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EXECUTIVE SUMMARY

The main objective of this project is to enhance capability of the village-scale rubber
smoking cooperatives using technology to improve fuel consumption efficiency in producing
ribbed smoked sheet (RSS) rubber. This in turn will reduce the production cost. In rubber
smoking process, fuel wood, usually fresh rubberwood, is used as a heat source. In general,
fuel consumption rate for cooperatives ranges from 1.2 to 1.5 kg per kg of RSS. The steady
increase of the fuel wood price directly affects the RSS production cost. An alternative in the
reduction of fuel wood consumption is by proper moisture removal from the rubber sheets prior
to the smoking process. Solar energy is one of the renewable energy source that has been
widely used in drying of various agricultural products and it is possible to use for rubber sheet
pre-drying because there is no energy cost to worry. However, variation of solar intensity is a
constraint that causes difficulty in control of product drying. Nonetheless it is worth

considering if appropriate method and device are implemented.

In this project, solar energy has been used to reduce moisture from the raw rubber
sheets before they are dried in a smoking process. Optimal conditions in this pre-drying are
studied. A prototype solar pre-dryer that its capacity can contain rubber sheets equal to one
smoking-room is constructed. Experiments are then conducted to investigate the optimal

conditions.

Initially, drying characteristics of raw rubber sheets simulating solar pre-drying
conditions are investigated in a laboratory dryer. Parameters studied include air temperature,
velocity, drying time, relative humidity, and spacing between rubber sheets. The relative
humidity in this experiment is divided to low and high levels, in which water is sprayed into
the system under high-level RH and no water is sprayed otherwise. Result analysis is attained
by the Response Surface Method (RSM) that enables the visualization of the change of the

response (final moisture content of the rubber sheets and drying time) when the conditions or



independent variables (temperature and velocity) are clearly changed. This method can be

used to predict the response to the conditions beyond the experiment.

Results from analysis of response surfaces and contours of independent variables show
that drying time to reduce the moisture content to 15% can be achieved by increasing air
velocity under low temperature of 33-35°C no matter how high the relative humidity is. In
designing a pre-dryer using solar energy, it is preferred to minimize use of other energy sources
to obtain proper ventilation of moisture. In the mean time, introduction of moisture from
outside to the dryer should be avoid as this can retard the drying rate of the rubber sheets.
Results from drying at high temperature (42-47°C) show that ventilation rate of 800-900 m’/hr is
sufficient to dry the rubber sheets to 15% MC using approximately the same time as low
temperature drying with ventilation rate of 1,200-1,500 m’/hr. Increase of the spacing between
the rubber sheets results in higher drying rate and shorter drying time. In practice, the

spacing also depends on the number of rubber sheets available in each production.

The designed pre-dryer has a gable-shaped roof with the dimension of W x L x H = 3
m x 7.2 m x 34 m. When fully loaded with three carts, there is a space of 0.6 m from the side
walls. Inside surface of the doors, side walls and concrete floor are painted black. The roof is
made of clear curled tiles. It is tilted 20 degree to each side. Three natural-flow turbine
ventilators (24-inch-diameter) are installed on top of the roof. The doors and side walls are
made of zinc plates sandwiching the Styrofoam used as insulator. Six electrical suction fans (7-
inch-diameter, 220 VAC, total of 300 W) are installed on both doors. When all fans are turned
on, it can pull the air to the dryer with velocity from 0.25-0.5 m/sec. The wall opposite to the
doors is made of rough steel mesh lined with a clear plastic sheet so that solar radiation can
penetrate to the dryer from the West direction. Several holes are made on the plastic sheet to
allow air from outside to flow into the dryer. When the ambient temperature is 3200, the dryer
is empty and the fans are turned off, maximum temperature achievable in the dryer reaches

45°C.
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Results from drying the rubber sheets in the pre-dryer constructed show that average
maximum temperature achievable is 32°C which is quite low. This is because when the pre-
dryer is fully loaded with 1,300 sheets of the raw rubber, the air inside is extremely moist and
the temperature is lower than the ambient temperature. Ventilation of the moisture by the
turbine ventilators and suction fans as well as insulation to reduce heat loss helps reducing the
relative humidity in the pre-dryer to about 30-49%. The moisture content of the rubber sheets

is reduced by about 20% as planned.

Pre-drying the rubber sheets results in energy saving of 0.3-0.4 kg of fuel wood per kg
of RSS, or 31-39%. This is equivalent to 0.24-0.32 Bahts per sheet of RSS or 312-416 Bahts for
the entire smoking room of RSS. Payback period for a single cooperative is 2 years 8 months to
3 years 8 months. In general, the cooperative takes 4 days for each batch of RSS smoking
under no pre-drying process condition. When pre-drying is applied, the smoking time is
reduced to 2.5-3 days. Quality of the produced RSS falls in grades 1-3, and no mould and air

bubbles are developed on the rubber sheets.
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9. SLULAATIMIUAIAT (constant rate period) HuszagfianaduasHAa U aAAILL
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Active Dryers Passive Dryers
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\
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Breymayer, et al. (1993) Mdnulasosmaenslianansnriomdsnmmssaniiadnldld loy
suesUsstussTindindetiaaens  Teansorieametondnangioailitossandums
pENMITRaAAsLIR AL Tndeiamsauuislaedon LUMIMeNsSaudasylaums
pULades s ingidunm 5 Tu avanemaTulsiHLen AR 05% UL 320
Alansn andwhmesaeude astiuaamsdigamadlsituan 1,000 - 1500 AlanSusiadiuensgn
(@nMIsNaTulaeARUNG) mAoEs 300 TN T wNIINTIBUANANTD TNAREN AT WRS

