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ARTICLE INFORMATION ABSTRACT

In this article, the free and forced convectional heat transfer in a rectangular porous fin with considering
pressure loss across the fin length is investigated analytically. A well-known Differential transformation
method is employed to obtain the solution of energy balance equation. Convergence of obtained
solution is examined by previous works and they are found to be in a good agreement. In order to
Keywords: simulate heat transfer through porous media, Darcy model is applied. Also, convective heat transfer
Heat transfer coefficient is assumed to be constant. Dimensionless temperature distribution is defined as a function of
porous fin convection and porosity parameters. The effects of pressure loss across the fin length on the temperature
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Darcy model distribution, rate of heat transfer, fin efficiency and effectiveness of fin are also studied. A comparative
g?ﬁ'g#ic;'enmceth"d study is also made between the porous and solid fins for an equal mass of fins. It is highlighted that the
y porous fin always transfers more heat at specific condition compared to the solid fin. Results show that
all of the thermal parameters are influenced by pressure loss parameter. So in order to reach high fin

efficiency, pressure loss across the fin length should be controlled.
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Fig. 1 Schematic of the rectangular porous fin
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a function of convection parameter

Q il polis g5l 4 oluly caws 08 0 Slas (o o 0503 6 JSC&

Lo 2398 3 ikl g b lule F1 oy -3-3
by b Jsb o Lo g8 p oS5 gbulr Jl cwld ol o
ALy b olrlr 3l G0 L @) dal) 4 a2 Loyt

iy g B =0 85
k AP

V=- ;T (43)
S OREL R

d?T h(2w+2t) pk AP _

prcie (7‘””{9 - wT) (Tx)—Te) =0 (44)

AL b abmlr 5 (44) alal) )0 058 e alamdle a5 sl Lo
380 5 s el 0t G (43) alal, 13 Szge By S
ably 18,5 5 50 b ey bl oo )l ol g0 ol >l

g lgi oo o] Giluan o 5 @4)
- (K+¢0=0 (45)
Jo 3l adlios (D) alal, 5500 by alad @5 alal, Sipe Ly

odd dmp D)l 42,0 @i Jloged bgye (55 Ll 079 (45) Wolee
gd e Jolo "7 S L Billas sk sl jo (b

Slp o Job 0 oud om0 Ol 4 s mes TS L sillas

a# 0,0 =0 gy yumed (b o) a@=0,+0

0s =-0.2(5=0),a=0(8=0),c=+0 2(8=0),
a=+0.4(=0),0=+0.6(5=0),0=0
0.4 L] T T L] 1
0 0.2 04 0.6 0.8 1
v

Fig. 7 Dimensionless temperature distribution along the length of
porous fin for different values of a and 8 parameters

cilizee polie lil a4 (Jsb liwly ;0 ool dmo les mjs loged 1 S

ap

397

Qum = hPL(Ty — Teo @7)
by olg e (35) alal, 40 BT7) 5 (36) Lalg, opols 3L Jb>

Y RP(TOO)-Tw)dx (1
Sy RPL(Ty—Ta) Jo 0@)dy (38)

ol gl plmlr bl s n G sl Jlogel e
Sl olas "5 JS_.’:." G le e |y @ alise

e polie Cuo & @ Gl L 4 i e "5 UK ilae
@l led 4 osllas s 5T a (T3l Gl b se (Rl 0 003l
e jlad fbolF ciie polie s w @ (Il L oS cde )
Sz 0 Jlw S8 G amm po 5 wlhiee (R Ol ey
b > Sl JUE oS s55se e ol () 5 L 2l Sl ol
Dpbse o3l RIPl Carge Soled g awdl Pl Jal.
b ool e polie Caaw 4@ oS L a5 CaS g ce pizren
DT Hleaindy Cgllasli (631 a8 wl o alS

SLad il il g Jorliio b 0 Shos gy -2-3
1y, (39) ably Sygd s 1) b 0 Sl o pd o0
Qr

= — 39
€ Qfp (39)

b o sl ol 58 Ay 50 I &)l Jlaie Qppy 398 selal 5o
Sygo d by bl o W oyl Jasl galal, T owls g W ohe
(obg ol oo (40) alal,

hPt
Qp =5 (T —To) (40)
by olgsse (39) abuly 40 (40) 5 36) Luly, oyols 3 L >
_ [P2rP(T(0)-Te)dx o1
= = 0 -
owb_aa LRJ)*-’ B:3) Q)}*ﬁ LW ‘(41) M‘) »°
W= % (42)

Sl el bl casy b 0 Slee oo lged Guizmen
ls e "6 IS a4y olgies |, @ ciliee pyolia

Wote polie oo 4 @ Ligldl b a5 caf oy o "6 JS" Gillae
@ ool gla ol G wbioe GRIBl 58 b 0 Sles e
e 8 5l x50 Sl Ol g @ GRSl (i e Sl
Cayd amdl po gl Sals Jale (b 0 ol Ul g ead oS
gdiee o5 b 0 Sles

0.1 4

4

Fig. 5 Efficiency of porous fin for different values of convection and «
parameter

a Glige polie glil a4 ol a8 )l 003l Jloges 5 &

6 ojlosb 17 0931396 093 ]k Auu)'A.s Llse Fodis


http://journals.modares.ac.ir/article-15-1588-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:09 IRDT on Sunday May 13th 2018

