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ABSTRACT 

Research and development work on s o l a r  dry ing  conducted i n  

Thai land dur ing  t h e  p a s t  f i f t e e n  years  was reviewed. Technical  and 

economic r e s u l t s  i nd ica t ed  t h a t  s o l a r  drying f o r  some crops such a s  

paddy, mul t ic rops  and f r u i t  was f e a s i b l e .  However, farmers  acceptance 

of s o l a r  dry ing  was s t i l l  very l imi t ed  i n  numbers and places.  This  may 

be  due t o  a  t oo  long pay back per iod  and high i n i t i a l  investment cos t .  

Research and development work on s o l a r  a i r  hea t e r  was a l s o  reviewed. 

Most of t h e  s o l a r  a i r  h e a t e r  developed i n  Thailand was modified from a 

roof of a  bu i ld ing .  Both bare and g l a s s  covered s o l a r  a i r  h e a t e r  were 

t e c h n i c a l l y  and economically f e a s i b l e  when compared t o  e l e c t r i c i t y  b u t  

could no t  compete w i th  f u e l  o i l .  Fur ther  r e sea rch  and development 

work should be cont inued i n  o rde r  t o  reduce cos t .  A s tandard  t e s t  of 

s o l a r  a i r  h e a t e r  should be developed. 

Key Words: So la r  dry ing ,  s o l a r  a i r  h e a t e r ,  s o l a r  c o l l e c t o r  

INTRODUCTION 

Drying i s  one of t he  most p r a c t i c a l  method i n  preserv ing  

q u a l i t y  o f  a g r i c u l t u r a l  product. D i r ec t  sun dry ing  has been 

p r a c t i c i n g  s i n c e  a n c i e n t  time. However, i t  i s  n o t  s u i t a b l e  f o r  some 

hygienic  product which i s  e a s i l y  contaminated i n  open a i r .  I n  a d d i t i o n ,  

i t  depends upon weather condi t ion  because the re  i s  no s h e l t e r  f o r  

preventingproductfromrain. A s a r e s u l t ,  newdry ingmethods  wi th  

convent ional  h e a t  sources have been widely developed and used i n  

o r d e r  t o  so lve  these  problems. Due t o  energy c r i s i s  and i n t e n s i v e  

energy consumption i n  drying process ,  s o l a r  dry ing  has  been s tud ied  

widely i n  many coun t r i e s  i n  order  t o  reduce c o s t  and s u b s t i t u t e  

convent iona l  energy. Thailand i s  one of those  which a c t i v i t i e s  of 

r e s e a r c h  and development work on s o l a r  dry ing  have been c a r r i e d  o u t  

over 1 5  years .  The outcome of t h i s  e f f o r t  i s  t h e  acceptance of some 

simple-designed s o l a r  d rye r s  by farmers though t h e  amount of u n i t  i s  



n o t  s i g n i f i c a n t .  

Review of r e sea rch  and development work on s o l a r  d ry ing  i n  

Thai land was done by Wibulswas C13 1 and Soponronnarit  [19]. I n  

a d d i t i o n ,  Ong [81 presen ted  a  s t a t e - o f - t h e - a r t  r e p o r t  on s o l a r  d ry ing  

i n  ASEAN coun t r i e s .  A s  work made progress ,  i t  seems t h a t  a  new t r i a l  

of review i s  appropr ia te .  

The o b j e c t i v e  of t h i s  paper i s  t o  review r e sea rch  and 

development work on s o l a r  d ry ing  inc lud ing  s o l a r  a i r  h e a t e r  i n  

Thailand. Important work from o u t s i d e  i s  s e l e c t i v e l y  included. 

Timber dry ing  and tobacco cu r ing  a r e  n o t  contained i n  t h i s  paper.  

SOLAR AIR HEATER 

A s o l a r  a i r  h e a t e r  may be  def ined  a s  a  device  which conver t s  

s o l a r  r a d i a t i o n  i n t o  h e a t  i n  terms of i nc reas ing  en tha lpy  of a i r .  The 

dev ice  i s  u s u a l l y  very simple.  It comprises an absorber  which a c t s  a s  

a n  energy c o n v e r t e r ,  a i r  channel ,  and c l e a r  t o p  cover  a s  a n  op t ion .  

