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1. Introduction

Iran is a country where due to the abundance of fossil fuels,
less attention is paid to the way of consuming energy and
optimizing energy-consuming systems. However, in
recent decades, due to the depletion of fossil fuel resources
and pollution from the consumption of this type of fuel, the
comprehensive development document stipulates that by
2051 at least 30% of the electricity generation network
must be supplied from new and renewable energy, of
which more than 15% will be related to solar energy. One
of the main focuses in the field of energy is the energy
efficiency of energy supply systems. Therefore, designing
and constructing systems that can use independently or as
a combination of new and renewable energies are
important and necessary. Located in a geographical
position between 25 to 40 degrees north and 43 to 55
degrees east and an average of 300 sunny days, Iran is one
of the most prone areas to use solar radiation in various
fields, especially drying. Energy of the sun can be
extracted in different ways; one of the related technologies
in this field is solar collectors. Using Unglazed Transpired
Solar Air Heater Collectors is one of the most effective
ways for reducing air conditioning load in buildings. These
collectors can also be used to dry agricultural products.
These collectors, unlike conventional air-heating
collectors, do not require a transparent cover. Therefore,
they cost less and have the highest efficiency for air
heating.

2. Modeling and simulation

The 3D model of the Unglazed Transpired Solar Air
Heater Collector in SolidWorks software is designed in
full details. After meshing with the help of ANSYS ICEM
CFD software and determining the properties of materials
used in the solar air heater, boundary conditions are
applied to the geometry and unsteady turbulent flow is
simulated at different airflow rates. In Figure 1, the
unstructured meshing is used. Moreover, boundary layer
meshing was done for all surfaces in contact with the
airflow. In this simulation, due to the separation of the flow
in the air inlet parts into the solar air heater, the k-o
turbulence model is used to observe near the walls with
appropriate accuracy. In this simulation, the value of y*in

the inside of the holes and the different parts, where the air
is in contact with the solid surface, is maintained between
5and 10.

Figure 1. 3D model and meshing model of Unglazed
Transpired Solar Air Heater Collector ( y* = 5 — 10)

Table 1 shows the dimensions and geometric
characteristics of the collector. The arrangement of holes
in this solar air heater is square.

Table 1. Specifications of the unglazed Transpired
Solar Air Heater Collector under study

value Parameter
1m length
1m Width
30mm pitch holes
10mm The diameter of the holes
70mm Plenum depth
2mm The thickness of Absorber plate
900 Number of holes
20mm The thickness of glass wool

The Reynolds number was calculated for all experiments
and its value was obtained above 2000, which indicates the
turbulent flow pattern inside the system. The inlet
temperature for the simulation was 300 K and the mass
flow rates were considered 0.007, 0.01, 0.0125, 0.015 kg/s,
respectively. The heat flux for the 15th of Mordad for 24
hours for the geographical location of Kerman was
extracted from the Fluent software database and entered
into the absorber plate surface temperature condition using
the UDF equation. A boundary condition was considered
at the constant pressure outlet. In the boundary conditions
section, the absorber plate is defined as a wall, the intensity
of solar radiation hitting the absorber plate is equal to aG.
The absorption coefficient is equal to 0.64.
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3. Results and discussion

Figure 2 (part c) shows velocity distribution diagrams
within the entire plenum and a view of the jets. As
expected, the velocity of the air flow from the bottom of
the plenum to the outlet increases. Moreover, the jets
formed inside the plenum due to suction are visible
through the holes, and these jets are quite visible near the
hole. Figure 2 (part b) shows the flow near the holes and
the absorber plate. The presence of flow turbulence near
the absorber plate causes a vortex. The resulting turbulence
increases the velocity and heat transfer coefficient of the
convection. In Figure 2 (part a), for a flow rate of 0.007
kg/s for a time of 35000 seconds, the temperature of the
absorber plate at the bottom of the plate is 583.62 K and
the temperature of the absorber plate at the top of the plate
is 541/30. The operation of the unglazed solar air heater
collector is based on the pressure difference created by the
suction fan. In parts of the collector where the pressure is
high, the velocity decreases. As shown in Figure 2 (part d),
the pressure in the plenum increases and decreases toward
the collector outlet.
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Figure 2. Contours a) absorber plate temperature, b)
stream line in plenum c) velocity in plenum, d) Pressure in
plenum, for a flow rate of 0.007 kg/s for a time of 35000
seconds

In Figure 3, the Nusselt number increases as the mass flow
rate increases. From 60,000 seconds onwards, the Nusselt
number decreases to zero because the heat flux reaches
zero and the collector is equated with the inlet air and the
temperature gradient is gradually reduced to zero, resulting
in a convection heat transfer coefficient of zero. In Figure
4, with increasing mass flow, the thermal efficiency of the
unglazed Transpired Solar Air Heater Collector increases
and the minimum and maximum efficiencies for mass
flows are 0.007 and 0.015 kg/s, respectively, equal to

66.51 and 78.02.
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Figure 3. Nusselt number for unglazed Transpired Solar Air
Heater Collector in different flow rates
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Figure 4. Daily average efficiency diagram of unglazed
Transpired Solar Air Heater Collector
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4. Conclusion

In this research, an unglazed Transpired Solar Air Heater
Collector with a large computational amplitude was
modeled by the CFD method using Fluent software. The
results show that the outlet temperature of the unglazed
Transpired Solar Air Heater Collector with mass flow rates
0.007, 0.01, 0.0125, 0.015 kg/s is in the range of 58-
83°C for drying agricultural products. As the mass flow
rate decreases, the temperature of the absorber plate
increases, followed by the temperature of the outlet air;
But the increase in the temperature of the absorber plate is
more than the increase in the temperature of the outlet air.
The maximum efficiency of the unglazed Transpired Solar
Air Heater Collector is related to the flow rate of 0.015
kg/s. The results showed that the computational fluid
dynamics method with an acceptable error percentage can
be used to calculate the temperature and fluid flow rate.




’z":&;\;w:ﬂ)[ée-j‘;wJLd -“‘ (7’—/")&;&6‘))‘)_;[«»/[9;4}‘5)).1)5ﬁ}196(‘4/4;_"
https://mechanic-ferdowsi.um.ac.ir DOI: 10.22067/jacsm.2022.75507.1104

* O FeKis Slunl (6l p i S 4o Suwi )9S o P T 1ed IVl 9 il (500e (S ildud
‘;f.'.h‘g}; Jlao

(€ )

(c)u_}w‘ oo (53l )u":”"‘“‘;‘,)'i‘ 3 grms I dozes <Y)JTJ% g;b <\>g5'°)€;~' = db)w

SIS Y peamms 03 SIS 5 imio (5la3 )5 S slals s laOboisle [2la S litass Ol oo [y Siko (5 555 (sla 5 STpn 0SS
Lmug/fjﬁjxa ol s Qﬂﬂ/r@ajémdu;ﬁ;ﬁ Dol Koo (Gl 32 ‘_;Lz;,f’»jf/ja E) bl ol Jlin) 5 Ol Lt ey 3,8 ssliza]
o (518 23 (ST 5 Conslockid 3lisal s iz 1 Sl Do e ) 53 355 0 25 55l Ypans (3 ) Ko 3l Domin Al gy o0
ol azils GLBT alies S pd Condly b (sl S0l (Sl Gt ST o (S8 (Sl 4y o SLS (/010 e/ ITO /0] /oY)
> slos 5 Ol o ol Ol slo il Al o die sy S 5 S el Dol b b i i Sibmitn S pents 48,8 g (6Lt
il Lol 5 o Iy ls8] g 2 (glan (slos OT Jos 40 5 bl dmio (slod (oo 03 a5 L ‘W/‘wwgwﬂ S F s 30
S US o My ol Ko Cotitomdon (b3 Sp S Ten ol 03l o 3 I b Gl s Sl slos 8] Sl iy 3l dmi (sle

Al o Aoy VAV T lltlis b 4l p SLS 0/ 10 23 30 035l o pdee 5 o pd TVON s b adli o o STALS /0 0V 03 3 02 S

R PR P VPR S JEIE N H R JUN PR U SR VCICS FE ISP WS PESPP. | CONPR We S PENPS v [DP-N W C PP Y5 1

“ R R U e b Al S 50 s s 55 [12] 4o ks

ol 0> B St Sl Su S dbamtd ilisa a5 s i e 0T 3 S el (55558 Ol
S Sl gl el st Gl ol LG Gl s 5 G i (5 S g
SIS ol o8 LBpdp ol ol s L S G8IE leans s Wl 3t e 65 05 S me
Tt S SRS O S GSESS e ST 5 e sl e e 030k,

. B )}.S x4 Cﬁb- Low > LLAK_A-?'}M Cf d‘l‘ 8 e
S sl 5888, 2o sla SIS SIS 15l Lo S A5 8 S o) ¥ St BT Il b e

