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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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T, @0 qounpiaasdandmsssme |, °C

v o
o A A

p, o enuduranhigumnRia T, , atm
p, 8 mmﬁusiamaﬂaﬁﬂwﬁa, atm
L #ovimindaquis, g

Ao mm%wﬂaa’"im D A6 o)

0 Ao 1A, hr

v & o DR G o o AXX o ¢
ENUANFNMTVRIDOTIMILANDNY AUV AYDIDNTMNIIANAVIHIUNUIRUIENaY 3

'
v v v A

3 v 4 { Iv o v v 1
2ty Ao dulssAvsnasehuenaSowmanng  nuiAndusERUsnaeiiv e uazemuseas

a A tglJ J [ 2% Aa A %
AN NIDANNTUITENINLUNTIDULEZA 1eNYDIUDILA



A A
o 5
o @

\ g
g \\ | g

Q
o AN | | S
N @
N \‘ | =
\ S~ \
‘ 5555&5&#—~~___ -
\ \
\ \
‘ 1 1 Time
D Initial g Constant rate h Falling rate
period period period

dl ¥ 14 4 a [ 6
E‘]ﬁ’l 2.2 Lauimﬂmmwaa WNAGNTUMN

A, SeULdanMIuwisanas (falling rate period) aeemMaTUIBINAATUTDIANTITS

a | | if Aa Lo . dl Y 2a/ 1A @ ¥
Fenth eeMaTuwinge (critical moisture content) MalARaushrashnnmeluasnangfn Whiluld
X &V Y A AaVy o 2 Xo @ o v & o A
ennvaslsisnansonaumuhiiszmeaniale. deiuluszasidaniSrasmehuidsanasiouanslugld
2-2 shulsfienuaudanisilumavhukellednwaaasamemanandneall usariuaefudnwuzang
A v 6 | & A 1 o A v € G v A v 6
wAauies 1 lassademelu viasamasnsnsanmansznemeludrdafomifudu  lundnie

::!I [« a A QIJ 4 | o 4 ! [ 25 :v 4 ! :‘( A [
nluanIours E‘JIQHV]’JVL‘]JLL@’JW‘].I’J']TT]?VI'ILL%Gﬁ’J%GLMQ_/ILﬂ@?J‘H:L%igEJS%@@]T]miLLMGGLWﬁ’N%L‘HH%Lﬂ%ﬁ&lmi

167 glah
N.(X-X"
N = C(—*) (2.3)
(Xe—X7)
L(X.-X X, —-X"
g-LXc ) jn e - (2.4)
AN, X, - X
loel N A9 daMIWAs | g/hr
X, AD aNNEWINGS
X AD ANHNTUFNAATAITEY)

o ay o | ARG A A a1 o d
smnalnmawiememnedvusgllen  rssumemsudsldlanssummsfimuSeufaceriui
fhduiesathafenmssamuanld  wavszuznmeesmawkissnansautieanld 3 svazsoilénam

¥
ENRIYSl!



-13 -

D o o & G € X o A A A .
ﬂ’ﬁLm@‘ﬂaﬂ'ﬂ@]QNﬂUaﬁL‘]JHL?J@?L%’%G]@’J’m“ﬁlﬂ%ﬁ]aﬂ'ﬂ@m q 2 LLUU@@E’]%LUHT\ (wet basis) Wag

q

gmLLﬁd (dry basis)

£
o a

: P y v v, . v Y L2 . y
mmmﬁmgmmm‘mﬂ@ﬂ@EJLawmwuﬂmmaﬁmmmﬁmamwmmmmammﬂmmgm
a8

%MC,, = [L]xloo (%) (2.5)
W o+W

w + d
A a Yoo 5 a %o o by
I@Eﬁ’] Ww A WNRUNTDIUT LIS Wd A8 WINUNTIIGRLN

emagugiondlaetenhminhifor wiag msdeimiinuieesiagrie

%MC,, = [ijxwo (%) (2.6)
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naEUASLMRSUAMNSERINTM M auaz InarhusEndue lugou

- uuuwEN (Mixed type) WumsHaNtuzasuueaSaulsasuaclagdan



-15 -

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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2.6 15983192038 LATHARBNTUT
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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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EﬁLLLILI?JEN Second-Order Model ﬁsl,:ﬁ )
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n=p,+ Z:Bixi +Zﬂiix,.2 +ZZﬂij'xixj (3.1)
i=1 i=1

i1 ol
WeuaNms (1) M’gmmmaa Taylor

n=p+p"X+1X"BX (3.2)

B = (B Boss ) (33)
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21811 ﬂlZ ﬁlk
B= ﬂ12 2ﬂ22 ﬂ2k (34)
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M o ueiiNean variance WMWY Ineanzaensbausndiiu center of the factor space A3
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‘g‘ﬂﬁ 3.26 aNMY 2 factors central-composite design

A A

lumamasesouukeeunuiviliddenld 2 factors  de 9omMQH uazANNSIAN dn
a X LA ~ 6 o (Y e o o A A y LA

