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SORAWIT KLONGDEE : DEVELOPMENT OF SOLAR CHIMNEY
DRYING SYSTEM. THESIS ADVISOR : ASST. PROF. ATIT

KOONSRISUK, Ph.D., 106 PP.

SOLAR DRYER/SOLAR CHIMNEY DRYER/COMPUTATIONAL FLUID

DYNAMICS/DRYING KINETICS OF TILAPIA

The drying that farmers commonly use is natural drying. But due to various
disadvantages such as being exposed to rain, dust and germs. Drying systems using solar
dryers are therefore popular today. But with the low drying performance of this type of
dryer, it should be further developed to increase the drying performance. This research
is therefore interested in developing a drying system using solar energy. The objective
is to build and design a solar chimney dryer with numerical simulation. Which uses
ANSYS-FLUENT 18 to investigate the dryer for finding the right shape by adjusting
the Area ratio (AR) equal to 0.5, 1, 2, 4, 8, 16, 20, 25 and adjust the optimum height of
the machine to 1.5 m. and 2 m. , including the shape of the dryer and the number of
trays. It was found that the flow rate increased when the area ratio increased with the
highest flow rate of 6.93 L/s at AR16. The air temperature in the dryer was 33-35 °C.
Drying in the solar chimney dryer can reduce humidity more than natural drying by
5-13.4 percent and Two term predicted the kinetics of the thin layer drying of the tilapia

to be the most accurate, with R? equal to 0.995 and RMSE is 0.001.
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8A31M150 VLAY (Drying Rate, DR ) @1u15011 lanniSinanimseimeoonainiaqae
P A dy 1 Y a 1 1
szezna IUMIo UL ¥solsuuanuruaszaznallunsoune o laenan195e1INg

,i’ 2 Y o Li‘ A U Y . . [ A
ANUFUGUAUNUANNTUNA 1A ] AIUAYLINT (Djebli et al., 2019) ANFTUNITN 2.6

MO_MT
t

DR = (2.6)

1 4 '
We M, Ao ANNIUENAY (% db.)
2 v
M, flo ANNFUANa1 t (% db.)

A Aq Y Y A
t Ao a1 leslumsouui, (W)

aa &
210 IFNMININNNYU

=

] Y as asn an Yy as I an A ] ) I ad
MIrIEuITonsald 233 Ao 35aseazisdon A5asutuITnuludaziulg
1q 9 1 a9 I Ax A <3 1 [ [ o A 9 9 A
WMAITIU ua ldau dauiFdeuiluasnsatua lineowminduiesnndesldnuaniia
d’ [ 1 dy v Y d‘ A [ [~ )
suvediaglumsmisanudunazdidesnsnaouns oo dnogiuilsz s
A A o A L o ) Y A \ v o
1. 2%ase Inanmsneszmennusuluidaesnlnvua ideuaulauisvesiang
ax d’a Y v < A dy 9 Y 9 ’g
Tagataseniionldnunldae nsmianuiuaiedouaniou (Oven method) N13HIAIFY
9 9 o Y ax < 9
AN VUL Vacuum NINAUNIYIT Browm-Duvel nJu@m
a9 ~ Y] A [ 1 wa A [ Y ) = ay
2. 38deu lindnmsnedamauantiaouveigquanirhlufewieuminnuiu
[ v v 1 ) v [ { I [ 1 ] o w
ao'l1) 1y armnuaunu i ansai i Feann Iaduadszaa Tuudusnindados

o = 1 d’ = (% ]
‘VI”IfﬂiL‘lEEJ‘]JL‘VIEJ‘IJﬂ1LLa3@]§’Jﬂﬁ'ﬂﬂlﬂﬁﬂdﬂﬂ’3ﬂﬂglﬁﬂﬂ

Y b4
211 MINYNANNIDU
U 9 A 1 ] [ 9 é a da! d' 1
NITDWYNAINUIDU AD NITAINTUNAINTUANNIDUSUNAYUIUDIVINAIULANA

Y
VPIUNYUTENIIADLYiad 1A il Tﬂﬂ‘i/lﬂ‘i/l”lx‘lﬂ"liﬁﬂN"II!?‘I’J”I?J%@U%%Lﬂﬂﬁu%"lﬂuﬁaﬂ
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a

gungigelldumasngungial Tagmsoremanudeuawisontald 3 dszinn

u u

1A 1131121050 U (Conduction) N1IWIAIUZTOU (Convection) N1TUHSITANMNT O U
v 1 I o
(Thermal radiation) ¥4 1u sz v119nszuIunsouuialasldaudowdudinaralunis
9 Y v
WANuFUeenINTaglinsneInaTuAe N3t 1eMAINS oUINFIUIAdEUGAINIVDS

[

Y 1 £ Y A
aﬁ]ammq fﬁllﬁi]?iT]ﬁiJ”lmﬂ”lif]”IEJmﬂ’J”l‘JJSi’)uulﬂﬁ]”lﬂﬁllﬂ"li‘ﬂ 2.7 (Cengel, 1998)
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Q= e, AT 2.7)
We  Q Ao Suuanudon, kw

th Ao 99513 MaeMe, ke/s

c,  fioAnuieuiums, kikgK

AT 0 ANNUANANYBIQUNYI, K

2.11.1  M511A1u59U (Conduction)

[

o 9 . I 1 9 A a da! dy
N15UIAINUTOU (Conduction) Lﬂuﬂ159"IFJ!‘VIﬂ'J"Illiﬂu‘VHﬂﬂ"Uu(luLu@'Jﬁﬂ

a

Taganunsaas e ldnnaums Fourier’s Law of Heat Conduction (Cengel, 1998)

dT

q"=kA— (2.8)

e q”

dT
dx

2.11.2

dx

9 v
A9 NMINBINWAINUANYTDUADNUIHUN, W

r'd
o duilszansmaianudeon, wm.eC

Y 1
A A

A = y 2
o ‘W‘L!T]LLﬁﬂ!‘]JﬁEJ‘L!ﬂ’ﬂlliﬂu, m

jmo))Y

Ao ANUUANA1NVOIRMTRN, K

A9 ANULUANAIVDITLHZNNNANUSDUAAD UL, m

M3MA1IN30U (Convection)

9 . < J 9 o A A
NITWIANUIOU (Convection) Lﬂu’ﬂ’]iﬂ18ﬂ/]ﬂ311|5@uIﬂﬂﬂ1ﬂﬂﬂ15lﬂa@uﬂﬂ]@\‘]

a 9 3}/ a Y [ 1% =l ] Y
v04 Ina 1na lansein #avnihvesiagnuves lvanseveslvanuves vy mswinnuiou

1 4 o A
LLTJ\‘]’E)'E)ﬂ]lﬂ 2 anyULAe

v o I J
1) ﬂ”liW”If"I’JnJ%)f’JHLUJTJTJQﬂ']J (Forced convection) nJumimEJmﬂ’Jm%)au

U a < A Y] Y ] a Y <
33‘”31\‘1W’Jﬂlﬂ\‘lllﬂlﬂllagm@ﬂ]rlﬁa Iﬂﬂﬂm@ﬂqﬂagﬂﬁﬁﬂﬂclﬂqﬁﬁﬂ"luW’JWH”I“II@QGU?JQLHN%Tﬂ

o ] 4 U o N %.‘ X a
Qﬂﬂiﬂ‘lﬂmuﬂﬂ YU Lﬂ%ﬁ]\‘ilﬂW naay Lﬂ%ﬂQQUHW %Qﬁ1h1iﬂ@ﬁﬂ18@l13\lﬁhﬂﬁ Newton’s Law

of Cooling (Cengel, 1998)

q'= hA(TS —Ta) 2.9)
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I
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P
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Y
A a &

a . Id a
5554519 (Natural convection) C?QL']J‘L!ﬂ15W1ﬂ’J"I§J%}@‘L!‘ﬂ NAVUIDINTUTITUYIN IﬂﬂﬂTi]’lWa
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L]
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woernawiu llgumngiudihdeurziiuasdgn 2.7 dauguvgienmausnalndiindo
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gl Hesnnmsmemanuieuninmiifoudunn uazusinemanuiougoinea lugia
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7777777777777

y
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[
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v Y
1IN ﬂ’NlJLlﬁﬂﬁ'l\i‘llf)\iﬂ'ﬂllﬁuuluuﬁ\iNaGl,ﬁ}Lﬂﬂ!Lﬁ\?“U‘Uﬂuﬁlﬁ}@Wﬂ']ﬁ%’@uﬁGlqu]fﬂW'JllfQ{'J
@ 2 A g 1 9 A @ Y A o X
avYNITIVU u,a3mmﬁmﬂummzllﬁamnmgmuﬂ IﬂﬂﬁﬁﬂﬂWiﬂl@\i@WﬂWﬁﬁ@uﬂa@ﬁl@n"uu
A d 1 Y A ~ U o W dy a ds! @
UAZDINANYUNIICIVINIUNUN 8LTINTIT “Stack effect” UITIVUAUULINAUVUIINIITIADYA Y

W3a1558 Noali, 2546)

T A Y

2.11.3 MUNINaNINNIDY (Radiation)

T A F .. A 1 [ [ A 1
NITUWIITAITINIDU (Radiation) AD mmwwawmaaﬂmﬂ’mqmagiugﬂ

[

v A Vg Y, A A A g Az Yo o v
msuwmmmmm"lﬂ% ﬂ"l’mf)"ﬂuﬂﬂﬂauﬂauullL“I’iaﬂleﬁ”ILlﬂi]%llﬂi‘]JWﬁQQ”l‘Llﬂ?]”lllﬁﬂ‘u

Y
a [ =

o Y 1 9 o 2 = a A A g
wﬂwqm‘mmm’maﬁwumimﬂmmmiauiuaﬂymzmznﬂﬁzﬁmmwiuﬁmazmﬂu

U a9
v

FUUINA F90A51N130101NAINTOUAINITDOTUIGAINANNIT Stefan-Boltzamann Law

(Cengel, 1998)

q"=ecA (T’ —T4) (2.10)
A ” A 1 [ y ' ] dy A 2
LD q A9 NTDUNNANIUANNIDUAD W UIINUN, W/m
€ A9 Emissivity A1 113524 (O <g< 1)
(o] Ao Stefan-Boltzamann constant = 5.67 x 10° W/m". K'
9 v v
A A Wuitan/asuanudeu, m’
4 = a [ ~ 1 v Y
T 1) Qmﬂglﬂlﬂﬂ')ﬁﬂﬂﬂaﬂﬂiﬁﬁﬂ')']ll‘i’f]l.l, K
4 = a A Y
T 1) Qmwgummﬁmumaau, K

S

d
2.11.4 auszansmsmanuseu

£ 9

@ a < T %
dulszansminianusou (h) fﬂ?ﬂﬁllﬂ?iﬂ'lﬁW'lﬂ'ﬂll%jﬂu%ngHQWﬁﬁuﬁﬁ\‘]

Y]

Y ' '
ﬁuﬂgﬂ‘ﬂﬂ1ﬁllﬂi%ﬁﬂﬁﬂ15W1ﬂ’ﬂM%}ﬂu IﬂElﬂTifﬂEJlfﬂﬂ’Nll%0”&Lﬂiﬂuﬁ‘iﬁﬂﬂﬂ1ﬁuﬂﬁ%ﬁ‘ﬂ‘ﬁ

Y @ ' W a £ 9 4 Y o
NITNIAITUIOU Iﬂil“l/l’)ulﬂﬂ1ﬁllﬂi$ﬁ‘ﬂ‘ﬁﬂTﬁ‘W1ﬂ31lli’t]uﬂ1ul,ﬂﬁl1ﬂﬂ1iﬂﬂa’E]\il!a’]unﬂ

9
v A

Y [ V-4 = >~ 9 @ o J Y
ﬁ31\1ﬁ3Jﬂ’]i‘ﬂ'J’lilﬁllwu‘ﬁiﬂﬂllﬂﬁ'lillﬂﬁnsl]@\‘]ﬂﬂla"lluﬁmfﬁﬁ (Nusselt number, Nu) llﬂﬂ\iu

(Cengel, 1998)
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1) ﬂiﬁﬂﬁWWﬂ’)'ﬁJ%}@u!L‘U‘Uaﬁig

Nu= htc = C(Gr, Pr)" = CRa; (2.11)

130 Ra1i11av156a (Rayleigh Number), Gr i utavnsia 1a (Grashof

@

number) ag Pr U@ uniuAia (Prandtl Number) HANNTURUTAIH (Cengel, 1998)

T,-T,)x’
Ra, = Gr, pr— 2P i )X 2.12)
\'%

1 Y
FIMTUUAUTZUIUN 1WA (Fujii and Imura, 1972) LA UID U

(Churchill and Chu, 1975) dumMIANNANHUT WA FAALAAIRINI1T19N 2.1

1 Y
A1519% 2.1 !ﬂ61]LlﬁLGIiﬁﬁﬂ1i‘V\Hﬂ’J"IiJ%ijuLL‘IJ‘UE)ﬁ"EZGUfNLLNHi$L!T]JGN

ANHUZNITININ %33U99 Ra Nu
& 1/4
LU 1010 Nu= 0.59Ra,

10"-10" Nu=0. lRalLB Fujii and Imura (1972)

2

L 1/6
1 ' R
lannsae | Nu=40.825+ 0387Ra, T
[14(0492/Pr)"* |

v o R
- annsa lFaumsvosmsnedi lunuasla
1 0<0<60uNY gAY gecos60

Churchill and Chu (1975)

2) AIAMINIANNTOULDVITIAY

Nu= hll: = CRa; Pr’ (2.13)
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A A " s 3w A o w
1D Ra Ao ﬂuﬁ“llliﬂiuﬁﬂﬁ miag n LﬂuﬁﬂﬂﬁgﬂE)'IJﬂ\WIEUE)\?Lﬁ“UEJﬂﬂ']aQ

< J Ak 2 K
iuag C Lﬂuﬂmmmwuagﬂugﬂ‘wimazm'i"lﬁammmm”lwa

2,12 u59a98M)

@ a [ J.
115999867 (Buoyancy force) 81315003118 aunanmMsve15 WA (Archimedes’

=)

' Y
principle) 11 Jagfanedluves Inathiminanas imsizliusanganinaiuan uagwiningll
4 1 { =) 1 o % U 1 1 o o X
minnues lvaildSunasminunuiag usangeezlingegeanniag mldiaganso
Y Y
= A

o g d v oo g o a o
aaﬂmag”lﬂclumm"lwauu anﬁQL‘}Jumm"lwaﬂ%mmgﬂaaﬂmqwuclumamm@um”lwa
=2 A e a . ] v A 1w
Gﬁﬁliﬂﬂﬂi1ﬂ§]ﬂ15mu’31 “ﬂﬁﬂﬂmmﬂWTﬂﬁi% (Natural convection)” FILTIADYAINAUNINUY

?,’ v A A [ g{/ o A
umuﬂmawaﬂﬁaﬂgmmuﬂ%mquu HUUAD (Cengel, 1998)

FBuOyancy = pﬁuidgvbody (2.14)
iiie Fioancy Ao 1390087, N

P D AU IUVYBIV04 11, kg/m’

g A9 A3 U809, m/s’

Viody fie Sumsvessagiionedluvesina, m’

a

Winisausannsginuiag lunuaawds usgns

0o v v o v

nnszmnunuiagasiauiin

4
ﬁmuﬂmm’mqauﬁ’aﬂmqaaﬂm ANEUNIT

net W - FBuoyancy

=p bodyngody - pﬁuidgvbody
= (pbody ~ Piuid ) ZVh0dy (2.15)