While a i r  i s  f lowing through t h e  a i r  channel i n  t h e  dev ice ,  h e a t  i s  

e x t r a c t e d  from t h e  absorber  t o  t h e  a i r ,  r e s u l t i n g  i n  a  temperature  

r i s e  o r ,  i n  o t h e r  words, h o t  a i r  i s  obtained.  The h o t  a i r  may be  used 

f o r  space  h e a t i n g  o r  drying.  Given Tha i l and ' s  h o t  and humid c l ima te  

o p p o r t u n i t i e s  f o r  space hea t ing  a r e  extremely l imi ted .  However, t h i s  

i s  n o t  t h e  c a s e  w i th  dry ing  by means of a  s o l a r  a i r  hea t e r .  The 

p o t e n t i a l  f o r  accept ing  s o l a r  a i r  h e a t e r s  i n  t h e  near  f u t u r e  i s  

r e l a t i v e l y  h igh  and they may become a s  popular  a s  t h e  s o l a r  water  

h e a t e r ,  f o r  which a  l o c a l  market now e x i s t s .  

F o s t e r  and P e a r t  [5]  summarized t h e  r e s e a r c h  and development 

work on s o l a r  g r a i n  dry ing  i n  t h e  United S t a t e s  of America. Seve ra l  

t ypes  of  s o l a r  a i r  h e a t e r  have been developed and t e s t e d .  They may 

be  c l a s s i f i e d  broadly i n t o  t h r e e  c a t e g o r i e s :  1 )  f l a t - p l a t e  s o l a r  a i r  

h e a t e r s ;  2)  non f l a t - p l a t e  s o l a r  a i r  h e a t e r s ;  and 3)  i n t e g r a t e d  

c o l l e c t o r - s t o r a g e  hea t e r s .  A f l a t - p l a t e  s o l a r  a i r  h e a t e r  may c o n s i s t  

o f  a n  absorber  f o r  conver t ing  s o l a r  r a d i a t i o n  i n t o  h e a t  i n  terms of  

i nc reas ing  enthalpy of a i r ,  an  a i r  channel through which a i r  f lows 

and e x t r a c t s  h e a t  from t h e  abso rbe r ,  a  t o p  t r a n s p a r e n t  cover  and 

bottom i n s u l a t i o n  f o r  prevent ing h e a t  l o s s ,  both of which a r e  

o p t i o n a l .  F igure  1 shows t h r e e  gene ra l  types  o f  f l a t - p l a t e  s o l a r  

a i r  h e a t e r s  namely: a )  bare  f l a t - p l a t e ;  b)  t ransparen t -cover  

f l a t - p l a t e  wi thout  s t i l l  a i r  gap;  and c )  t r a n s p a r e n t  cover f l a t - p l a t e  

wi th  s t i l l  a i r  gap. The bare  f l a t - p l a t e  s o l a r  a i r  h e a t e r  (Fig.  1 a )  



i s  t h e  s imp le s t  and cheapes t  b u t  t h e  thermal e f f i c i e n c y ,  which 

depends s t r o n g l y  upon wind speed above t h e  s o l a r  c o l l e c t o r ,  i s  t h e  

lowest .  Thermal e f f i c i e n c y  i s  improved when t h e  s o l a r  a i r  h e a t e r  

i s  f a b r i c a t e d  i n  t h e  form of a  t r a n s p a r e n t  cover  f l a t - p l a t e  wi thout  

s t i l l  a i r  gap (Fig.  1 b) .  F a b r i c a t i o n  i s  a  b i t  more d i f f i c u l t  and 

t h e  c o s t  i s  a  b i t  h igher .  Thermal e f f i c i e n c y  i s  even h ighe r  when a  

s t i l l  a i r  gap i s  in t roduced  a s  shown i n  Fig.  1 c. However, i t s  

f a b r i c a t i o n  i s  t h e  most d i f f i c u l t  and i t s  c o s t  i s  t h e  h i g h e s t  

among t h e  t h r e e  types .  

F l a t - p l a t e  s o l a r  a i r  h e a t e r s  may be  f a b r i c a t e d  i n  modules and 

t hen  i n s t a l l e d  on t h e  ground o r  on a  b u i l d i n g  roo f .  Roofs and w a l l s  

of b u i l d i n g s  can a l s o  be  modified s o  t h a t  they become s o l a r  a i r  

h e a t e r s .  I n  t h i s  c a s e ,  t h e  c o s t  can be  s i g n i f i c a n t l y  reduced. For 

r e g i o n s  having low degree  of l a t i t u d e  l i k e  Tha i land ,  t h e  i n s t a l l a t i o n  

of  a  s o l a r  a i r  h e a t e r  on v e r t i c a l  w a l l s  may n o t  be  a p p r o p r i a t e  because 