(Unglazed Transpired g, (g358) ids O Olsme cpl 5l aS 555 &:‘L" phddes 5 8 slagi i G,
3N V44e das LIl s 45 Solar Air Heater Collectors) S kgt byt (654 b e Ls )3V 0 51 A
ol s s o 530 5 ol 3] Bt e OB Slawlal (535 e33k (535 a3 5 53 ol sla e
() o5 S5y & Ypame e o3l i oy 555 o Llyn S pladlile cxle 5 >1b ol by il e 5
Solo e pdidodasd 5 5 Slas) Sl oS 5 L Jies [ sba
Cadgn 53 5B, 3 L Olnl el (55,8 5 i S ol LS
3 S go 00 GEY 5 Jdas st BYo o U3l s
oamld\ﬁ&btﬁijjlé&wTJqu Lo gige
03 SSLst o peastay s sladiay 55 (sl 55 G

Gl 5 spd atle ks gl i 5l Wlg e a5 ol
Ssdr a5 3bml 0T Gas p s b LS O pen
iio Lo O3 3l s 2 Gl ey SIS s Shes
S ol 0 dSe uﬁ LA)J a.l.‘.i':.)l?r_.r‘\ 6""“ )L.f.é J:J.M.’ u)l:—

g,’\g-bngLanud)yjl)yc@couo@d\ﬁ

A3l VEVY O Gy eyl sV 8o/ Y/0 alie il s s ™

Ol g g ol (SOl wdige oS85 (685 g2iils (V)

Email: vkalantar@yazd.ac.ir Ol e g o8l (Sl widige a5 GLEINS (J gt e 5 (Y)
Ol e a5 ol8ils (Ul pwdige 0dSils calzul (1)

Ol Ole S Ol S a1y (65515 5 gmino JaST SDland ol (5550 ks 5 it sla (6531 eaSCin sy Liils (1)

Ql]ﬂ‘ ‘QLwab_/S ;QLLAAJS AK.LS‘J 46})}@5 oSS ls Wﬁ J«w\.@.’: c}; c)LiﬁL"w«\ (0)


https://mechanic-ferdowsi.um.ac.ir/
https://mechanic-ferdowsi.um.ac.ir/article_42360.html
file:///I:/Multimedia%20(G)/ترم%205%20دکترا%20به%20بعد/idea%20thesis/مقالات%20مستخرج%20از%20پایان%20نامه/علوم%20کاربردی%20مکانیک/vkalantar@yazd.ac.ir

Jfﬂf/jﬁs SV 5 ol oo (il

¢

Silse Ol 5o Dbl SKide dmio pdr e
G 3l ol JUl ey w0 595 Je 3 bapl st
Sy Sl 5 s mis Sty 5 Bl e Jos i
OLKen 5 20555 Ll oty amio LIS o s
350 Skl Do ) Sl gla, SIS 5 Ses 1]
C\j@f.w); 0L aSepl (5,5 Lol . Lsls 15 anllas
Slakaly 5l 5e Ol 55 ol BT Olsee oend ) Llas
Olses 40 il s (650 Y Cslies S 0T 51is S w11,
O 55 &8 28 Olpee Bl s 0 LOT (il o 256
S¥alas s s e S (B 0L 2w (“j oL~
(S gy Wslas Lsls ) 3 eslizal 5550 OKen 5 23S oS
S soa [12] OIS 5 S8 o5 dny 53 53 (S350 5 psie e
Ol s eyt o, sSIS (s55 oL S o2
Lo xS ol sl s WOl L sls ) 3 andllas 5450 |y Jidig
5SS Al 4 e s L S il sladlesle
WL 5 KK s sl Ol oS Ol s
3ol Sslie ol bl b S sl SIS [13]
son s ARLLT 5 sde Dpea (0l
25 2 oS 3l bl a8 sls 0L T s il 3
oo b Olmio Ol dr a 6350s LaolKas o) Sl
S AL Ol SAhas s VL lds ol > Jal
Sl e Gl Bl Jde S BTG 3] Ll S 5 05
Al 3wy sy ge |y il (gl gl L S olSns o)
> Sas 5 IS sl bl b et sl de b
S Sl iy 00-80 Lo slaa sles sl UTC O
5 0LAr s LS 5 e 08 S glas ) sl
s e S il (gade By SOl eslinad L[14] O Ss
3 OB DAl (Palae 5 SIS 8 0L ol S s
OLLS 5 3 S oy 1 Olim A 35 5 e 55 Lgad o
sShee 1 s LB O ol &l e sl S a8 Wsls
3L glacs 53 S s 5340 bel&aus opl S5l >
DBl &S sboles cisls 0L czren -l o (R30S0l
Goo ele) 555 dsb 5o Ly Camdye i b gy 0
OLen 5 53y oy ol Slane eSS s Shas glos
sSaSlr Golm s oS Sosen (6]
SIS Jtls gline (KoL g b St i

Sad e i S L olatle s el baw g 5 AS e
Ui nl i Gom &Y Subis s Zol S
Lols S 28 5 bl iSe ad 4 laiiee ialS
e 3l (S s3I 03 Ol 5 OIS S
Aokl e LY 5 A e Ceslie gl ol s S
M 2l pln o L A8l e e 4 ol 5 200 e
D R B I LR
Ol eamenn b e Wl e A Jls 4 (6 2 )l >~
Fis a Jsene (SeSlea slay SIS Se by SIS
Ghls 5 ol 508 Lol &un ¢ s fmed 4.l 5L Cilas
Sl eslial ul ply A3l e a2l S sl Oleily o 5V
Gse ok ol Gl rs e 5 S Sete sl SIS
Lo, oIS ol 51 055 o0 e Aol e aglela s C)Jm
ol o3 s S eslanal 50 (65,5liS SN e O3 SSUES (¢l
3 e «Sdie Sy 55 sl SIS LIS L sl bl
Cnldiz 5 &y po (g3dmte Slidos ool (g5ludng 55 Shes
5SS 3 et 36 05 33l 3l eslized w Ol 5 e ahe OF 51 a8
Ao o3 ekiasilonas Bale Sl eslial 4] Sda s >
O3l i il S iy ([B] Olatle e
Sheslizal 5 [7] Cilr dmin goloang [6] St [, 5508
28 Ll [B] Silamin 5SS (655 it

5 £ s S oS S
S Sl Gl soge 5l S g bl 4 Sl Do
h S plonsl Dladllas jni canlanils 5l 3 Oliises 4 55 3 0
3 el S pete Sile i 3 3550 ol W 5 5
Sl JEEL 5 g odd plal assy gla) iy s
el SIS -]

Saalos g3lwacs 5l eslanal U [9] 0, Ken (,u;w)j
2 G il b amio S g5 2 VL
e 550 g o dlms (10 1) slalasly 5L 255 0 Sl
Sde dewle gl 1y o Gl XLyl st S~
iy 3 el Jsl s Jde s ol s S &1l cdat
Ll Sl 331 b oS bl 5o Lol s 5 s 3 1 amio
doo (b 3de vty S Dlns S0l 3 Shas o 5
b ARG O o [10] OLKas 5 S5 05 S

!&M&@M‘plg?jwdu

Sl s Flalns 5 (62,05 pale 4



10 JW/W sols —Ji;w'/jj/JM —dks doseo —j).‘f)tfujj — OJ}J CJL&M

Os) o S 2,8 5 Jsb b Shn Slalows &by L S
lodd hman ($3loard (LW (650 b5 (55 i s
Tt e e i Sl eI O3l dmds (e
L cclodis oslanal L3 Sligss j5 aS YL Sl > culia
Shdopt Sl ik cslin glaglse slis
SRR 5 AL S D eslind sl i, e
ol 35 s o b Sl s L e S
Lo Sl s s Sl sae sl slie Sl
Ansys Fluent )|J-.r>\¢j' B CFD iy, a4 ileas Ll

Sl A
ol = i IS 5 dh Lk, 5 WS Vsl > 6l
D2l ol S e 5 Jils (612 5 ok Sl
Ky oo Jo BB 5 Sesle OVslae (pul ¢ Slos 3 5l eslanal b
oo 48 i 53 5 Sl b G ol 53
2t Oless Kis i bl dan 53 (2S6 o (O
(Cawlo s
ws Sl ple p i dmi o 5 SIS Cole (Y
(Cewlo s
(o3l Ao 5 Jlw ol ol (7
(ol Glag s s ede (8
i 0355 Sl dedor 34 ple (0
(SEasl Sl > Bl eas (1