{ < 1 a @ o 1 1 ] o
NAUMTN 2.15 WIHUN L!ﬁ\?ﬁj’ﬂﬁllﬂiﬂu@]i\iﬂ‘]_JW'GWIN‘331’7'31\1?]'3']%1’?1!']&1!1!‘11@\1')@@

o ’ ~a Y 2y A v A ¥ 42 a
ﬂﬁummwumuumawaﬂwa 1“ﬂimﬂlﬂﬂl!ﬂ3u15@u%ﬂa13u1 AV INIATOUNYUYA
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Aa Y R A [ 9 1 gﬁ [ a Yy A [ a =
WALNT Clﬁllﬂ'JUJWUTLLuuu@EJﬂ'J'IGU?Nulﬁa (@MATUDANIITINHAUUNINEIUNIT) HINGNTITY
a 2 Y =g v Y o X
NANNWYUATUDY “]Nlﬂullﬁ\iWaﬂiﬁ'ﬂ’lﬂWﬁa@ﬂﬁT’Uu

4 @ < 1 1 I Jd a A a
Glumiﬁﬂmﬁmuim’e‘)Elm%mummmwmuumﬂuﬂﬁﬂ%ummqmwgn GPIPUNDY

£ U

[~ ° [ Y an Y 3’, Ak I % A

FINNUUUUUUNIZAN ﬁ\iNﬁiﬁ!LNf}ﬂﬁMﬂW’q\ﬂﬂﬂ’w LWiWﬂZHHQﬂJﬁQﬂJﬁNLﬂH@’JL!ﬂ'ﬁ“lflll
0 w : o v J ] Y a

anuding Feamsalounnuduiusvesnnuruiunugungil e lagldaunisves

'd Y
auilszanimsveneanrelsuing (Volumetric thermal expansion coefficient, 3) A1

__1(%
1)

A a ~ [ A Y
LHONAITUINAINUAUAIN i]gllﬂ

(p.—p)=pB(T-T,) (2.17)

§y a I [ a @ o J
Wennsanldved lnaillunialugaund (Ideal gas) 9z Tannuduwusamaunis

v o J J Y v 49’
p= pRT ANudUUTY0IA1 B 9z lansll

1

Bidea] gas = ? (218)
1] 'd
e B Ao dulszanimsvensangalSuas
p A9 ANNHUIUY, kg/m’

p, v anuHHUYeIUed lvanogieIng, kgm’

o)

o QuugauyIel, K

o quugiauyssivesved lvaiegrialna, K

o)
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yuravednl B luaunish 216218 1HuafinaasdaSuiansidaoulyl
anuvumduleguuginasuly Tasar B winnuiedsanuvunimalasulduin

A a A A @ < U @ @ @ [}
luﬂqmﬁaulﬂﬁﬂuqﬂ T8 1NIT0IUTIaDIAIVLLAUIILTIA0IA MU THUATINUANUHUILUY

a

é [] % Y] d' a d' [ d' 2’, = 1 Y
G]i\‘lﬂ’ﬂiJ“ri'uHLuuLL“lJiWuﬂ‘i\iﬂUQmﬁﬂh (LUBNAITUINANNAUAIN) LW'D'W%%HWINﬂﬁTJUlﬂ’N

U
a

159008 THUATINUYU KL

U

2.13  avavnavon

q 9 v

J 3 [ Yyaa Aa
ﬂ’llaﬂlﬂi’ﬁf@ﬂlﬂuﬂ’llﬁﬂlqﬁﬂﬁﬂ G]fﬂ'J‘Uﬂllﬁﬂym$ﬂ15vlﬁaell®\3ﬂ'ﬁw']'ﬂﬁﬁ$ Iﬂﬂﬂ'ﬁhlﬁa

a

Y Y
TugresuFeuauavniwerdesluninna 1x10° arnnnnazslums Ivalusraluilu

v I 1 E4
%Q‘LlfnllIﬂEJ?TﬂZ‘T’J‘L!m@ﬂlliﬂﬁ@ﬂﬁ?ﬂ@uixﬂﬁﬂﬂ%1ﬂﬂ31uﬁﬁﬂﬁﬂ§$ﬁ1@6mﬂﬂqﬁa Aal

Gr buoyancy force

viscous force

_ ApgV
- 2PeT

(2.19)

Gr=SP\s ™ "=) 7 (2.20)

'd
ST Ao dulszanimveroaugaliuns

= a a
T, Ao QuunNVeIAd, K

A ad Y
T, foguugNawunaaew, K

[ 4 1

X A9 ANUEIAUANHAVDITATITN, m

A A 4 2
v flo ANuriavamaaivovod 1na, m'/s

g Ao A Tdueag, m/s”
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\] | o
2.14  MSWUVVIATSHIUUNUSTSHIVAS
Y

M3 11alasn1sNIBaTLHINIANUTEHIUATINLINATUAIVIG (Boundary layer) Y04

ds! Aa [l I VA . .. 3
M3 avu Neveanuszuuns lvadunuyliau laa (No-slip condition) A13159v04

{a 1 1 [ 4 I~} ] 1 g’; a I
PIMANAIVO AU TE LA UAUS AnuiEIgegase lugsvesrurIg nazaziu

a a

o ¥y A d a {
f.(uﬂ%ﬂﬂiﬂﬁﬂ31ﬂﬁu1ﬂlﬂﬂ‘]§uw’3ﬂ1ﬂ (Boundary layer thickness) Qmﬂﬂhq@q@ﬂ]@ﬁ@’lﬂ’]ﬁlﬂﬂﬁ

HHUIEUY tasla U IuRUIZUIUNeR guvglvzanadisos q aullauminy

] 1 9 v
gl auAdeuNFUANUHUIAIING feg1lh 2.8

-'r-.\
N
N,
N Temperature |
I_ . profile
//'f’_\\\ Velocity |
‘ [ T\\ profile
b~
u=10 T L 2 =10
Boundary
layer
"’
Stationary
T, tluid
i / at T,
X 4 4
L -y

517 2.8 M3 InaTagmandasziumrudulunuing (Cengel, 1998)

v
215 auMITURIUN
Y
AUNITFUNIVI (The boundary layer equations) Ao AuNITNIS 1MaALUUMITNIDATY
A o " v W ) o a ~ A A
Wif’]ﬁilﬂ”li’ﬂlgSﬂBTlIL‘JJu@]?JH‘L!L'OQ Iﬂﬂﬂ”ﬁ’iillﬂ1§ll1’iﬁLL1J‘Uﬂ1§W"l’t’)ﬁ'§$b1u§ﬂVl 2.3 IHONATUN
I "o W aa [ 4 @
THvoelnailuveslvaludadanaznmsInalu 2 6 aumseysnd Tuwudnlunuannu x

2 3 a A v oo oy o A
GB\TL‘]JUVI?WI"NL@Iﬂ]ﬂUﬂULLNuﬁﬂu L‘]Jumu (Cengel, 1998)
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du du  Op d’u
U—+pV—=———pg+U—ri 2.21
pu—+PVS P Llay2 (2.21)

4 1 a P A g o & v & o2 A
Tagagiuninal pg uduinnaumsoysny luuuauna Tl wariidemenves
1S9DBDUA

d1fuaiuauvesves lvaluuuinny xfieglnasenldv1n Boundary layer

[

d' a Y A S dy
donnsanlivesInavgatia(u= 0)imasi

OP
2o _p g (2.22)
Ox

~ ] [ g}/ Aa dy Y = 14 1]
ﬂﬁﬂlﬂ’lil’h’iaN’lu!iﬂuﬁ@uiu%uﬂﬂﬂ’lﬂu ﬁ’lll'l'iﬂiJiZiJ'lmGlﬂlﬂi!ﬂﬂu@]eUﬂﬁﬂ?'lﬁJﬂu

a K @ ] 1 (Y )
Gluﬂﬁ‘ﬂ’lﬁﬁﬂﬂ'lﬂﬂ‘ﬂlmui%uWﬂ (LUUDU y) ﬁmﬂmmmmmugua ANUU

a_P:

0 2.23
oy (2.23)

<Al 1

Y v
ANuAYoIUed Inaluguiaue (uaunu x) Beliauihanuauvesuss lvanieg Ina

’t)’t)ﬂvlﬂ %Vlﬁj Free stream

dp

Ox

_%

= =— 2.24
x P8 (2.24)

buoyancy force free stream

] gj % 4 @ an g’/ a I
PNUUTUNITYUINHANNUAN 2 WA ‘llfJ\iﬂWiUlWﬁGluG]qu'J‘Uﬁﬁﬂlﬂu

du du d’u
pu&+pva—y= g(pw—p)+uy (2.25)

d‘ [] a d’ Y =
Luaw1ﬂﬂamwmuuuﬁlumﬂwaiﬂamﬁwmmmﬂaﬂuuﬂmu@amﬂmmmm

A v ' Ay v Y 2 Y A =
W%WiMWGlWﬂ'JWiJWHWLLHHﬂ\‘]ﬂVlﬂ Emnum@mlmumuﬂmm"lﬁa LH@Q%WﬂﬂWiIHLﬂﬁﬂHLLﬂﬁQ
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1 =\ I Y dyl Y a 1] 1 ~ A
ﬂ’NNWHHLL!ULWENWﬂuf]fJuﬂ@iﬁlﬂﬂl!iﬁﬁﬂﬂﬂﬂﬂluWﬂiﬁiy NTUNITN 2.25 1 UDNT

ANy az'ld
u@-i-V—: —(pw—p)ﬂ)a—u (2.26)

v 4
NNAUMIN 2.26 A1TDVEUNDVUBIHAA VDI NUHUUNTUUvesdu sz anT
M3Ve0ANTILUTUIANT (Volumetric thermal expansion coefficient, B) IONITHUINANUAUAIN

é aAa v dy
SEINUITUAIU

(p.—p)=pB(T-T,) (2.27)

unuaNNduiusHasluaumsn 2.26
ou Ou
u—+v—= B(T—Tw)-l-Ua— (2.28)

dmfuauniseysntuanazaumseysnindsnu Igwmilousuduaunisves
5 Ina Tusuin s uuRLI Uy (Boundary layer flow over a flat plate) 1Ag@ 1315 D1U81
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A1avnT10M (The Grashof number) taziifiauisda (Rayleigh number) AR

Gr= (3.1

gB(TS -T, ) x>
V2

Pr (3.2)

Ra, = Gr, Pr=

4 1 v da a 4
o B= 1/T, uag Pr Ao ANAYWTUAINA (Prandtl number) Qmwgumﬂimﬂ%wmﬁ'a
310 K guuiaanaadon 303 K 5202015 1nalia i 10 un11ugausdniian3 oo Dunaned
o 1 1 1 [ J Aa A 1 W
(x =2 m) 1NMIMIUNVNANaUNTIFeHLazAIaUNTUAINa DAUNIAD 6.50x 109 tay
o w & o =KX o g 4 U @ IS
4.72x109 ME19D A9 un15 Imadedaiunis Inauvududl iy (Cengel, 1998) dauily
3 & A y a 3
ASAIUIVAIIUNUIVBIVUAIV I (Boundary layer thickness) 150091521015 Trarilu

LL‘]J‘]Jﬁ‘L!ﬂ’J‘L!ﬁ]”IﬂﬁiJﬂ”IS (Kays and Crawford, 1993)

_ Y
-1, _ 1—(%) ' (3.3)

MNauMsN 3.3 We y MnuaNUgIWIiweunsese Ui (2 was) 1z ldanunuives

b4
v A

4
FUHIVIUNINY 3.9 mm HAZAIUIN y+ "l,ﬁ’mmu 1.59 mm ﬂmmJimmmswwmm%’auuaz

[ v 4 {
AN AIsan (Nusselt number, Nu) M1 @9 naumsh 3.4
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h=—— (3.4)

0.387Ra/®

Nu={0.825+ _
T
[1+(0.492/Pr) w}

(3.5)

] 1] '
Lﬁf] L. ﬁ@ ﬂ’Nlli;(\‘léll’é)\‘lWuilﬂ?@iﬂﬂl!ﬁiﬂﬁ@iahuﬂﬂ MU TulIzans

MINANVTOUNA UMY 2.02 W/m™.K

3.41  nsalAnelumsdany
Aav AW Yo A 9 ! A A A
luauIdeil 1dd1a0unI a0 uuialaosauuan 2 1UY A9 HUUFIMASNLAL
' Y (o A A ] YA o A
uuuaenay Tasuaazuuylalsunlasuginsweunioseunililianvaz niuesniong
9 v 9 ]
Mvualagdasidiuiuiniesnas NuANIG1 (Area ratio: AR) 1az31809M5U5UAMNGS
[l 9 v
YDIUATOIDULRINUAINFINIUT I INAUAUTINDITIUIUDIAIWARAR Laaegli 3.5 uaz

< A v o <
31U 3.6 VUIAVDUATOIOULWILAAIAINT NN 3.4 LAz 3.5

U

311 3.5 n5esenuiildesaunangins e @masy
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317 3.6 1InTps0UNRADIALLARg NTIIINAY

A A Y 1
ATNN 3.4 Euummsmammqﬂamammgﬂmq’Nﬂau

daIaIUNUN 0.5 1 2 4 8 16 20 25
$AUMEN r (cm) 422 30 30 30 30 30 30 30
FAIN190A R (cm) | 30 30 02 60 84.9 120 134 1.5
ATNFINNIE h (cm) 10, 20, 30
72104 H(m) 15,2
UIUDA 2,3
~ A ] ' A A

M137199 3.5 Vinamsetouatlassanaazinssmriae
a3 IuNUN 0.5 ] 2 4 8 16 20 | 25
AMVIIATUNIAUD 1 (cm) 53 53 53 53 53 53 53 53
AMVE1INUNPDN R (cm) 38 53 73 106 150 219 119 133
AN h (cm) 10, 20, 30
AW H (m) 1.5,2

IUIUDN

2,3
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3.42  Jamlumsdiaes

a o [

Aq Yo d’ld o 3 £ g ) o =
Tmuuw%maeﬂumua puNanyasAlurUEan ) 45 'E]\?ﬁ'lﬁ'lﬁiﬂgﬂﬂiﬂﬁ

midguag 15 09 d11iUNNaY ieanszzal lumsmua uaasasgli 3.7 uaggln 3.8

319 3.7 Tawuveunseseuniaildesauiangins@maoy

519 3.8 Tawuveunseseuniaildesauuangiinseranay
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3.43  MSa31UY (Mesh)
A Aq Y o A Y 1 ) o a o dy
nianl¥lunssiansns lnaluniesevudedassauuaadimiuauiveil
iwonldnsanuugUviaunnasy Tetrahedron w51z nsslymrawsafladi 1dny
a [ 1% 1 ) @ a o o w
NIABNHULAING (Hassan, 2018) d1m5uns Inalasnismdaszsuiludeslidanudidn
1 Y v
AUN3ANBYTAVD VYD TAUIWUING1Z9ZINATUAIVI (Boundary layer thickness) TagldA1da
' v ]
Inflation TUMFIAVTIUIUFUANUHUIVBINTAINDAIIUYNABIAZUNUE VDUV TIAD