Response #8 AMATUENILAUAL Laz/v3e nafilFauuks uadedasind ldsansnidon densunudiu

ARemaduENdwhiwldynmameaes uatlimansnemuguenugudaing ludauusts ey

Y & ¥ A A vy , My A ¢

aaansvaznmmIauis Jsdiasimadenlifoyammeasslimnsisasmammaaesd idnieng
I@yﬂ’ﬁi%%% response surface

wsiazSaulamsnaansargnszyie code -1, 0, 1 damen -1.414 sz 1.414 Az code fiunm

axial points WUUMINARDIEMSTUDULWARNIMNUAUNN 2 factors WEAIFIMTIIN 3.2

MTNN 3.2 LUUNSNAAES central-composite design P8 2 factors

Exp # T v Resp_1 Resp_2
1 1 1
2 1.414 0
3 -1 -1
4 0 1.414
5 0 0
6 0 0
7 0 0
8 0 -1.414
9 1 -1
10 -1.414 0
11 -1 1
12 0 0
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Resp_1, Resp_2 A0 AMNTU SUNUALLAa N [ umIauwhs Sonlammeans 0 0 i
Gonlamsneaas?l center point FIMLUMIAAIHA 4 center points &S code 199 T WAy v 9
I¢annensfl 3.3

M7 3.3 AadLls T wag v 1811an Code

Coding of DOE

Independent variables

-1.414 -1 0 1 1.414
T (Celcius) 33 35 40 45 47
'Fan motor frequency (Hz) 25 28 35 42 45
’Air velocity inside the drying chamber (m/s) 0.167 0.188 0.234 0.281 0.301

" At 50 Hz, the fan has volume air flow of 1620 cu.m/h (953 cfm).

?The cross section area of drying chamber is 1.2x1.2 sq.m.
3.7 WANSYAADIDULIIILNILNUAY

A | A o o | ¢ LA A @
HNLLN%G‘I‘ULLWﬂZ‘Q@%m@JW‘VI@aa\‘laULL%GI@EJVLSJETL‘]J‘SHWGL%WNLQBM W.21.48 - 1.0.49 Fafuaiimg
asmemaldfazfinnamEadudeudhslndifesiulasfieneglugas 0.40 kgkg” - 0.60 kgkg™ (316
W) danenauruAuhaneaaseuulaamasUsE NN e NN Wiua e lugiaian n.w.49 -
140.81.49 AHANNTUENULGNGITUNNNTY G9ust 0.30 kgkg' - 0.65 kgkg  (FIUHV) Aarinanan
SN NUNUALRz A INaF I TIMIa UL IaL AT 4 hsastanlammaans TwmmaaasaLis

| ¢ A o o ¢ o A A c 8 X o

Toelsianslsdish mwmuﬁmwwﬁmaqmmﬂh@”ammmLﬂaauLLﬂmmLLﬂwm 40%-75% TUDLUENW

1 (%] 1 2 69: XY | ¥ v o 2 v
Me lsiay T mumimaaaauLmﬂ@amiamiwﬂmummﬂnauvlwammﬂauasm%mmmaﬂu

Fovflemamndaninglugas 55%-80%

3.7.1 ManeaasaULsensunwiy Lo lalalsdii
namaneaasauLrsensuEuaulay adstiluamed 3.4 AGeula T, v w00 vEef
center point FOILUMIIVAGDS WuMIaaasd usiosnndsdamaaaaialuGanlasmnananany
A v R/ v A A o A PR A
w@wwmmsluﬁﬁuwmﬁnasgamﬂLmamam HATILERS IS FenAa109 Resp 1 1A% Resp_2

wilanumaiaunsas variance wagkiaen correlation coefficient 1‘% response surface model



- 48 -

TN 3.4 LEASNAMIMAaRIaLLTnsuruRvlay lalase

volume Intial
Exp T T v A\ RH
f(Hz) flow Resp_1 | Resp_2 MC

# | (Coded) | (c) | (Coded) | (m/s) (%) .

(cu.m/h) (kgkg )
1 0 40 0 0234 | 3b 1458 0.1766 20.83 50.5 0.448
2 0 40 | -1414 | 0167 | 25 1215 0.1935 20.83 | 446 0.485
3 -1 3b 1 0.281 42 972 0.2288 23.67 66.5 0.450
4 0 40 0 0234 | 3b 1562 0.1766 20.83 50.5 0.448
5 -1 35 -1 0.188 28 1215 0.2471 22.83 68.1 0.442
6 -1414 | 33 0 0234 | 35 1215 0.1926 23.00 b8.4 0.523
7 1 45 1 0.281 42 1215 0.1326 2217 | 46.7 0.524
8 1 45 -1 0.188 | 28 868 0.1415 23.83 | 499 0.444
9 0 40 0 0234 | 3b 972 0.1766 20.83 50.5 0.448
10 0 40 0 0234 | 3b 1215 0.1766 20.83 50.5 0.448
11 0 40 1414 | 0.301 45 1458 0.1339 20.83 50.2 0.496
12 1.414 47 0 0234 | 3b 1215 0.13 18.67 | 46.3 0.595

Resp_1 is the final moisture content of rubber sheet at a certain drying condition. (kg kgﬁl)
Resp_2 is the drying time of which the rubber sheet has reached its final moisture content. (h)

RH is the average relative humidity inside drying chamber throughout drying period.

