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ARTICLE INFORMATION ABSTRACT
Original Research Paper In present study, heat transfer in double-tube heat exchanger filled with metal porous material has been
Received 21 December 2015 investigated. In contrast to most of the previous studies, fluid flow is considered turbulent in heat
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‘Available Online 02 March 2016 exchanger which is in good agreement with the practical performance of these exchangers in the

industry. Fluid flow and heat transfer equations have been discretized on a collocated grid by means of
finite volume method with simple algorithm. Discretized equations are solved with a numerical program

Keywords:

Heat Transfer in FORTRAN language in order to study the effect of porous material parameters and Reynolds of fluid
Turbulent Flow flow on the heat transfer in double-tube heat exchanger. According to the results and analysis of
Porous material porosity in the range of 0.8 to 0.95 as well as pore diameter of 1 mm up to 6 mm and diverse types of

Double-tube Heat Exchange

Performancs Evaluation Criteria porous material, it is observed that the decrease in porosity, the increase in pore diameter and the use of

copper porous material (with high heat conduction coefficient), increase heat transfer. In the best case,
overall heat transfer coefficient increases up to 7 times. Moreover, the results reveal that the heat
transfer enhancement ratio has no distinct difference with changing Reynolds number of turbulent flow
in the range of 10000 to 80000. Performance evaluation criteria, which investigate the effects of pump
lost power and thermal power, shows that with using porous material the value of the pump lost power
is of major importance, and can be decreased by increasing the porous pore diameter.
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Fig. 1 Schematic of the double-tube heat exchanger filled with porous
material
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! Performance evaluation criteria
? Upwind differencing scheme

® Central differencing scheme

“ strongly Implicit Procedure

® Under-relaxation Factor

3 osleis 16 095 1395 sls i (e Suilke waiie


https://dorl.net/dor/20.1001.1.10275940.1395.16.3.13.0
https://mme.modares.ac.ir/article-15-2594-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1395.16.3.13.0]

Ul 9 Sbles Léule

Obgainke Jlw olipa @l Jxbio osbe )l oausT Glalgled Subha Jdue w9 sl Jliil sd3e asllos

1
0.8&
_06f -
) "
CD'E I .
0.4f S
I Re=20000
E-NTU
02F ] Present study
O L 1 1 1 1
0 200 400 600 800 1000
L/R

Fig. 4 Comparison of Mean dimensionless temperature of inner tube, of
present CFD results and £ -NTU method

9 )..aL> &oas L_gAaJUa.c CJL:J dl;} R u.:il:,o ‘_g'.aé &9 Lgé...«gl.&n 4 JSJ»
&-NTU 3y,

Q)‘):> JLM‘ oo as g sp 03 R PR WS ca)BT LS“UBJ 99 6_7)‘?
oo il jlade 4y g 00,5 lay rals U3l sdly) o Jhw olul>
@bl o)l JEl cuys Gln mSae soku g Wg) een 0S5 e
s £y ol 31 salg) cam B 5 o ol & oyl sdls)
o 43,5 155 35 55 ) 59 53 Sl 5 stin Lyl o 555 e
oslatwl g adly plp SouSo Ly 95 nl (2l &) JUSl oo po &5
coypo &S by 1yl pliace Ao g0 » o Jadiie ool
Al el s Syles (6,50 gl b dgd o Jlow &l > il
el L8 0590 bl gl oo b dlg) (o e ools l eslannl s
sl 5l e G Joee U5 ol JUil e 5SS o rizen
oads oals Hlis 008 o Jols dyl o ol ol Jlasl oo
699,59 &> a5 eyl 1 90 ;0 Cu o ol Jlade a5 058 o cualice .l
Ly olade (e dlg) 35700 )0 g e o ylien albige g o by
Slade 5l ojlsen oo pl Jlade a5 05d o cdwlin piores (Cul)ls
oS G e slodly) S s ol S JU
o ools ul...; ).pb- saliws Ls_':')|).> ;...9[;4.»..:53 J}b 6 JS...: 5 o
5 olime el ok awlie ol bz slp 09750 (el bl L
b &)l (Sidbanwgs Job o Jlos slabaly o b > slp o Sen
Cewds (36) (sdoles &y Jlw g Jodidia oole 5l oo s

