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Title A DEVELOPMENT SMALL SCALE PARA-RUBBER SHEET
SMOKED DRYER BY USING SOLAR ENERGY. COMBINED
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ABSTRACT

Thailand has para-rubber and the expansion of rubber cultivation throughout all
regions of Thailand. In the past it was widely planted in southern Thailand. But now has
many regions of Thailand rubber plantation. As a result, output market. Thus affecting the
price of rubber. Which mainly affects small farmers. This research was to development of
para-rubber sheet dryer with using combined solar energy and biomass stove in small
scale to be suitable for small farmers. The design and construction of a rubber sheet
drying using solar energy with auxiliary heat source can be dried para-rubbér 20 sheets
per cycle with the para-rubber drying machine can be built with 2.5 meters width, 2.5
meters length, and 2.5 meters height. The auxiliary heat source was biomass stove with a
0.75 m long, 0.8 m wide and 0.8 m high wall made of refractory brick and area heat
exchanger 2.5 m’. The para-rubber initial moisture 50% dry-basic after drying the final
moisture is 3% dry-basic. The Comparison of dried rubber sheet 3 cases. The first case
is solar drying have period of drying 128 hours and specific energy consumption is 18
MJ/kGio0evap: THE Second case is solar drying in the day and biomass energy in the night
have period of drying 84 hours and specific energy consumption is 145.29 MJ/KG11p00vap:
The third case is solar combined biomass energy by controlling the temperature at 55-60
°C have period of drying 60 hours and specific energy consumption is 167.57

MJ/KGyz206vap: TNE payback period are 10.69, 10.08 and 9.95 years respectively.
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f

k4
mingafinewdiey = 17.32 kg
e lfazansieniseanuuuisaziindninuingafinevdsauliily 17 kg
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3

I
3
=

m = 2447
m kg
5 dy
Li?mmmﬂrn'aqn'm:mm'an =7kg

13 FRsINTTIUeInAINNITALILIN
Ed ‘; C}!) v ] hd ar
ilansuBurnniidassrmeuda m = 7 kg ABNIATAIIMIAATINTT
:l’ v lﬂl W A o $ 74 74 [T lﬂ! o
semeninanni e anRenlafinanua Tinanlunnzauunesunan 72 hr Feaginly

= [ ‘0’ o ° v A
ARISATIMNENIINITEIMENaaNANTaAAULE aNnsnAuInldaInaNNTh 13

7

o

= 0.093 kg-water/hr

FNIINTTILMENINAINNITALUIN = 0.093 kg-water/hr
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=
§18N19 waula
o v .5 o (8

gruuguIngax 30 °C ANNTUFNING (%Rh) 70
WuiatlnasaniATu (kd/kg-air) 78.5
SmsdanmaNT (kg-water/kg-air) 0.0188
dnuatunszununsinAnufarauiigami (°C) 60
watlasainadmu (kd/kg-air) 109.9
dl 1 9 = =
WarunsEuUnITatwRgUMNNWmEaa (°C) 50
$mI149uANNTU (kg-water/kg-air) 0.0230

=Y ° ar 5
RINUELHBINN avinliimsuainidauukaiidnadauadnauw = 0.0188
. o o 51 L e
kg-water/kg-air LRTUAIDLIWIHERIdUAINTY w, = 0.0230 kg-water/kg-air am3INIT
!." 2 £ o :: [ = AI
SUMENINAINNNIUWN 77, = 0.093 kg-water/hr fraiugnsniglva@anaaraeniAngas

<o o’ g L b7 IJ
&S UNIAMUTURANAINEWNNITIAINITD muqm‘lmﬁ ndun1m 14
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0,093

—_—

0.0042

= 22.14 kg-air/h

1

"i’lﬂﬂ’]ﬁ‘ﬁ’]ﬂ']ﬂ«l@tﬂ?’]ﬂﬁlﬂ?’m’]ﬂﬂﬂL%\JNQG‘MN@"I nAnsasdmiung

L7
NIANTUAANANENINIET = 22,14 kg-air/h
Kot BuanenadwiaildansnsaAuandddain 13310011 AReINIe