SuMINeaUEUasETIMIaasauwisenaunuiulne llslsdiin ldanms 1935 multiple

regression Wasdinwmaniisiiudentauaaniy asldanms Quadratic faaumsil (3.5)
1/ Resp_1 = b0 + b1*(T) + b2*(v) + b3*(T*T) + b4*(T*v)+ bb*(v*v) (3.5)

b0, b1, b2, b3 Uy b4 Wuduszavdraamanshe luaums (3.5)

HAMIUANAN R, R, waseNafoynoati usnadoenswfl 3.5, 36 waw 3.7



7197 3.5 wainsen RE wazeynafifiainmsi regression (tdalseivh)
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Summary
Rl 0.925
R’ 0.856
R’ adjusted 0.736
Standard Error 0.634
# Points 12
PRESS 17.16
R’ for Prediction -0.024
Durbin-Watson d 2.472
First Order Autocorrelation -0.241
Collinearity 0.960
Coefficient of Variation 10.688

TN 3.6 WaMTIOTLH variance (llanysdii)

ANOVA

Source SS SS% MS F F Signif df
Regression 14.34 86 2.868 7.132 0.01652 | b
Residual 2.413 14 0.402 6
Total 16.75 100 11

manfl 3.7 usmerndLsyAriseasaNms (35)
P value Std Error -95% 95% | t Stat VIF

b0 5663 | 1.98E-06 0.317 4.887 6.438 17.86
b1 1.216 0.00163 0.224 0.667 1.765 5423 1.000
b2 0.506 0.06467 0.224 | -0.04220 1.055 2.259 | 1.000
b3 0.234 0.387 0.251 -0.380 0.847 0.933 | 1.042
b4 0.03766 0.909 0.317 -0.738 0.813 0.119 | 1.000
b5 0.172 0.519 0.261 -0.442 0.78b 0685 | 1.042
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31 3.27 uansram3|¥ammat 3.5 vuneen 1/resp_1 Weuiuenase

gﬂﬁ 3.27 waealifiunavimananouauasdiendsasusananeiateti uddaulumen
predicted 1/resp_1 feniduoumliiv 05 Teee R vasmavnwneien 0.833
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m9.0-10.0
W 8.0-9.0
| 7.0-8.0
W 6.0-7.0
W 5.0-6.0
@ 4.0-5.0
03.0-4.0
02.0-3.0
01.0-2.0
m0.0-1.0

1/Resp_1 (MC™)
m8.0-9.0
| 7.0-8.0
W 6.0-7.0
@ 5.0-6.0
@4.0-5.0
@ 3.0-4.0
02.0-3.0
| 1.0-2.0

e

T (Coded)

O T O Qa

-14 11 -08 -05 -02 02 05 08 11 1.4-
v (Coded)

317 3.29 NTWLEAS contour 289 1/MC ¢ladiautsdase T (coded) Uae v (coded)
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PNATIMTLA 3.28 uay 3.29 WAsue coded 104 T wae v WueadsldiufinmauauasianTm

lug1f1 3.30 uaznsml contour T0IMNBEUUNLALMEIEY Kol 3.31 FsEdTL

W 0.225-0.25
W 0.2-0.225
W 0.175-0.2
W 0.15-0.175
W 0.125-0.15
@0.1-0.125
[@0.075-0.1
@ 0.05-0.075
0 0.025-0.05
W 0-0.025

511 3.30 P wlusasnImEUEMBRIANNTUlMENSUNUALMESEY (MC) sialanlsmsauuisrignmgi

T (°C) WazANNIZAN v (m/s)

MC (kg kg'")

m0.225-0.25
m0.2-0.225
m0.175-0.2
m0.15-0.175
m 0.125-0.15
m0.1-0.125
@0.075-0.1
@ 0.05-0.075
00.025-0.05
m 0-0.025

o o0 oo ™

v (m/s)

33 35 36 38 39 41 42 44 45 47
TC0)
31 3.31 NTINLERAY contour TesAKEMlENUEMALNASRY (MC) Faieulamsauuisiigomndl

T (C) karaNuEaN v (m/s)
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NN 3.30 uay 3.31 asfiuldhmseuuiensusuduleag lswsdthifisanadu ki
amesaanlananimssnemmearaaMasaN 0.167-0.301 m/s Winlddaiusnm a Wuusnm
A Ao §w X A o A 2 Y o G A 6§ A @
Saulafvhlfemuzuensunufuanasidanntign desanndasiuenaifiuais lnsagluSaulaanusas
AN 0.245 m/s  uargamnRgInt 44.3°C  euTudint lwSaulatiogsznihs 47-60%  Fafuen
ANNIUEN N SUNG wiuisvasthuanlamemeldlugng 900 % - 1500 w. Fesiwmnansnsavi i
PN IRNLaza Mg Ilssmnensuaze S assnIneEana [ea i ane MmN
aglesn

dmSunad ilunsenudsensuindununien lndidusiwiauynidanlamesuuds uay
{Ha9NHAMIYN regression MaMAUAIBLEUIE ML resp_2 ftiudédiumauasen R’ A1lA4
(4 | R M ¥ o ailj A [ 1 a 6 (% 2: A
aaun 1 ann 9l ldhaumanuiseuauassnani llumannsinammasas sariulwnat