(ADS) logmslndsrasaiiadifesaenadendunm 6-7 Tu

Pratoto, et al. (1997) 1¥35vnsadiaeans Fnmanuduwusansen solar fraction U design
parameter dotssnamneraarsussduaaial (solar collector area) YOI NG S
LLaqmﬁmﬂﬂﬁﬂmmiauuﬁﬂ@aﬁamLLuumuQmﬁwwmm%au (indirect active dryer) dioldlums
DLIAIENIUAL I@aﬁmmqmﬂnqﬂuﬂﬁau SN IMIBUNAYERTINS Wazasme wmsauwhiy
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auanTiRmImenw suaneheiuensfisueiupehafien vananfinunensfimnusialag ldwdsnu
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Tusnnstia N Sinasian s IIuALe 199 Prasertsan and Kirirat (1993) l6ensnieen
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uasnfiadangaslunsuishaasenasin Wisasmslfizomdsliulunesuaiulasmsmnuwislsllén
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mdﬁﬁwﬁmlﬂﬂwaLN@TM@IW@%I‘EWW (cis-1,4-polyisoprene) Nam:mvl,ﬂuisﬁmaml,l,ﬂ@ﬂu
T]J‘Yl 2.4 (n LN@INLaﬂaﬁnmemamammvmmﬁwuﬂmaﬁsﬁwﬂmm@mmsﬁueﬁaumLLa@wﬂmﬁw 2.3 (1)
EmﬁﬁwmmmammLﬁumsnaqma’mu@ (viscous liquid) LLawawma@mqu (elastomer) Tneantid

Lﬂmummnaiﬂamam (viscoelastic) (FN1I6 W‘Vlmﬂi 2545b)

TS AZS
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1 ii if v A é’i [ (% | 1 gd‘
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Puagfiugamni othslsimamszoumsiiasiinadeamilaenaududive lugressnhemsn aemn
Qmﬁm@mmmamamﬁma@aﬂ,ﬂLﬂumﬁaﬁuﬁqqﬂ‘ﬁqmmﬁﬂismm 60°C  ualumsmnudsensehe
wismusefiad gungilluiasmnensazagsning 30-45°C. mslaena@usonanensludasn s
X A @ A A A X | o Aa o o A =
daensgeafhiefienaunndufionaiuganinqansna aensnfifimsnens avnefussnans
(capillary ~ force) maqmﬁmﬂaaﬂimﬂwﬁaadmamﬁam WazANNLENEsaIa NG laTa e

(v RuazeNaTuSIME) S0u o unnenstuanasulameludasiasiiosns  nalndsnanilulse
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mnensagniason whsiigeniaevsnemasenaunuiuwih,  feiululasmsiauitslihunaas

auiTd Aaladma@in saaioensnfiarson
lhdg a
2.7 ms‘lmswummuauaa (Response Surface Methodology)

A% Response Surface Lﬂﬁ%miwﬁaﬁamﬁﬂ%mﬁau”l,w‘%aaﬁmamaﬂumwﬁ@ MINAEaL
MO NILLIUMIINETINGAFANTIHN WA¥AFINTIN Response Surface Sasmemeadalag |4
ﬂﬁaagaﬁaﬁugﬁmaqﬁ%mmmmiaaﬂLL‘uumimaaqﬁmmsaaﬂ,umil,ﬁﬁzym WALNALANEHNYD
HaANENdRsMINNGUTALWovaeduls Madamba (2002) @45 RSM  lageanuuums

% . . v o A A o o A A 1%
Voaadluaney fraction factorial WanlFaumsmalmdlamduans mSawlafimensaslunsauui
NIUlEAUAYLATON INMTEZNTM contour T4 Tesponse surface WAL Guerrero HaYAIA

YAl A w LA & o v YA Ad A v A A
(1996) Glfmm@mﬂuslumimmwmmzaﬂumsmmﬁmnmﬂwmmwamﬂaamﬂmuaawq@mm@aﬂm
fulsiinendas 3 s RSM é’ogﬂsl,%slumim@mmzﬁm%a@@ﬂaa@ﬁﬂuﬂﬁmw‘%aﬁzmsﬂaq

6 v |
T08UN (Redhe Larawe, 2002) maﬂm&ammmmm (Wang ez, 2000) WREIZULUAE
AaTUANAIEIFS (Golovidov, 1997) lumanasasdmlyajanidasiuiiadonmeiiadeiiashlugms
aNNEN NN U TGS TUNAGa USRS (response) TBINIELAUMTIEN Lveaad T

v A 6 d‘ ::‘ Aas %
MINARINAAUTEAIANSNTLLIUMT MIMUANAWANLEN 3T Response Surface m%gﬂﬁlﬂu
MIMENTIvsNzaNYaIdLls s umTNLe i - lnumnzaensdslunsdindulsdassnaes
wlsHBntnasaUseanTmnaaInTELILMS %%a@ia@mnmmmﬁmﬁmﬁ (Myer and Montgomery,
2002)