t r ansmis s ion  and abso rp t i on  may n o t  be  e f f e c t i v e  and t h i s  r e s u l t s  i n  

low thermal  e f f i c i e n c y .  For r eg ions  i n  t h e  n o r t h e r n  hemisphere,  

f l a t - p l a t e  s o l a r  a i r  h e a t e r s  should be f a c i n g  south.  Devia t ion  from 

t h e  sou th  may be  p l u s  o r  minus 30 degrees  wi thout  s i g n i f i c a n t  l o s s  i n  

t o t a l  s o l a r  r a d i a t i o n .  I n c l i n a t i o n  ang l e  of t h e  f l a t  p l a t e  i s  u s u a l l y  

e q u a l  t o  l a t i t u d e  o r  about  0.9 t imes l a t i t u d e .  However, i t  may 

d e v i a t e  from t h e  l a t i t u d e b y  about  p l u s  o r  minus 15 degrees  wi thout  

s i g n i f i c a n t  l o s s  i n  t o t a l  s o l a r  r a d i a t i o n .  

Non f l a t - p l a t e  s o l a r  a i r  h e a t e r s  a r e  a i r  h e a t e r s  cons t ruc t ed  

from p l a s t i c  f i l m  which may o r  may n o t  b e  i n f l a t e d  and which do n o t  

have a  f l a t  shape. F igu re  2  shows some t y p i c a l  de s igns  of i n f l a t e d  

s o l a r  a i r  h e a t e r s .  Th i s  t ype  of s o l a r  c o l l e c t o r  ha s  t h e  fo l lowing  

advantages:  i t s  c o s t  i s  low, i t  i s  easy t o  c o n s t r u c t  and can be k e p t  

o f f - s i t e  when n o t  i n  use .  However, r a p i d  degrading of  t h e  p l a s t i c  

f i l m  seems t o  be  a  s e r i o u s  problem. I n f l a t e d  s o l a r  a i r  h e a t e r s  a r e  

u s u a l l y  i n s t a l l e d  i n  t h e  form of a  long a i r  channel.  They can  have 

a n  eas t -wes t  o r  a  nor th-sou th  o r i e n t a t i o n .  

The l a s t  type  of s o l a r  a i r  h e a t e r  mentioned i s  t h e  i n t e g r a t e d  

c o l l e c t o r - s t o r a g e  type. I t  c o n s i s t s  of a  s o l a r  c o l l e c t o r  and a  rock  

h e a t  s t o r a g e  connected t oge the r  i n  s e r i e s .  Heat s t o r a g e  func t i ons  a s  

a  temperature  r e g u l a t o r .  When dry ing  c e r t a i n  produc ts ,  however, 

r e g u l a t i o n  of t empera ture  may n o t  b e  c r i t i c a l .  Heat s t o r a g e  i s  hence 

n o t  suggested. Soponronnari t  and Peyre [201 compared, exper imenta l ly ,  

t h e  s o l a r  d r y i n g  of sorghum wi thout  and w i t h  rock  h e a t  s t o r a g e  

connected i n  s e r i e s .  Resu l t s  i nd i ca t ed  t h a t  d ry ing  r a t e s  f o r  t h e  two 



c a s e s  were n o t  d i f f e r e n t .  Therefore,  h e a t  s to rage  was n o t  suggested. 

I t  was a l s o  concluded by expe r t s  dur ing  a meeting on s o l a r  drying a t  

t h e  FA0 o f f i c e  i n  Bangkok t h a t  rock h e a t  s to rage  was n o t  considered 

v i a b l e  [31. 

I n  Thailand some r e sea rch  and development work on s o l a r  dry ing  

has  been conducted. Most of t h e  s o l a r  a i r  h e a t e r s  developed have been 

t h e  f l a t - p l a t e  type  and were aimed f o r  a g r i c u l t u r a l  d ry ing  purposes 

(Soponronnari t  [191). Solar  a i r  h e a t e r s  employed i n  forced  convect ion 

s o l a r  d rye r s  were mostly made from corrugated galvanized i r o n  s h e e t  

normally used i n  bu i ld ing  roof ( ~ h o n g p r a s e r t  e t  a l .  [241, Soponronnarit  

e t  a l .  [221, and Boonlong e t  a l .  [12] o r  S i t th iphong e t  a l .  [ l o ] ) .  