4 ] Aa ] 6 9: % Aa | ] n{ Y v 1 1
gasmanaaadauwisenasuavles st daudsdsrasdanadanmnldlumsanuistaanie

AT A 1AL
3.7.2 NAMSNaaBIaUNTsensanAulag s

Namwmaaaamﬁa&mLL&J%@UI@&JamiﬁmLﬁm’m%ﬂﬁﬁummﬂﬁawfﬁwﬁau WEAIFINTIIN
38 WsnemadiugavhavasensuNuifvimamaaasnataulaaannanaslddhgais 0.020 kgkg’
4 d9s e ¥ P ) 4 X 2, oA o
Tuaeninand FauursluinsSenlaannis 64 Hrlus soisiions@unEndveasensunuivdmlvnia
Ahmaneeasuus aiseh namemsice s iuRIseUsINNNaNIaaad TR 7 Ul
~ Ao a Ado o o X o A8 v & o = v
94mammmLLﬂJiamﬂwmammgmaNa@auaum (ANNTRmSRULaznMTE) Feldvaudnlule
2 A A ‘Elj AI 1% ‘3 (%3 [ 1% Aj [~3 1% cl M ¥ M ¥
LLa@wﬂwmmwamwammmwmmal:utmmmzmwmuamwmﬁu@aumLﬂumuﬂwmuqﬂﬂ@LLﬂﬂﬂ@
e WAdushusdaszivameg luuuunismeaaasasinasodu snausussaaudosnn uazfiosan
A % A v Y A L oA
naf g lumsauwislunsdiaasnameassauwiseanssysdiin Januuandetulnudastonlanis
VORDININGING 13-64 T2l ImanfimaneassauwisleyldaUsdhianuuaneeiuliann dasus
HIJ tﬂl v o Aaal Ai/ Aa a %% 2 1
18.7-23.7 1349 l;wasl:mmmimm’mmi‘wummamummslfﬂmmmezmmgai@ f299 Resp_1 b
MINN 8 ARz M M sauuis [Fensunufuienaauanasain 0.350 kgkg' il
1 A A 1% X @ o v A ¢ X a A A v
0150 kgkg' unuflasidanldensanluensunuranouauasdmsuAemsini Lw@gwamaaﬂ%
@’m%mwﬂu‘mﬁl,ﬁaamﬂL‘flmmﬁmqaq@flﬁLﬁu@hmm%m%m’?maaHNLLN%@U (0.357-0.623 kgkg )
R y A . ¥
LLazmmq@wLaamﬂumﬂﬂammﬂummq@hmamiw@amaumeammu@mmﬂu&ﬂwm (0.13
-1
kgkg )
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ynABRsTlaEen [ F e naEueSuRUAUaRaaIN 0.350 kgkg " Wl 0.150 kgkg”
s latunsdimameansiosliamsn aslimansoi lddfosnninastanlafienamuasenaimuiy

VIIUFINIeN 0.150 kgkg'

N9 3.8 NAMINARBIBLLIAG m\‘lLLNI%a‘]_JIQ HﬂL‘L]iﬂg‘bh

volume Initial
Exp T T \ \ f Resp_1 | Resp_2 RH
. flow . MC

# | (coded) | (¢) | (coded) | (m/s) | (Hz) (kgkg ) (h) (%) .

(cum/h) (kgkg )
1 1 45 1 0281 | 42 1458 0.055 49 69 0.3%4
2 1414 | 47 0 0234 | 35 1215 0.063 36 58.3 0.363
3 -1 35 -1 0.188 | 28 972 0.116 36 77.8 0.435
4 0 40 | 1414 | 0301 | 45 1562 0.083 30.8 61.4 0.381
5 0 40 0 0234 | 35 1215 0.066 375 58.5 0.434
6 0 40 0 0234 | 35 1215 0.109 48 62.4 0.623
7 0 40 0 0234 | 35 1215 0.126 48 65.6 0.378
8 0 40 | -1.414 | 0167 | 25 868 0.074 b4 63.9 0.526
9 1 45 -1 0.188 28 972 0.02 48 59.7 0.446
10 | -1.414 | 33 0 0.234 | 35 1215 0.06 64 73.7 0.376
11 -1 35 1 0281 | 42 1458 0.133 13 71.6 0.357
12 0 40 0 0234 | 35 1215 0.13 46 66.1 0.385

Resp_1 is the final moisture contents of rubber sheet at a certain drying condition. (kg kg'l)
Resp_2 is the drying time of which the rubber sheet has reached its final moisture content. (h)

RH is the average relative humidity inside drying chamber throughout drying period.