[36] wiles o

X
X =— —=d dz(kf,eff/ks‘eff)
dev =R Repr ¢

+ dSedzt(kf‘eff/ks‘eff) (36)
el 53 Oygar el polic (36) salal, jo a5

d, =0.3608, d,=0.001339,
ds = —0.3526, d, = —0.8357

Sblarwy Job lade 35 ce canlin 6 K&y a5 jebcles
iy Gl Wb Rl Sl Colbe cans WIHI L Sl
FSop et ol 4 Sans 450 2 T bz o T lade J s lade

* Order of magnitude

3 osleit 16 095 1395 sls )i (Hurde Suilke wiiie

by @ls g Wl K0S b el Billad anlllas g0 ol 5l Jol> mlis
Lol e JolSie lamme b (igtie Jlw Gl sl s00s

«slalglgs L5'>')|).> Joe o eoue gaalip o Slase G =3 &lp
E-NTU s, 5l Jol> mls b ol gadlas 5l Jol> goue ml
b rol sl lglys ()l Jome jshite oy 2305 (o0 dmlie
3 J5dseie oole ) eolaiul g g ladlgd 1,0 20000 il oL, e,
e sy 59 53 Sl ool Sl JS oy 355 0n 55,5 1
S g0 dumalze oy dS galal, 51 E-NTU ig, 40 solatul glp J)l>
[28]

hD

Nu = T 0.023Re8pPro* (35)

S g 5l (e Sl e Sl sles mls 4 UKo

Joe cilize sladsb 10 E-NTU g, 5 2l aslllas gl (Bgmi(L))
Jo @l cul pasie JSO ol 3 o5 jeblen il odl oy (Sl
ol gous asliy 5l oolarul § canl o035 E-NTU iy, ol 4 go0e

RUN R Z P PN PR Y JE g KOS WE Sy

coy g mbi-2-4
SIS 5 abnler @)l Jal o pe Sl e p @l iR cnl o
Do g Al diges galiuw jo Jodiine ool g Jlw sles gumgo
sz ) adlhsn 2 S Sl sllan 5l (saallln 5 diges selinns
ﬁ‘ﬁ L;a;é} )Ja3 0.85 ).:|).: J}z.L?u Q‘):" 20000 l; ):‘).: LmA.J}J o ub)}
» ;_415 218 L ).:|).: J.?tl?z.go oole L_‘f)l)> w‘d.sb oyl 9 ).Lobim 2.5 L
2 8l e Jsdse oole b g b, Sleogas i b aslsl 5o (opelS e
s Sl (o) & 5 Rl )3 008 (0 (o) Wl O g Sy
e b Gy 55 Sl Jome 0 SSkae ol s 5 SIS JU
D9l g0 &S 5y e Dliogas cov ol

ladly 51 Sy o bl Sl J gy Sl 5SS 5
Joe B Oyl JEl pl Sl Geizes 5 (215 5 5

1
I Re=50000, ¢ =0.6
0.8 K=0.000004
Present study
L Silva and de Lemos
0.6
5 |
0.4
0.2F
O_IIIAIIAKIIAIIAIIIAIIIlllllllll‘llll
0 0.4 0.8 1.2 1.6 2 2.4 2.8

i,
Fig. 3 Mean velocity profile comparison of present results and Silva
and de Lemos [35]

gl 5 sk s 5 pol> (saalllas sl Lawgte Sy g5 (Samslie 3 JSCB
[35]

178


https://dorl.net/dor/20.1001.1.10275940.1395.16.3.13.0
https://mme.modares.ac.ir/article-15-2594-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1395.16.3.13.0]

Ul 9 Sibles Léule

Ol gaiie Juw 9l sl JxdXie osle )l oausT Glalgled Subha Jdue w9 sl Jliil sd3e asllos

