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The performance of a mixed mode sdar banana d t y r  consisting of a &in# cclbinct covered 
by 12 n? o f  t rmpuent  g b  and 31.7 n? of flat plate solar air heater was ewluated. In 
operation. warm air was drawn by a fon from the solar collector and was Mown through a heat 
exchanger wore  entering the drying c&net where solnr radialion was absorbed by the drying 
product. 

Expcrinuntd result8 showed thru the first law o f  the solar dryer was l i~ (u1y  
proportional to the moisture content and dry mass OJboMAac per nuit solar recefig area. The 
maa'mwn qjkiency was about 30% and occwred at an average rnoimre content of about 220% 
dry* and a dry nuus of bananas of 3.7 kg/& of solar receiving area. Drying time for each 
, h h  was 7 days (6 horosldayJ. From tkfinancial analysis, it was found that payhack period 
varied from 13-54 ycors w k n  the Werencc in price brnveen direct sun drying and eabinct 
drying variedfrom USSO28 - U[IS310.08pcr kilogram @'bananas. 

INTRODUCTION 

Direct sun drying of bcal banenaJ is usually practiced in Thailand. 'Ibc product, however, 
may be unhygicnkduc m concarnination by flits and microoganisins. To impovc the quality. the 
product Jhoold be dricd in a cabinet. Solar drying in a solar cabii dryer is a suitable alternative. 

Wibulswas ct al. (1977) Found that the drying me of wtt cloth in a naanal comnction solar 
cabinet dryex was about 4 2  kg/m2day. Watabutr (1981) found that the maximum drying effi- 
ciency occlnnd wbm the ratio of ourlet area m solar mciving area was 0.11 (the inlet area was 
much larger than the outlet area) and the slope of the glass eova was 14 degncs. yielding a drykg 
rate of about 3 2  kglml-day. Lhying of banam in a solar cabinet took thmc days and jmduu 
quality was betta whcrrcompand with direct sun drying (Anon. 1979). 

Wibulswas and lbh (1980) tested a mixed mOde nehaS comeclion solar drya and found 
that he drying rptC of wet cloth was 5 kghnl-day. W1(1979) develqred a b m  cost mixed mode 
natural convsctim soh drya fot paddy drying Paddy catld be dricd safely in 2-3 days. Later on, 
nseslchanddevelopna,tworkmpibtscalcfaccdconvecQnsolardryingwmcond~~tcdin 
Ihailand.Mostofthewakconcmd~~gespecislly~y.viz.,lhoa~prasertetaL 
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PROCEDURE 

DcJeriptioll d Sdnr Dryer 

ThL experimental sdsr drya was coaarmcted by the Physifs Depamncnf Faculty of Science, 
Nansuan University based on the dcsign wodt of Narrscraa University and King Mongkut's Insti- 
tute of Tcchnobgy ll~~~~buri-(~ahvichiaa and SopomoclllPrit, 1989). It m i s t e d  of a 6 x 6 m2 flat 

t 
plate soh air he& having 31.7 m2 of sok rscirsciving am (FO. I ) .  a 2.4 m x 6 m x 1.7 m cabinet 
drya having 12 maof & d v i n g  am in which six Levels of bmboo m h g  wae plnced (Fig. 
2)andasuppLemcnWhausourccw~th~.Inopcntiaa,~airwss~bthe 
solar air hcster by a 1 kW ccnuifugd fan and bbwn through a shell and tube heat exchanger 
w h a e ~ ~ f l u c & ~ w a s h u u f a r c d t o t h t ~ r m r i r b c f o n c l l t a i n g i ~ t b c b o a o m d t h t  
cabinet It Lhen j m s d  ova  the trays and fiaally exited at the top of the drya (Fii. 3). Fresh air 
may also be drawn in to mix with warm air from the solar air heater. In this study. LPG was used 
in sumtests as a supplemental soum of hear 

Ripe~~pee ledandplacedonbamboomaa~aadbPded in to thecab '~ inmC 
momingfor~.hthetheg,tbcbanaaasrvascollecMinbuDcand~)~acdwithclesn 
cbthformoisbraeradism'burionineach~fraitTbe~waerePancdtotheeab'lnct 
again the next morning and the prcccss was continued fa 4-6 days. Tkn thc banam u m  
f lamed aad reQied for 1-2 m a c  days. 

Air flow rate was obtained by measuring air velaeity in a duct by a pitobstaric tube once per 
day. Air remperatm was masued each horn by a macmy damn tknmmew with an accuracy 
of & 05•‹C. Relative humidity was obtained from dry and wet bulb tempersaaes. Solar *tion 
w a s ~ b y a ~ c a m e u a l  wi&adabbgga.Lossdmassof watafmmdrying 
-wasmeasllrrdatthebeginrdngaodattbedoftbedaybyabelancehavhrgan-y 
of & 0.5 kg. To m i n e  the moisture ammt oftbe bnaw, a srraple was dried in an air wen at 
103- f a  72 hours. Elcctrici colls~tmed by a motor fa driving the fan was mtaslued by a watt- 
hommem. 
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1.Glass cover. 3 m  2. Dmr 
3. ~ypsumboard l o w  4. Air inlet 

5. Air outlet 

Fig. 2. Drying cabiit . 