(Mara et al., 2014) uea3a33Ua 3.9 waggi 3.10

no” & - 4 4
51 3.9 dnyULNTAUVY Tetrahedron YBIFUNTITIMAYY

Rl

319 3.10 An¥ALATALLY Tetrahedron V0331UNIIINAY
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a ' Aq o - < & Ay 1 9
AIngsuae q nlglsunsuduiagy) sagitluvuaounasunnugieInneaunITINg1zA o
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WrladnyaenamennyeIdnyaems Imaty sadmsuns lvalasmsm laesssuraly
A ) ' a4 Hq v & o 4 A
insoseunsldosanuaaiiton lanldnaue 5 Uszian asgUn 3.12 wazas1ei 3.6
o o A v g ¥ 12
Inlet : 1Wumsmvuananams lualwidums lvaunsiv
I o a I [ g’/
Outlet : Wumsmmuananians Imalinidunms lvasenmniu
I o dal A g’/ I o 1 1
wall : Humsmivualuiuinasaiwdumis vueanuiiveslvaly
] 9 dy a & 14
AusarueeniuEITY 1A
. | o SJAy A g Yy o
Porous Media : 1Hlumstmualdnunasanuldlanyazgnguveslvass
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] ] 9 Li‘ Aa 3’, 9 A
Symmetry Plane : Y04 1via liaiuisodudneeniiuiniuld Seu'ly

v
= [

a

d" Y v =\ I A
GUE]‘UL*va’l‘ﬂ‘izLﬂﬂui%ﬂ‘uﬁiymmi"lwaﬂuaﬂymzﬁumm nuRauasualounszan

agRouan ldanmsmuin mauauiaaie 9 ¥songanssuvesns lnanmelulawuiiod

I ] [ Y A o tg a a1 1w
L‘]J’L!‘igEJ%WNm1ﬂ‘HL3J’E]’Jﬂﬁﬂﬂ‘l'\luN’Jﬁlliﬂ@]i’f]’f]ﬂhl‘l]%ghﬂWLﬂWﬂuLﬁﬂﬂ

Symmetry Plane

Ground Wall (opaque) ———

Outlet

Inlet

Plastic Wall (Semi-transprent)

“——— Trays (Porous Media)

319 3.12 @y lvvouaved Tamu

Y

= A
AT NN 3.6 NBL!IIGUQUGULGU@]

Souly isorlumslvia ouluiBanndou

Inlet Pressure inlet Constant Temperature

(Total pressure 0 Pa) T =303K,h=2.02 W/m’.K
Ground No slip Wall (opaque) Adiabatic (Q=0)
Outlet Pressure outlet Constant Temperature

(Static pressure 0 Pa) T, =303K,h=2.02 W/m’.K
Plastic No slip Wall (Semi-transparent) Mixed Mode (h = 2.02 W/m’.K)

Solar Radiation (I =331 W/m’)

Trays No slip (Porous Media) Convection (h = 2.02 W/m".K)
Symmetry Plane | -
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] E4 H
ﬁau"lmmsﬁmamﬁmsumsﬁmaﬂmmn&lﬁ HAAIAINTINN 3.7
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o1l

MIAIUIN

ANSYS-FLUENT

Coupled, Pesudo Transient

Numerical scheme

Upwind Differencing Scheme (UDS)

Viscosity Model Turbulentk — €, Standard Wall Functions
Radiation Model Discrete Ordinates (DO), Solar Ray Tracing
Flow Model Boussinesq approximation

Under-Relaxation Factor

o Pressure 0.3

- Density |

. Body Forces 1

. Momentum 0.7

« Energy 1
Grid Type Tetrahedron
Methods Pressure

. PRESTO!
Momentum

 Second Order Upwind
Turbulent Kinetic Energy

« Second Order Upwind
Turbulent Dissipation Rate

« Second Order Upwind
Energy

« Second Order Upwind
Discrete Ordinates

« Second Order Upwind
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< A 0 '
I NNN 3.7 N’E]uul"llﬂﬁﬂWH’Jﬂl (919)

iSouly MR

Equations Residual

. Continuity le-06

. x-Velocity le-06

. y-Velocity le-06

« z-Velocity 1e-06

e Energy 1e-06

.k le-06

« Epsilon le-04

« do-intensity 1e-06
Initialization Method Hybrid Initialization

b4 d‘ %4
3.5 NIAINAINIAULUUD

] 1 Y
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Awanadnlauazoiadmivnawanan 3ali51052009a115190 3.8 LAz 3.13-3.15

~ =1 1 A 9
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7U7 3.17 inSeseunrialdesauuanginsaaanay

351 msfadaganuYela
¥ g 9

AMInaasuaIedsuuslaosavuaaldnadegaiudoya

Q U

=).

3.1

D¢
o0

g
A I < 9 A J v a
HulgLlav 1 Ao Data logger Lﬂuﬂgﬂﬂmﬂmgazmumam NNYLAY 2 A0 LFULEDIINYAUN YN
Jd o a o {
fﬂﬂ'lﬂﬂ?\‘]!.“lalj'l wugaY 3 ﬁf] FEULEDIINYUWHUDINIANINDDN HEAITI0aSIDIAAIN1T 1N 3.9
[ a g}.: a Y a =) @ d' d‘ Y
Tﬂmﬂqmwgumqﬂmquﬂimﬂwumua:ﬁqmwgmixLﬂmﬂammmmgﬂﬂ 3.19 LagNIDNIA

Y [ ~
ANNUNLLE (Pyranometer) Llﬁﬂ\‘lmgﬂﬂ 3.20



=1 a gl.: < 9
3109 3.18 MIAad AN DYBYa

Dry-bulb temperature :

A Jd v a
31U 3.19 e Tagavigi
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3 11 3.20 Pyranometer

A 3 9
AN 3.9 Yarnuveya

gilnsal S1EazIven
Data logger ARUDUINO R3
IpULEes In RLINCEY i Digital Temperature Sensor Probe DS18B20
Pyranometer METEON Irradiance Meter

' 9 s v ad 2 Ay a A ~
ﬂf]uﬂ'ﬁﬁl“]ﬁ'lusl):ﬂlﬂ‘]J“llﬂiJ‘.'B’INGUHGI‘EJUWHQVIWEJ\‘]W%"WTM'] ADNITEDULNYY

s A 1 1 o [ o

AUYNADY (Calibration) voeginssite lduiladigunssianisold Iduaz Tanuutué
J o AA o 3‘/ @ 4

Taguaosinguugininsaeuiioun1ugndednarue 10 42 Taslinnunaiamaou

$o8m2 0.11-0.35

3.6  manaaeuielszdivilszanian

A3

Yo A

m3szmulszansmmueamsouiaazns 030 UURIAINTaNT Ianatl
D Usz@nTannaeaSuuas (Collector efficiency) Taena ldudr1se@ansan
1FIANToUVBIMAIAITULAA HetuTaednsiaruveandanunenalasuaesuia

ANUITULAULAR (Duffie & Beckman, 2013) A9@un157 3.6

Ne= (3.6)
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2) U5LANTANVAUATEIDULH (Dryer efficiency) 111 TAEATIAIUVDING Y

Aq 9o @ ¥ tg @ 1 a 9 ,
ﬂi“ﬁﬁﬂ’i’i’ﬂfn'i'ﬁ%!ﬁEl"llf)\ihlﬁ]uflu!u@']ﬁﬂ@]ﬁ]ﬂiiJWﬂlﬂ’JNJL"UﬁJLLﬁQLLﬂﬂ (César et al., 2019)

AEUNITN 3.7

£ (3.7)

[

3) YsrANENINNITBVLRY (Drying efficiency) He1u TA8SATIAIUVDINGII NI

[ 1

v A v 2 o Aqg Yo o Y L a )
Tdmanaadoudutaznasnunlsdmsumsszmevod o luiloTaan s uianumu

q

waauaanaamsuuaa ldsy (Hall, 1987) Aaaunsn 3.8

m C (TP,t+dt _TP,t)+mthg

pp.P
MNp = (3.8)
LLAMNc
4 A 7
e m A9 831115 a1, kg/s
C, foanuiouiume, kkgK
C,p Av ANvouT TR INANER, ki/kg.K
T,. 000U iN1enHaIsunay, K
A a 9 [
T,. 00 QUUQUMIUNHAITINES, K
A a a d‘ 1
Tpprq 1O guvglveswanaailonariulil, K
= aAa Y a
T,, A9 QUUYNTUAUVBINANGA, K
A dy dl [ -y 2
A, AD WUNVDIHWAIATIT VLAY, m
I, Ao ANUELLA AR, W/m’
A ¥ A
m,  fowlalefiszime, kg

m_ A9 WIaveINanan, kg
< { @
e Ao anudeundsvesmsnatniule ManuAuusTeme), kike
a A 4 1 Y a g
lumsnaaeuszdninmveunsoseunralassanuanns 2 sinse 1ddariiaiu

o a IS Y A o a 9y = ad o A
’JG]Qﬂ‘]JGluﬂTS’E)‘U IﬂEJL']JLlﬂ"li’EJ1JLmQLW’EJV]”ITJE]”IUE]LET‘L!LL@W]MEJ’J HUUADUAIU
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'
¥ =

a I ° o o 1%
1) wewladalddwduiivinaneminng Taeliimiin 100 nsu asgld 3.21

5107 3.21 Yaniiadu

U

4 a @ 1 a 3 [
2) ewienmnauivestlaiiialaglddiedslartiaduiiuau 7 ga uiiailu

) ?7’ % - o U ) g v U o
FAAIDYIIUIHUN 500 NTH ITUIU 5 YA UASYAAIDYINUIWUN 300 NTH TUIU 2 YA

Q Q

a

o TaaiAsosgouansoutiquugil 105-110 °C 1Hunan 24-72 %7 Tua wagai 3.22 nazglii 3.23

u

517 3.22 Meddlariiadu
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710 3.23 euTagldgovanou

U

] 9

3) naasvovuislariardulasldinioseuuielassanuaans 2 31nsq

g A v Yy o Y a oy

TagnaaeUNWDUIATOIDLRY 2 1A 1Az 3 01A WiounuAINIEInINsITuAnIug TUfe
E 1 o [ Q' 1 QI { %

Tagrmiindarlusaazoiaminy 100 05y TagTunadouszaaIui 17 nuereu a9
2 1 Q { { QIJ BO} %

20 9@IAN WA, 2562 A9LALIAT 8.00-19.00 U. A93UN 3.24 uaz3iln 3.25 Famindann o

2 %2134

517 3.24 sunataniiaidulag ln3esouuialassauan
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507 3.25 mnudsdariiadulagsssuana

%ﬁﬂ‘l"lﬁﬂ"lﬁﬂ%ﬂ"liﬂﬂ!!ﬁﬂ“ﬁuﬂ‘lﬂ

J 2 a
ﬂauwaﬁ'lﬁ@l'iﬂ'liﬂﬂllﬁjﬂsﬁuﬂ'lﬂ (Drying kinetic) WﬂJWEJﬁ\? Wi]ﬂﬂ'i'iu“llf]ﬂﬂ'l'if]ﬂllﬁlﬂ

A dy dy [ o a a (% v dy
HIDNITAAAIUTUDDNIINIUDITG Iﬂﬂ‘ﬂ’fl]l‘ﬂuElllﬂ‘ﬁ‘]J181u§ﬂﬂ19\1®@]51ﬁ’3uﬂ31ﬂ6111!

o % o < a [ 1
(Moisture ratio, MR) g Una1 ¥en1n lasimsnaassnazniiudanganssudanan1a lag

Y
] o ] < Aa oA o a
mi’mmm%uﬂlmaﬁﬂ @Eﬂ\illiﬂﬁqﬂﬁluﬁa]fJﬂiii1“7]1\11J§]1J@ﬂ”|51/l"|ﬂ157]ﬂﬂ@\1f]lll!,ﬁ,\iﬁ]ﬁ\i

1 . ° o 4 3’1 ]
BWQﬁﬂQTNQQfJ"Iﬂ 51%&mﬂ%’tmuﬂmm“lumsmuwaauwamﬁmmsamgﬁ'wumwwm

9 v
aﬂi$83!3@1!&@31%&]}’0\1%@@@\1%5\1 Tﬂﬂﬁi]ﬂ”li@ﬂllﬁlﬁ“b'uﬂN’ﬁcl%jsluﬂWiﬁTHWEJ@@iWﬁ’Ju

Y 1
ANUFU LAAIAIAITIN 3.10

v k4
M13197 3.10 FULVVAUMTO VIR UL

a1ny MHTDAGEN 3o 91909
1 |MR=exp(-kt) Newton Ayensu, (1997)
2 |MR=-exp (—ktn ) Page Simal et al., (2005)
3 IMR=exp (— (kt“ )) Modified Page 1 Diamante, (1993)
4 |MR=aexp (—kt) Hendeson and Pabis | Yaldiz et al,. (2001)
5 |MR=aexp (—kt) +C Logarithmic Togrul and Pehlivan, (2003)
6 |MR=aexp (_klt) +bexp (_k zt) Tow term Henderson, (1974)
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a I'd a Jd g’z a a 4
TumMsIanzmNimesaieeg vesaunsmseuureaFuLe 1Hmaiiansinsiew
[ Y
Anuonooeuy liFaudu (Nonlinear regression) Balasi¥Ian1ua 1150 I uMTUI8v09
Y 4
AUMTOUURIFULNS Ap dulszansmsdaaule (Coefficient of determination : R* ) LazA131n

NA9IVIANNAAIANAOURIIADURNAY (Root Mean Square Error : RMSE ) Tagn13waisan

Y
v AA

Ay A1 R> A231A11nd 1 uag RMSE A2351ad1A84 0 (César et al., 2019) &4 R® 11ag RMSE

Henulae (Seerangurayar at el., 2019) (Shi, 2008)

o (MR, ~MR,_ )’
R* =1-1 (3.9)

N

> (MR, ~MR,_. )

i=1

N

N 14
> (MR, —~MR_ ;)

RMSE= | = (3.10)
N

e MR, Ao Jeyai ldninmsnaaes

MR __ o doyai laainnisinneg

—_
o))
(e)]
Do
&Q

MUY 1,2, 3,...
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AHANIIAUUUNIFTIDY

41 uni
A ' 2 Y o A
UNHUILNA1IDINANIITATIIAOUAIINYNABIVDA 115UNTY HANITT1ABIVBAUAT B
suuiaildesanuan Tagldmanudunaaunamidy 331 Wm’ uazgumgiiemsniny 303 K
X < @ a a
Fudunaveadns1n1s lvanazguugioIMAUITNAUNI00N 1ABLAAINANITLTNUVD
o = A Y ' o v 1 ,i’ A 1
msdiulasuginsvenasesenurialaesanuna Mrualagdnsiaunuinnieesnae
N9 (Area ratio : AR) 111 0.5, 1,2, 4, 8, 16, 20, 25 LAZHANTZNVVOIANNGIVDAUAT O
punIldosanuan 1.5 1az 2 WAs SIWAIWANTZNUABTILIUDIA 2 1A 3 D1A HANITNAADA
y A ¥ 9 4 Y i g = y
mMIouuralariaidualniotseuurilassanuaans 2 31nse sIuDINANITAINUNS

TaeF55399

k4
4.2 Naﬂ15ﬂ§3‘ﬁﬁﬂﬂﬂ313~lgﬂﬂ@ﬂ”“ﬂ\ﬂﬂi!!ﬂiu
nudei ldnsrraeunnugndesues Tdsunsu Tasnisiiasans lvaluTselusdh
dpaanian (Solar chimney power plant) 31zt un13 lvalasniin Iaesssumnanaz 1450

Y v A A JR ~ 9 2K o a o dy o ~ A
AIMUIDUIININFLUAIDINAYBINAIUADIYIAAINVINUIVYU Llﬁﬂﬂﬂ\’igﬂﬂ 4.1 Llﬁggﬂﬂ 4.2
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Ui 4.1 a2 luTs Il desaunan

511 4.2 gaungiluTsdIlihiaesanuan

q G

a 3 a
611‘!ﬂ'l'iﬂ'i'J%ﬁ'ﬂﬂﬂﬂTﬂJQﬂﬁlﬂ\ﬁl@QTﬂiLmiNhlﬁjwfﬂ']iﬂl"lel!ﬂﬂﬂ‘llf]\iﬂ')"luliﬁllﬁﬁqmﬁﬂil