So la r  a i r  h e a t e r s  which were i n t e g r a t e d  i n  n a t u r a l  convect ion s o l a r  

d r y e r s  have a l s o  been inves t iga t ed .  These were p l a s t i c  f i l m  s o l a r  

a i r  h e a t e r s  used i n  an  AIT s o l a r  r i c e  dryer  ( ~ x e l l  [171) ,  and a 

f l a t - p l a t e  s o l a r  a i r  hea t e r  i n  a cab ine t  s o l a r  d rye r  ( ~ i b u l s w a s  and 

Thaina [151, Patranon [161). Due t o  n a t u r a l  convection of air through 

t h e  s o l a r  a i r  h e a t e r ,  a i r  flow r a t e  va r i e s .  Hence, thermal 

e f f i c i e n c y  v a r i e s  throughout t h e  day. Solar  c o l l e c t i n g  e f f i c i e n c y  i s  

u s u a l l y  l e s s  than  t h a t  of forced  convection. 

S tud ie s  of ba re  and glass-cover  f l a t - p l a t e  s o l a r  a i r  h e a t e r s  

were conducted by Soponronnarit  e t  a l .  [21 1. The s o l a r  a i r  h e a t e r s  

were developed by modifying t h e  roof of a bu i ld ing  (3.7 x 5.1 m) 

and having forms s i m i l a r  t o  F igures  1 a o r  1 c. Experimental 

r e s u l t s  showed t h a t  u se  of ba re  f l a t  p l a t e  s o l a r  a i r  hea ther  was 

t e c h n i c a l l y  v i a b l e  under low wind speed. A i r  speed i n s i d e  s o l a r  a i r  

h e a t e r  should be  around 4-6 m/s ,  corresponding t o  t h e  s p e c i f i c  a i r  

flow r a t e  of 0.015-0.023 kg/s  per  m2 of t h e  s o l a r  c o l l e c t o r  a r e a  

(Figure 3) .  Use of t ransparent-cover  f l a t - p l a t e  s o l a r  a i r  hea t e r  

was a l s o  t e c h n i c a l l y  v i a b l e  wi th  much g r e a t e r  e f f i c i e n c y  under low 

o r  h igh  wind speed. The same a i r  speed i n s i d e  t h e  s o l a r  a i r  

hea t e r  should be used (Figure 4) .  Economic a n a l y s i s  i nd ica t ed  

t h a t  t h e r e  was a high p o t e n t i a l  f o r  acceptance p a r t i c u l a r l y  when 

compared t o  e l e c t r i c i t y .  It  could n o t ,  however, compete wi th  f u e l  

o i l  (F igure  5) .  The mathematical models developed f o r  both types of 

s o l a r  a i r  h e a t e r s  were f o r  s teady  s t a t e  condi t ions  and was accu ra t e  

enough f o r  p r e d i c t i n g  thermal e f f i c i ency .  

Biondi e t  a l .  [111 analysed t h e o r e t i c a l l y  how convect ive h e a t  

t r a n s f e r  c o e f f i c i e n t  i n  a s o l a r  a i r  hea t e r  (h)  depended on s p e c i f i c  

mass flow r a t e  of a i r  ( G )  and geometr ical  c o e f f i c i e n t  of t h e  s o l a r  a i r  

hea t e r  (K)  , which was def ined  a s  K = (~/b)*D*fc0.25 where L ,  b and D 



were l eng th ,  t h i cknes s  of a i r  channel  and hydrau l i c  diameter  of t h e  

s o l a r  a i r  h e a t e r ,  r e spec t ive ly .  Resu l t s  showed t h a t  t h e  convec t ive  

h e a t  t r a n s f e r  c o e f f i c i e n t ,  h  = 0.0158*k*(~*K/P)**0.8 where k  and 

P were thermal  conduc t iv i t y  and dynamic v i s c o s i t y  of a i r ,  r e s p e c t i -  

vely.  Thermal e f f i c i e n c y  of a  s o l a r  a i r  h e a t e r  depends s i g n i f i c a n t l y  

o n  t h e  convec t ive  h e a t  t r a n s f e r  c o e f f i c i e n t .  D e t a i l s  about  t h e  

theory of s o l a r  a i r  h e a t e r  a r e  a v a i l a b l e  i n  Duff ie  and Beckman [7]. 