0.1

0.08

0.02 310

(=]
w

15
x (m)

(a) Fluid temperature

0.1 T (K)
349
345
342
338
335
331
328
324
321
317
314
310
307
303
300

0.08

0.06

7 (m)

0.04

0.02

(=]
w
—_
o

15

(b) Solid temperature
0.1

0.08

0.06

7 (m)

0.04

314

0.02 510

10
x (m)
(c) Without porous
Fig. 7 Contour of fluid(a) and solid(b) temperature in example problem
and comparing by without porous (c)

o b T dglie g 2ig0s salins (51 () aalz 5 (a) oo slos 5l 7 S
(€) Jsdsie oobs y5

Ol JUsl e Sl Jowe 5o Jodsiine oole 1 eolaiwl b aS 548 oo
St Gl Jalie oole g Ll 4 Cd (Gl Jue 0
S sledly) 1o vme xSl lod Slyes ot bl b
Slal (Jodscte o3le )5 Batie 0Lz sl b RIFI (25 s
Gl [B7] ol Jidsin ool o 515 ibiie 1 ol sloals S
b Gl als JSas glaals )3 oleyl Jdsvie oole (slao,a> lad
JEl azs jo g adly olidl solozel cacs 65,0 jlade ol cpa

179

6
i
!
! |
I Re=20000, ¢ =0.85, k /k=342.2 !
o 4P d=2.5mm )
I h :
AN U QUA1/h+1/h) ,
) N, -
SIS S — e
0 1 1 1 1
0 40 80 120 160 200

xR,
1
Fig. 5 Investigation of convection and Overall heat transfer coefficient
in example problem

diged galinme y3 (M 5 olole &> Jl cope om0 D UKD

100__ ——————— Laminar flow (Dehghan et al.)
E — —m— — Turbulent flow (Present study)
1> .\.\'
10" s,
E Sl
5 S
><10-z:_ T~
-~ m -
[ ~ .
-3 ~ -
10 g st
10—4 L ol L gl L PR | L IR A
10* 10" 10° 10' 10°
ks,eﬁ/kf,eff

Fig. 6 Dimensionless thermally developing length for laminar [36] and
turbulent flow in different heat conduction coefficient ratios

2 pisa 3 [36] p)T by ly s S (Sblasey Job 6 JSb
Gl ) ol s b

Sl S5 sole 5 Jlow sled (gamgs BIF 7D 5 7-8 sla S yo
s 45 35 e o SIS g0 pl 0 el oo 005 Aiges (galive
Ao boply (25 sy 55y p ot Sz 50 Ml g Sl Gleo
VSOV NIVOU R FIRpRIRSNRFRIN e e
SIS Syslme 4o o sled Sl Jlow oy 55>
4 e sl yis (elz) Jxleie oole (slod Dl peaks condh 4 S
3 Colad oy e YU g dg) 90 o ojlas Culoe og b o
b sles gizie ol g 5zl &l > Jl oojlaz cpl 5o las ol
95 @l 12 9590 oal Sl LS o W (o 0)la o 93 0 el b g
sl gamgs BIF T-C S o [13] sgi e oumlice jui o Sen g
oads 03,91 Jodseie eole i solitul (e llglgs Sl Joawe jo Jlew
oole 3l oolizul b a8 09 oo oays 78 GBI 5 L G5 -l sanslio bl
Sl By sl o Sl oS (i Jae o b
e e
Sag 5SSl slos  JAdSe osle 0yd> jlaS s 18 S
sanlie S35 ol yo el 00 0nygl )l 5 5 slody) Jsb o

3 o)l 16 )93 1395 S A )3 Sulke widie


https://dorl.net/dor/20.1001.1.10275940.1395.16.3.13.0
https://mme.modares.ac.ir/article-15-2594-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1395.16.3.13.0]

Ul 9 Sbles Léule

Obgainke Jlw olipa @l Jxbio osbe )l oausT Glalgled Subha Jdue w9 sl Jliil sd3e asllos