] ot g 1
suiieaan m, = 6.68 kg WIEIEHARNITBERIIdAMANTURBULAENAIRLIL faznu

J
BurtuainiAwiansias |y

6.68

0.0042

1,590.48 kg-air

1

Y
Buuaimawfennasld = 1,590.48 kg-air

; o Y o
dlensinBuaneniduteisalduds AurnmnFuanaunldingann

d o H - o i
davlarinuun axmafigungil 60°C AvNAULITTEINIATIATIIMIIIL o = 1.062 kg/m’

o % 4 55w
FohuBannauiildunldann Bunaeiniaukai ldmsdag anamuuiugeainisa

Ly . 159048
Fafy Buuanild = ——m’
1.062

=1,497.62m°

do s
WBunaunld = 1,497.62 m°
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3 . ¥

nafldluntsauwia 72 hr Fofuasdadld B unnaNnRaARAINITLLN
. J 4

grunsnAaasliann 1E‘i‘mmaum'l"ﬁm7ﬁom‘mmmwauuﬁaLﬂumﬁ

1,497.62
4,320

=0.34 malmin
dla 1 m® Wiy 35.31 ft°

srarias i Bunnian = 0.34 x 35.31

= 12CFM

1.5 NTATUIIMITUIATEIUNAIANNTDU

v
dufunisausieantlusdoald asfanlunasia lins s aanANHANAR
dasdimacumannuieu aunsomlddunisi 15

2 (hr _hl) .
Q=—""m
3600

(1099—78.5)
———
3600

=0.20 kW

J v .J =y [ (s
guaRnaaduuaenaniauin g = 0.20 Aladns
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see2i9a1 UNTALUIIAIANNIT (16)
E=Qt
= 0.20 x (3,600 x 72)
= 51,840 kJ

1.7 Bunnislfigawmasdonag

Buunnslidemasdaneam, anunsamn ldannaunassialuil

E= mr(LHV)
AnAnNgAanaialifenemn s (LHY) = 13,960 ki/kg

51840

13,960

=3.71 kg

v

auyAlilss@nsnmnisldannadawiveuy = 25%

Bunnildiuusazas = 14.84 kg
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=
A1519 4 FaulelunisaanuuLitAKHITINR

fvualy Ravly
grmpiianAludaainning (°C) 220
qmmﬁmmmﬁﬂﬁﬂdm (°C) 120
goumpfianAdudi (°C) 30
qougiamaiiuasn (°C) 60
doyailasiuannsAaI
WBanianild (CFM) 12
fmsnnsiva (kg/s) 0.1
mmﬂﬁqmunﬁLaéﬂmmmﬁmm:ﬂﬂn (°C) 45
ANAANINFRUINNZ (Kd/kgK) 1.008

andayaainaisradinsiu IsrdNITIA ML AN Faun dadldnas

AUUTITHATUEaNIT Lo rﬁ’mumiﬁ
Q=1 C,(AT)
=0.1 % 1.008 x (60-30)

= 3.024 kW



46

£ 73
AU LANENTNYRGRIRNITaNNB N AN Feuls lsRNdn 3.024 kW

¥ iy ° 2
15U0dANNFaUNFBINIIAINITDATUL m'lm’mﬁum?ﬁ‘

Q=UAAT)
AZAIN
Ar,— AT,
= TR
In(AT,1AT)

_T,-T)=(,-T,)
il =7 )ur, —7.)]

~(120—30)—(220—60)
In[(120—30)/(220—60)]

21216 C

lunasAnnsATasuanilasuAfInFaulul Gas to Gas aziAduilsz@nsinig
1 % 1 2 =5 1 .dl 2
gsnaauFausanlidag 10 - 40 wm? Teelunisaanuuuasi@anadf 10 W/m

o O o i J = v wee X
AU ANusATUINERLaNIRIuAINTa L AR

10 x Ax121.6

3.024x1000

2

A= 25m

] 1 ‘g 1 i : 3 |l° 5
irasianilaguauiaudnunliteasndn 25 m® adndunnauanldinll

aanuuunsdanaianall TaglianniAdlusannaonnfeaudnldnaluiaseasanss
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1. IA9E3UATIEAZIAE ATDILATRIB LI
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9
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U

9 = ° o o = .
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N1SNAFAUN1TIELATAIAULAIEIIWITIRENTUIALAN T AL TET WA U EIR YIRS
SAUNULANHITINIR