U

@ @ 1 <
NNBBNUDINANA Iﬂﬂlﬂdﬁfﬂﬂ)ﬁfnJﬂ‘UWﬁﬂ']rj‘V]ﬂa@wUﬂ\‘] Haaf, (1984) WUNHARAYUDIAIINLIT

u,a3qmw@,ﬁmwaﬂﬁﬁ’aﬂwemmﬁi’mmﬁmmu@m@hqmﬂwamimam%’aﬂaz 4.28 1as 5.4

ANAAY



54

Y

43  dNTNAVRIDANTIHTNUNARANITIOUZ VBN UNHIUABINIAR
on51m3 lvavesonai lvaegaelumIsseuniuiufadoiddnlumsonus
Taon1nons1n1s Inageazdanaddonsounia (Afriyie etal, 2016) i1 lioaTimse s

" Y _ Aa a4 o o (4
VU FINVNBATITIUNUN (Area ratio, AR) HONTWAADOAIINT ¥ uﬁmmgﬂ‘n 43

—@— WNAY, §42 AT

Ea
—— dUHAOY, 4 2 A

Bttt ] --@-- WA, §4 1.5 A3
a

funiion, g4 1.5 was

via (L/s)
I i

oATINIG
L
°
®

a

0O 2 4 6 8 10 12 14 16 18 20 22 24 26

Area ratio

a A

= o ' X A1 o
qij‘]_h/] 43 amwammamwmuwumaammﬁ‘l‘wa

mﬂgﬂﬁ 43 naAIANUEITL Tz s3I InaveseniAuazSad AR (AR)
nudrsasins Inaitududesasiduiuiiiuiy Taed ARI6 Hons1ns Inagega
W2 U39 1Az 2 AN FunTeseuuRage 2 was 8as1ns lnagegamiiy 6.93 Ansae
Ffi wag 5.51 Ansapdil dwmTugiUnsenannaziivasy ARy nazdviunTos
PUNAIGA 1.5 AT 8031 T IMageganiny 5.98 8asaoInTi uag 4.18 Ansaodui d1msu
sinsenauazdmasy auiidn Tunendufunudiie AR dinuinnd1 AR16 11HEAs1
m3lwaanaqiilosnnfanmsuyuanvesomeauinansesn daglii 44 manyuauRann
HIIAUADMUUTNIUNI0DN (Adverse pressure gradient) G?;Qlﬁ’é) AR Lﬁwﬁummﬁudeﬁ’m%

1 Y [ '
NN Famnunwezih Ivms Inauaunanisryuan Taommizaes lvahogFanimis

. o J a a
‘%Qﬁﬂﬂﬂéjﬂﬁ@ﬂhﬁﬁﬂﬂﬁm’ﬂil‘gﬁa (Bernoulli’s principle) 4 (NI% INTANYTN, 2554)



55

JUN 4.4 MInyUIVINUNLON

U

@ [

dy 1 [ 1 tg d‘ aa A 1 a Y Y % dl
UDNVINUIINUI DATITIUNUN \UJi’)“l/l‘ﬁWﬁﬂﬂQﬂ!ﬂQ‘Nﬂ']EJGIUWE]QE]‘]JLLWQ ﬂﬂg‘ﬂ‘ﬂ 4.5

36 | | || P
—— [Yad, 12 m
35

(0

——®— 29Nau, §4 2m

34

~ -~ TWALN, gI L5 m

33

23nau, g4 1.5 m

— A— gungiadon
32 £ u

-

QUMANLTNUNBN

a

31

K

300" ek k A — - — R m o m e A A — e — —a

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Area ratio

v k4 v
317 4.5 BnTwavessandIuNuideguuYIUTIUN 00N

a Y Y I A o A Ao o Y A A
Qmwgnﬂ181uW6Q®ULLWQLﬂ’LJE]ﬂﬂ%&lﬂuﬂﬂﬁmmﬂum‘iﬂ‘ULMQ Tﬂﬂﬂﬂqqumjﬂ

a

\ Yo vy 3 X ' a Yy g Yy v
ﬂgﬁ\iWﬁﬂlﬁﬂﬁi'lﬂ"lif]‘ﬂlﬂ’i%ﬁ'ﬂlu Lmﬁluﬁmﬂﬂimmi’f)‘]JLLm"hJllﬂ@lmmiﬁlwmmﬁqﬂmnmjﬂ

U

iu sz linadeduazanunsouvesnanan nav 15U Msouudesyiy win dyulng

=S 1

= < Y Y A aa 1A o A
ﬂa’]llﬂﬂlﬂﬂj lﬂuﬁu ﬂ’]'ﬁ@ﬂllﬁ\uﬁa']uuclfj\‘]qmﬁﬁwﬂlwu'lgallagﬂ 20-40 °C %’]ﬂgﬂ‘ﬂ 4.5



56

Y

' Y '
WUN Qﬂ!ﬁﬁhﬂil’)ﬂlﬂ%‘]@@ﬂﬂgiu%ﬁﬁ 33-35°C IﬂEJQﬂ!ﬁQNLWMiu%WﬂQﬂ!‘ﬂﬂMﬁ%!’Jﬂa@M

U

1 Y
a =} =2 v

v Y H v v
3-5°C uag Ny AR 1inAudna liguvgiianas ilosnindasims lvafiiudu sz 4.4

i L]
Y
a A =<

Tumanduiuiie AR MUWINNI1 AR 16 QUHANUTNIUNNONFIVY 1HARAINIIZEATINS

U

2 dy A A Y 49! 1 Y A A da! A Y
Ul“riﬁliiJﬁ@ﬁQ u’aﬂﬁ]mummmm@mmquumwaiwqmwgmwmu Iﬂﬂlﬂi@d@ﬂll‘l’i\i’q\i

=1 a 1 d‘ Y d’ d’ tﬂ' 9 49! [
2 1AT NPUNHUGINIUATOIDULLN 1.5 LUAT Uszanm 1 °C HDINININBIATBIDVUNIFIVUNM

q £

;4 '
2 a

YA A ds! 9 ) @ A Y v A a a
Gl‘wwumuummmuiaﬂaz 32.2 ﬁ'"lﬁi‘]Jg‘]JTliQ‘UﬂQLﬂi@QﬂULLﬁQW‘U?T gﬂmdﬁmaﬂuqmﬁgu

1 A a A ddy Ao 1 9
Q’Qﬂ??gﬂﬂiﬂ?ﬂﬂﬁﬂ l,l!f’J\1’i]']ﬂqﬁl‘]_h/l'i\1ﬁﬁ’iﬁEJ?JNWUVI?ULLﬁQNTﬂﬂ'ﬂEﬂV]ﬁQ?Qﬂﬁllif’)ﬂag 12.64

]
v =

doandoInudun1In 2.9 naziennsaguuninielunieseuunsldesanuaanyii

A\

»

QUNANUINUY

Q U

4 y v (4 o
UMNANNGINYIUATOL VLRI 1aAIaa31N 4.6 uaz3ilin 4.7

35
AR16, Fvifan, g4 2w
34.5 A— ARS, dbY, g4 20A3
— o
;.U —e— AR, AnAbY, g4 2R3
<
= 34 .
(=} ARI6, THaow, 94 1.5 1103
=
g" - A~ ARS, Aoy, {3 15097
335
& AR4, Fofon, 8 1.5 03
33
0 40 80 120 160
AN 1811 (cm)

~ v o J a o 4 1 { A
511 4.6 anuduiusvesgunginuaNugInmelunseseuuialdosannaagins@maoy

350
— ARL6, 1naw, ¢4 2 3iA3
345 ARS, WAL, P4 2 AT
8 AR4, NNAY, Y3 2 1UAT
ARL6, WNaw, g4 1.501a35
. 340 -7
1<
G"; = A= ARE, nnau, n L3wa3
=?
= — ®— AR4, 31003, §4 L5 WA
S s 4
g
330 PR
P
325
0 40 80 120 160
Agan ol (em)

{ v o D v 4 !
517 4.7 anmdunusvesguugiinuanuganelunseseundlassauuangnseianay



57

{ (% o J a o 4 1
‘ﬂ1ﬂ§ﬂﬁ 4.6 L 4.7 ﬂ’NlJffllWu‘ﬁGU'E'J\‘]Qﬂlﬁﬂllﬂﬂﬂ’NNﬁ'\?ﬂ'lflﬁlllllﬂ%ﬂ\‘]ﬂﬂllﬁl\ulﬁag

a £

Y i1
= =}

v Y ! v 1
g“lJ“VI‘NT]N Wmmmﬁgmwﬁmﬁammqamaimwmu Lu@iiﬂﬂ‘i%ﬁ’JN“VIN!ﬁE]’EﬂﬂWﬁﬁ’E)EIGI’J
da! 4 Yo (4 4 & o Y a A ds!
qwumﬂcluﬂam ’EﬂﬂWﬁulﬂ‘i‘UWﬁQ\‘]1Hﬂ31hiﬂui}1ﬂﬂ1@°ﬁ\1ﬂﬂ°ﬁQmﬂﬂvh’éﬂﬂ1m‘lf‘lll€llu

APANADINUAUNIITN 2.7

a A o ' tﬂ' t4 '
4.4 INTNAVDIUIUDIANDANTTOUS VRN TBIo LTI aouan
‘ﬁ,Wu'Ju“llfJ\iﬂ'lﬂﬁ"lﬁ%}‘ll’l'l\‘]W'ﬁWaﬁﬁWﬁﬁ'ﬂﬂTifJ@ﬂLL‘U‘ULﬂ%@\?@ﬂllﬁj\i !,Wﬁ']gﬂgﬁflﬁjﬂ‘ﬂ
Y
a [ o ' < o ° ' v
WﬁWﬁﬁqﬁ}ﬂiﬂagﬂﬁuﬁuNWﬂ ?Jfﬂ\?lliﬂ@ni]ﬂ'Jiﬂ']ﬁ\?ﬁ\‘]Wafﬁg“l/l°]J"llﬂﬂ%WH?uﬂWﬂﬁ@@@]iW‘lﬁallag
a I v A 1 9 = [ A o A 49!
Qmﬁgm!WiW%Lﬂuﬁﬂﬁ]ﬂﬂﬁﬁﬂﬁ@]@ﬁﬂﬁiﬂugﬂ'ﬁﬂﬂI,WN BFIWUIT LUDITUIUDIALNUUYUIN
<3| o Y o g‘J A A '
2 010 11u 3919 ‘V]”Ii‘ﬁ@@]i"lﬂ1ill‘ﬁaaﬂaﬁﬂ\1§ﬂﬂiQ’Nﬂawllagﬁlﬁaﬂll LYU gﬂ‘ﬂﬁﬂ?ﬁﬂﬁll AR16
@ a 1 A A Q) a 1 A = A a @
ﬂ?’liTﬂ"liulﬂﬁaﬂﬂ\‘ﬁnﬂ 6.93 an5ARIUIN 11U 6.79 aNTRDIUMN gﬂmmmaﬂu AR16 99131N13
a 1T A I a 1T A 4
Ulﬂﬁﬁﬂﬁﬁinﬂ 5.51 ﬁﬁiﬁﬂ?i‘l"ﬁﬁ 1w 5.29 ﬂ@lﬁ@ﬂ?ill"lﬁ aﬂm%}aﬂaz 2.02-9.13 Lﬁi’)\ﬁnﬂﬂ”lﬂ

Y g// 1 ] < 4 o
Mduiuv119ms lvavesoima ormie lvason liazain od13lsAauiiosiuiuaia

De

[

v ' Y 1
v Idguvgiusnunieenudulszua 1 osrmuyaidod naainagli 4.8 naz

Jin 4.9

—e—9NAY,2 010
--e--2INAN,3 1A
—a—TWaoN, 2010

-a--AiaY, 3019

Tva (Lss)

oNIING
w

Area ratio

311 4.8 BnFwavesd U IAABOATING THa



35 o
—8— fwdeu,2 A
g 345 - - wden3em
c —e— anau,2 919
)
g 34 --@--123na1,3 01
z
=
=]
(54
(15 335
=
(=
=
=2 33
e
325
4 6 8 10 12 14 16 18 20 22 24 26
Area ratio
~ Aa A o 1 a a
g‘]J‘VI 4.9 BNTWAVDNVITUIUDTIAADYUNHNVITLIUNINODN
60
o HONINANDI
50 Porosity = 1
P ~-a-- Porosity=0.5
58 40 :
= - Porosity = 0.8
(=]
% 30 Porosity=0.9
u§ ——Porosity = 0.85
g 20
a3
=
10
0
0 1 1”213 14 15 16 17 18 19 20
1787 (Time)

17 4.10 BNTWAVDY Porosity ADQUNHINIIDDN

58

Y
1!E]ﬂfmﬂﬁﬁluﬂﬁﬁﬂ‘lﬂ’ﬂ‘ﬂ‘ﬁWﬁ‘llf)\iiﬂﬂENW‘]J’J']E)“V]T]WWU?N?]’H?JW';:uell’f)\‘ifl'lﬂ (Porosity)

Inanen1ugNA0IUBIHANITTIaBINAZ UV YNV0I0 1N 1099 NNz YRInIA TY

A v 3 ! a o A o vq ¥
Lﬂii’)\‘lG]HLLU‘]JL‘]JHG]%LLT]SQ%UTWB’EN I x1 LEUAUANT ﬂﬂgﬂ‘ﬂ 3.14 Lm%iuﬂﬁiﬂﬂﬂﬂﬂ”lﬂllﬂcl%

4 . { g o v : 1w % {aa
WaBuR Porous media Milumsimualdmatisnyuzngy Fanundwlsuilaniion

Tnano

AMUYNABIVDIHAINABABAT Porosity HaIndzili 4.10 TaoudaInauoIdNTNHAUDI Porosity



59

avgungineenionaliiull Tagh Porosity Aodaiidiuliuinsvesresinaoliuins
Y Y
NINUA 19U Porosity 117U 1 HU18ANNNTUIATNIMUATLAFBII L1aE Porosity (M1 0

A 19

9 v '
T‘ill181?]'Zﬂll31ﬂ5h1ﬁiﬂiﬁuﬂ1hﬁ‘]§®\1'ﬂﬁ %ﬂﬁﬁ\?ﬂ?TNﬁﬁﬂﬂ‘ﬂﬂﬁ Porosity ﬁ@ﬂ\iﬂJﬂWUﬂﬂﬁlﬂﬂ’N

v A

@ S @ < J 4 1 @ a
ﬂammauuummamﬁaﬂlumﬁumm%’auqﬂ ﬁ]zmu’mﬁa Porosity (N110U 0.5 UMY

Q

nMIvengInIHansnAanidosas 0.8-18.97 aztiio Porosity AL 1 gainginiesndin
nwamInaanidosay 1.37-4.86 FaNU Porosity TinINzaudmiumIiasazunsving
09 1x 1 (FUAWAT VAUNINY 0.8-0.9 ¥OANADINY Wang et al., (2014) TagA1 Porosity fins
140 0.85 iflanrnlumssrans i Idinsandemsqaidoanudoutazanuamaniouves

Tdsunsy Round-off error L8 Truncation errors

a A k7 d' 4 '
4.5  BNTWAVYDINNNGIMAUNIVBIATBIR VNI ARIaMIAA
Y A dy a K Y 3 o < A a Y
ANUGIMUNHIEANUGINNNUANTIMaT I uTaderilanadsiasan lumsass
A Yy o A < & o ! dqw ¥ A v L
IATOIDULINAINULAID1NAY 1M1 uAI VNI AT IHM a9 AT R IR UUNIgIINTIY
' A Y A Y v v v
mlsiedussouzmsounialminzan anugemaudiiinaaooas1ns lnanieludos
Y = 1 A Y 1 g‘; A v A 9
PULRIFINDI 1T o0 Ui edosauuaans 2 3Unse Bonsns lnagegananugamudn
N 10 UAINAT 13U JUNTITMAGN AR16 NAugan1adn 10, 20 wag 30 Ioas1ns lva
MR 5.5, 4.5, 4.8 AagaeIui mud1au 1agzUnsaenay AR16 IANUFINIEN 10, 20 Lag