0.8

0.6
z |
€ 0 Re=20000, $=0.85, k=0.637 T~
0.4 without porous N
I ———— k/k=1
i - — — = k/k=549
0.2}F - k/k=2249
I k/k=342.2
I —— —— k/k=6295
O L I U T G [ (N T (O T O W VA Vo N VS VO W Vi N VN T
0 40 80 120 160 200
X/I?l

Fig. 9 Effect of porous to fluid conductivity ratio on dimensionless
mean temperature of inner tube

5l sles w4 S5 oobs )l culan (o cos 519 JSSH
Sl Ayl o o

<F 06
Re=20000, (7lp =2.5mm, k/k=342.2

without porous

0.4

0 ) S U S S S E——
0 40 80 120 160 200

Fig. 10 Effect of porosity on dimensionless mean temperature of inner
tube

L3I g s Sl slas  Jlie ool Jidss e 51 10 JS

|
10F
i
\ Re=20000, $=0.85, k /k=342.2
8\ — ——— Re=1000
\\ — Re=10000
N — — — — Re=20000
6 R, W e Re=40000

rrrrrrrrrrrrrrrrrrrrrrrrr Re=80000

QQ, (Whn')

4 s e,

I ~

- \\

2:‘ \\\

- \\\

e S 0w

L o 30 120 160 200
xR,

Fig. 11 Effect of Reynolds number on heat transfer ratio in double-tube
heat exchanger

Slglss )l Jawe jo Oyl Jl cans  jalen; sae J11T Ko

o331 [85,19] ssir e oyl JE! aal3l 4z o 5 Jlw by
Colas cupo Gl e (0713) alslas b @llae ol > ilesdl

3 osleit 16 095 1395 sls )i (Hurde Suilke wiiie

A Gl L A st eaalie 8 JSD 0 b e o)l
5 1 oyl an e eSile (slod Slysd s ¢ el ole (sloo yi
oo Gl glalglgs (e Jase jo ol JEl azes o

2 b @ dolie oole )l ol oyl cons 19 S 0
s cpl jocwl o eols plas A3l sdle) an o 2Kk sbes (s,
Syl JED sl S bl e ol 45 b 4 sed s soline
4 Cowd ghato o 0 A sdlg) Jlaw sles a0 g ali8l Sl
ol o po o e o sl pRelS Ui oole (90 Gl >
Lms Sy 5 25 s il Shae Je osle ol
Syl JEl Gl cos i e 2l Ol JUiml o 6yl ol
Jolo Jilie Lo 5 ol ezl il ol ) ead e
Sl po Gl Gt ;5 &5 ol bz By il 005 0
i by S a8 Sl e & e asle
5 Olor ilazél L3t L sdse bz 5 [38A] WS el (pmgine
5 Sl sl ol Gcans 3 ol Jl Gige colis oyl
5 e (slaasle S ol s slafoged 5 iy Go3H li
pseieed] (ks/ke=2249) qusie (ks/ke=549) oy Jolo
WS 3 gy 3y9e (ks/kp=6295) o 5 (ks/ks=3422)
i s il b o5 Ceal 5151 S o oged ol (stumglie 2
ol b el 6 pReir jeba Jlw wne (Sl sled (5>
Jaee slodlg) 3o Jlws 53 ot Sl JU igl3l 45 o oo Lt el
Jobsee bamms Lo 5IVL Glalecdl b Jlw obyz jee 5l (G50 (5>
RUIWON P AR S

Ol sles 59y 2 SRl osle SRl jlaie 3110 JSs s
aS 09 oo oddlin SO cpl jo el 0als ols ylis JSls sdlg) w0
%‘Mwﬁﬁ)wdoébw‘wbwg}ﬂmmbﬂ
Joie oole yige Colaw oy cplplo g 00g yiian alg) jo (a)b YL
il al38 ) Jase 55 Sl JU ol s el Sl S
5 b S p @395 (ke ks b 35 ole opl)T (> 5o e
Sl 5 93,5 on e J syt s Sl JU o 58
oolazel bl o oals ol 5)50 50y ogdle JulStie cole ¢ jigidiae