2.7.1 WUYA1ERY Response Surface Ltazﬁﬂﬁ'lﬁ'mﬂlm Regression

Taesi vammmaduasauma A i pad FUaas S WO S LML aaImMS
AoUEuRIIULTINTIawlalaeAS  Response  Surface El,u‘m\‘iﬂ?iﬁﬂﬂL‘]Jaﬁmiﬁﬂmﬂﬁﬁmﬁ@@i%
response  surface INmaﬁﬁmméwLﬂuém%ﬂ%iumia%mawaaﬂﬁmaqﬁmﬁwauﬁum Ry
o [~$ 1% a o @ ;:i A a
Suudasdmanddunanyluaumalnd hdea

Mdhutslunssnums k 6uLs Response Surface fifle 41w k WA AR kel

Toerh laumslwa sl uaaeuaasazine 2 §uLsffl interaction Mslienusslugauna? (2.8)
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K K 1k
y=Bo+ ZBiXi + ZBiiXiz + Z Z Pyxix;+e (2-8)
i1 il

i=l j=itl

aumslwd wfleameuapssnansnfuusulu duasneBaduld uarleel#ismassastouga

¥i30 least-squares ManInidusamInglugtivnsmving Lol

y=XB+e (2.9)
a8
Y Lox; X o X ([ By €
1 x X e X, e
Y, _ 21 2 2 || By Mk (2.10)
Y4 IoXy X oo X || B €,

NARaEYRItTy least-squares WanMIuLANYSNG laaaularas least-squares fiadn

SSE (sum square of error) = 0 LA b
X"™XB=X"y (2.11)
v I4 o
Fatiu nameTrasdinsednt B asdwmlean

B=(X"X)"'X"y, (2.12)
Taefl X @ transpose T09YENG X Uay X' Ao inverse Wranguas X laamsld

[

FUANEOLAYENT ANESYDINANBLEUDINTLLIUMS (responses), §, SaFDAILTAN
~ T -1~ T
v=X(X'X) X'y (2.13)
wyiang X(X™X)"'XT 858 nxn uauSend hat matrix FadusmEngnfumumd iyl

MmN Regression I@amwwzﬁm%umiﬂmimmwNgﬂé’maﬂuLwaﬁmmimﬂﬂﬁ&l%qmvlé’ i)

noseuiuddnmasluas Tnabfldfss@pmsolyil
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H,:B,=0 (2.14)
H,:B,#0 (2.15)

#mM3 (214) W null hypothesis luanid 1, lusams (2-15) fumsufias null hypothesis
was H, gnufjin Hanlaenis (B) aziismseniulues & H, lignuUfies dusdeasy (X) s
Mineananluaaanmsbd  MInasay null hypothesis &mSUla regression (§NMT 2.14) vilel
TnemsuReufieunaresmanuswianiiosmn regression lsueaiy error Faan mewRHuend
58N Total Sum of Squares (S,,), Regression Sum of Squares (SSR) w&¥ Sum of Squared Errors

%58 Error Sum of Squares (SSE).

2.7.2 M3 NUAIMALEUSY (Response Surface Methodology) lwniswidawlanis

\d 3 awva
AN UN mmzaaﬂwaaﬂawms
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auslﬂmnﬂﬁ%ﬁizqwﬂ%’i% Response Surface  wmavnnsstnuniaatawlamsauuisiivsnzas
IoeAenziannuammaaaseuuisesunuiLlugauUfiifinsg

° 14 1 3 [ d‘ d; Y n‘ ° ¥ 1

Tumsmenashuksensunulutomesey WinamasssdiamnSaulamsuisniivlldesnis
Fﬁld ‘911 L% | o Y v cil A o ! A :!I a v ‘:J
fleaimugerne (MC,) nowhlddsmuensanssnniign laefifasminundfifanioeign

;ii dl o U39 & 1 di a (% a dl ! !

uazmidanlaivhlsiemmauwieaenary (V) g0 WeRamanduLlsfassidsmadananauames
dhadin Idheusdassiduenmswaemenvanuenauns (1) wvgnmnfl (T) anfinsan
! (% A G ' 1 1 A :‘.{J v v €
sowhutsfidustesvhesswhauduensfion (d) stesnalumann (6) uszanaaudaimiaesoime
(RH)  azfwmadusnutsdasdy  lbhanlfifwnussfansfidonasonanauauas  Lasagldend
Indidasiusmzneenensads ?fm@hma’wf’ﬂé’mﬂ%’agammmuq@;ﬁwﬁwmuasmnmﬁm%q G
stpsheshauuens gmualy 2 nadl de Buszey 1 mmann Mulddusze dalienadsiutans
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3.6 N132aNLLULUNITNANY (Design of Experiment, DOE)
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