FORCED CONVECTION SOLAR DRYING 

So la r  d ry ing  may be d iv ided  i n t o  f o r c e d l n a t u r a l  convect ion o r  

i n d i r e c t l d i r e c t  types.  A s o l a r  n a t u r a l  convect ion d r y e r  r e q u i r e s  a  

sma l l e r  amount of investment compared t o  a  s o l a r  forced  convect ion 

d rye r .  Also ,  i t  i s  s impler  t o  o p e r a t e  and maintain.  However, d ry ing  

r a t e  i s  slower because of lower a i r  f low r a t e .  I n  a d d i t i o n ,  a  h igh  

q u a l i t y  of product  i s  sometimes more d i f f i c u l t  t o  o b t a i n  i f  i t  r a i n s  

o r  t h e r e  i s  no sunshine. A d i r e c t  s o l a r  d rye r  i s  u s u a l l y  more 

e f f i c i e n t  compared t o  an  i n d i r e c t  s o l a r  d ryer .  However, d ry ing  

temperature  i s  d i f f i c u l t  t o  con t ro l .  I n  a d d i t i o n ,  i t  i s  n o t  s u i t a b l e  

t o  s o l a r  r a d i a t i o n  s e n s i t i v e  product.  

Forced convect ion s o l a r  g r a i n  dry ing  has  been s tud i ed  i n  

Thai land s i n c e  1983. A t  t h e  end of 1984, t h e  Nat ional  Energy 

Adminis t ra t ion  of Thai land launched two p r o j e c t s  involv ing  an  

economic eva lua t ion  of s o l a r  paddy d rye r s .  With r ega rd  t o  t h e  f i r s t  

p r o j e c t  d e t a i l s  of t h e  r e sea rch  can be  found i n  Soponronnari t  e t  a l .  

[221 and Soponronnari t  e t  a l .  [23]. An i n t e g r a t e d  paddy 

dry ing-s torage  s o l a r  h u t  func t ion ing  a s  a  s o l a r  d rye r  and s t o r a g e  

u n i t  was cons t ruc t ed  and t e s t e d  a t  a  f a rmer ' s  house i n  Nakornpathom 

province ( ~ i g u r e  6 ) .  I n  ope ra t i on ,  a i r  was sucked from a  ba re  p l a t e  

s o l a r  a i r  h e a t e r  modified from t h e  roof  by a  c e n t r i f u g a l  f a n  and 

d e l i v e r e d  through an a i r  plenam which was underneath a  pe r fo ra t ed  

s t e e l  shee t .  I t  then  passed through t h e  paddy bed. When an engine 

was used t o  d r i v e  t h e  f a n  i t  r equ i r ed ,  on t h e  average,  1.6 l i t r e s  of 

d i e s e l  o i l  per  t on  of paddy per one pe rcen t  wet -bas i s  of mois ture  

reduced. The corresponding dry ing  r a t e  was 0.5 % wet-basis  per  

t o n  o f  d ry  paddy per  hour. The maximum s t o r a g e  capac i ty  was 1 0  

tons .  Economic a n a l y s i s ,  assuming t h a t  b e n e f i t s  were from reduc t ion  

o f  l o s s  and b e t t e r  p r i c e  of paddy, d ry ing-s torage  s o l a r  h u t  was 

economical only f o r  t h e  paddy f i e l d  where two crops  per  year  were 

c u l t i v a t e d .  The c u l t i v a t i o n  a r e a  should be  1.44 - 4.32 hec t a r e s .  

The pay back pe r iod  was 2.3 - 14.8 years .  



The second p r o j e c t  was conducted by Thongprasert  e t  a l .  [24]. 

A s o l a r  d r y e r  was cons t ruc ted  and t e s t e d  a t  a  fa rmer t  s  house i n  

Pathumthani province. The schematic diagram of t h e  system i s  shown i n  

Figure 7. I t  was composed of 3.74 m wide x  4.48 m long s o l a r  a i r  

h e a t e r  and a  v e r t i c a l  f i x e d  bed drying b i n  having a  capac i ty  of 1.2 

t ons  of paddy. Drying t e s t s  i nd ica t ed  t h a t  one ton  of paddy could be 

d r i e d  from t h e  moisture contents  of 17-21 % wet-basis  t o  1 4  % i n  1-4 

days depending on weather condit ion.  Average e l e c t r i c a l  energy 

consumption f o r  a  blower was est imated t o  be 7 kwh per  dry ing  batch. 

Economic a n a l y s i s  showed t h a t  t h e  s o l a r  d rye r  was economical when 

r educ t ion  of paddy l o s s  was accounted b u t  i t  was much l e s s  a t t r a c t i v e  

when t h e  b e n e f i t  only came from b e t t e r  p r i c e  of d ry  paddy. 