Tuene9l 3.8 Aidanlamvaanss A5 coded 1 0.0 @ e IaduNHaMIMAaDITIH 14 11
MIAANLANDAA variance MANMTNBRIGDUEOIINTIID
A a s w v P a ¢% % A P
ﬂNﬂﬁW%N’JG]a‘]_Jﬁ%adﬁ’]ﬂillﬂﬁ“ﬂ@amauLL‘VNHNLLN%@‘LII@EIﬁL‘]_]iEJmﬁﬂﬂ‘ﬂaNuﬁi%GﬂiNVl 39 &
NNMI D multiple regression WagsinmasmiiuddTiosaanty agldanms Quadratic Feaumsn

(3.6)
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Resp_1 = b0 + b1*(T) + b2*(T*T) + b3*(T*v) + bd*(v*v) (3.6)

3
B0, b1, b2, b3 ae bd uduLseAnsvaamasene lusums (3.6)
aumafi 3.6 Ten R’ Afiga lugUuunfilaidias transform wamauauas resp_1 1l 1/resp_1
WauNUFNMN 3.5

HAMTAATIEA R, R, uasefddynioatiel usaadioonaafl 3.10, 3.11 wag 3.12

TN 3.9 NAMINARBIDLLASENLHLALAEAMLSEN RTongeemaTuensuiufUanasaIn 0.350

e 0.150 kgkg™

volume Initial
Exp T v v Resp_1 RH
T (c) f (Hz) flow MC
# | (coded) (coded) | (m/s) (h) (%) ,
(cu.m/h) (kgkg )
1 1 45 1 0.281 42 1458 18.83 69 0.394
2 1414 47 0 0.234 35 1215 11.76 58.3 0.363
3 -1 35 -1 0.188 28 972 22.15 77.8 0.435
4 0 40 1414 | 0.301 45 1562 14.03 61.4 0.381
5 0 40 0 0.234 35 1215 22.62 58.5 0.434
6 0 40 0 0.234 35 1215 22.62 62.4 0.623
7 0 40 0 0.234 35 1215 22.62 65.6 0.378
8 0 40 -1.414 | 0.167 25 868 9.27 63.9 0.526
9 1 45 -1 0.188 28 972 13.54 59.7 0.446
10 | -1.414 33 0 0.234 35 1215 28.77 73.7 0.376
11 -1 35 1 0.281 42 1458 10.33 71.6 0.357
12 0 40 0 0.234 35 1215 22.62 66.1 0.385

Resp_1 represents drying time (h) to reduce MC from 0.350 to 0.150 kgkg’l.
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o971 3.10 UaAI R® Lavmyaadifianmavh regression (siseh)

Summary

Rl 0.884
R’ 0.781
R’ adjusted 0.656
Standard Error 3.661

# Points 12
PRESS 470.43
R’ for Prediction -0.099
Durbin-Watson d 2.291
First Order Autocorrelation -0.157
Collinearity 0.960
Coefficient of Variation 20.046
Precision Index 14.617

A A ¢ ) ¢
NI 3.11 NAMITWAIILA variance (f3eii)

ANOVA
Source SS SS% MS F F Signif | df
Regression 334.10 78 83.53 6.233 0.01841 4
Residual 93.81 22 13.40 7
LOF Error 82.48 19 (88) 27.49 9.7072 | 0.02622 3
Pure Error 11.33 3 (12) 2.832 4
Total 427.91 100 11
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A e o £
MINN 3.12 LaaIMFNLTEanIUaIaNmMs (3.6)

P value Std Error -95% 95% t Stat | VIF
b0 | 22.61 | 5.226E-06 1.830 18.29 26.94 12.36
b1l | -3.021 0.05232 1.294 -6.081 | 0.03996 | -2.334 | 1.000
b2 | -1.111 0.468 1.447 -4.533 2.311 -0.768 | 1.042
b3 | 4.278 0.05208 1.830 -0.05063 | 8.606 2.337 | 1.000
b4 | -6.420 0.00722 1.447 -8.842 -1.997 -3.745 | 1.042

audiulenem R unsdieasmameassauuisenurudulnamsssdifinemuaswlituaime
SaLGH azflenshnmlunsdivasmanesssauuislas lawstih Hasmnuarasausuniuaneugu
n{ AI v ) v U ) [~f 12 L9 al v A{ gj v o v
mLWNmﬂﬁwﬂmamwmsmmﬂslu@ﬂaumLﬁu@]aﬁnmqmmﬂﬁ’l@mmmﬂmmLLuumimaaa g
o o A AX v o P oA 2 A o |
faslamarhauaasEmaas iAW mmaqmmﬂu@aﬂmmamaﬂﬂnmﬁmaaqwmﬁﬁmLLmﬂu
P AA % A ! A | ¢ % 0 § Yo A oy
Femadflensnnuasioanhenfics Bannnlunsdimaneaades saysdin vhldansacansaumanle
ANMIMN regression  hsNEINURIRaUEURIEM R’ ﬁam’jmsaﬂaiﬂt,ﬂiémLLﬁfmzﬁwawa
L TN B SUNBALSIUG 0.350 anadilis 0.150 kgkg' snllumsdemzifions aehslsfia
HAMTIAMEINIANERANUTIENMT 36 Sudéifiaanaicann ivnnana i lFlumeauuis

|
A

TngsamaauenauruauGIna1d1d Ndaulauukenud idaanuuummeaas e

MMl lumseuwisensuruiuana NN uNuanasmIn 0350 (1 0150
kgkg ' WEANRINTMILT 3.32 eviwnamesnna? 3.6 Aadasuuainaa3annmaaasiosnd 5

