g/cm 3. Th e therma l energ y outpu t fro m th e drye r fo r a 
typical sunn y da y betwee n 7:0 0 a m an d 7:0 0 p m wa s thu s calculate d t o b e abou t 
35,000 k  cals . 

ENERGY REQUIRE D TO DR Y KIL N LOAD OF LUMBE R 

The tota l energ y require d t o dr y a  quantit y o f lumbe r tha t wil l constitut e on e 
load i n th e sola r drye r ca n b e determine d b y considering th e variou s element s fo r 
heat consumptio n indicate d i n equatio n 2 . Th e followin g dat a o r assumption s 
must b e considered . 

a. Th e capacit y o f th e sola r drye r fo r on e inc h lumbe r i s 350 0 b d f t 8m 3. 

b. I t wil l b e assume d tha t th e averag e initia l moistur e conten t o f th e lumbe r 
is 55% , an d tha t th e woo d coul d b e drie d t o a n averag e fina l moistur e 
content o f 15% . 

c. I t wil l agai n b e assume d tha t th e averag e specifi c gravit y o f a  typica l 
Liberian hardwoo d specie s i s about 0.50 , base d o n green volume . 

d. I t follows , therefor e tha t th e dr y weigh t W 0, o f 8  m 3 o f lumbe r i s 400 0 K g 
and it s we t weight , W t, i s abou t 620 0 Kg . 

The energ y require d t o hea t th e woo d substanc e (H 2) i s given b y Equatio n 3 . Th e 
energy require d t o overcom e hygroscopi c forc e i n dryin g th e woo d fro m fibr e 
saturation poin t t o 15 % moistur e conten t i s abou t 1 0 BTU/l b o r 5.5 5 cals/gm . 
Thus 

H2 =  22,20 0 k  cal s 

The energ y require d fo r heatin g an d vapourisin g th e wate r remove d fro m th e 
wood i s given by : 

where: H V, th e laten t hea t o f vapourisation , i s about 57 2 cals/ g a t th e operatin g 
temperature o f 50°C ; an d H 3 = 0.4 x  400 0 x  57 2 =  915,200 k  cals . 

The tota l energ y require d fo r dryin g th e quantit y o f woo d i n th e sola r drye r i s 
the su m o f al l th e above . 

H =  H  W 
3 v  p 
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E =  H 1 +  H 2 +  H 3 

E =  1,004,00 0 k  cals . 

CONCLUSIONS 

Energy outpu t fro m th e sola r drye r i s abou t 35,00 0 k  cal s pe r day , o n a  clea r 
sunny day . I t woul d tak e approximatel y abou t 2 8 days t o dr y 8  m 3 o f 25mm  thic k 
lumber, o f a n averag e initia l moistur e conten t o f 55 % t o a n averag e moistur e 
content o f 15 % in th e sola r dryer . 

This estimat e i s base d o n temperatur e measurement s fo r clea r (sunny ) day s only . 
For cloud y day s th e therma l energ y outpu t fro m th e drye r woul d b e muc h less . 
Preliminary dryin g experiment s conducte d wit h on e inc h board s o f Niango n 
(Tarrietia utilis , Sprague ) indicate d tha t suc h board s coul d b e drie d i n th e sola r 
dryer fro m a n averag e moistur e conten t o f abou t 60 % t o 15 % i n 3 5 days . I t 
takes abou t 9 0 day s t o dr y simila r board s o f th e sam e specie s i n th e ope n ai r 
under a  shed . An d i n a n electri c heate d dr y kil n o f 1  m 3 capacit y abou t 1 4 days . 

From thes e preliminar y result s i t appear s tha t sola r dryin g i s muc h mor e 
efficient tha n ai r drying . Eve n thoug h sola r dryin g di d no t appea r t o b e a s 
efficient a s th e electricall y heate d dr y kiln , th e cos t o f sola r dryin g i s muc h les s 
than kil n drying . 

However, thes e experiment s nee d t o b e repeate d t o obtai n mor e reliabl e dat a o f 
both th e efficienc y an d economi c viabilit y o f th e sola r dryin g process . 
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FIGURE 1: Averag e Temperatures Versus Time of Day for 
Clear (Sunny) Days 
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FIGURE 2: Averag e Temperatures Versus Time of Day for Cloud y Days 
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