Acceptance of forced  convection s o l a r  g r a i n  drying i s  l i m i t e d  

due t o  s e v e r a l  reasons  which w i l l  be  d iscussed  l a t e r .  So la r  dry ing  

of f r u i t  seems t o  be more a t t r a c t i v e  due t o  i t s  va lue  added a f t e r  

a p p r o p r i a t e  drying. A forced  convect ion s o l a r  banana d rye r  was 

i n v e s t i g a t e d  i n  P i t sanuloke  province ( ~ s s a y o  [9]) .  The u n i t  comprised 
2  

a  dry ing  c a b i n e t  covered by 1 2  m of c l e a r  g l a s s  and 32 m2 of f l a t e  

p l a t e  s o l a r  a i r  h e a t e r  ( ~ i g u r e  8 ) .  I n  ope ra t ion ,  warm a i r  was drawn 

by a  f a n  from t h e  s o l a r  c o l l e c t o r  and was blown through a  h e a t  

exchanger be fo re  en t e r ing  t h e  dry ing  cab ine t  where s o l a r  r a d i a t i o n  was 

absorbed by dry ing  product. Experimental r e s u l t s  showed t h a t  t h e  

f i r s t  law e f f i c i e n c y  of t h e  s o l a r  dryer  was l i n e a r l y  p ropor t iona l  t o  

mois ture  con ten t  and dry mass of banana per  u n i t  s o l a r  r ece iv ing  area .  

The maximum e f f i c i e n c y  was about  30 % and occured a t  a n  average 

mois ture  con ten t  of about 220 % dry-bas is  and a  dry  mass of banana of 
2  

3.7 kg/m of s o l a r  r ece iv ing  area.  Simple f i n a n c i a l  a n a l y s i s  showed 

t h a t  pay back per iod  va r i ed  from 1.5 - 5.4 years .  An empir ica l  

equat ion  l i n k i n g  a  r e l a t i o n s h i p  among e f f i c i e n c y ,  moisture content  

and dry  mass was developed. Drying t ime f o r  each ba tch  was 7 days 

(6  hours/day) .  

So la r - a s s i s t ed  cur ing  of tobacco leaves  was developed by 

Boonlong e t  a l .  [12]. The experimental p ro to type  system cons i s t ed  of 

a  3.6 m x  3.6 m x  4.8 m scaled-down (1:4 s c a l e )  tobacco cur ing  barn 

wi th  1 ton  f r e s h  leaves  loading capac i ty  ( ~ i g .  9 ) ,  an  a r r a y  of 38.5 m 
2  

f l a t - p l a t e  s o l a r  a i r  h e a t e r s ,  and a  6  m3 rock-bed u n i t .  Forced 

convect ion was induced through t h e  system by one 1.5 kW and one 0.75 

kW blower. LPG was used d i r e c t l y  a s  an  a u x i l i a r y  hea t ing  f u e l .  I t  was 

found t h a t  an  average f u e l  saving of 28 % was poss ib le .  An average 

o v e r a l l  cu r ing  themal e f f i c i e n c y  was found t o  be 40.5 %. The 

usefu lness  of a  rock-bed thermal s to rage  u n i t  was s t i l l  inconclusive.  



The s o l a r  tobacco cur ing  barn descr ibed  i n  t h e  previous s e c t i o n  

was converted i n t o  a d rye r  f o r  o t h e r  crops (S i t th iphong e t  a l . ,  [ l o ] ) .  

The dry ing  experiments included two crops ,  i . e . ,  5 runs  of tobacco 

c u r i n g  and 2 runs  of longan drying. The loading  capac i ty  of t h e  

d rye r  was 1000 kg of f r e s h  tobacco l eaves ,  o r  700 kg of f r e s h  longan 

f r u i t s .  Drying r e s u l t s  i nd ica t ed  t h a t  s o l a r  energy accounted f o r  

25-30 % of t h e  t o t a l  energy consumed. Thermal e f f i c i e n c i e s  of tobacco 

c u r i n g  and longan drying were es t imated  t o  be 36-40 % and 23-24 %, 

r e spec t ive ly .  O r  i n  terms of energy consumption per  kilogram of 

wa te r  evapora ted ,  they were 5.5-8.0 MJ/kg water  evaporated and 

12.3-13.2 MJ/kg water  evaporated f o r  tobacco cur ing  and longan dry ing ,  

r e s p e c t i v e l y .  On t h e  b a s i s  of t h e  b e n e f i t  rece ived  from LPG f u e l  

sav ing ,  i t  was shown t h a t  t h e  b e n e f i t l c o s t  r a t i o  of s o l a r - a s s i s t e d  

tobacco cu r ing  was 0.63. This  r a t i o  increased  t o  1.34 when longan 

f r u i t  was d r i e d  i n  t h e  same dryer .  It  was est imated t h a t  u t i l i z a t i o n  

of t h e  d rye r  was increased  from t h r e e  months f o r  c u r i n g  tobacco only 

t o  s i x  months per  year  when longan was d r i e d  a f t e r  t h e  tobacco 

c u r i n g  season ,  t h e  pay back period f o r  t h e  l a t t e r  c a s e  was 7 years .  