%’318\1\‘1 sluﬁaﬂm@hmﬁma‘uﬂqﬁl,mmumimammé’aaﬂLmﬂlf’i
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Predicted Resp_1 vs. Resp_1

35
30 -
y = 0.9788x T /
25 1 R=07252 / 3
9
- _ 4
| U
o =
$ 20 - / 1
& aul
z T
_'§ *
@ 15 7/
n- £
10 ‘s
5 o
0 T T T T
0 5 10 15 20 25 30 35
Resp_1

51 3.32 ugnsram3|¥annsi 3.6 vineen resp_1 WaLifuenase

m24.0-28.0
m20.0-24.0
@ 16.0-20.0
@ 12.0-16.0
@8.0-12.0
04.0-8.0

Resp_1 (h)

m0.0-4.0

7
7,%
0%
0%

>
) ‘Qe T (coded)

-1.4

[
v (coded) -

U7 3.33 NUUFAIRUALRBLEUDIYRY resp_1 ¥i38 t (h) sladiausdase T (coded) Uae v (coded)
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Resp_1 (h)

a--> 1m24.0-28.0

b--> | m20.0-24.0

¢--> |m@16.0-20.0

T (coded)
d--> |@12.0-16.0

e--> |@8.0-12.0

f--> |04.0-8.0

g-> m0.04.0

-14 -11 -08 05 0.2 0.2 05 08 11 14
v (coded)

3171 3.34 NTMUEAS contour 189 t (h) §lauLls8aE T (coded) wag v (coded)

'
A

mﬂﬂngﬂﬁ 3.33 uay 3.34 LLamsLﬁLﬁudm%nmﬁﬁmmL%’;amﬁl,@iqmmmgaLLaw%nmﬁﬁ
amudasgaustgunnien muSenlafidluuummenasiidaonuuuly LSnmmamadunzie
T30l contour U7 334 Mndmheunsazasrm) oA £ g aelfmlunaeemsiuenausudy
g9 0.35 kgkg ™" ki 0.150 kgkg” %uﬁ%Lﬁauﬁyuﬁuﬁ?’laﬁlﬂﬂﬂﬁ?ﬂ@aaﬁluﬂ MNANILIND a
adwiifulsufionuSaanlalgs (coded -115 f90.15) uazgnngilalgs (coded -05 fis -1.4) a¢l¥
narunaneaEueEiRLaslutasinaInie 24 $alue LLazmsﬁﬁqmmﬂm nafian
amaiuazisiuians daiaeudas LaALgIEn o4 amadaanth udareseannfion )
Asisin LﬁaamﬁmmL%aamsﬁwa@iaﬂml,ﬁmaaamwmauslwnmzﬁmm%umqLLNué’aﬁmqoﬂdw@w
AN I@mqmﬂmmaaamM%@mz%uag’ﬁuaqmmﬁLLazmwN%uﬁuﬁwﬁmanmsmmﬁ AT
Hulkmamanluguii 3.33 maL‘fluwaLﬁaamﬂmm?‘;umaLwim‘im‘iﬁﬂﬂé’ﬁu@wm@ luanmussenmet
ﬁﬁqmwgﬁLLazmm%uﬁuﬁwﬂuﬁammzﬂyfu

nnTiufiaaaususagn T contour  aananadenTMAuauaznT contour 7
decoded dhutlaBaasléitanUil 2.35 uay 507 3.36 mascy mnnamasdiuhusgomndlugauuilsl
g9ann Uszanoi 33-35°C RensnanaesvezaumaeuwhomausdU vdaamsiu 15% adldlasms
Madamnssnsamenionudaan doilunseonuuulsenuheenousuiuludnsasiin.
izmamm@%aﬁimsm@?ﬁaG’Taaﬁmﬁ@%@qﬁmzﬂiwwaawnwcﬂﬁmmsmzmammﬂ%uaaﬂmﬂ%@mrﬂﬁ

o A f A o o @ v o o X A o 0 6 Yo v o
\IL@N']T\I‘V]'@@ LL@]sL%GngL(ﬂﬂﬁﬂu@’]L‘]Ju(ﬂaﬂigNﬂﬁgqﬂﬂquGﬁuqqﬂﬂqHuaﬂﬂa?QQgLsmN']‘ﬂﬂMa(ﬂi’]ﬂ’ﬁLLVi\‘]@n
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PRI NUNNGS FITIM)RMIDUIAIES (42-47°C) AsiuNSaTMITELNEIMeLNEs 800-900 AL,
/7. T NaNT LY e SRR IGanAaaNaEY 0.150 kgkg  IusvaiznanilindiPesmiuy

MR RN LSaTIMIszLEMedaauiii 1200-1500 a1 .3./2.

m 24.0-28.0
m 20.0-24.0
= 16.0-20.0
0 12.0-16.0
@ 8.0-12.0
04.0-8.0
m0.0-4.0

31 3.35 MTvluERRURIRaUEUD BN t (h) AlElumIaneNaTuensuHAnaIN 0.350 kgkg™ i

i 0.150 kgkg ™ dadulsdase T (C) uag v (m/s)