Al o Sl RIS e (v

55 Al Sl S g Vb 5 Sl D Yslas
Slois a4 Lol b Ll ik ) SIS 55 (6550 Ok~
O iile 5 358 on o OF 1 a3 5 LS o 3,55 5 3L
Slomio b g sddode @550 5 emd b o WS
Slsr ES e (b3 5 plralr 6 Hivsa S
Ol dmis iy 5 gl S35 (aBLOL ) el 0l S
B T - PE R PP LI
oy s 4y a3 Ol JES) s g5 oS (5551
o abrals 5 el Al Gk Sl (Rl s s e e
(=) 55l Ko 53 358 o cils 5 Jaze Ol bl Jams

o o o SOk Sy Oady St SIS S
Gl SIS Sl Ol 48 sl s Lol .sls 13
S s O o SIS OS5 (St 03 B i b
4 gt e G leslizad L [15] il 5 pid S
ol jol ) 3l Wlrin Ll Sis sla, oSUS (g30s o)
4 e ) pon [16] O 5 axbl s glad ;s
Ok Sy Sl ol sl 5SS (5o (oleand
oS Slags 53 oS sls 0L sdeliimsay ol sy 4l
JUEI Sl 2 i D3 dmdo S5l ) )l JL
Shesl = JEl e o0 eI O P P P PV P VRLIg e
o o [17] O 5 Kl b o iulsbl amin iy
0SS gl daseie 5l 0L (gode 5 o anllls
das e DLl sy CH IS i S s 5
u;@ngwb);\)g‘uw,:,;ﬁ\ﬁwc,ﬂubus
a T i S 5 e e T s b Wil e S 550
é‘”"‘ ERY VBT WY Sl E) R VI PR R W ST
Llg 150 oly Co a8l sppie S 0
rbe bl cdas Jaalssl by 040/ 1 by, ool > Jsls
il IS 58 Bl By YUY 1pn el G555 (sl
posls S Ll rm il Sliied e |
m e O F e e &S Sl Al e Ol ele gla)S
w\ﬁuw\omaﬁﬁﬁ&;;uélﬂ@,\péu
@ a5 bl Ol geas SL 55l C,Lb s 4 Sl
Jsb 5o laiSe S1en s 5 ol Sl i (S5 e
Shade gla o 51 = 5o s ol bl a5,
A G b o s LIS oy smn ol L Ols Ll
Ja 558U 55 0L o ey Dlidd ) 2 s el
ol 5 3 ¢1j Copots Ol 3 eliy 08 05 03 ol
Slalazel Galsu s sde SRl s oo 25l L asol J-
b il 0L oG Ol s 5 b SRI31 0L~
250 5SS 3ok pdS Ok 2 o Al L 3 05l e
- SwS  Oleily Jiulsal 4 g i oyl Jlal ey o
Akin JS dlagzl s sl sl ey Slidos San 55 S
Ol m Ly s cpen 5 255 000 S3luted 3 3550
orl o3 ol Gl alis S5 candls L il S

Sl o Glwlms 5 (52,55 psle 4 0

]f"‘gﬁ";jwf/v[eijLw



uffajf/fs SV 5 ol oo (il

"

A 5 mACyCpdr T Qrag Qeony S5 SVolas >
ol JWEl (gl ol JEl sasoly o S
Wul Lz s iy gl S ey BB e aials
Sl s s e b (b e 5o oy LS
s ja out yairsurdpabs sl e Ales
23 Kl (s 2 s e e (i Bmdo SIS @ oL
ojtfdu:;@w;@wgkﬁﬁoygw&;\a@um
Al g SHEO-Y) SVl s

058 Sl plralr ool JUED Glap 5 dule Sl
ool o Lad g 3 ol 53 40T oS o e3lizal o5 55 e
Jsl sl o (heony) sl o)l > JUsl o o il
Dolrs 5l Blr domds 5 odliod S Slsn ( plralr ol >~
g oo dnles (£)

Qconv-abs~air = Acotlconv-abs~air (¢)

(Tcol - Tair-aut)

S S b plralr ool sl 4 by e Slellas

348 35511 Sl ool 3 sk T 13 51355 g 5 ik
SPAELYern BV ee s sy sue &S Sl (Nu) Lot
o3linal [19] 2o s Jame i 02 55158 (NUg) 25
(VAA) Sl sdessl 5 55,0 ﬁ: o 53 bl gl e
s )8 4 by e Sldlas 5 60 S5 LA Ol gea
ik s 2 L LIS il sla el (ol sas Ss
bl i e VYO Caled ap bl e Olmds S s
Ls lonls 5 mpr gl b alaal] gsl- & Ll
Sl (Sopr S 0T 3 g1 glite (slaplS 5 Lagl) e s
25 Cosea 3l 0L ¢l Nup) IS clol sue

:Jd.s)ﬂ Cwdds

h _ (Nuqkgir)
conv-abs~air — D '
—121 V..
Nu, =2 75[(—) Re¥™ + 0 - 0118 Re, (22nd)048
b Vapp
, R61 — PairVhoteD
Hair

Nup =2-44(5) " Regssp
(0)
St w54 Vapp 3 Viping DP Bk (0) sl s
33k e g a8 S e ealas 2
S Sl jU 5o, ods Re fpimes LSL e g0 ISe S
NS W P PV JKP' Pair C\)}M’ 03,3 & o Vore

aa by SKuSo b s 6yl o ol Il gla 255
Gy Se Sl Sled (0 -)) Sled S8 s
Cewlodls o3l QL.';J ;iw';.a

Solar
radiation

Plenum
Outside air

Perforated
absorber

()

][A ir out
A Absorber
.

Qcmmﬂbsfair

IS
p V Q ; / Qcmw-airfbp

Back Plate

Qconv-b;p—amb

Air in e== )
T \. Tainb
air.plen
Alr in —
de‘bp—sm'
Q'mdﬂbs —sur QT ad-abs=bp
(&)

(o (g Ok St (o) 5 5 8IS Silas (Al ) ISSS
[3,18] u;.n.::‘,.a Q)J.v pm))ﬁ &i B QJ.J’- JL&J\ Lguw"\:"\:'

Jols ,sS Jeol s o gl 655 sl Aslas
23 Eope s (g slad) ol 5 2l amio (O3l i
MapsCp.abs (%} = M)

(aabsITAabs) - chonv-abs~air + Qrad-abs~bp +

Qrad-abs~sur + Qconv-abs~sur

darT,
mbpcp'bp ( dl;p) = Qconv-air~bp + D)

Qrad-abs~bp - Qrad-bp~sur - Qconv-bp~sur

dT gir-out _
maircv-air ( dt - Qconv-abs~air - )

Qconv-air~bp + maircp-air (Tsur - uir-out)

?&M&@L«;‘plﬁjwdu

Sl s Flalns 5 (62,05 pale 4



v J'W/W‘;A[A —Ji;w'/jg/JM —.I:@Jw—jﬁwujj —def)‘;ﬁj/cll\évw

AapsOsp (T;bs - Tl?p) A7)
Qrad-abs~bp = 1 1

Eabs-in Epp

Qrud-bp~sur = AgupsOsp Epp (Tl;lp - Ts%ur) 2]

s s Olan] @ a4 5SS AL S5l Sl
o 5 (fos) Olasl o , 5SUIS K5 o o 40 5 Al e LS
oo 5 Oleml bz pmen 5 (o) ol & LSS IS
A aly 53 358 0 amlome OA) Ayl 515 3505 (o
L8] 4,8 o Jamms slos b ol 1 e sleo

Qrad-bp~sur = AabsasbgabS(T;bs - fcsTslgcy (\A)
- fcg T;nd) -Tsky
=0-0552T%5,

ck_.&.l::}.ul LgLAeli:_.wb Lﬁ':li))\ LS\f W 6[.&),..4‘)[{ )‘ J’<'i

S3A 3 G S Dot oKy K es3l Ao e Lol o330
235 o iy xS ot b A ke (5551 4 4 (63555
Aﬁ_wbv.ﬁ ﬁ.) Joles )‘ odla ! L L;'Z.Fl_w eJ)'L.v LL;:SJU kﬂ“ BE)

[21-22] 555

me(Tout - Tin) (\ q)

Ten = AabslT

$3x o lwd

CoSamio (sl S S s dle Salus o 6l
ANSYS workbench 2.0) sl slajlzdle 5 ) S
Solid) 5,5.J)l. 5 ICEM «(framework version 19.0.0
Cluaw Jde Culedd eslazul (Works, version 18.0.0
Sl b SHs Mle 1l 55 Side gl 5 Sp Slse
ANSYS 53l 5 (SaSas oisaSed S g coks ~l,b JalS
(SeSI5n 53 sddeslinal slse ol ad 5 ICEM CFD
Copot s 5 ol Jlesl andis g3 2 o Rl
il 1pa Cilme G0l &5 s LLL &l ol
V Sl ot SO (55 edde bl (iland Clod
23 A Sl e Oley e 3 5 0 Ve, bl
SOUT) IS8 o avdes luaSd oy azia 5o 250>
a5l Sl s pgie K5l 55 a5 sboles Lol

L;GLQ: (_S\f w.z-r.h C,...,-:‘a.k..:: oaleul ‘JL‘)LA#‘-;' Q)j..ﬂb

bmio 5 ek D500 Gl Gn plralr Dol JW

S VT I CA PN B R P

5ok len) I 5 (g dmio) S dmio G bl
[B] 555 0 aemlme 25 Ll 5l (Jams

Qconv-air~bp = Acolhconv-air~bp (Tout - pr) (-\)
Nuzkg;

hconv-air~bp = dz A V)
plen

Nu, =0- 664Re(2)'5pr(2]'33 AN)

Re2 — PairVplenH (‘\)

Hair
_ Cp-air Hair R
PT2 - kair (\ )

Sy At 5 Jaee Gl e olralr ol > L]
i o W s H Lol 55 &8 sl aalows LB 5 Ll

Qconv-bp~sur = Acolhconv-bp~sur(pr - Tamb) <\ \ )
Nu; kair
hconv~bp~sur = T; v)
Nuz = 0 664Red prd®s (Ov)
Re3 — pairVwindW (\ i)
Hair

bl glgs 4 O3 At 5l Gbralr Ol > Sl

S 3 len 5Se C i a0 Sy (Jaes (gl50) 5508
[3,20] ol apulma L5 (10) ol 51 a8 5505 5L

( 0 Vapp =2 0-02
Vi sU,: - Cp,:
io-sz% Vipp <002 Vg =0 (10)
1-31((Taps = Tamp)*™) Vapp <0:02 Vipjg =0

SOkl O 5B sheslanal b nib 31 AU ol > JLasl .Cf.