30 WOATIANT AN 6.9, 5.32, 5.51 aATABIUIN MUY

@ AR4, WAy

7 - ARS, Jna
6 —@— AR16, 1anaL
o ™ AR4, Tivau

~ - ARS, fndon

—- AR16, AnAny

Tywaomea (Ls)

DATINIG
2

o

0 5 10 15 20 25 30 35

ﬂ')"li.lgﬂﬂdﬂﬁ (cm)

a A

JUM 4.1 BnFwavesnnugamudinesnsing lva



60
Y dy I A Y 1w a 1 a
‘V]\‘]UHJHLWTI%ﬂﬂ’JWNQQﬂWQHﬂ!ﬂTﬂU 20 (ag 30 FUANAT DINIAHUNTIUNANITHYU
A A ¥ A ~ a [ <3 ya A A A 9
'JumﬂﬁL'Jﬂ!“l/n\iLﬂJ’]Lu@Qﬁ]Wﬂﬂ%NWﬂJ“ﬂNWﬂLﬂHVlﬂ fJEJ'NulﬁﬂﬂWNulﬂWﬂWiﬂlHWiJmuﬂﬂ’ﬂiJ’Q\‘Wl'lelﬂ
[ Y a g’/ Y d' A T W A ds!
IMNY 40 I UANAT N 2 gﬂ‘ﬂi\i LW5’]35]']ﬂlluﬂiuﬂﬂﬂi’lﬂaﬂlﬁﬂﬂuﬁW@ﬁ3’]ﬂ15ul1/iaﬁ]$LW3JsUu
' v Y '
HOANUFIMAUTUNLUY WUNANNFINIUD 40 isudas Hldensns Ivaanad ities9n

1 a d' a 9 d' d' a [ d’ 1 9 Y
a1mﬁuNmum@miwymuﬂmnmﬂNmnmmmﬂﬂ?m1m1/1mﬂmu"lﬂm‘ﬂﬂanmmwﬁu

4.6 wamsmaeum’%mamaﬁaﬂdmawmw (No-load)

A Y 1 A A (= a I A Y
fﬂi‘ﬂﬂﬁﬁ)‘ﬂLﬂif)\‘]E)‘ULmﬂ’ﬂﬁBﬂamllﬂﬂiuﬂimﬂqnnwaWﬁmﬂuﬂﬁ“ﬂﬂﬂ'ﬂﬂlﬂi’ﬂﬁ@“ﬂlm\‘l

v F4 1
A v | A = ' v =y

1 1 ' 9
JUNTITHAGUNVIA A IUNUTNNINY AR4 g4 21105 (TUIININATOVAIUA 8.00-19.00 .

Tagszn119nsnaasd lainaurniN1ud 1Az N1990n YDA DI LTIl a03auLAALaY

Q QU

! 9

gangiiaunadon 59u09IaMANUENILAINADANITNARDY HARAIAIFUN 4.12

45 700

600

500

400

(w/m®)

ﬂ]'llll’iTlJ!!ﬁllLﬂﬂ

300

200

100

7.00 9.00 11.00 13.00 15.00 17.00 19.00
11871 (Time)

—e— gruugiivitesn —m— vt aun)lfwndeu e A TLTLALAR

319 4.12 doyamsnaaeunzeseuuildosantaa (No-load)

U

a

A d' Y 1 A =t a 1
i]"lﬂqij’ﬂ‘ﬂ 4.12 msmﬁaumimauumﬂamammﬂﬂsmm"lmmwaNam WU QUNYY

Y

1 a . 1 a a I
ﬂ]ﬁ@@ﬂQQﬂjqqmﬁaﬂJﬂ1Ql{h@]a@ﬂﬂ]iﬂﬂa@q @QQW’NQQAWQNV}NL%}W 0.92-4.82 °C Aty

F Y o o a 9 A A 43! A
080 3.08-13.18 ﬁ@ﬂﬂammwamsmaaﬂugﬂw 4.5 IﬂEJLLL!’JILUJﬂl@ﬂqmﬁ{]ﬂlWﬂJﬂIULi’Oﬂ 9

'
aAa

9 9
#LLA 8.00 U. ﬁ]uﬁﬂ 14.00 Y. i]1ﬂuu’qm‘ViﬂllLill’dﬂa\1i]‘l!i]ﬂJﬂTi‘VIﬂaﬂﬁﬁﬂﬂﬂé}’t’)ﬁﬂﬂﬂTﬂ’ﬂmsﬂ}M

U

'
a

v 9
uaaniudin yenvnldimuguuginiudigangurgiduadonaaoanisnaaes

= ° Aa A o o ~ 9 S I 4 <3 1
FIANUIVNYTZANTNINHAIAISVUAAINFNNITN 3.6 11@ 0.5-9.55 1dos1HUA Iﬂﬂﬁ]glﬁu’ﬂ



61

a A @ o e L g { o
UszAnimunaimivuaaiini mqranilailumsz lugunsi 3.6 MmiliduisaSuuves
9 M 1) Yo KR R 9 = ' a ™
ﬂ'J’llJL"Ull!Lﬁ\‘]LlﬂﬂllﬂllllllﬂﬂWH\iflQﬂmﬂ1wm63ﬂ31ulmullﬁﬂllﬂﬂ Gﬁﬁﬂﬂq@lﬁiﬁu!Wi’l%Wﬁﬂﬁ’lu
a 74 o A ° ¥ 9 A o o
l!ﬁ\?@Wﬂ@lUlﬂuW'ﬁQQWUWNﬂﬂ!ﬂWW@”ﬂi%NWﬂ!ﬁ@ﬂag 50 UDNANMVUUFAULAAN U AIAITULUARA
Yo = o =R =K J 9 9 1 Aa A
Ulﬂ'i'U (Kabelac, 2005) FINTINATUIDIATUNTWUDIA ULV IULAAAIY nuNszansnin

[ [y I S I 4
YparaImsuuauiu 1.01-19.2 wosisua

Y a ¥ =
4.7 Wﬂﬂ13®ﬂ!!1’i\‘lﬂa1‘Hﬁ!ﬁu!!ﬂﬂ!ﬂﬂ')
] a Y a A 9 9 Y a
ﬂ'li@’ULlfHQﬂﬁTuﬁLﬁulLﬂﬂ!ﬂﬂﬁ!ﬁu@]u@?ﬂﬂ’liﬂﬂﬁ@ﬂﬂ’lmﬁal!ﬁ\‘]ﬂl@\‘]ﬂﬁ’luﬁ LI AN

o A a v a A 9 ' vy & A A~
AT NN 4.1 Llﬁgﬂﬂﬂﬁ'luﬁLﬁullﬂﬂlﬂﬂﬁiﬂﬂlﬂﬁ@\i@‘ﬂll‘ﬁﬂﬂaﬂﬂamllﬂﬂi“mu@ﬂa’luﬁﬁﬂﬂﬂ
¥ o o A 2 g9 s 3 o v v =
HUIYUN 100 NTUADDIA mm%mmmuﬂixmm 385 Lﬂ@ﬁLGﬁUWﬂJ"IG]ﬁﬁ”IHLLﬁQ DULNIIUD

X 9 A - s Yy = d X A g
mm%utjﬂmﬂma@ 150 Lﬂaimuﬁmm;@mum CINL‘]JHﬂ'J”Illslﬂllll1@]5§1Uﬂlﬂﬂﬂﬂ1ualﬁullﬂﬂ
~ e Y o ~ dy a A 9 dy [ =1 o
LAYINUVIYATUNDINN A (‘ﬁuﬂi ‘W@ll‘l]"l‘ﬂ'], 2555) Tﬂﬂmuﬂ‘ﬂama%zLaﬂﬂ%maﬁaummﬂu

= 1 9 2R o o d' Y U d‘d o
LtazuﬂlmmngﬂiwﬂmﬂﬂaQﬂu ‘Vl”|mi‘nﬂff’e)‘]JLﬂﬁ’e}ﬂaugmﬂﬂamammmmﬁ]m’mmﬂ

o w I 491 a Y = = o

2019 LAY 3 919 AU Tﬂm‘ﬂuNaﬂjmmmGlfuﬁumﬂammﬁutmmﬂmmﬂuﬂmam
= A Y ' A A o A A
GINNamﬂlﬂa’ﬂwmmim’e)mmQﬂaadamlﬂﬂgﬂmmmaﬂu Llﬁﬂﬂﬂﬁgﬂ‘ﬂ 4.13 L!ﬁgg‘lh/] 4.14

dmSunanisnaassveuniosouudeilaotanuanginseisnay naneaegli 4.15 uag

519 4.16

U

d‘ 9 a
A1519% 4.1 Wraursvesdanila

&1 | Ahwiinneuen ("5N) vniiavasou (M5%) wnaudafsusimiminsoueu (%)
1 500.00 103.15 20.63
2 500.00 104.12 20.82
3 500.00 103.52 20.70
4 500.00 103.08 20.61
5 500.00 101.45 20.39
6 219.81 44.19 20.53
7 379.33 78.01 20.56




62

A 9 a 9 A o @ ] [
1NN1TNN 4.1 ﬂ’l'ﬁﬁ']ll'lallﬁ\iellf)\‘]ﬂa’]uaiﬂﬁli%ﬂa’]uaﬂ’]uﬁu 7 YANIDYN ISTRTSIEY

Y Y
ﬂmumﬁ’uumuﬂ 500 NN TUIU 5 P Las UINUN 219 NTU DU 379 NTU DYWASYA WUN

v a ad o ] 3 o A g
3J’JﬁL!ﬁ\‘l“ll@QﬂﬁWHﬁNHWﬁuﬂﬂi$M1ﬂﬁﬂﬂﬁ$ 20 éumumuﬂﬂmﬁmu

400

(%db)

350

¥

ANUTHUIATTIULN

300

a3

250

&

200

150

7.00 9.00

11.00 13.00 15.00

1781 (Time)

—m-01Af 1 A 01902 - @--uuunaand

17.00

19.00

~ [ v d" [ a 9 = A Y
qﬁl‘lhfl 4.13 ANUFUWUTVOIANNTUN LA oIl a Harduuaaae Tun o9 uLHs

Yaosauuanzinsadmagy 2 019

400

350

(% db)

300

£

aa

250

M
ﬂ'J"IlJ‘?ﬂJ.JJWﬁ FTULH

200

150

7.00

9.00

&
——1107 1

11.00 13.00 15.00
1781 (Time)

—a mMAN2 cee-0100 3

17.00 19.00

-8- IL1I1IT‘Iﬂ'I\'ILMT\1

A o o o L o A 9 a A v
g‘ﬂ‘ﬂ 4.14 ANVAUNUTURIANUFUN NI HardutaaRe lunIeaeuLra

Yaosanuanznsadmasy 3 01a



63

(%db)
W
=

Fd

ANUTUNIATTIULN
[
G
=

A
=)
=1
=3

150

7.00 9.00 11.00 13.00 15.00 17.00 19.00

1281 (Time)

w0191 k0182 -@--ununatnd

~ [ v dy @ a 9 = A Y
glhfl 4.15 ANUFURUTVoIANNFUNUNavoslatarduuaame lun o9 Ui

assanuanzingarenan 2 01a

400

350

v

ANUFUNIATITIULN (% db)

250

200

¥
A

7.00 9.00 11.00 13.00 15.00 17.00 19.00

: 1381 (Time)
—a—1AN 1 - 019N 2 e 01AN 3 —e- UMD

~ [ Y4 tﬂy [ a 9 = A Y
gﬂ‘Vl 4.16 ANNFUWUTVoIANNFUN LN woslaHarduuaame lunTo s uLH

assauuaazingarenan 3 a1a

¥ a 9 a Ay 9 A Y (2
1NMINAaULHIlaiaiduLaaRe) “]Nllﬂ‘VIﬂE‘]E’Nﬂﬂllﬁﬂiulﬂiﬂﬂﬂ‘ﬂllﬁﬂﬂaﬂﬂﬂ3J
¥ A A A ' & X A
LLﬂﬂVNLL‘]J‘]Jg'lJTIiQﬁLWﬂEJ?JLLﬁ%'NﬂaN ﬁ]"lﬂg']J‘V] 4.13-4.16 WuN ﬂ?TN%UiULH@ﬂﬁWHaﬂﬂﬁQ
] 4 ' ] ¥ 1 <3

@]ﬁ'ﬂ)ﬂﬁlﬂx‘lﬂ1§ﬂﬂﬁ@ﬂ!ﬁ@ﬂﬂ1ﬂ1u1ﬂ Iﬂf]bluslﬂxuﬁﬂ (8.00-10.00 U.) ﬂ?]”lll%ﬂﬁﬂﬁ\i'ﬂfl"l\ﬁ?]ﬂlﬁ?]
I ] dyQ a Y] Y ’o' dy = Y3 1 dyd v [
LTJ‘L!LWST%GH'NHN'JQJ?N‘]JQ"IHaEN“IgiJllﬂﬂ'JfJLl"l ‘ﬂ'J"IﬁJ“IﬂHNi’]i’)ﬂ"lﬂulﬂliﬁ FINUADYIIDAT

MIBVUNIAIN (Constant rate period of drying) FIA1UIUBATINTOULRIINANAITN 2.6 18



64

Y 9 Y
M1NY 0.59-0.64 mm%ummﬁmuﬁ'wamﬁ HAINUUYINDANT (10.00-14.00 U.) ﬂ’ﬂll‘?ﬂ!
2 Y a a A Y t&‘ A 2 9 t&l 1 dy
SuanasIad nszAdveslarias uuieaNuFunssmesuunv1e Tl dar a9l
Y
5N %?Qﬂ@lﬂﬂﬁf)ﬂl!ﬁl\‘]ﬁﬂﬁi (Falling rate period) ﬁ@ﬂﬂﬂﬁ@ﬂuﬁ}\HﬂWﬂN 0.3-0.51 mm%u
k4 v 9 9
mmggmuﬁ’wamﬁ AIUFT (14.00-19.00 U.) ANUFUGUAAAIFINIUAY BI9UBIHTZ U
A o Y dy v 1 A dy A dy 1
"IJENfﬂii%lfﬂElﬂ$Lﬂﬁﬂuﬂ’3lﬂ11q3181uluﬂ’3ﬁﬂ ﬂ’ﬁTJﬂ’E]ﬂ’ﬂiJ“lflﬁ/]i&ﬁElﬂ$3J1ﬂ1ﬂclul,u’é)ﬂ61 N
dyd 1 1 Y 1 ~ 2 Ao Y ' o dy
ULTYNIT “PINUDINITOUUNIAAAY” TIUN 2 FIWDATINITOULUNIUNINDY 0.08-0.13 AUYU

[

Y ~ dy 3 PR 1 A 9 Y A [ Aa
NIATTIULHNABDUIN u@ﬂﬁ]1ﬂu%mu]lmﬂmnmu@ummmi’r:)ml,mmﬂmﬂamaz‘nmaﬁ

) .®

Y o =2 1 a v = e A gy 4 v
Lm’]qaﬂﬂaﬂﬂﬂ]ﬂ’]ﬁ "lﬂ{l]uﬂqslfg\ilﬂﬂﬂ'lﬁﬂﬂllﬁ\iﬂqm ﬂ'J']llGIfu‘]_lﬁTUﬁLﬁUWWTﬂLL‘WQ@TN‘ﬁﬁiu%T

] ' Y A Y U A 1 dy [
aﬂaQLﬁ'Jﬂ'JTﬂ']ﬁf’J‘]JLLTNGlEL!m5@\1@1JL!WQTJ§@Q?13JLL@@ LufNi]”|ﬂ“lumdu’ramimsllwammam”lﬁ