J -
e i lunsmeseaiiugnsmnamnaunsgu N[99 38 - 46 cm 8172 80 - 90 cm
o & i = ' ] ;
AN 3 - 4 mm A1UIUASIAY 20 LK ANTUENANIBEN9NIT R ANRRE 30% wet-basis
© b7 1 = J) 9 i © or &
fn1saLLieerITuHLaReANTugaTnuLsrann 3% wet-basis Tagvinnisiiuin
- B LY Lo d - .
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1 [~1 = |
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1. NTALAILNAW NI AT L N9LREY
1NN 12 me\ﬁmsul?ﬂuLﬁﬂuQQJwQﬁnﬂﬂiuLﬂ?QQﬂu&Lﬁqﬁuﬁ']m'lm"ﬁu
wasefind anuan1ImasesnLdn Bunimmeaefitoan 6.00 1. gauugiiaaeGusiuwiai
o A P = | y A A £ a A
265 °C lanarinllguuginialuAsaseuwiclifinganniu uazgnangigahiga
50.2 °C 7i19an 12.00 1. Faludosiifldrannudinnasgngazasnisaunis aniuguuagi
arBNanaIuazAgALlszn0 26.4 °C AR 6.00 1. Hasaniluden liiAwAIIuAY
Yauarnuasanfnguazlufinasldnaserunoiufeurainanniaatnndauaa taanas
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wWasuulasanmpinigludsesaunisazulsduniuAanuidinseuasaning uavasl
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30 600
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598015 YA
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Abstract

Thailand has para-rubber and the expansion of rubber cultivation throughout all
regions of Thailand. In the past it was widely planted In southern Thailand. But now has
many regions of Thailand rubber plantation. As a result, output market. Thus affecting the
price of rubber. Which mainly affects small farmers. This research was to development of
para-rubber sheet dryer with using combined solar energy and biomass stove in small scale
to be suitable for small farmers. The design and construction of a rubber sheet drying using
solar energy with auxiliary heat source can be dried para-rubber 20 sheets per cycle with the
para-rubber drying machine can be built with 2.5 meters width, 2.5 meters length, and 2.5
meters height. The auxiliary heat source was biomass stove with a 0.5 m long, 0.75 m wide
and 0.8 m high wall made of fireguard and internal heat exchanger tube diameter, 0.37 m
long, 0.75 m of pipe 10 has ventilator diameter 0.2 meter on the stove. The Comparison of
dried rubber sheet 3 cases. The first case is solar drying. The Second case Is solar drying in
the day and biomass energy in the night. The third case is solar combined biomass energy
by controlling the temperature at 55-60 °C in the drying room. The para-rubber Initial
moisture 40 - 50 9 dry-basic after drying the final moisture is 1 - 3 % dry-basic. The first part
internal temperature averaged 36.74 °C period of drying 128 hours. The Second part
internal temperature averaged 50.14 °C period of drying 84 hours and the third part internal
temperature averaged 59.08 °C perlod of drying 60 hours.

Keywords
Solar dryer / Para-rubber sheet / biomass fuel / auxiliary heat source
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A Small Scale Para-Rubber Sheet Smoked Dryar by using Solar Energy combinad
Blomass Stove
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Abstract
A small scale para-rubber sheet smoked solar dryer combined with blomass stove has developed in

this studied. The capacity of this dryer is 20 para-rubber sheet. The green house dryer has 2.5 x 2.5 x2.5 m3
with auxiliary heat. Biomass stove used as a auxiliary heat with 0.75 x 0.8 x 0.8 m3 and heat exchanger area 2.5
m2. The Initial and final moisture content of paratubber are about 50 9%db and 3 %db, respectively. The drying
time Is about 60 hours. The total energy consumption Is 2,067 MJ/kg or specific energy consumption is 295
MJ/kg H20evap. Payback period of this dryer was analyzed in this study. The assumption are as follows 1. Life
time of the diyer is 5 years with in 120 batch/year. 2. The benefit of smoked-dried para-rubber is 988 Baht/batch.
and 3. The annual investment cost is about 105,850 Baht. It was found that, the payback period Is 1.12 years.
Keywords: payback period, economics, Dryers smaoked, Rubber Smoked Sheet.
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