1. Solar collector 2. Blowa 
3. Bumn stove 4. Greenhouse 

Fig. 3. Diwm showing solar mying Wtem. 



RESULTS AND DISCUSSION 

System EllWency 
- . 

Daily thermal efficiency of the solar air beavr wa8 defiaod as the ratio of uschl heat 
( i i g  of enthalpy of air) to the SOIS rPdistioa incident a, the sokr air ,hsster. Experimental 
results showed that it was arcwnd 28% at the specific air Bow rare of 0.01 Lg/s-ma of solar air 

lharthcfmlawefficieneyoftheWdryiag~dspcndcdSiealecsntly~ahmoismrC 
content of the drying product and the lsdo of dry mas4 (dry booe matt& of Ibc drying product to 
thcsohrncdving area 11 imcasedwithboth varisbks as shown i n F w  4.d 5. The fmna 
could be explained by the fact Ihat &ying rate was Fastex at the higha product moiabue conIeat 
which nsulted from the hightr moisnuc diffiLdon costSckatis baaanma As a ncsulS sysrem a- 
c i c n c y i n c n a s e d ? h e l a t l e r ~ ~ ( d ~ ~ t o h i e f l e r ~ ~ a a f h e a r a n d m a a n u a f a w h i c h  

. resultcd~fpster~~.Expaimentnlsyaameftic*rrytmdedm~car~ranraltcribernrio 
was gnam thsn 3.0 kg/m2 (Kg. 4). Mcen ambian tanperam and relative humiity during 
experiments were 31•‹C and 56% while mean inlet air rcmpeishlre and relative humidity at the inlet 
of thc cabinet wen 53Y: and 25%. rcspeuidy (38 days of expaimuns). 

From rcgnssion anal*, the relationship among the first law efheiency of the system, mean 
moisture wmcnt and ratio of dry mass to sdar receiving ma was found as follows: 

Experimental daily mean moisture cMltent varied fmn 81-217s while the ratio d dry mass 
of bananas to solar receiving area varied from 0.91-3.83 Lghn? The multiple omelation coefli- 
cientwasfoundmbeO.%.Ihcfirstlaw efficiencyofthesystem wardcfinedas Uwratioofktent 
heat of mob vqw@ion  to energy input to thc system composed of heat fmm solar radiatioa 
and LPG and electricity for driving the fan. During 6 days of teas, heat also included LPG which 
was,however,~than3 40. Anexampleof thecalculation fatheexperimenton 11 1 1 9 9 0  
is as follows: . 

Mass of bananas in the m a i n g  = 255.8 kg 
Mass of bananas in the evening = 217.1 kg 
MaPgofwataevapolaud = 255.8 - 217.1 = 38.7 kg 
Total solar mjhtion incident on the solar air heaa and thc dqing cabinet = 580.8 MJ 
HfatfromLPG = O M  
Electricity for driving the motor = 213 MI 
Total energy inp~t =580.8+212=602MJ 
Latent heat of moistun vapoaizarion = 2.4 MJkg 
System eficiency = (38.7 x 2.4) x 10Q1602 = 15.4 % 
Specific heat ansumption = 580.8138.7 = 15 MJ/kg 
SpCCi6c electricity ~ n s ~ m p t i o n  = 21.U38.7 = 0.55 MJkg 
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Pii. 6. Evolution of avaage m o b  content of r b.nmr 

Ihc mistun content of a typical banana afvr drying was 54% dry-basis or 35% --basis. 
Its color looked yellow brown and wss acceptable in dw, marlat dtough a littlc bit darka than 
dirca drydrying due to thc h i g h  air rcmppahlre in k. drying cab% Other physical qualities 
such as odo~lr and hardness were similar. In this study swcunm war not mvcsrigstca HOWCVCI, it 
wasfolndtfiatdw,~mgevsl~~~oftotelredacsdsu~andrrucroseofbananasdricdinthcsolar 
dryer wen h i g k  than direct sun drying (Anon. 1990r. 
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CONCLUSIONS 

FINANML ANALYSIS 

Initial cost d the drying system is USS5,2lO. If it is a h n c d  that 40 kilograms d bananas 
paday~beproduceQfromtheso lardrya , lo ta loulpt twi l lbe lZOOO~~payear~00  
days of operation). In the marks in PiarnubLe pwiace, tbe price of bauanas dried in a cabinet 
(solar dryex) is USSO.28 - USEO.08 pa kibgmm highs tbao dina sun dried banana, due to thc 
~ M W  quality of the fama. lherrfm, hcmshg of incaac will be USS3W - US960 p a  year. 
TheoperatingcostofsoIsrdryineaaddinawmdryinsisabouttbesamc~ofthcs~lar 
proass (is., curing of bananar tatel drying time). horn a simple dculatioo in which interest is 
not ~cu)unted, the pay-back paid varies from 15-5.4 years. 

' RECOMMENDATIONS 

1. Due to the curing proass at night which takes time and results in low pmductkwr capacity, 
c 4 n t i n ~ ~ ~ o r S U n i ~ 0 0 ~ ~ 0 ~ ~ ~ ~ l ~ s h O U l d & i n n s o l ~ i n ~ m r c d u c e o p a -  
ating time. 

2 Other chcapa sources bf suppkmatal heat should also be-investigated in ader to reduce 
Qperating- 
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