@

v F4 4 ]
NnveNar LAz TUANUFUERNIINTaglonFnawnlums lannuiu ualehgdiudas

A

v a 9 A v v A K gy
N1IDULUNIAAAN ﬂmuaLﬁu‘ﬂ@uLLﬁﬂuLﬂimaULmQ%uﬂjmmmmolumiaﬂmm%u'lﬂ

' 9 AR g J ' dy dy A a A Aa a
UINNIDTITIAINUHINTUDTITUYIN “]NLﬂuLW31%3111!6])"3\111!?]’313JGHM‘U§!,3E1!W’JLﬁiJ“HiJﬂll‘IJ’E)WﬁWﬁ

D

a A

¥998A51113 Ialsuantiosas nazgunglidnFnanaw1NNI10A51015 1ave 181N

=\

A v a 0 q ¥ A X
LuﬁNmﬂcluﬁﬂnzfJ“JJLL‘VNiJ?Jm‘Hgmf,;mﬂzmﬂwﬂamﬂﬂnﬂagmﬂﬁlum@ﬂmizm&@aﬂuWmﬂuaﬂ

q

PR a A 9 ' ad 9 9 Y L.
llﬂﬂ C]NQﬂlw@,llaluLﬂi@\3@UL!W\?Q\Tﬂ'J’]QﬂJWQ?JﬁQLL'J@ﬁ@?J T9ANADINY Afriyie atel., (2016)

Y
=

Y v b [l Y
uenantenianguugiigeiuszinnuansolumssuanusuldaiioninauiu
v o ) ~ ~
winsanas AU 4.17 uazgaln 4.18

A A Y =\ A Y A 1 ~
WONTUINANITOULHITUATAATEIDVUHINY 2 D19 1A 3 919 WU NIl 2 019
g a Y = Y A @ Y a 3’/
ANuruvoslartiaiduuanfelanadlndeanuNITAINURININTITUFIANIA0I3UNT 9
dy Y = A = T Y o 1 ~
ANVFUFAMVBIFUNTITHAENTAUNINY 174, 184, 168 MIATFIULMI FMTVIAN 1, 2 Ay
Y
AINUAIABITUIA AIWd19D ANUFUgatevegnsananiaumniy 172, 177, 168
Y o @ ~ Y a o w [ ~ ~
WIATFIUNE 1MTUDIAN 1, 2 HAZMAUMIMINTITNHA Mua1ay A3 4.13 uazgiin 4.15
1 < ~ 3 Y A Y 1 [
p81315na1ulunsdl 2010 ziunsevualuwasesevuriailaodanuaaliaiuise
X yyyw ' v A o W a ! X A
aan1u U 18PN IIMTAAUTIAINTIINIA F11TVATA 3 91a WU ANNFUYeLaiiia
k) 9
iduLaAIRednIaInINNIINTAINURININETTNIANITDI3UNTI ANUFUgatIsueeging
FndoulANNIAY 176, 182,202, 193 WIATFIULK 115 U01AN 1, 2,3 HaLATNUNI
4
AFITNFIA AWEIRY ANNFUgaRIeveIgnsananiin iy 164, 177, 192, 186
WIATTIUUR SMTUDIATN 1, 2, 3 1aZAIAURIMNEITUNA audIdy Faezmiuinlunsdl

9 A Y] ' X Y ' 9
39019 ﬂ15®ﬂll1’i\11ulﬂ§'@\1’E]°L|!H’N‘]Ja’ﬁ)\‘iaullﬂﬂﬁ’lNWiﬂaﬂﬂ31%%u1ﬂn1ﬂﬂ31ﬂ’li§‘nﬂllﬂﬁ

MIUTITNIAT00AL 6-9.7 HazFevaz 5-13.4 d1msugiUnsammasunazianay audiay



65

]
(% [

f < 1 4 1
@Ng‘lh/] 4.14 uag 4.16 uﬂﬂ%Wﬂﬁﬂ&ﬁu’Nlﬂ%ﬂﬂ@UL!ﬁl\‘lﬂﬁﬂ\‘]ﬁuuﬂﬂgﬂﬂ'i\‘l’)\‘lﬂaiJffﬂiﬂiﬂﬁﬂ
tg 9 1 d' d‘ = d‘ 1Y
ﬂ’NiJ‘]Su"lﬂiﬂﬂﬂ’Ngﬂ‘ﬂi\iﬁlﬁﬁﬁmnﬂﬂiﬂ! !u’f)\'iEﬂ']ﬂf)ﬁ‘ﬂﬂTihlﬁaGWﬂWﬁﬂlﬂﬂgﬂﬂi\i’NﬂaN
J X = v A a A A Y [ A ISP ' o
3J1ﬂﬂ’)1§1h’1'i\1ﬁmﬁﬁm ﬂﬂg‘ll“lfl 4.3 1azUseANTMNUBUATOID VLN AIFUNITN 3.7 UAUMAD

-4 - A A o o
0.78-12.8 L‘]J’E]‘ilﬁ]iuﬁ e 0.8-18 L‘]J’E)'il“])'u@] mmugﬂmmmaEmuamaﬂau ATUA[IUY

45 900
40 800
35 700
30 600
&
o g
25 500 =
e ’/ \\ ;; —_
2 / N~ w0032 £
] \ z 2
2
& 15 v = 300 2
\\ &=
10 200
5 \- 100
~
0 = —_— 0
7 8 9 10 11 12 13 14 15 16 17 18 19
1201 (Time)
—e—quigiimud’  -m-gumgiinueen s gagiidanaden  — anudundisan
= v o a o
Eﬂﬂ 417 ANVAUNUDTUNGUNHUNULIA
80 Lo
e FVIMFUFTUNN TN DN
70 —e— nnmdudnindmady
— - rmFudninmmoadon
60
= 50
|
£
Z W
T
~&
i‘E 30
=
(=
20
10
0
7 8 9 10 11 12 13 14 15 16 17 18 19
1181 (Time)

v o dy v o

gﬂﬁ 4.18 ANNTURUTUDIANUFUTUINT VI



66

dJ Y o a
4.8 aUNAMEAIMIoVUAITHLvesarHia
= J Y 2 a Y = o Y
MIANEITUMTIAUNAMNAATMTOVLUHITUV VU adarduaafe? “Vlﬂﬂiﬂﬁlﬂﬁ
vy Yy

ﬁW@@lﬁﬁ’JuﬂﬂﬁJ%umﬂﬂﬁ‘ﬂﬂﬁﬂﬂﬁﬂl‘iﬁﬁm!“ﬁﬂﬂﬂﬂﬂﬁﬂﬁﬁTL!?El’é)ﬁ§1ﬁ”JUﬂ’J13J‘§1H]1ﬂﬁ1JﬂTi

v ' ' 9
e uaue 131ua15199 3.10 FINw31 Two term HIUONHANTTUVBINITOUVURIFULI

A dy tg a Y = 9 ' o A [ =

m@miaﬂmmwuaeﬂmmuaﬂamamuu,mm@m"lmmuﬂmqﬂ UHEAIAINITINN 4.2 LY

g 4.19

[ 9
A15199 4.2 wamaﬁmwwqwﬂﬁmﬂ1iamﬁ'wumwmﬂmumﬁmmm?}m

Taaa R’ RMSE
Newton 0.978 0.0060
Page 0.990 0.0027
Modified Pagel 0.991 0.0023
Henderson and Pabis 0.982 0.0050
Logarithmic 0.944 0.0150
Two term 0.995 0.0010

1 o

08 . e WANIINAADN
.9 ...Q...'
~ Loyl
S 0.6 b, A Two term
s .. FNPPRE
S PRI
2 04
=

0.2

0

7 9 11 13 15 17 19 21
1301 (Time)

v k4
10 4.19 arwduiusvessasId@IuANUFUAUNA



67

{ v v [ 1 f @ Y 1 ¥
mﬂgﬂﬁ 4.19 mmﬁuwu‘ﬁmmE)mwmumm%uﬂunm Wmmmmaumm%uaﬂm

Lﬁanmw'm"lﬂ TagNWan15i 18U LT1a09U09 Two term HAZHANITNITNAADIUAIN

£~

Y o J ' Yy o EY ° @ X 3
doandenwilueded aeandoeny Uszid qunes uag 81ludna Ay, 2016) Fuilu
4 [ a £ 1 a
MsANEINSANEIANNITIaUNAsAASNITouuRIuazdulszd@nsnisunsvesilaiiia
Yy Y 9
wenantionasanawsiizianuausolumsiiuevesaunsouuda¥u1anD R

9101 0.995 1az RMSE 11171 0.0010



A
Unn s

unagiuazvoravenus

9 v 9
untiiznandawaagdmsiiteszuneuuielaosanuaaniniHansaesauys 0

A ) ' v a 9 a = Y
u%ﬂl@ilﬂi@ﬂ@ﬂu‘ﬁﬂﬂaf]\‘]'ﬁllllﬂﬂllﬁgW'm/lﬂafN'ﬂ‘U!LﬁﬂﬂﬁWHﬁLﬁulLﬂﬂlﬂﬁl? “ﬁﬁﬁ?ﬂ‘iﬂﬁ?ﬂqﬂ

[

J

=he

51 agUwamsidn

¥ i
= =

¥ Y 1] ¥ Y
031017 1AM NTWIH0OAI 1A IUNUN (Area ratio, AR) LAY Tasd 1M1

Y 1
=2 =

IA5090VNRIGI 210AT DATINT Iageganatuil ARI6 197D 6.93 AATA0IUITN 1Ay

a A o [

551 ansaeIui dmsuziUnsenautas@iaey awd1ay nazdmimTeseunRaga

1.5 10A3 9931015 1Hagagainy 5.98 ansaeIui tag 4.18 aasasIuil d11suglns e

u Q

NNauLaE WAy aua1ey TUManduiuEie AR NNUINNIT AR16 1119993103 lvaaaas
1 Y
AANTHYUIUVDIDINIAVTIIUNINOON HAZYUNYTOIMANLIUAaRAANNFIN18 T UV

d‘ 9y d‘ 1 d‘ % dﬂg 1 Yo [
IATDIDULLNN !,L!ENi]1ﬂ5$ﬁ'§1\1TlNl,llf)EﬂﬂTﬁﬁf]EJG]’JQQ%UﬂWEJGLUﬂﬁ’EN mmﬁ”lmuwawm

A

H 1 T Y v
anwdouninma lashgungioinanislunsoseuuianudunnguvgiauaaon 3-5°C

U

A 4 X, 9 a A o A 4 2 A v
nazilo AR tNuIudnalvomrgianad mawmamwmﬂwamwmu IATDIDULNIGN
Y

q U

Y
Y
A 9 A A 2

2 1ua5 HgUUYNgININATENOUNRY 1.5 A5 Yszana 1 °C 1ilednnwuisuuaunyyy

Y 9 v 4 Y ' = = a '

J080% 32.2 MMTUFUNTWBUATOIDUUTINYIN JUNTITMasNgUMNgInINgInTInay

d’ ti' L:' = dy Ld'cu 1 9 d‘ o

U999 U NI @M AsNINUNT VLA IIANIFUNTIIINANTBEAY 12.64 LAZIUBIIUIUDIA

A dﬁl I o Y v 9 A ~

mivun 2 me Wy 3 01 ihldoasinis Ivaanasanasdoesay 2.02-9.13 e inaian

A gj 1 <3 4 o A 2 ) Aa A

MEIuY1905 Inavese i ed1e lsamuiiesiuauniamninsi Ivguugiusw

' Y v

N19eoNMNIUYTEIW 1°C A1 Porosity MUNIZAVFIHTVNITTIADIALUNTIVUIATO
a A [ Y 1 . A YA 9 Y

Ix 1 HUANAs YAUNINY 0.8-0.9 1A8A1 Porosity A3 14A0 0.85 HAZANNFINIUIIVDINBY

Y A o A Y " a

PUIHINTOATING IMagegaNaNUGIMAUT WA 10 UAWAS

MInAneuRIoeULRIassauLAANDI gurgin1eeengIngurginudiaaon

MINARY Fgangunginuiiiosay 3.08-13.18 TaghilseAnsnmveanamsuuds



69

[ d < 4 Y a F) = =\ Y
W10 1.01-19.2 1Wlos1Fud tazmsnaaevovuralatiardunaa@ertulranialszua
Y 1 Y
Fooaz 20 vouhmindasudu Taelioasinseuuiegegaming 0.59-0.64 ANUFULIATIU
Y a A d%} 1 4” 1 I~ 3 1 dya
UTIaa1N AT U I9IA (8.00-10.00 U.) ANUFUAAAIDIINTIAUGT U UNIIZFIUAIVD
a v 1 %’ 4 <3 { 4 [
Uariiadagu ldreihnnusuiseonll1fiEg Tasinseuniteluasesonuilassanuan
9
1113080105 TdUINNIIMIMAUITINNTTTUF IR DAY 6-9.7 LALT08as 5-13.4 d MU
d‘ d‘ o [ o 19 a a d' Y = | 1 [
sUnsedmmdeuuaznay mwday Taedmivlszaninmvounsesouuris Jauminuy
P-4 s 3 & o o A A o w
0.78-12.8 o5 1dua uaz 0.8-181ostdud diniusUnss@masunazianan aud1a
Y
HAZENMITIUIBIAUNAMTATNMTDUURIFUVIU I T atduaaife) Two term B
a Y g}.z A dy dy a 9 = 9 ] ]
WHANTTUVDINMTOUUTIFUD KT BMITaAANNFUenIAslaladuaa@en Tausiug

Ngalaglia R® 11101 0.995 ag REMS 11101 0.010



Y Aa
NIV

a a 4 o 4 .
NI¥ IasAuYsal. (2554). MsEeunamanives 1na. McGraw-Hill.
[ d a a S o a o a
MITal ANINA. (2552). MIDUURILALMINUT AV INANAAINEAT. d151U52ABUMITOUIMN
a a 0o w A a 4 a o
A1U1IFIAINITVNEAT FIUNIFIAINTIUATAT NINeIaemMa Tuladgsuis
4 a dAa o [
NIAITIA NOI1. (2546). NTAUATILHIFIAUAVVDINITONNDINIATUBIANT 1AYTEULNITN
anufoudasymutesnaimiuuan. InninuslTyanimnssumaniumiiudia
a a d’ = % = =)
A1U1I1IAINITVIATOINA UHIINIReNA Tu Taggiuis
o ~ A Aaa A Y A
suns weudth, (2555). wavestSimlariianiaeneu lvmsouuisimingan. nssz
a a [ < { 1 a g’/ { a J o
IINIINGINMIHAIM SN VNGINIHIA ATIN 10. 23-34 AWKIAY 2555, FUIUTANTIY
[ < { [ 1 a @ 1 A o 4 [
maTuTagnaimsnuned: HUIBNUIIWUNIINGIREUDUIAY FUIITATEIINITNG
= [ < { a @ [
INHATHAZINGINTHAINMINVNYD VH1INDNVD LA
a Q( I [ a 4 g’/ { [ [
auyd lanusagns. (2540). MsouuRUmaATY WY, AUHATIN 5, Angndsnuuaziag,
] = F) =) 9
a011uma Tu Tagwszaouna 15113, 338 Wil
A ] 4 =\ Yy 9 [ v A a d o
133 AUNTRIY. (2560). (N7 11 1aTN1TDUUHIAIENAINUTITDINAL. d15115zneuMTaeU
a = Y o [ a 4 a ara 4 a 4
91 514524 A 14 TagMITOUUHINAINUTITDINAT MAINNTNT AU INFIANS
yr¥1Ineasaailng
[ 1 a a 4 a a 4 [
89051 U 142, gn23T0l 320 BINA AT gNFU D320 wINA (2558). TaseupIn1T0UTA
AU AINEINTUANNS D UL LN T MTUHSIFANYS o UNTAoIaUNaA RS
a o a a = a 4
HAZAMNINUBINT N INEA1 P1AIIARINTTUIAY AMEIAINTITNAIAAS

PHTINROTIUATUATUNS

a

=

&1 Indnd Ay waz Yseild funea. 2016). saumnarmans mseuuduasdulszaning
ung veaniia. NIATININIIAINTIUANAAS .91, 3(2), 9-16.