:*oui.p w&:b@)‘fdﬁb\w‘eﬁ Mbuuﬂjﬂ‘y
j\@u@&gmmﬁ,&gw,gsb
ol SO € Lol 3 oS il o cwsws (W 51 Laly,

.w‘&a)ﬂﬁ-om‘ C,.IUGJJJM

Sl o Glwlms 5 (52,55 psle 4 0

]f"‘gﬁ";jw‘f/v[eijLw



uffajf/fs SV 5 ol oo (il

A

(\) ;JL&.\:J J)J}- DL )j,:.i.‘s L;AM QLA%:J 9 Jl;u\
) ol Usfjf‘}ﬁ U‘i\ B LAC‘J)AN u:"i\)T Cwlodld a))‘ji

CFD 2y, 4,55 Sl
Gy Ospfl}a Lhil—w e gil—wddbe gl
wLw‘deJ%JJ;cDW‘CFDuLJ))‘MAQ&JW
A5 ke SVsles cpl 3,8 o 13 andllae 5550 IS Asles 4w
Ls;f‘) rj.m\ﬁjﬁ E;:._:.ﬂjﬁ ZJJL&.A Lflsfjﬁ gdj‘).:‘ :\JJL’;A
[23] "L’}“:JLfd ob\b &ikm (YY} AR cY') Ja;\})l;g_,..:;jcu

Ui _
ax, 0 (Y+)
ou _ _op 0%

PGligx = *\axax,) THGx, T ax,) ax,

P (K) Ls T (N/M?) [Lzs P (M/g) Cs e U DT 5 &S
e b (NSIM?) o) oo W okgim?®) L IS
ol ol ook 5 (kg K) Sl jlis paeny oL S
AL o (WM K) | 5a

O Hldde 5 A arboes 35, e laibesl ples sl
Sosiie Ob o (651 sdasOlis oS dal s Yoor (VL
SeSle e e Ol e ol bl 51 s
/Y V) S Gl s S CoSasio (S o
52 0L (5581 A Bl a3l oSS (/210 /010
3 Sl g Dl Sk CoSamis GAed 2 Sp S1se o
e glcand s b Shlr Sl 4 el
Slslsns b Va5 L 5 8l e Sl Se Slsa
kK—w Jdbe ool ply ccslodss S bl (YA e —£Y 00 ) ol
Sl St Csaminn )55 Sp ST sl 5k
A

ol pgaad dhe SO kil k-omega Jue

o35 Wl 5 (K) amesl i 6550 sl die Jlasl ¥slas

oo Soa BY huaSd Ten 0L b eled 5 sk

Llazs S

Sy 55 OSr)gbA 85Ol Jue 5 (gdman Je ¥ S
Yt =5—10) Siivs Csiamin

5> Ol Gl sy Jdse leas ) o
Y558 Jde 5l usrjfl}.a JEs a s (g5, slacwns
wtﬁabl{buc)\ﬁ.}&}juw‘a“o)m‘k_(l)
dbe Vg5 s gladde O Jde ol bl Aoy
o5 Slabrs Ol Jo (gl 0)lgs @l_,S S k— ¢
Vslae 35 05l g3 HUS 3 S o ealinal (LT LY 133) o505
L“‘Y) ua)‘ﬁé &.;JJ.' 6.4\.44&..2 w‘y},)_’: Jde UJ»l BEIES)
Slterd ol 53l IS 30 s g5y iy (S0
5o oS dises lacand s laaiys, |50 Cud syt Sl
.CM‘cy\.;MO—\' ww‘ww)b.lﬁl?é&wb

Sldae jZAbL;

1m Jsb

Im o
30mm L,,be s
10mm L“"C‘Jr’ s
70mm s as
2mm Ol dmis Culs
900 Ll e 3likas
20mm ih ol Calbhs

?LM&:‘,L«JTJZ&?}J‘AJLA

Sl s Flalns 5 (62,05 pale 4



14 J'W/W‘;A[A —Ji;w'/jg/JM —.I:@Jw—jﬁwujj —def)‘;ﬁj/cll\évw

‘*':‘l‘ff)f}l':s ('/'\O c'/'\\‘o "/'\ "/"v) ;a.:sjsdu
J}GJ‘)JM)JOJ'JYf‘)_}JQM J:..?:VAM 4.:.9;}}4.‘).)

Al a S
A a5l s Sl LS s 2 0 e b s
s_{iu‘jﬁ.&«; u)bw (S hﬂ\f}l WSJ) ILAa)lﬁ)
ASW\..:.Z));-J‘ n.,\,ia.,\:).U L;LA;)L; Cnlo s ;.u");u“ n)‘}ib
Alaesd e Lol 5 5 e s O3 dmids sl 4
SRR TR VAt SR EVNe S v AP LR W P« (4
c@)‘f)l_&kg‘fo.)_&ufUDF 3.‘.)1:.04.:4});[4[26]
#J)fm)bg)‘F)uqibudu&bélﬁMA
Ja_i‘).& RGO P 1 obw‘&bdjfjaﬁ )\Mug:«&i)
o3ls aulad (V) Jsd s Laejlss 53 ol eslazal sl ge Jlesl

o
uSr;‘)A BE) oloslatwl )‘).A ;;_)‘)D-J ‘;<i;:3 CJL:&)»A;‘ Y J‘}J\"

S ST ambn ey 55

a5 S s s Juzl | ens sl S
R N B )
(ot 2 eSS ol esus 350
b e Sl :
(s (s
V/vAs VYo | asvey | s |1
X V70
Sus
] AQVA YAV YA
UM
\a/y gy e =

sl 5 e b s S5 e @l o S L

23 Sk i b2 Se Sl 2 5o o)l >~
O kS A ) ol mls b e slap b B
I 3 Sl s Jo (S8 3Bl 5 Ja 5 ool
OF U35 comlin 5 oo CukS Lasnds lael, 5l G .ol
S 3148 Al e S axls Sl eslinal dies > g
Olpear (SQ) S (i B e 2 Ol o (o) Sl
lallest &S ol Sl cpl 5 553 o ghuatas Jie o S
e [24] Wss s 0T 5L | S sl s w15 e
e (iluand Sl CoSamio gl Sp Sse
Slo a5 Tl pled gl SSle 5 gba Sl
oals OLES (7)) Jsdr 3 oSpSlse lp eddobml

b 5l Ol 8355 SNl K ebie i (633l (@)
[24,25] T o comsws (YE 5 YY) Jlasl Lal,

(bt ). = [(n +E) K ] j+Pe= B0k ()

* K
yE=POK, p=pz, 0=

=1o

Coz 3 Con « W sk &lp il slasl 0, 50k O 55 &S
Al e o sdie O slee glacl

Sl sl edddlasl 551 5 p st ge SVsles 1y
5590 653 LS ab S b5 5 g5 am s Ldl s OVsles
5pm Vslas gl Vo Ol e s ile SL ol Sea sl
A Bl (65 5 SVsles (gl 0 V070 Ol ey p 5o 0