47.0

45.4
t (h)
43.9

a--> |m24.0-28.0
42.3

b-> |m20.0-24.0
40.8
TEC) ©~> |B16.020.0
d-> |@12.0-16.0
e—> | @8.0-12.0
36.1 f-> 04.08.0

/|
/,
3
<)

.6 g-> 'm0.04.0

0.271

1 3.36 NTNLEAI contour Va4 t (h) dadulsdasy T (C) wag v (m/s)

N
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3.7.3 M5 waﬁvl@’fmnmimammﬁmm Lgﬂ%vl‘ﬂﬂ']‘i@nﬂLL‘I?i’\‘I‘l%I‘NGI'mEI'N LAY

G Vv anX a A A
Ieaqthazfiuldmisiuinousasmansalflumsuasmnmswfsulssmosnanausuas
aula Wakeulavdaduusdamuyfuwdasldfamuuazniueis Wosmnifunslifoyaaseannuams
o d{ c{ M ¥ o | (3 a nl ¥
neaas  wazananan i lumsinmnenanausuesludenlaf ldvimmasaslugrse s sdaseile
v 1cAY v o | v Aa Cil b4 P2 tﬂl 1
ponuuumaneaastd wdffidadosmnlflumeshmeuandrsdlsdasziaenuun aaarldenils
v d ¥ & d e A dd Yo Py
gneaahiiens athslsfmaudiasannuaesiusdaseiuiieauaulile wu enaduduimisasorme
Y A A o A > - s
Tugaunlinsiinaoamsaniis Toawdauldmasmmwormellsisas TuuazanamuEadurasenausuiu
AlaivhiwlunneSaasmanaaas femalengigudneurmauisirasenasuiuLasianms
4 A R o G
WAsTRIENIUHUALAS AT
Tumseenuuulssmnuisenaunduionaana T s msuEnIRismenanTATINLATINS
Iaanunulinmgfifisnsnsavilddgnmnfitie 40°C Tassmmenas@udsiimsundivasiuluiuiicenan
a1 dl ! (% dld j dl A ‘:9&/ @
fleuadetszanns 60-65% saulwiuiiianadugs (3Uf 3.38) fenadlszanms 70-76% enaiSranln
Ts9BanvasamnaniguensithqiuimafisenslulssGaudaenaiientiszanas 0-0.5 m/s udhgunniln
A i o dd y A A e o g 4
TssSanazsnn 32°C usinlanlamanaassauuisensusufuiigamgfl 40°C axlananfianmdelums

ssnemetiszanns 0.234 m/s Gsotflugradienri

A Jrd ! [ 1 < A a 1 €
su 3.7 matleenslwsalasuawiom ldidounsruzlessmdnmelulssBonsnenausuansannaniam
ENIWIT
dl ! ¥ c9!j A A ¥
N 3.38 WuTINGRIMIARANNEENUEMALN 42.6% WiRe 10% (el 325%) axdiag
THmanens 35 $1lus vide 1 Tueds sndilusmwena@ugaluga 3.39 axdasldnanile 48 Hlua

van 2 T doluwmelfid Ilssnsorild Wasnnmamnvdafleensududvdarin navasgungiuas
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AN A N NP U NNLANE NN NNATTUNN SNE EUHUALIUT LG Lasmnisw3aen

RN USRI ARzdas MR 3-5 Tu

0.45

0 5 10 15 20
Time (h)

25

U1 3.38 MM IALRAIANEEIUID I WAL DDLU

55-60% AMNIEIaN 0.234 m/s (lalantlseli)

|
A

A

Mgounn i

40

80.0

70.0

60.0

50.0

40.0

30.0

20.0

10.0

0.0

RH (%)

—o— MC (kg/kg)
—=—RH (%)

40°C aMNTUFNANS lugng

MC (kg/kg)

0.05 A

0.00 \ \ \ \ \
0 5 10 15 20 25

Time (h)

30

35

40

45

50

RH (%)

—o— MC (kg/kg)
—=—RH (%)

1 3.39 nrvimsAsasensEurasenauHuiy Waauuksfigumnll 40°C amadudinins it

65-75% aNMSIaN 0.234 m/s (slelaeih)
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90
+ 80
+ 70
MC at low RH
_ T (kglkg)
o 159 =~ = = MCathighRH
= 2 (kgrkg)
X 0
5 1 40 % —&— % RH (low)
= .
1 30 —=—% RH (high)
+20
+10
0.00 T T T T T T T T 0

0 5 10 15 20 25 30 35 40 45 50 55

Time (h)

U7 3.40 WRsnWBUNANSOLLANAIMNR 40 WaiTud ANHSIAN 0.234 m/s

(seaistinh (high RH) fuldawsdii (Low RH))

S Ul TMTIS LM Ta A A NN TN WAL IS UL N Gre s IOl

% A A o o Aa S R . v v o A
ToelFna lumasnnensurufuiies 8-10 F1lus sasnanasTufifiune Mniudshdrossun Tugne
Tavthuaams g lifuacld FmSUmMImMNUAIENUNUAL 1w wnenansuifiuee (8-10 Falug) low
ANTNNNIUN 3.38 JUN 3.39 uaetiTuueLYeITUYIRaIRIgLA 3.40 MATAEMINTNANANNTY