Afriyie, J. K., & Kojo Atta A. (2016). Field Drying of Cassava in a Solar Tent Dryer equipped with
a Solar Chimney. ResearchGate, 2016.

Afriyie, J. K., & Bart-Plange, A. (2012). Performance Investigation of a Chimney- Dependent Solar
Crop Dryer for Different Inlet Areas with a Fixed Outlet Area. ISRN Renewable Energy,
2012.



71

Ayensu, A. (1997). Dehydration of food crops using a solar dryer with convective heat flow. Solar
energy, 59(4-6), 121-126.

César, L. V. E., Lilia, C. M. A., Octavio, G. V., Isaac, P. F., & Rogelio, B. O. (2019). Thermal
performance of a passive, mixed-type solar dryer for tomato slices (Solanum
lycopersicum). Renewable Energy, 147, 845-855.

Cengel, Y.A. (1998). Heat transfer: A practical approach (International ed.). McGraw-Hill.

Churchill, S. W., & Chu, H. H. (1975). Correlating equations for laminar and turbulent free
convection from a vertical plate. International journal of heat and mass transfer, 18(11),
1323-1329.

Diamante, L. M., & Munro, P. A. (1993). Mathematical modelling of the thin layer solar drying of
sweet potato slices. Solar energy, 51(4), 271-276.

Djebli, A., Hanini, S., Badaoui, O., Haddad, B., & Benhamou, A. (2020). Modeling and
comparative analysis of solar drying behavior of potatoes. Renewable Energy, 145,
1494-1506.

Duffie, J. A., & Beckman, W. A. (2013). Solar engineering of thermal processes. John Wiley &
Sons.

Fujii, T., & Imura, H. (1972). Natural-convection heat transfer from a plate with arbitrary
inclination. International Journal of Heat and Mass Transfer, 15(4), 755-767.

Haaf W. (1984). Solar chimneys: part II: preliminary test results from the Manzanares plant. Int J
Sol Energy; 2:141-61.

Hassan, A., Ali, M., & Waqas, A. (2018). Numerical investigation on performance of solar chimney
power plant by varying collector slope and chimney diverging angle. Energy, 142,
411-425.

Hall, C. W. (1988). HANDBOOK OF INDUSTRIAL DRYING: Arun S. Mujumdar, Editor Marcel
Dekker, Inc. New York and Basel, 948 p. 1987. Drying Technology, 6(3), 571-573.

Henderson, S. M. (1974). Progress in developing the thin layer drying equation. Transactions of
the ASAE, 17(6), 1167-1168.

Ismailova A.A. (1957). Possibilities of applying solar energy to dry fruits and vegetable,

Teptoenergetika 1, 1-22.



72

Kabelac, S. (2005). Exergy of solar radiation. Int. J. Energy Technology and Policy, 3(1-2),
115-122.

Kays, W. M., & Crawford, M. E. (1993). Convective heat and mass transfert No. BOOK).
McGraw-Hill

Koonsrisuk, A., & Chitsomboon, T. (2013). Effects of flow area changes on the potential of solar
chimney power plants. Energy, 51, 400-406

Koonsrisuk, A. (2012). Mathematical modeling of sloped solar chimney power
plants. Energy, 47(1), 582-589.

Mara, B. K., Mercado, B. C., Mercado, L. A., Pascual, J. M., & Lopez, N. S. (2014, November).
Development and validation of a CFD model using ANSYS CFX for aerodynamics
simulation of Magnus wind rotor blades. In 2014 International Conference on Humanoid,
Nanotechnology, Information Technology, Communication and Control, Environment and
Management (HNICEM) (pp. 1-6). IEEE.

Seerangurayar, T., Al-Ismaili, A. M., Jeewantha, L. J., & Al-Nabhani, A. (2019). Experimental
investigation of shrinkage and microstructural properties of date fruits at three solar drying
methods. Solar Energy, 180, 445-455.

Simal, S., Femenia, A., Garau, M. C., & Rossello, C. (2005). Use of exponential, Page's and
diffusional models to simulate the drying kinetics of kiwi fruit. Journal of food
engineering, 66(3), 323-328.

Shi, J., Pan, Z., McHugh, T. H., Wood, D., Hirschberg, E., & Olson, D. (2008). Drying and quality
characteristics of fresh and sugar-infused blueberries dried with infrared radiation
heating. LWT-Food Science and Technology, 41(10), 1962-1972.

Togrul, I. T., & Pehlivan, D. (2003). Modelling of drying kinetics of single apricot. Journal of Food
Engineering, 58(1), 23-32.

Wang, F., Tan, J., & Wang, Z. (2014). Heat transfer analysis of porous media receiver with different
transport and thermophysical models using mixture as feeding gas. Energy Conversion and
Management, 83, 159-166.

Yaldiz, O., Ertekin, C., & Uzun, H. I. (2001). Mathematical modeling of thin layer solar drying of

sultana grapes. Energy, 26(5), 457-465.



MANUIN N

a A Yo a A d v =]
‘u‘nmmma’aﬂmmsﬂ"!ﬂi‘umsﬂwuwmmm{lmzﬁ’mﬂﬂm



A ~ d' Yo a A d ] TR
mwaumamammsﬂ"lmummwuwmmmﬂmzmNﬂﬂm

a 1 = a = o A Y '
A39% AA03IA LazeINAY uAIgY. (2561). N13T1aounIBRUUNIdeuan. Tumsissyw
1 Y 1 H
130U103AINTTNIATEINANWIUTZMA e AT 32 T2rI19TUR 3-6 nTngIAY
WAL 2561 8 VINIAYNAINIT
a U = a 4 = Aa A o [ d‘ Y 1
A457% AA0IA LAz INAg AUATYY. (2562). BNTHAVBIFUNIIdIMTVIAT0IR VUMDY
a A ] % 1 g‘/ d' 1
avuaa. Tumsdszguinmsaiediendinuuialszmalne asef 15 5319
TUN 21-23 NOBNIAN W. f. 2562 B WIHIAUATIIFAN
a v a 4 A 4 U
A59% AA0A LAZDINAT AUATEY. (2562). MINNANTIOUZYDIATOIO LR A AR,
a a d a J = 4
Tumsiszaamnmsisnssuendas Mmereans malulag tazaodaonisuamans
9 1 [
AT9N 10 1RaNNTNeIa 1o lulondunINeanansESIFNIIIHINIEN TEHI
TUN 30 FINIAL W. #. 2562 B TIHIAUATIIFAU
Sorawit Klongdee and Atit Koonsrisuk. (2019). Design of a Solar Chimney Dryer. At 10th Thai

Society of Mechanical Engineers International Conference on Mechanical Engineering

TSME-ICoME 2019, December 10th-13th, 2019



75

AMM - XXX maUsspfmmsiaiotieimnsurssnawinlzwalne adi 32 ";ME _NETTzOlé

Tt I8

3 - 6 nsngew 2561 daningnn1nng

mMIdnaaAopULiIlaaunn

Simulation of a Solar chimney dryer

= I CC = 5
A3 AABIR DAY AMUATEHY

L imedemaluladiagsund fiog 111 auu wTinends (1ua) gsund Ewne) dos Smin uassedin sidluswdd 30000
“umimendomaluladiazund fioy 111 ouww avrTimends #hua) gsuis (Gune) des e wassedan sialswdd 30000

*inAn: Sorawit-rax@hotmail.com, 08-8374-8792
unAnea
Aeunthinuinedsseuuieenduudeiindfiivaoseuuanivssdvi nnmseuuieingitlas

Uaasll uaﬂamﬁﬁﬂﬁ%mﬁﬁqaﬁdma‘mmummimﬁuﬁmwmﬂwamaﬁzwﬁ Tumsnunddadumsiinm
UseAnSamueuatasouuisdsauuaauuudse sundemssiaendeiiay Tnaldlusunsy ANSYS Fluent
Tunssiandluns Taiuitnidaneendiufsiuiinidanatsedes ( Area ratio AR ) TunisAnwils
ARy 0.25, 05, 1, 2, 3, uay & mansnswuinisiiisdues AR aunsaiindnmsluavesanniedld uds
AT aansliuinsifiuiures AR Sufusedvrudualunislva %aﬁﬂﬁmwmﬂ%’uﬂgamimamma
Tunsauusisle

AIMEN: NSBULYA, LASBIBULING 1 ULEIe1Rg, Udeeaulan, nsi1aaddasniarueinsiia, Uasaunu

Abstract

Previously, it was shown that a solar dryer with chimney provides a better drying performance that
that without a chimney. Also, it has been proved that divergent chimney can increase the mass flow
rate of a system. Consequently, the performance of a solar dryer with divergent chimney was
investigated numerically in this study. The outlet/inlet area ratios (AR) of the chimney investigated
were 0.25, 0.5, 1, 2, 3, and 4. A 5-degree axis-symmetry model in ANSYS Fluent was used in the
modeling. The study revealed that the increase of AR can increase the air mass flow rate. It was
shown graphically that the increase of AR also increase the degree of flow turbulence, which can
improve the mass transfer in the drying.

Keywords: Drying , Solar dryer, Solar chimney, CFD, Divergent chimney
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Abstract

The solar dryer is one of the promising options for drying various products. This study introduces a design
of a solar chimney dryer, which is based on an optimal geometry concept found in the design of the chimney of solar
chimney power plants. The simulations using ANSYS-FLUENT were implemented and validated with a result taken
from the literature. The optimal area ratio (AR) between the chimney exit and chimney entrance is investigated. The
height of the chimney entrance from the ground was varied in the range of 10 — 30 cm. It was found that the
maximum air flow rate of 8.3 L/s can be obtained when the inlet height is 20 cm and AR = 4. It was also found that
the increase of AR can increase the air flow rate. However, when AR exceeds a certain value, the flow recirculation
occurs. This leads to the reduction of air flow rate. The temperatures outlet of the system are in the range of 33 -
35°C which is appropriate for drying agricultural products.

Keywords: Solar dryer; Drying; Solar chimney; CFD; Divergent chimney
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conductivity
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Grid 1 25424 3.89 nia
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3. Wan1InAasdnazanly
3.1 HAYAY area ratio uAzANFINIITNRDE RTINS
Tuavasana
a"mﬂms“lv.amaammﬁﬁ‘lmagmulmﬂ%‘aa
suuiaidudasomilsfisanlunseunds Tasddan
milnaazazdinaddanmauwis vinlidasinisauua
S1du Feanuailldannisiiaaewud 7 AROS §a1
AT AdAIMNAL 65 6.8, 6.4 AnTdaduN 1304
muém"ﬂmmgamwﬂ'ﬂ 10, 20 30 IUANGT aziAu e
ﬁmmgmmaLﬁﬂﬁuaﬁaé‘mnmﬂmﬁﬁmﬁ oo
FandriiY 20 lwudwas ildliadanisina
gogalunn AR waziile AR W Rdwwudn Tuannsau
sarnttlnaniiaiu wazdammylnagegairiiny 8.3
fasdoiunfl 7 AR uazAIgINIIEYNAY 20
LU Lm@\‘lﬁ‘\agﬂﬁ 6 wisanuuiasAaduin ARS
WU sasnsinasaas Wenannfineeniuia
mw:.gmumn%« uﬂmaﬁagﬂﬁ 7

ATwuEMad (em)
BARDS @ARL ¢AR3 AAR XAIS XAR2
A @ a g . %
Eﬂﬂ 6 NHLEAIN Nﬁuwuﬁi:‘\hiﬁl\iﬂ@?‘lﬂ'T?VLﬂRLLﬂ:

mngamaw”w




87

a - o . £ o4
ﬂ"l?ﬂi!"i‘m’l“ﬂ’m"lﬂﬂiﬂ'ﬂ”lﬂWﬂﬂﬂ"\uﬂ“dﬂﬂmﬂvl‘ﬂﬂ AN 15

0.900 (m)

21-24 WomARY 2562 TonIauasTiaiun

= 'y =
3]]71 7 LINLADINMNLIITET ARS

3.2 anaawanafaunislnanisaan
a & dda -
amewiezasinanwzlnanniifenuaugs
o i 4 . A sy .
Tdanuaudn Faamdnassnuinnaunislnanisesn
L - e aox g
(ghndmsaan 10 wudes) anuaueztAnduida AR
o ¥ . 4 o . B >
i uanidsglh 8 NIRRT HTaIA I NAUAINS I
nfiaanuLana9Tzr IR NNa w9 (0 Pa) iy
e a . 4 4 &4
anuauuialndniison daia AR induiseng
. [ a oA W
rnaghenuduinalndmesanganiifima 4
finldiinaanuaudadiu (Adverse Pressure Gradient)
o X . L\
anuaudafuilninuinwaazinlinsvamnssuliia
i A a o A o
mwyiau lasawzuaslvafiagfednils dsmandas
o [y = " . "
MUNANNTILLBIURR (Bernoulli’s principle) nINnIT lwe
dad d o o 4 F =
ANuRRINARRIAY (Wuaan) ANUEazaaad A

o = &
AUICENNT U

2
3 I |
, m I I I

ARDS AR1 AR2 AR AR4 ARS

) o s d . ,,
;‘a"ﬂﬂ 8 ﬂ’J"IN@]HHﬂWYIﬁ’]LLﬁHJIﬂﬂﬂN 2an

Anuauatia x10° (Pa)

@

3.3 WAV area ratio LATANAFNWITIAD QR
- @ o - a 4 &
gungilnolwiasesudniludndadon e
dAglunsouwds Taubigunniigenzdonalidnims
. = X - o v .
auuRa5Tu ualwnanznsminisevuialdlddoannslv
mmﬁqmﬂnﬂﬁguﬁu‘lﬂmm:ﬁna‘ﬁaﬁuazmmnsawaa
HapAa [ MIauuiasy e win sywlns iudu i3
™ - ad oa
auwiamaiiTiamnniifinanzsuagf 20 - 40 aam
o . ad
wadoa lawanaanisiaasnudt gunpininsean
17890 UUHITBINN AR Jei1sEnm 33 - 35 a6
= o a 2 ad .
waldus aousailuzlf 0 Sepmnglinwamusuinig
AUUMIAINGTD

55

35 +
2 us
=
g
g M ‘
2
E x
£ ns s
@ i 1
Jig € & | » = -
| B
L] 5 10 15 0 5 0 5
anugamah )

WARDS @AR1 MAR2 & AR AAR4 XARS

P v o . &
UM 9 mvluseaRMaFEN WS I gUm i

MIBaNLRSANATINI Sin}

suenol g 8
r
“THAILAND




88

miﬂiz'ﬂgﬁmwwm?ﬂ”nhuwﬁ'wmmqﬂmwﬂ"lwy A39f1 15

4. 874
é“m’mﬁ'lﬁamaammﬁuaxqmugmi‘]uﬂﬁuﬁ
o % w A a e . o
aelunssnudsds luaudsiduwudn dansine
o X 4 4 o . da )
gagaliaduitaTasauunldasanuaniil area ratio
Ny 4 LLazmm;“'{\imwﬁwaﬁ'ﬂ 20 WwudLuas Jen
winfy 83 Aasdaiuii uazamunifinnsaand
. 4 | . ad
dulszanm 33 - 35 asemaifun Gaaglugraungii
LAANZANAANTOULRIN A AA T NINNTIAMAT AU
4 . i e a4
LATBIBULNIUEDIANUAA area ratio LMY 4 Favu

A : @
E‘]JWN‘HW\ WERUAINTOULAS

LanaNTa1 By

[1] Afriyie, J. K., & Bart-Plange, A. (2012).
Performance Investigation of a Chimney- Dependent
Solar Crop Dryer for Different Inlet

[2] Afriyie, J. K., & Kojo Atta A. (2016). Field
Drying of Cassava in a Solar Tent Dryer equipped with
a Solar Chimney. ResearchGate, 2016

[3] Hassan, A., Ali, M., & Wagas, A. (2018).
Numerical investigation on performance of solar
chimney power plant by varying collector slope and
chimney diverging angle. Energy, 142, 411-425.