Yoo woddpbsl oleand sl 2055 sl (g L/
CV) e edda S R s e sl 5 S
L;‘)\J})L;:M.bk}ddfbfrjf%('/'\oL'/'\YOL'/'\
s 2Bl A Cand g gl p Sl YE (6l ks 010 5, sl
Seslizally 5 el sl sl il asls oS 5l 0l S
L’&:M»‘a.,\.:.: JJ))JJ‘ C]a.u JLAJ 6),4 .]affu J)\j UDF dsles
Oljen sl Jl3dle 5 53 3 pe SSLI Sepl 4 er g
Sl oMbl ol el il slaobe s s Y e
Gl ey 325 S e e 5 Ol S bl A Cand s
S LE LS gl ke gAuaSld Slaie S
S SIS ol caliies glaole) s edelcwsay Sl > la
fors o boosle Sl eds as § b s Ol s edss S
Cwlodl

rgjb} n\fUO' JLAJ t\f )\.Ls.a ol rl}u‘ 6)[...»:4.:...& 6‘f
-rlfb.oibj fl§)~l Izl s axsldS 51 ST Y i Sl
o fglie Celodd alol 4l Vee B o/) Sl il sle
Yol S il V.m:;ﬁ.i Loasl 00 3 edelcowsa e
Sas VO & 00 51 gles o8 5l 310 s cudls Sl Ao s
mad S BV Gl 50 S ek (5,8 i Do b
23 Sosons Gl adlas cpl 3 s SIS (g5l
3,8 e
S () Sp S 55 ol w3555
stﬁ\fa w6390 o Olpee &S A3l e sa (Sl

Sl o Glwlms 5 (52,55 psle 4 0

]f"‘gﬁ";jw‘f/v[eijLw



e Sp ST W 5 ol gode sileac

WS ) Il oy £ s

J sk sl OSeSls A les sle
(K) St coamin gty 55

Viverans YUY

YAveeees YRS

EVveeeen FRY

Jo s A6 5 ssledi leel o Sl ety lasl
L g Dol Sede gbedn s oS Slon (hasn onl
5550 YV Jlo 53 [18] 0 San 5 sl oo g5 sl S slal
sl b Sl eyt e Slon 28 S 1 e
Lol L (539 il Sl ks 5 0 S 5 5
o8 5 ek IV el g b e Sl N ey Gee /0
() JSa 55 o5p S1sn oul elos sy ol VY Lail s

Cwlod 0als Ql..:u

[18] 0liKen 5 ol los 5 00 (s 2 Sp s £ S

A giledde (S ST cpl il ety e dsles

LY 5 e o e Sl edkd b Se STes s e
Ll e OB pl gl A eslid ezl Gl 5
SlueSd i plil iy laigad ASles ia i
osSerl Slme a5 A2 eslizad Olojle Ly O gon
Jlesl la e sliws el Cowsas +/VN0 Slns Ol ol Ik
SN o5 ¢l oleans L ulen g O 5de VO wleli 4 0u
V0 lp b 5l VE G o 4 el (sl el o Sk
SlBle S Sl hds s B DAl Saledd el el
Jibs Gl ol ol b dlesl L sl 55l
Gl dmdo (50 kil ph )l UDF Aol ) g0y 5 A
Bls g5 8303 L Sl 5 S edalosay m s 5 glos 5 A
R A e (0) 5l ISKE 5 [18] O, K 5 sl
mad Sl s Sp Sl s 2 Gl ey Gl i
bzl Jav 5 el g Seslnl al&alesl slis b sdissle
Ao o OLa aglie pl il e S E 1 S O
slie gl gl Ol on Oledsl b (s3luand il 5l oS

Cwlod

St ety (S S1en sl edd sl e Dleopast ¥ s

BISTPRRGNVRY S
30 &
e /o) o3l Jslas
FRVARD o3Il ST
AZEEERER OlJl sl
CSLAR sl sl
ax 30 asly Sl

1Y (e e LY ) Si k)

Pinch tolerance

/oY

Pre Inflation algorithm
S Mesh metric
AVYY e Ol il

Ghdopt Se Sl Sl I il enp Gl

sl ol sler les Sl edd Gl e Sl LSamio
3 o etdnn Jald e pgae G cpl 53 s S sl
ol sl bad sha slaws () IS 55 as a § 15 55 5,
3 e o Ok St 5 e O e ler P S e
o sl Jagie Sepl @ a5 b el Cst Ok S
Jer 5 Ol St 5 ey (e S skeltenzey slaesls
3TN @l B b gia) 35 do 3 ) Sl S Ok S
G s W Ot ey SLe 5 Ao s /0 Sl S O 1)
LLU Jdsar Slwles duga ol )shea 5 (W3l os (nslS
Sl plasil (6l I sl O e YA L AClc Jom (29, 0352
Sl slos bl e 51 Il Jgdr caslodls Ol
QLS (8) s o 5l o SAS /)0 (oo sl (s A

Cwlo s aals
340

335

0 41000000
325

28000000

— 14000000

Average outlet temperature(K)
L
]
[=]

315
310
305
300
295
[} 20000 40000 60000 BODDD 100000
Time(s)
bl Sote s (S STsn s sles Jlases TS
Calisee clad 5o

’f"‘&fjw"ﬁjﬁﬁjwdlw

g{ﬂu‘&o‘)ﬁdul‘.«/[’w‘;d)j)gfaj& 4;;,&



\al J.W/WdA[‘ = riad] ] 3 grna —.l:.éwyLw—jb‘)L{u./j —JJP&}CJ[&J—W

93 Gl b, ils hads ey gulS oL sy e 4 ol
Cwlodds aJJ_}T @L; £Quen E) Yorre QLAJ ELESLEL
Sl Se Sl o2 aBlil > sl les mis slaslssel
4.:.7[3'].’ fij'L-‘-S v/e\Yo g v/eV S LY u.:l.hd\:—

ol ga.:..,aj gJ\...ZL»L;c

Temperature

583.62
562.46
541.30
520.14
498.98
477.82
456.66
435.50
414.35
393.19
372.03
350.87
329.71
308.55
287.39

K]

(h
Temperature [K]

Rk e
s r@%’a"s‘%@&% ') v&o"a"é

Veloity [mst-i]

m 9495

()
Pressure [Pa]
©0.0.00000 7 71 5 s s

SRR e e

. mn aa
(o)
J1s 0L slsa los (3l amin glos ()l s, 558 VIS
JORAY ® 6\/..1)\.:«3 (a)g}&ﬂ () T}.J._v J>‘: g)lif .Ia_,.la} (Ccrfvl.l
Y0 Olos gl asb o S5k

ShdpoSe Sl bbbl ple s ol mos
.JJS o:\.i:...»‘&.:..lng;.ér_?w

—&¢— Afzali et al [18]

m

Temperature(C)
= N w By (%) (2] ~
o o o o o o o

o

9 10 11 12 13 14
Time(hr)
o5y ol 53 e ddaLl gy e e by st Auslie 0 <)§.~N
[18] olien 5 sl Ailesl s L

Sl ol Sle Ol s (V) IS CFD Sl e
Aas e OLES 1y lowe Oloy blis 53 3l3,6 V0 55, Jsb o
Gl s 31 0Ly SIS L ) L oS el jasiie
-dac]a.ﬂd.ij\{b.g\i:“ G Colu sl 5 Al 0
Sl WYL (o £) mrjo o Sy i Ol Sldde .y

.w\jriza(,@-]é\\")@fﬂﬁ

y = 7E-16x* - 9E-11x3 + 3E-06x? - 0/0024x -
700 0/3126

v (o))
o o
o o

Heat flux(w/m?2K)
N
o
o

0 20000

40000
Time (s)

60000 80000

33,000 555 sl ool sl 1 ISS

S duan Jle CFD Lo Sl selcsa ol
o3l @..,aj.? Coad O‘l‘ 3 &.;.» Codamtn (Ghd) o>

&'&J)Jwéwbpaj‘ngjb/ﬁ}l& 4‘::/..:.1

’f" ‘ggv ;Jw‘fo‘)[ﬁjwdﬁw



e Sp ST Ve 5 ol gode (g lean

VY

33 53 0k (@) Ced g b e (V21 sla IS
ouf.Q&uiaﬁjﬂ;@gubgsg;@ju@y
oolizel i e oals S sl el (Ol A Sisp o
P - R S CP o Jr RGP P N N
A Coson Dol Dl D 53 5 05 e olrals
ol 53 ol J 3 Vs 51 Syl s 355 e plo
o se 45 el 3l Ais (555 Ll 3 g dla ) 5SUS g s
03 CHSSG Ol B E O s e i AL
Jo o 5o sdiihl a8 w4 Sl (ol LT
ws 3 (135 5 0l o oS A aside (54l 15l 5 e
Sl dmis (555 5 5SS (25,55 55 4SS glad s 5l (WS
Sy o S 53 [14] 5 Oldles s VNN PR Py
(s5ae) (225 2 Ok o bl 0l s (208 5 A5G
S5 s el o 3 s JUS 3 5 3lr dmios (555
P 0L o s 53 oS Ly 4D ol 4 [27] O
Gob 313 dalt ) e sSas DL 45l e +/1Y0 5 S
S o g he sl Co ol G s el S5 Ll S
wb S s s (/N0 /Y0 /r) /) S S
Al K5l Lyl Je B cenlos
Sler (O Cud 4 by (V)0 b IS5 s
JGsl sl Sl cos b ASr}'.L? YL s s 4 e lded S
Sy o C)Lﬁ- SIS 5l g S gl Loyl e b ooyl >
oA sl sl 3 S WS W e w
Bl I RS Ep e o5 5 e O 35 Aal g
3 AS ol | amis D)l Sl e (Flse 43505
dio S35 0hp S Sl B S L s 5 2500 S0 S
sl S b S OT 51 e o 53 5 gl s 0,3 5l
Ol sl @Uﬁrﬁ}l:s'/'\\‘o = ¢l (Q)Ji..i).s
o ko ol > il i (sles ke el Tor
@ amio VL OBl dmio by Slads 5 sl £AV/EY
J.gpf}l,_s /Y o Gl (V) JSKS s bl 0 £TA/A
b os O3l dmis (gles Sl agli Yo e Oloj (gl 5 4l
YL Ol amin slos Jldie 5 o slS OAYY & amis
Gls e o3 A L by e 0EV/FY amis
My SRl s slan slos OF Jlis 4 5 O3l i
Glos Sl 3 iy Odbr ik sles il Lol S e