1A v 2K 6§ G € o W
EJNLLN%@‘LI@Q\IL@ 15 D9 20 LDTEUR MNA 0T

o o A A A X LA A v A
3UN 3.40 LWUHNaN1TNA8 Y8 UM uUNTIU ey UaIANNTUYDILIILNBAULND AL LAY

Y

QMDA 40°C ANMSIAN 0.19 m/s UEIISEEMIITENT AT VIsgueassniauruenaviiu 2.5
& | ad ¢ Avad A % o \ \
cm Lﬂmza:ﬂfm'ﬂﬂwammmmumﬂﬁﬂumiﬂgmmmfl,uiiaLiauLLaﬂwaammu AT
SEMTNUNYNTL 7.5 cm Aaszesvhadafimariugasnassnaudungs 1 7kl femaiuseusig 1
sy IS amenaunuiunuUunTrULl e mA NS M AaIR 3Tk NUNG 400-500 L
WiAD 200-250 WNGIBNTLUY IaRLSINDMYITL 750 uruslaiassn (iossaaiueslianag 3 nasuy)
uinafiuanenefiiulddaanaingui 3.40 fo Aszashannnt Sanmsuisivasensunuazgond

¥ v |

VIRISEaL9 2.5 cm EUNBALIIULUTI INATWN wastiosniuuesfiznoansn sndansosdy
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WNLAAL halassasiane i luNwe el lomaduia@auni naf asuasyi I nTTena a8 e

LNUENIAIUA b

50

45

40 | — |40 celsius , 0.19 m/s, spacing = 2.5 cm|

--- |4O celsius , 0.19 m/s, spacing = 7.5 cm|

35 4

30 A

25 A

20 A

Moisture content, MC (%)

15

10 A

Time (h)

a A A A X LA Ly a o | | |
E‘]J‘V] 3.40 ﬂiW‘V\IL‘ﬂiEJ‘]_JWlHU‘miL‘ﬂaHHLLﬂaﬂﬁ’JWN“ﬁ%éL%HNLLN‘% VBUWANGWADNA 40 (ORI AT AN PIATIORN

st (ldimealsdsh)

1.00 1
v’é i 1 040
go.so—; 7 %
= . 1 2
‘aé 0.60 | 7030 =
o i g
o i 5
3 i 1 b
8 040 | [ %8
£ I ®
Q@ | [*]
° I 1 =
5 0201 1 0.10
o L
@
>
LIJ L 4

000 b e 1 000

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time (h)

|
= A

Ui 3.41 nrwluanededmaNNTUTInAR [uensuHIMAREIELARIMAR 40°C AsISIaN 0.19 m/s 7

1 1 1 =) 6 9:
FEUZHNTEAINLNG 7.5 cm (VLS\INm‘SﬂLﬁiHm)



- 6bH -

0.06 T
0.05 |
0.04 |

0.03 +

Drying rate (h'1)

0.02

0.01

0.00 -+

|
A~ A

U7 3.42 N9 drying rate T9eUNUNARBIDLTIMYN 40°C ANNEIAN 0.19 m/s Tisveising

seoun 7.5 em (ifmsasdin)

sUdndmenNTufvae luensususznhamIsuuRailanaassaufigumnll 40°C anmiSan

0.19 m/s fiszevhoszynausdn 7.5 om (lifmssiuadh) uanediosiii 341 azdfiuldiuionnusiens

Faluahl 12 enaaumeluensusudeeaaainm 10% safluenuauiisnnd saturation point 289

ENIUHUAY (WRaMuTUTITaNTDAdean FanensusLszanas 20%) Sammeuiaradenaunudy ool
4 Ly o b - . 4

Sui 3.42 azsnuazandnensdldifewilas deiwnnoanuullssmnenausuisnansninstanl
1% [« % n{ % I ‘il/ | Aa

smwinadaxmelwlssmndulumunsauuislusui 3.41 16 mehazsansnanenaliuensunuiUag

1909 20% meluszazing 10-12 Falug
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o
UNn 4

MINARBIINENILNBEY T l59eNeNg

ynmaneapsaUIieENaHuAL  MIsanuuLlssmnELsUAUAT RN Aa
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Fabrication materials of the rubbersheet solar dryer

Gross dimensions of the dryer 300 x 720 x340 cm
Net surface area available for drying 216 m’
Absorber materials black painted on galvanized steel

sheet and black painted concrete floor

Glazing materials Polyethlene (PE)

Insulation materials Polystyrofoam

Thickness of insulation 2.5 cm

Number of rubbersheet trays used 3

Force ventilation 6 axial-typed fans, 220 VAC 50 watts
Natural roof ventilator 24 inches diameter, 3 ventilators with

170,000 cth at average speed of 3 m/s
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AT (%31019) ManNsau (ki/kg)
111 16,240
17.6 15,200
25.0 14,100
33.3 13,100
42.8 12,050
53.8 11,000
66.6 9,960
81.8 8,910
100.0 7,870
122.2 6,450
150.0 5,360
185.7 4,270
233.3 3,180
300.0 2,090

fan - Proceeding of European-Asean Conference on Combustion of Solids and Treatment of

Products, 1995. pp. E-03
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