[4] Haaf W. Solar chimneys: part Il: preliminary
test results from the Manzanares plant. Int J Sol Energ
1984;2:141-61.

[5] Cengel, Y.A. (1998). Heat transfer: A
practical approach (International ed.). McGraw-Hill.

[6] ANSYS FLUENT user's guide, vol. 15317;
2017. p. 825-916. April.

[7] ANSYS FLUENT user's guide, vol. 15317;
2017. p. 836. April.

21-24 WomARY 2562 TonIauasTiaFun

ENERGV
“THAILAND

5




89

=, a_ o , & A o
maﬂimgm'mmamsnmwuwnw’wml,mdiwmwl'lwu AN 15 ENERGY

21-24 WOHNAL 2562 TVWIAUATTITANY  STHAILAND

a a o = (7 '
aNsna\y B\‘]El]'ﬂ‘i\'l ﬁ’]ﬁ?ﬂbﬂ'ﬁﬂﬂﬂﬂkkﬁﬂﬂﬁEl\‘lﬂ&lll@lﬂ
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Abstract

The solar dryer is one of the promising options for drying various products. This study infroduces a design
of a solar chimney dryer, which is based on an optimal geometry concept found in the design of the chimney of solar
chimney power plants. The simulations using ANSYS-FLUENT were implemented and validated with a result taken
from the literature. The optimal area ratio (AR) between the chimney exit and chimney entrance is investigated. The
height of the chimney entrance from the ground was varied in the range of 10 — 30 cm. It was found that the
maximum air flow rate of 8.3 L/s can be obtained when the inlet height is 20 cm and AR = 4. It was also found that
the increase of AR can increase the air flow rate. However, when AR exceeds a certain value, the flow recirculation
occurs. This leads to the reduction of air flow rate. The temperatures outlet of the system are in the range of 33 -
35°C which is appropriate for drying agricultural products.

Keywords: Solar dryer; Drying; Solar chimney; CFD; Divergent chimney
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Abstract. Drying is a common method for food preservation. A solar dryer which
is in a similar shape to the chimney is proposed in this study. A numerical model
using ANSYS-FLUENT was developed and validated with a result taken from the
literature. The dryers which have a circular and a square cross-section were
investigated and compared. An area ratio (AR) of the chimney outlet and chimney
inlet, i.e. the dryer outlet and inlet, is used as a test parameter. It was found that the
air velocity and temperature increase with the increase of AR. However, it was
noted that higher ARs deteriorate the smoothness of the airflow by generating the
recirculation zones near the chimney outlet. This reduces the rate of mass flow
increase. The results show that the circular chimney with AR20 provides the
highest mass flow rate.

Keywords: Solar dryer; Drying; Solar chimney; Computational Fluid Dynamics; Divergent
chimney

1. Introduction

The drying is the removal of moisture from the agricultural products into the surrounding air.
Microorganisms that are in the production have a slower growth rate. One popular drying method is
the use of solar energy for drying because it's easy to manage no need to pay for energy, do not rely on
electricity therefore do not need to be near the national electricity grid. This is to reduce the cost of
drying of the farmers. In general, farmers will dry in open-sun drying. Outdoor drying requires a large
amount of space in each drying process and there is a risk that the product will be damaged by other
factors such as wind blowing, rain, and bug. Therefore, the use of solar dryers is a good alternative to
drying problems in open areas. To reduce various risk factors that may adversely affect productivity as
mentioned above.

Afriyie et al. [1] This study was found that the solar energy dryer has a relatively low
investment budget and energy costs compared to other types of dryers. However, the drying efficiency
of the solar dryer is not good. Because there is no heating device or fan. Flow depends only on natural
ventilation. Which the good drying factor depends on air temperature relative humidity and the airflow
rate. Therefore, it presented a new solar dryer by installing a chimney. Details shown in Fig. 1 showed
that the temperature and airflow rate in the drying room increased.
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Figure 1. Solar chimney dryer [1]

Afriyie and Aikins [2] presented a solar tent dryer with an inner tray details shown in Fig. 2
showed that the air temperature inside the dryer was 20°C higher than the environmental temperature,
which is a good factor for the drying process. However, the shape of the chimney is still straight.
Which has research on the simulation of solar chimney power plants by Hassan et al. [3] experiment to
change the shape of the chimney to investigate the effects of the ratio of exit areas per entrance details
as shown in Fig. 3 showed that the airflow rate increased from the original straight shaft. However,
research on the shape of the chimney is only in the study of the solar chimney power plant.

Therefore, in this research then interested in the dryers which have a circular and a square
cross-section were investigate. By using ANSYS Fluent Version 18 in the simulation to study the
effect of temperature and flow rate of air inside the dryer for various types of solar chimneys and the
number of trays, which the expected result is get the shape of the solar chimney with a higher airflow
rate in the drying room.
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Figure 2. Solar tents drying machine [2] Figure 3. Solar chimney power plant [3]

Collector slope

2. Methodology

2.1 validation

This article presents the simulation of a solar chimney dryer using 3D simulation with ANSYS-
Fluent version 18. In which simulation requires radiation model, Discrete Ordinates (DO), solar ray
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tracing and RNG k-e turbulence [3] that is similar to solar chimney power plant research and has

simulated such research to check the accuracy of the program as shown in Table 1.
Table 1

Validation of outlet velocity and outlet temperature

Haaf W present %error
(4]
V (m/s) 7 7.3 428
AT2(°C) 14.8 14 5.4

2.2 Dimensions of the solar chimney dryer

The solar chimney dryer shown in Fig. 4, 5 and 6, with the wall made of acrylic sheet. There is a
steel grating tray on the inside. The entrance is below and the exit is at the top. The shape of the
chimney has both circles and squares. To investigate the effects of the ratio of exit areas per entrance

(area ratio, AR) to 2, 4, 8, 16, 20 and 25, determining the entrance height from the ground to 10, 15,
20 cm and the number of trays 2 - 3 trays

Ao
e

Figure 4. Section view of circular
solar chimney dryer

Figure 5. Section view of square
solar chimney dryer

e 1

Figure 6. Section view of solar chimney dryer
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The solar chimney dryer, as shown in Table 2 and 3
Table 2
Dimensions of circular solar chimney dryer

Area ratio 2 4 8 16 20 25
Entrance radius r (cm) 30 30 30 30 30 30
Exit radius R (cm) 422 60 849 120 134 300
Entrance height h(cm) 10, 20, 30

Height H(m) 1.5,2

Table 3
Dimensions of square solar chimney dryer

Areca ratio 2 4 8 16 20 25
Entrance length (cm) 53 53 53 53 53 53
Exit length (cm) 73 106 150 219 238 2660
Entrance height h (cm) 10, 20, 30

Height H (m) 1.5,2

2.3 Scope

Simulation of the solar chimney dryer is simulated in the area of Nakhon Ratchasima Province at
1:00 p.m. on April 16, using weather data from the TRNSYS (transient system simulation tool), which
is a program with a weather database and is used as widespread The environmental temperature is
30°C. The radiation radiated from the sun is 331 w/m” and the material properties. Shown in Table 4
Table 4
Physical properties of materials

Properties Soil Steel Acrylic
Density (kg/m’) 1900 8030 1180
C, (Jkeg-K) 2200 5025 840
Thermal conductivity (W/m-K) 1.83 1627 0.2
Transmissivity 0 0 X}lf?;l:ed: 2093
Visible = 0.4

absorptivity 0.8 08 Infiared=0.92
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Modeling the solar chimney dryer using ANSYS Fluent version 18, creating a model of only
30 degrees to reduce the time to calculate and define boundary conditions. Details as shown in Fig.7
total pressure at the entrance is equal zero Pa and static pressure at the exit are defined as 0 Pa because
the simulation is a natural convection. Natural convection is a flow in which the density changes less
when the temperature changes at constant pressure resulting from this kind of flow of buoyancy force.
Choose the Boussinesq Model [6] to simulate and select coupled in pressure-velocity coupling and
PRESTO! [7]In pressure. Other values are set to second order

Acrylic
(wall-semitransparent)

Ground (wall-

‘opaque)
0000 as00 1.000(en) /L‘
—  e——
0250 0.750

Figure 7. Model of the solar chimney dryer

2.4 Grid independence

Simulation of the solar chimney dryer was made with grid independence to determine the
appropriate grid size. As shown in Table 5, based on the flow rate within the dryer, which shows an
example of the number of grids that are suitable for the AR2 solar chimney dryer is gird 2 because the
effect of the flow rate starts to change less can be observed from the error of less than 3%

Table 5
Grid independence of AR2

Mass flow rate x10°

Grid No. Cells count (kg/s) %Error
Grid 1 25424 3.89 n/a
Grid 2 65249 4.57 14.65
Grid 3 207476 4.67 2.17
Grid 4 294576 4.77 2.15

3. Results and discussion

3.1 The Effect of the area ratio on the performance of the solar chimney dryer
The flow rate of air flowing inside the dryer is one of the important factors in drying. The results
from the simulation show that the area ratio affects the flow rate shown in Table 6 and Fig.8
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Table 6
Effect of area ratio on air flow rate

Air flow rate (L/s)

1.5 meter 2 meter
Area ratio Circle Square Circle Square
2 3.89 1.95 3.75 2.35
4 4.09 2.08 38 2.39
8 541 4.17 5.37 5.07
16 5.98 4.18 6.93 5.51
20 59 4.12 6.96 5.54
25 5.63 37 6.74 5.3
8
”
4]
E, 5
E ' —®—Circle. 2 m
*é #— Square. 2 m.
=u 3 e 0” ~--@--Circle, 1.5 m.
= -—al Square. 1.5 m.
2
1
0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Area ratio

Figure 8. Effect of area ratio on air flow rate

Figure 8 shows the relationship between the air flow rate and the area ratio. It was found that
the flow rate increases when the area ratio increases. At the height of 2 m., the maximum flow rate at
AR20 is 6.93 L / s. At the chimney height is 1.5 m. the maximum flow at AR16 is 5.98 L / s. On the
other hand, it was found that when AR increases too much, it causes the rotation of the exit area.
Causing the flow rate to decrease, resulting from the recirculation zones near the chimney outlet As
shown in Fig. 9. And the height of the dryer also cause the flow rate to increase by 15-30% due to the
higher air temperature which will be discussed in the next section. And also it was found that the
circular chimney has a higher airflow rate than the square chimney. It can be seen that the square
chimney has a lower flow rate than the circular chimney about 20-30%. However, in practice, the
circle chimney is difficult to create.
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Figure 9. Recirculation zones near the chimney exit

The temperature of the air is another factor in drying. Fig. 10 and 11 shows the results of the
temperature at various height positions within the dryer. For circular and square dryers, respectively it
was found that the air temperature is about 33-36°C because when the air floated up inside the
chimney the air will receive heat from the tray which will increase the air temperature. And the height
of the dryer affects the temperature. The 2 m. dryer has a temperature higher than the 1.5 m. dryer,
About 1-2°C in Fig. 10, indicating that the maximum temperature is 36°C and in Fig. 11 the maximum
temperature is 35.8°C.

365

36.0

355
C_, 2
<
E 350 —®— ARIG. Cricle, H=2 m.
E — ®— ARS. Circle, H=2m.
E 345 +«@-+ AR, Circle. H=2 m.
3 ARIG, Circle, H=1.5m.

34.0 — W — ARS, Cirdle, H=1.5m.

@ AR, Circle, II=1.5m
335
33.0
(i} 40 20 120 160
Internal height (cin)

Figure 10. Effect of area ratio on temperature of circle dryer
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Figure 11. Effect of area ratio on temperature of square dryer

3.2 Static pressure at the position near the exit

According to the simulations, it was found that at the location near the exit (Less than 10 cm
exit) the pressure increases when the AR increases as shown in Fig. 10. The increase in pressure
results in the difference between the pressure at the entrance (0 Pa) and the pressure near the exit,
Which, when the AR increases, the pressure near the exit is higher than at the entrance, which causes
an adverse pressure gradient. It should be note that the pressures are negative.

BCircle, 1.5 m.

[

OSquare, 15m
mCircle, 2 m.

BSquare. 2m

Static pressure (Pa)

SRRERNES

AR4 ARS8 ARI16

AR20

Figure 12. Static pressure at the position near the exit
This adverse pressure gradient, if there is a high value, will cause a partial flow to rotate
especially the fluid that is close to the wall surface, which conforms to Bernoulli's principles if the
flow with the cross-sectional area increases, the velocity will decrease. The pressure will increase.
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3.3Effect of entrance height on flow rate

Fig. 13 shows the relationship between the entrance height and the flow rate of the circular
chimney. It was found that the maximum flow rate occurred at a height of 10 cm, which AR4 ARS8
AR16 had a flow rate of 3.34, 5.21, 6.38 L / s, respectively. At the entrance, the height is 20 and 30
cm. Some of the air circulates at the entrance area due to excessive volume. As shown in Fig. 14
However, considering that the height of the entrance is 40 cm because the trend appears that the flow
rate will increase as the entrance height increases. Found that the entrance height of 40 ¢m caused the
flow rate to decrease because some of the air circulated at the entrance area due to excessive volume
as mentioned above.

ARS

-#-ARIG

Air flow rate (L/s)
w

0 5 10 15 20 25 30 35

entrance height (cm)

Figure 13. Effect of entrance height on air flow rate

o 0.500 1.000 (m)
|

0250 0.750
Figure 14. Recirculation zones near the chimney entrance

3.4 Effect of tray on flow rate and temperature

The number of trays for placing the products affects the design of the chimney dryer.
Because it will result in a large amount of yield. However should consider the impact of the number of
trays on flow rate and temperature because these two factors affect drying performance. From the
simulation results found that When the number of trays increases from 2 trays to 3 trays, the flow rate
decreases both circular shapes and squares, such as circular shapes, ARS, flow rate reduced from 6 L/s
to 5.4 L/s Square shape ARS8. Flow rate decreases from 5.6 L/s to 4.2 L/s , decreasing 10 - 25%, which
is a relatively significant figure. Because the tray that is added is blocking the airflow. However when
the number of trays increased, the temperature increased by about 1-2°C.
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Conclusions

This article was designed for a solar chimney dryer that can be designed in 2 types circle and
square, height 1.5, 2 meters. It was found that the circular chimney has an air flow rate of 20-30%
higher than the square chimney and the solar chimney dryer can increase the performance from the
increase of area ratio. It was found that the flow rate increased when the area ratio increased for the
dryer size 2 m high. The maximum flow rate occurred at the circular chimney and the rectangle at
AR20 was 6.96 L/s and 5.54 L/s respectively and the dryer size 1.5 m high. The maximum flow rate
occurs at the circular chimney and the rectangle at AR16 is 5.98 L/s and 4.18 L/s respectively. Which,
when the dryer size increased, the flow rate increased by 15-30% and the temperature increased to 1-2
° C. However, the increase in the area ratio also causes more recirculation zones near the chimney exit
Jesulting in reduced flow rates. And increasing the number of trays makes the air flowing
inconvenient, causing the flow rate to drop by 10-25%. The entrance height, if too high, will cause the
flow rate to drop. By the entrance height is 10 cm, causing the maximum flow rate. For the air
temperature is about 33-36°C
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