.Cmu\ua-jjp‘-db,m

Slaglssed ((3) Coand 4 by e (V=V0) gla IS5 s
o3ls OLis glace 5l ol Vf"bv JS 005 s o324
Ol 3 0L o s s 055 o Tl a8 bl . lens
o paes Ssde L) e Cewa s ek
Obled Lol g Olis 51 A 51 iU o gidy 0555 o |25
=513 305 5 ) 3 g SIS 1 e S bzl 5
ﬁ\‘,,ag.oﬂ;Sl,\;-«Swldb'hi.Akg;.oﬂ@j‘,: s
0505 0L lacer 5 ol Lzl g 51Ok 2 7 2 o
Se b ol Ol Jots @ e a5l e SOl st
TL4] &5 o oSy by Sl e

Temperature

450.05
438.89
427.74
416.58
405.43
394.27
383.11

371.96
360.80
349.64
338.49
327.33
316.18
305.02
293.86

K]

()
Temperature K]

Rk sk 4
SR EHE GRS

()

()
J1s Ol sles sles (0 3lr dmio Slos (Ll sla, 58 A IS
DAY &Jdij‘gl&fw(:)r}ﬂ.; J"édlij’ .la).la} <C‘¢}~Ll
Sl E8e e Ol gl 456 o S5kS

’f"‘ggv a“)w"ﬂjlﬁjwdb

&‘&Jﬁdut‘*"chf)jjgfj& d‘.”vj.i.z



vy ".IZPB:}/W ol = il ] 5 prs — s oo —J..“J)L{L,J_} L P CJ[&.LW

Temperature

401.74
394.38
387.02
379.67
372.31
364.96
357.60
350.24
342.89
335.53
328.18
320.82
313.47
306.11

298.75

[K]

(<alh)

Temperature Kl

@y Py Py P By P P Ty B3, 4P3 470 0
R RN
S L Sy Gy Y S ey

Velocity [ms™1]

000000000000000 5)4'?5))'

DG %% D0 5% s

[ ntt————

()
Ol lsr sles (el fomio slas (Ll gla, 58 0V IS5
CIYE 03 sl e ety 1 DLz bglas (2 ey (D
U Ol gl U e SAS

imio Glos (o 25 SalS L us olil oS sboles
53l R s lpr sles OF s & 5 O3lr
slos Sl Ll sl e sdalin LB ¢ 5550 ) (V) IS
Sl oy glen sles il 5l miy Ol amis
ol B s Gl s O i gl OV S ole
25 s b, SIS o3l 3 Al L 0T A 5 b e
OV J52) b or ol
S Jdo 83505 lam 4 al Jl (550 51 i (O
Sy Al 5 e dils S5k lase 4 0l S

Temperature

497.47
483.19
468.90
454.62
440.34
426.06
411.78
397.50
383.22
368.94
354.66
340.38
326.09
311.81

297.53

K]

()

Temperalure [K]

AT BT,
s

(@)

@

Veloity [ms™1]

(»)
Pressure [Pa]
| I
REXXXRRINEFEEIN

()

J1s Ol slsa sles (O 3lr dmin slos (Ll sla, s 4 IS
/*\Yo 2 ‘_g\f‘)LIJ (AJCJ«J« (J ‘r}«l._v J>l> QL_"J:» .]{,Ja;— (C‘C}Ju“
4SBT0 Oy sl 4l e S5k

Wil s Ol el Sote sl 5558 5 Shee
S 5o &8 Hsboles Al e or oS LS 5 e
b oo SRl Bl e sy 5o Sl cl el (o) Cwd (4 5V)
8 e S8 LIS o 1y 288 i8IS (5 2 St 5
Al PSS s o

;@’L(d‘))d"[‘.wbwj &)f.}b/f’.}la 4;/.:..1

’f" ‘ggv {)Mfﬁj%}cfwdﬁw



e Sp ST Ve 5 ol gode (g lean

\42

80
78.02

78
76.06

76

74 72.35
72

70

68  66.51

66

64

62

60

0.007 0.01 0.0125 0.015
mass flow rate (kg/s)

Gleds = Sp Slen Blis) (Gl 035l Jlased VY S

Daily average efficiency(%)

40 —@—0/007 kg/s
——0/01 kg/s
35 —&—0/0125 kg/s

——— (/015 kg/s

Nusselt number

0 20000 40000 60000 80000 100000
Time(s)

Sl (Gl 5 OSC;‘)’“ Syl sae Y IS
q.l:;'u‘_;l.a&;ﬁ

2 LS Cll RE) Ll glas 35,8 o eslial s Jlas!
5 (Pre) sl s i 5 (EXP) 28 slaesls 5 5 L
A Al ol u":‘u:":i 9 Lﬁ"f’s LSLAoJ\J O CJ}UJ el
- e (YE) ey )y sl ool [36] A2l ke

:)J;

Sl5n Slos 4 Cored L3lr hmis slos 2t il s (Y
s ol e 4 ol 5 U Sl Ol b
Ak

-t Sl Sl sie e o SRl L (V) s
AL WP NS0 P VRGN M S E TP U L S R A
Gloa b SIS 5ty o i 40 Sl 5le &S cl opl O
5o Ao glod DL S ki 50 e beaes 3505
Syhs e g abrals Dol JEE S enS )

S bt cpl 53 sdeli s i 4 a5 L
adlital ha s opl 53 eddeslinal (Sp Sloa iy easl LYV
ol Sla o b 0 VU s e 3l Ak o
Il s O b 0 [9,18] A8 sla s
© bl Gk 5l Dl dmdo b Sl ol )~
&ijllzoblj.\_w)da Ol dmi o S a3
s e bl Sl Ul p sl s Glpa b slrals

ol el s ORI L O sl ISs
S I7] &S o 1y il ) Coiamin (sA0, 55 (S Ssa
VOV e boaslh r p S5ks o0V (o3 03 a3l (S
Loast o o ShS /N0 o 3 e33l cp R 5 Ao
AL e Ao ys VA Y ltie
—e—0/007 kg/s

—4&—0/0125 kg/s
370

360
350

—8—0/01 kg/s
—=—00/015 kg/s

B
o

Lemger%ur%(k)
N w
o O

g
o

300
290

0 50000
Time(s)

100000

&@;;&wé.@;)};—usrjflﬁ o sl Sl VY IS
il s 3 gl s

’f"‘ggv a“)w"ﬂjlﬁijL«

&‘&Jﬁdﬂt‘.wbuj&}j‘)gfj& d‘.”vj“:.z



Yo J‘W/W‘;A[A = riad] ] 3 grna —.I:@Jw—jﬁwujj —JJPJ)CJL;M

Slle a5 b 03 SSE Al sl s Ol p S
s T B R0 b 03 S Gles WJpams oS
N a3l pams 05 SSES (sl Ll [31] il 5l S sl
(0) s 5o il oo 3L 5l S Sl b pn A BV s sles
Y game Gl 03 SSUS gles 5 Cusb) o
- s s 4 a5 L [32] e on 5T ol 5 5508
Shdo g S5 Oldbms (aecin; Sla>e 5 s
SoAl Ml e Gl b S dleds S e
Et sk LapSSis 5o 1 edd 53 les basione 1~
s ol g8 51 e odl I LS el S 168
£ 5l 2eS) b e s e gles (s b s pS
Loogd oo cBgne QUi Al 3 5 (518 Sl iy
RH) e o Cusby 5 ki S8 Lo Oley S
Sty S SEs Al RIP s LB sbe
ol ol s S g o 3like sk kL
QLS Ol 5 b e a8 b 5l e s Al
D Sl 8 gl olSin 53 Ve 355 o iy U seames
S St Aaioes 4 (93555 Sled 52413 35 A AL
S AL Gl Gli S ol (SSas BB gles ol 5L
son bl L Cllae sl SES SN pae odS
oy i Sl o (TES) o) > (s5lws 55 e <DLl
[32] wsb -