NATURAL CONVECTION SOLAR DRYING 

Natura l  convect ion s o l a r  drying has  advantages over  forced  

convect ion s o l a r  dry ing  t h a t  i t  r e q u i r e s  lower investment though i t  i s  

d i f f i c u l t  t o  c o n t r o l  drying temperature and dry ing  r a t e  may be  

l imi t ed .  Due t o  low c o s t  and s imple ope ra t ion  and maintainance,  

n a t u r a l  convect ion seems t o  be more popular. 

Wibulswas e t  a l .  C141 found t h a t  t h e  dry ing  r a t e  of wet c l o t h  
2 

i n  a n a t u r a l  convection s o l a r  cab ine t  d rye r  was about  4.2 kg/m -day. 

Watabutr C251 found t h a t  t h e  maximum dry ing  e f f i c i e n c y  occured when 

t h e  r a t i o  of o u t l e t  a r e a  t o  s o l a r  r ece iv ing  a r e a  was 11 % (The i n l e t  

a r e a  was much g r e a t e r  than  t h e  o u t l e t  a r ea . )  and t h e  s lope  of g l a s s  
2 

cover was 14  degree y i e ld ing  a drying r a t e  of about 3.2 kg/m -day 

(Fig. 10) .  Drying of banana i n  a s o l a r  c a b i n e t  took t h r e e  days and 

b e t t e r  q u a l i t y  of product was obtained a s  compared wi th  d i r e c t  sun 

dry ing  [I]. 

Wibulswas and Thaina C151 t e s t e d  a mixed mode n a t u r a l  

convect ion s o l a r  d rye r  and found t h a t  t h e  drying r a t e  of wet c l o t h  

was 5 kg/m2-day (Fig. 11) .  The maximum drying e f f i c i e n c y  occured 

when t h e  r a t i o  of o u t l e t  a r e a  t o  absorbing a r e a  was 0.8 %. Patranon 

C161 conducted i n - f i e l d  s o l a r  dry ing  us ing  s i m i l a r  d rye r s  compared t o  



t h a t  of  Wibulswas and Thaina C151. Drying products  were banana, f i s h ,  

meat and coconut meat. Exe l l  [17] developed a  low c o s t  mixed mode 

n a t u r a l  convect ion s o l a r  d rye r  f o r  paddy drying.  Paddy could be  

d r i e d  s a f e l y  i n  2-3 days (Fig.  12 ) .  

CONSTRAINT TO THE ACCEPTANCE OF SOLAR DRYING 

China i s  a  country which s o l a r  d r y e r s  have been s u c c e s s f u l l y  
2  

accepted.  The t o t a l  a r e a  of 11,800 m were i n s t a l l e d  dur ing  1975-1990 

( ~ u a n g  e t  a l .  C41). Di rec t - type  s o l a r  d rye r s  were t h e  most popular 

due t o  low c o s t  and high e f f i c i e n c y .  The l a r g e s t  mixed-mode 
2 

forced-convect ion s o l a r  d r y e r ,  having an  absorbing a r e a  of 620 m , was 

i n s t a l l e d  f o r  d ry ing  sausage ( ~ i u  e t  a l .  C181). Acceptance of  s o l a r  

d r y e r s  i n  Thailand has  been very l im i t ed  i n  numbers and p laces .  

According t o  t h e  knowledge of t h e  a u t h o r ,  n a t u r a l  convect ion s o l a r  

d r y e r s  have been used f o r  d ry ing  l o c a l  banana i n  Bangkratoom d i s t r i c t ,  

Ph i t sanuloke  province. The acceptance was due t o  t h e  b e n e f i t  g o t  from 

b e t t e r  p r i c e  of banana d r i e d  i n  s o l a r  c a b i n e t  d rye r s .  Amyot and 

Sirisambhand C61 d i scus sed  t h e  reasons  why a  s o l a r  paddy d rye r  

( n a t u r a l  convect ion)  a t  farm l e v e l  was n o t  accepted by Thai farmers.  