I9330x0 Loy Joxo 9 )'AT),." Oledw

DTM llxidess by 43 Slabiue alite b Jodtio b )3 olaly Grub lmb woba Jsl w0

‘“{\\
0.9 1 N

Wi a=+0.4(=0),0=0,0=0(f=0),
0.8 - N a=-0.2(5=0),6=-0.4(8=0)

0.7 1
0.6 1
0.5 1
0.4 1

——

03 - N -

02 4 —=

0.1 4

Fig. 9 Efficiency of porous fin for different values of convection, o and
B parameters

polie gl a4 glmle el )l sy s 508 003l Ol Jloges 9 S
a, B e

lp 5 Sl o3l Jloged wsh oo alixdle &S jebles
odd o, @ F 0, =0 > gl uzmen @ =0,#0 jlais
Ol JUE p il (285 k5 50 b aS S lgs e Sl cnl 55 e
b 003k Ses —0.4 Jlaie 5404 5l Joie 2als 58 =0 Lo
A g0 Gl =2 logel a4z b Gizmen wboe (Rl SRS
Slxl plrle b glp &5 oS Gox g f=a=0,3a=0
@bl o)l JEsl el o5 (Gl 4 Cans JHRe (08 005k
(=3 om 2B b gl prmes ailoe jlin ol b
B=0,a=3a=0 glcll> gl Jodxn b o)l i oo
g b b 158142.3% laie 4, 32.5% e 51 =04
bzl gluls db 4 b baly Cd o)l Jish apls

Al se (21331 10% Tsgam ols Y cnl sl o 035k

ot ofdes cups G2l g (b @bmle Sl (ow)p -6-3
b @by el Sio b gl Jolie g o Shee o p2 sl
wl) JH el gl abs e jlages g (oo )l JUil alslee
2058 s 10 UK 050
Fabl o JolSie (88 Shee o po Jlaged (398 S Balla
a#0,=0cl> 4lp uzmer sa =0, #0 Jaie slp Jxbss
Oyl Jil 5l 2855 Sl o bl cnl Gllas sl oads o,
coys Sos =04 Juie G +04 jla Juie alS s =0 s,L>
(S 2 oged @y azg b uizmen aibioe Gl Jodoie (8 0 Slas
A glp &S S ez e B=a=03a =0 5 sy
Pl &5 (o @ o Jibe 08 3 Slee oo )l ol
P b gl asloe il (b olule o)l > Sl
a =0 sl @l Jobin b 0 Shee oo oS Ol (=3
aboe 31270 Jaie 40975 Juis 1 =0, =-04 4
A 4 b plulr Al ol J) el s b
30% Togas ol oVl cnl slp ot 0,Shee cuye 6 bxl obul>

6 0 )laids 17 0,93 1396 )55 s ()30 SilSe s

Ol Bl 0gh g0 alaxde 4 jsbjlen el 00l paw 5 (5 Ll olbul>)
Lgyye covin Crons &y Lod my355 Sonie +0.6 jlaie U —0.2 jlais 51 @
Jsl p3lSe 35 o8 08 Llaial iz ole e @ = 0 &
@ =406 3255 b s b f =0 wil s lel sbuls byo o)l >
b Ol Jl 0586 a5 el s e Ol a0 a6
slo @ Gl b f =0 clls gly a5 €S Gl oo uizmen abl oo

2,5 sbul 1y s ol Blgs oo 58 )bzl pluls 0588

od )l JUKI g5 1 gibl g b bl ST (o) 2 -4-3
o (b @ oo
B o slil & (b Jsb 10 ool ane Ol azpe a5l
Cewdty ) oo (8 @ S SRl 8 o |, o)l JUI 2 Gl o
Sl &l JEsl # 5 a0 Jodies oo 10 e JESH F 5 S 205
ol 0 00ls ylis "8 UK 0 B g @ wglite polie

L (k! ol 25580) B = 0 el 6l "8 S8 L il
&y sl sy o +0.7 JJaie b —0.2 jlode jl @ jlade (il
Ol s Sy @ = 0 > o Clo (58 4 Cand J5xdsie o8 0
P LB=0 sl o lel obuls bro o)l Jiul plse 3, cus
4 JHR e o o)l J e Gl @ = +0.7 o285 L
@bl o)l Ul el o cl (b Gilaie (8 o e
Al F LB =0 cdlo gl a5 eiS g oo eizmen Wil b
RIS clo bime & e Lo o ol JUSl o (e
Ll onl Glgiee 38 solx! @lulr prille b bye (il (o
5,5 olew]

o (ol 03l ikl g b el P )z -5-3
AL

Olgise @yl JEl dolee 5l crb ol il )l Bio b 005l 6l

2,5 oo "9 S S jg0 |y S5 el s 0830 yloges

1.2 =
14 gl
0=-0.2(f=0),6=0(6=0),0=+0.4(6=0), S 7
=+0.6(8=0),0=+0.7(5=0),0=0 .
038 .
t" s - -
X
0.6 . - -
£ A -~ -
o . - .-
’r”’ -~ - -
04 o
A // -
/’ - -
0.2 - £
(PR
A
Lo
0 T
0 0.2 0.4 0.6 0.8 1
T

Fig. 8 Thermo-geometric fin parameter dependency of the ratio of
porous fin to solid fin heat transfer rate for different values of o and 8
parameters
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Fig. 10 Effectiveness of porous fin for different values of o and §
parameters as a function of convection parameter
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