Sy s ol o3 sddplasl (3laand Sl 5l by
3,5 o lal 5 5 05 4 Ol o0 05 S
L Ol 058 Jaze 5 Ll Sikis 588 ctle 5 > ()
SN s ¢l O3 Sl gl dy o Sl
(203 OS5 (55,58
SalS el oS SISl s (6550 8 b Sl el (Y
ABS e 3 L 0 SEFBSG 5 b el s L S
Al
CoSamio Jaene gla, 5SS il Sl gla, SIS (F
Lld 515 Wyl i doys V0 ssd 5 5L Ol

[34] il o 4 poas (sslal

Dyye — D,
Er (%) _ | pre exp

Do X 100 (YF)

I Sl les Sl e il SOl Gl o
AT slie b oedd iluand DI 3 oS Sloa
-L;agﬁ)lsi)\faso()@jgw‘.]@};oMLgﬂfe)\Ju\
Al 2 5 Sl Sk 5 (o) UVE) il
don b Ll A8 Gl 5 Sl & 3m 055 YU @ 4 5L
38 0L > Ol 5 Les dvlows (gl Ll 5 o0 J 5 JB (gla
3,8 18 eslinal 5550 5 5SS s

SoaliS Y puame 03 S Al b 00 SKES Liluda/
e S s dsess 5 Sl (MNE Sl b
Ll J gezes Slls 2alS 5 CukS 5 g (8 UL il 5l
B P T SIS IRUE S I -- S| P NP R L
G135 Ste Jsb 55 LageslE )l e il 5 355000
Tl b s ol 0l o G gz 5 BB Oljens
3does o gen 53 a5 oo Clad (Y yama 1151 O
03 [28] 555 0 bim Vb Cde gl Ol cuisS S5 g
Open Sun ) 5L ol 03 SKas wnw s Jb 3 sla, 48
GO gy aS el Jhe g e sy S (Drying
350 (55 0ES N s (13455 5 05 SSaE (gl 40
Je ol Lol K cV e 3l ol 5 ol
Wl LS o b 035 i aulp S als el
bS5 0SS Six Gl e 0L > Cs oy dbos Eosb,
e Jalse ol J S BB S S dados 45 S350
O S Gy b oA by 0dd Y5k«
O 4 015 2 OSD gy alee S5 5l 5 pr sl
o Ll Dblpm 5 i OLL b ol v 5 J pae kS
L iibw S 03 SSUES Gl (’Jf slsa [29] 55
5 s een w5 s e el b Slas s g Dl g
o VY Gl G sl o0 O pean (6305 55 Ol el e
23 (g oo ealinal (55,58 glacdlad 3 45) (55 IS 5

a2 s G sl B0 355 0 B e 05 S Ayl b

Sl o Glwlms 5 (52,55 psle 4 0

]f"‘gﬁ";jwf/v[eijLw



uffajf/fs SV 5 ol oo (il "

S5 elsl - i k! Lo 5 ol it Calises DY peams 055 S gla S5 0 o
2 ve or 4 [32,33] (s 03 SSES s
S5 L vo ve o
Npame | 5bre slos oay S (°C) et
REICOIEICH
400 i 00 Ao 1
350 oS e %0 v
300 S 355 T A >
3, 250 > - A Yoo1)
i e Ve-to AY VE-1)
3& 200 ,;_.;l ” " -
2 150 S0 Ve A Vo
100 Lt - v W
50 S e Ve 4 \Ae
0 I _ m s - g 0
Sl @ San ap o wn ap Sl _ q. Ve
- i:j :w wi% f: o 53 - "0 1)
- o e Sladi - A $
R s 0 A ¢
Bl ol s (gilatrs slaey3a Aglie V8 IS e s - Ar 0
Jos - A )
e Ol S ol gl s3lat] Sl e s - § i
5 s Wil (sl ol sbaailla (s3lunes i - S
Seslinad Sos @l 4 ddl o ciSas glaay o L oL f; it Yo Vo
wlens 3L @oladl pgrade luand gladlls oxS £o Y. "
05 e I35 gl il dale 8 gl s S O30 - \ ¢
Sl Gte by oS Sl Lsme S (2o ol oS 1o A 1
Ui iz ol SIS G500 0050 5 bbb (glean e ® " i
Sl e b 5 cotle oy 0T 53 A3 lasl a5 - v " ’
R S B N YCIR N V PV I SCU T S - ! ’
aksn i S e gl b iy A ] vor
wlly Sl dusa 5l L Sole Siluand sl S8 S &%}}j. ” " °
A8 & 5 oledlbl csl s ay e wlbile giludde ag }J::) :: :: ::
Sopor aups Gl Jde Ol Se gileand ¢l oy - = .
Ol (08) UK L3 wble Ctlu 5 Gilutnnd 5l mens " = " -
Lo aS Sl jasiia laag a olie @oas 5 L Caslodld osls LT "o As Ve
31000 4 S 30 elye J 2S5 siluaig sl bl ol »5 e A Y
ol e & by slaeyza 5l i it Jlas i b S
Sl "o A Y.
S slagils - o VY

JEo ) o Slod iz 5 oo L Sl s Flalns 5 (62,05 pale 4



yv J‘W/W‘;A[A = riad] ] 3 grna —.I:@Jw—jﬁwujj —JJPJ)CJL;M

U e
o S «
e B
B Sadt €
K9 o I P
b s
|y air
Sy imio PP
S SIS col
u—i‘-’f‘\eb.' conv
Sl in
o out
ks rad
(J_; slas) frb plen
SSe app
'C‘JJM hole
o 8nd
Olewsl  Sky
L - amb
SR BT~ 8
ol 4, U8 cs
4l ol

Unglazed Transpired
Solar Air Heater
Collectors

o Ay S Sss
p<.:.~iw Cod

Computational Fluid

; Sl SV Sl
Dynamics (CFD)

Reynolds number SV g, sae
Radiation Heat wials ol = Jls
Transfer ol

Convection heat ol ooyl > Jlazl
transfer S

Unsteady turbulent LLG ames] oL
flow .
Flow separation Ol s

&S 4o

Sl SIS s (mhes Dol Wl 5 0L o sl )
r o 0T 3 Shas gl catnd 05 Sl (ot
s b et 0y S IS S G ol 3
syl sl 5l el L CFD oy, 40 Sy illoms
les &S das o 0L @K:J sl gdmaw giludos
A e gl Sde iy Sp S s S
a3 OA-AY S3gdme 55 (+/0N0 /0 NYO (2/0 ) (o/rrY)
SoosliS SNV pame (5 5 St gl oS cl ol S sl
JUis 4 5 Obls dmis slos o> o5 S Lol b
dio glos Aol bl Lel il oo il 3l o 2 (glea (sles of
a:)\{ﬁ;b Ll a2 e sles b5l 51wl O3l
2l el S S LS N0 s s by e St SIS
B sl s U b SV Sals s ol 0L

340 dk;w’ Qli_/&- S Les :"‘*"l’“’ LS‘J'.’ J“.\);;f J)"a

5,8 53 eslal

(m?) >l A

(j/kg.k>ﬁ45)hiﬁ’)> oy sk S Co

(M) #1550 o p

(M) Gos d

I f

(m) glis,| H

slralr ool sl o 5 h
W/ o2 )

W/ 2) Ay il ol Iy

1) Sl s K

Ll sae Ny

ol sae P

W) &) > Jlas! Q

355 sds Re

(k) Los T

(s) Ol t

w

(m) 2,2

Sl o Glwlms 5 (52,55 psle 4 0

]f"‘gﬁ";jwf/v[eijLw



eSS Ve 5 ol ot (il VA
gﬁgzlﬁr&g&ly Sl 5 et Reverse flow 2550 ol r
. Heat flux Sl
Open Sun Drying 5t gw 5 03 S Kb SIS ab
(OSD) Mass flow rate PSS
Chamber solar dryer SSLis aliss Thermal efficiency e esil
@\;.o

10.

11.

12.

Edalati, S., Ameri, M. and Iranmanesh, M., "Comparative Performance Investigation of Mono-and Poly-Crystalline
Silicon Photovoltaic Modules for Use in Grid-Connected Photovoltaic Systems in Dry Climates"”, Applied
Energy, Vol. 160, Pp. 255-265, (2015).

Barghi Jahromi, M., Iranmanesh, M., Samimi akhijahani, H., "Thermo-Economic Evaluation of a Solar Dryer with
Evacuated Heat Pipe Collector and Energy Storage", Journal of Applied and Computational Sciences in Mechanics,
Vol. 32(1), Pp. 39-58, (2021).

Leon, M., Augustus, and Kumar, S., "Mathematical Modeling and Thermal Performance Analysis of Unglazed
Transpired Solar Collectors”, Solar Energy, Vol. 81.1, Pp. 62-75, (2007).

Badescu, V., Ciocanea, A., Budea, S., Soriga, I., "Regularizing the Operation of Unglazed Transpired Collectors by
Incorporating Phase Change Materials", Energy Conversion and Management, Vol. 15, Pp. 184:681-708, (2019).
Poole, M.R., Shah, S.B., Boyette, M.D., Stikeleather, L.F., and Cleveland, T., "Performance of a Coupled Transpired
Solar Collector-Phase Change Material-Based Thermal Energy Storage System", Energy and Buildings, Vol. 161,
Pp. 72-79, (2018).