Some of t h e  b a r r i e r s  t o  wider u s e  of s o l a r  farm d r y e r  po in ted  o u t  a t  

t h e  meeting on l lSolar  Drying" he ld  a t  FA0 Bangkok [3] a r e  : high  

i n i t i a l  c o s t ,  l a c k  of d u r a b i l i t y ,  misuse,  l a c k  o f  dependab i l i t y  and 

r e l i a b i l i t y  du r ing  t h e  wet season and f i n a l l y  due t o  o t h e r  f a c t o r s  

which a r e  n o t  n e c e s s a r i l y  of a  t e c h n i c a l  o r  t e chno log ica l  cha rac t e r .  

Also,  s u i t a b l e  des igns  of s o l a r  d r y e r s  were i n d e n t i f i e d  a s  fo l lows  [3]: 

1 ) .  Large-scale d r y e r s  capable  of  handl ing tonnes of m a t e r i a l  

a r e  more promising than  smal l - sca le  ones r a t e d  i n  t h e  

o rde r  of  kilogrammes . 
2) .  The d rye r  should be designed t o  have a  maximum u t i l i z a t i o n  

f a c t o r  of  t h e  c a p i t a l  investment ,  i .e .  mult i -product  and 

mult i -use.  

3 ) .  In  g e n e r a l ,  an a u x i l i a r y  h e a t  source should be provided t o  

a s s u r e  r e l i a b i l i t y ,  t o  handle  peak loads  and a l s o  t o  

provide  cont inuous dry ing  dur ing  per iods  of no sunshine. 

Rock-bed s t o r a g e  i s  n o t  considered v i ab l e .  

4 ) .  Forced convect ion i n d i r e c t  d r y e r s  a r e  p r e f e r r e d  because 

they  o f f e r  b e t t e r  c o n t r o l ,  more uniform dry ing  and because 

of t h e i r  h igh  h e a t  c o l l e c t i o n  e f f i c i e n c y .  However, 

p a r a s i t i c  power should be  kep t  t o  a  minimum. 

5). R e t r o f i t  systems should be examined. 



CONCLUSIONS 

So la r  d ry ing  of some c rops  such a s  paddy and mu l t i c rops ,  and 

f r u i t  h a s  proved t e c h n i c a l l y  f e a s i b l e .  However, t h e r e  i s  l i m i t e d  

accep tance  of s o l a r  d rye r  among farmers  i n  Thailand. The major 

c o n s t r a i n t  may come from a long pay back pe r iod  and h igh  i n i t i a l  

investment.  

RECOMMENDATIONS FOR FURTHER DEVELOPMENT 

Research on s o l a r  a i r  h e a t e r  and s o l a r  d r y e r  should be  concen- 

t r a t e d  on c o s t  r educ t i on .  A s t anda rd  t es t  of  s o l a r  a i r  h e a t e r  should 

be developed [21. 
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Fig. 1. Sccrion in pmfilc of typical ht-plate solar lir heaten. 
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Black plastic film m 

Fig. 2. Cross-section of typical inflated solar 'air heaters. 



Air speed inside collector (m/sl  

I Fig. 3 Effect of air speed inside collector and wind speed above collector on F, 
and thermal efficiency of bare flat-plate solar air heater. (Wind speed 
varies from 1 to 5 rnh from the top to bottom curves.) 
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~ i g . 1 4 '  Fffect of air speed inside collector and wind speed above collector on F, 

md thermal efficiency of glass-cover flat-plate solar air heater. ( W i d  
speed varies fran 1 to 5 4 s  from the top to bottom curves.) 

1.4 1 1 Energy cost 140 

lnitiol investment ( 0oht/m2 of collector 1 

Fig. 5 Energy cost, payback period, and internal rate of rerum when compared to 
electricity, as a function of initial cost of glass-cover flat-plate solar air heater. 



Fig. 6 Isometric 30. showing the solar hut, Scponronnarit cr uf. 1221 , 

@ S o l a r  a i r  h e a t e r  
@ Drying b i n  
@ Blower - D i r e c t i o n  o f  a i r  f l o w  

Fig. f Solar dryer developed by Thongprascrt ct ol. D4] 
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Fig. 8 Solar banana dryer, Assayo [g] 
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Fig. 8! ?he modified prototype tobacco curing bam. Boonlong et al. [12r 
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Figure 10 Box dryer, Patranon [16] 
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Figure ,I1 Section view of the fruit and vegetable dryer, PatranonD6l 

Figure $2. AIT rice dryer, Patranon [I61 
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