Vaziri, R., ilkan, M. and Egelioglu, F., "Experimental Performance of Perforated Glazed Solar Air Heaters and
Unglazed Transpired Solar Air Heater", Solar Energy, Vol. 119, Pp. 251-260, (2015).

Tajdaran, S., Kendrick, C., Hopkins, E. and Bonatesta, F., "Geometrical Optimisation of Transpired Solar Collectors
Using Design of Experiments and Computational Fluid Dynamics", Solar Energy, Vol. 197, Pp. 527-537, (2020).
Bandara, W.B.M.A.C., Amarasekara, B.K., and Rupasinghe, C.P., "Assessment of the Possibility of Unglazed
Transpired Type Solar Collector to be Used for Drying Purposes: A Comparative Assessment of Efficiency of
Unglazed Transpired Type Solar Collector with Glazed Type Solar Collector", Procedia Engineering, Vol. 212, Pp.
1295-1302, (2018).

Arulanandam, S.J., Hollands, K.T. and Brundrett, E., "A CFD Heat Transfer Analysis of the Transpired Solar
Collector under No-Wind Conditions", Solar Energy, Vol. 67(1-3), Pp. 93-100, (1999).

Van Decker, G.W.E., Hollands, K.G.T., and Brunger, A.P., "Heat-Exchange Relations for Unglazed Transpired Solar
Collectors with Circular Holes on a Square or Triangular Pitch", Solar Energy, Vol. 71(1), Pp. 33-45, (2001).
Kutscher, C.F., Christensen, C., and Barker, G., "Unglazed Transpired Solar Collectors: An Aanalytic Model and
Test Results", In Proceedings of ISES Solar World Congress, Vol. 2, Pp. 1245-1250, (1991).

Fleck, B.A., Meier, R. M. and Matovi¢, M.D., "A Field Study of the Wind Effects on the Performance of an Unglazed
Transpired Solar Collector", Solar Energy, Vol. 73(3), Pp. 209-216, (2002).

P

1 aSG losd ipilezr 5 o Sl Sl s Flalns 5 (62,05 pale 4



va

JW/W sols —V,i;aJ/J.f/JM —dks doseo —j).‘f)tfujj — OJ}J CJL&M

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Gawlik, K.M. and Kutscher, C.F., "A Numerical and Experimental Investigation of Low-Conductivity Unglazed,
Transpired Solar Air Heaters", In International Solar Energy Conference, Vol. 16893, Pp. 47-55, (2002).

Tajdaran, S., Bonatesta, F., Ogden, R. and Kendrick, C., "CFD Modeling of Transpired Solar Collectors and
Characterisation of Multi-Scale Airflow and Heat Transfer Mechanisms", Solar Energy, Vol. 131, Pp. 149-164,
(2016).

Collins, M.R. and Abulkhair, H., "An Evaluation of Heat Transfer and Effectiveness for Unglazed Transpired Solar
Air Heaters", Solar Energy, Vol. 99, Pp. 231-245, (2014).

Badache, M., Rousse, D.R., Hallé, S. and Quesada, G., "Experimental and Numerical Simulation of a Two-
Dimensional Unglazed Transpired Solar Air Collector", Solar Energy, Vol. 93, Pp. 209-219, (2013).

Wang, D., Gao, M., Gao, Q., Liu, Y., Liu, Y. and Liu, J., "Experimental and Numerical Study of the Airflow and
Thermal Characteristic of Non-Uniform Transpired Solar Collector", In Building Simulation, VVol. 13, Pp. 1305-1319,
(2020).

Afzali, F., Amiri, H., Nakhaei, V. and Ameri, M., "Fabrication and Thermal Modeling of Unglazed Transpired Solar
Air Heater Collectors with Metallic (Steel) and Non-Metallic Absorber Plates", Modares Mechanical
Engineering, Vol. 17(9), Pp. 339-350, (2017).

Kutscher, C.F., "Heat Exchange Effectiveness and Pressure Drop for Air Flow through Perforated Plates with and
Without Crosswind", Vol. 116(2), Pp. 391-399, (1994).

Gholampour, M. and Ameri, M., "Design Considerations of Unglazed Transpired Collectors: Energetic and Exergetic
Studies", Journal of Solar Energy Engineering, Vol. 136(3), Pp. 031004-10, (2014).

Iranmanesh, M., Akhijahani, H.S. and Jahromi, M.S.B., "CFD Modeling and Evaluation the Performance of a Solar
Cabinet Dryer Equipped with Evacuated Tube Solar Collector and Thermal Storage System", Renewable Energy,
Vol. 145, Pp. 1192-1213, (2020).

Iranmanesh, M. and Jahromi, B., "Effect of Forced Convection and PCM Materials on an Indirect Solar Dryer
Equipped with Evacuated Heat Pipe Collector", ModaresMechanicalEngineering, Vol. 19(11), Pp. 2607-2614,
(2019).

Rabani, M., and Kalantar, V., "Numerical Investigation of the Heating Performance of Normal and New Designed
Trombewall", Heat and Mass Transfer, VVol. 52(6), Pp. 1139-1151, (2016).

Wilcox, D.C., "Formulation of the KW Turbulence Model Revisited", AIAA journal, Vol. 46(11), Pp. 2823-2838,
(2008).

Davidson, L., "Fluid Mechanics, Turbulent Flow and Turbulence Modeling", Chalmers University of Technology,
Goteborg, Sweden (Nov 2011), Pp. 1-564 (2018).

Barghi Jahromi, M.S. and Iranmanesh, M., "Experimental Investigation on the Use of PCM in a Pistachio Solar Dryer
by the Evacuated Heat Pipe Solar Collector", Journal of Pistachio Science and Technology, Vol. 3(6), pp. 73-87,
(2019).

Gunnewiek, L.H., Brundrett, E. and Hollands, K.G.T., "Flow distribution in Unglazed Transpired Plate Solar Air
Heaters of Large Area", Solar Energy, Vol. 58(4-6), Pp. 227-237, (1996).

Sl o Glwlms 5 (52,55 psle 4 0 o) o Dl il o e Sl



ujff(/f‘” SV 5 ol oo (il Ar

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Bal, L.M., Satya, S., Naik, S.N. and Meda, V., "Review of Solar Dryers with Latent Heat Storage Systems for
Agricultural Products”, Renewable and Sustainable Energy Reviews, Vol. 15(1), Pp. 876-880, (2011).

Midilli, A., "Determination of Pistachio Drying Behaviour and Conditions in a Solar Drying System", International
Journal of Energy Research, Vol. 25(8), Pp. 715-725, (2001).

Samimi-Akhijahani, H. and Arabhosseini, A., "Accelerating Drying Process of Tomato Slices in a PV-assisted Solar
Dryer Using a Sun Tracking System", Renewable Energy, Vol. 123, Pp. 428-438, (2018).

Mohsenin, N.N., "Physical Properties of Plant and Animal Materials", Physical Characteristics and Mechanical
Properties. Routledge, Vol.1, (2020).

Jahromi, M.S.B., Kalantar, V., Akhijahani, H.S. and Kargarsharifabad, H., "Recent Progress on Solar Cabinet Dryers
for Agricultural Products Equipped with Energy Storage Using Phase Change Materials", Journal of Energy
Storage, Vol. 51, P. 104434, (2022).

Fudholi, A., Sopian, K., Ruslan, M.H., Alghoul, M.A. and Sulaiman, M.Y., "Review of Solar Dryers for Agricultural
and Marine Products", Renewable and Sustainable Energy Reviews, Vol. 14(1), Pp. 1-30, (2010).

Wang, C., Guan, Z., Zhao, X. and Wang, D., "Numerical Simulation Study on Transpired Solar Air Collector", Vol.
3, Pp. 6-9, (2006).

Berville, C., Bode, F. and Croitoru, C., "Numerical Simulation Investigation of a Double Skin Transpired Solar Air
Collector", Applied Sciences, Vol. 12(1), Pp. 520, (2022).

Khosravi, A. and Malekan, M., "Effect of the Magnetic Field on the Heat Transfer Coefficient of a Fe304-Water
Ferrofluid Using Acrtificial Intelligence and CFD Simulation", The European Physical Journal Plus, Vol. 134(3), Pp.
1-18, (2019).

Andrews, G.E. and Bazdidi-Tehrani, F., "Small Diameter Film Cooling Hole Heat Transfer: The Influence of the

Number of Holes", In Turbo Expo: Power for Land, Sea, and Air, VVol. 79160, Pp. VO04T08A002, (1989).

’f:"&;jw‘fjg'g}wdﬂw ;@&J}Lf”[,»wbu_}d)jjlffj/ﬁ{gj@



	EA(32-4)-5- kalantar-Final revised.pdf
	5-revise- kalantar-s