B ~ ~G -
@E i Re=20000, $=0.85 ™ R - el
i k/k=342.2 ~ .
0.4 ——— without porous S~
+ dp =1 mm
L d=2.5mm
z d,=6 mm
i s S
— . o
120 160 200
/R,

Fig. 8 Effect of porous pore diameter on dimensionless mean
temperature of inner tube

5 1 g 50 j0 wm o (Sl slos  Jolsie oole 0 ja> S8 518 b
s

180


https://dorl.net/dor/20.1001.1.10275940.1395.16.3.13.0
https://mme.modares.ac.ir/article-15-2594-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1395.16.3.13.0]

Ul 9 Sibles Léule

Obgainke Jlw olipa @l Jxbio osbe )l oausT Glalgled Subha Jdue w9 sl Jliil sd3e asllos

5

107
F Re=20000 - - — dp=1 mm
——-— dp=2_51nm
R dp=61nm
=
- -
e
2
T s -
S 10 DR B,
S e
10° L —— ' o5 ' ; ' o
0.8 0.85 R 0.9 0.95
o (a)
| Re=20000
........... - R— dp =6 mm, k /k=629.5
- —® — d=6mm, k/k=549
| —-—@-— d=1mm, k/k=629.5
(0273 SR A 2 471 mm. k=549
S .. )
s I T
E v
02 w - - _ _ _ R [
L P P o .
_ﬁ.. ___________ .
A A A A
ol—t ' . :
0.8 0.85 0.9 0.95

¢
(b)
Fig. 13 Investigation of pump lost power (a) and PEC (b) in different
property of porous material

sole Gl sl s 55 (D) PEC 5 (8) ceny o5 Bl oms, e 13 JSCi

a0 a8l i ke eole gy s 4y Jlklio olo by 5>
eay o5 0T bt oolo 3l eslil b a5 ams oo Lt JS ol b
G S5 ) ol e I oS B sk Ladly) s
Gl s 5 o s 5 5 boly) o ke asle aam o5l ko
Sl azmis )3 tab oo (Rl G JodSie oole (6200308 (rizmen b
G5 o 55 0y B i3 355 g o s o Sl Lt
oy Ol Bl g Lad cdl BT )0 5 sad oSt eole (6 pdyshs
ol S ol il el ool olis Jibie osle Gilie Sliogas
sl Sl S8 (g00e o)lgad piw 8, Shoe b)) Jlae 45T wBS 0
ssalics 55 b o] olyz b gl oKan g 55 lalllas 5 0,50 o
a8l Glil 5l 2ol g Xl ol mals ams o [13,12] coul sai
lajloges & 425 b ol open Sl anlllas 3590 (5> Joe po ,La3
L a5 5 e oonline Jidite solo slozaly iy b 5 13-D S
Jore olgise Jodiie gosle )l Culid oy g eyi kb il
oS Cadl o cpliols ualdl g0l Jlade U1y e o Slee b))
Ol s sl pl o)l (65508 ol J5il55 jlade 4 i 3 Shae
1, 2l sl ealS gz b o J5S e ialidl L o5 ced

181

a5 Lol 51008 oo Oyl JUl g 4z o 5 Jbw Sge Sl
Otlnle o) s sabal) Lz jalsn; sae b ol Alazel lade
Go9ro ol gadlllas o Oyl Jl g5, 2 jsn, sae Sl gw)n
3 Syl JEl jlade Cond ) 5y sae 36 1TSS s 0 s
AL JS8 l 3gee j97e amd e (LaS | addllas 890 () Joe
e 4 oo oole 1 eolainl cdl> o ouls Jie sl S jlade Cas
S b a5 00 oo 0y ISl jo el J5dsie oole 3 eolail g0y
O S lade ais 80000 b 10000 ;i sgdse b, j00en, sae
Sl aS 09 o odalive (plpls el as 0 15 sgum calisee slojloges
Sl Jlie o &yl JUl gm0 Jidite sole o Lplazél il
@ el S Ol JUH v By S @ e et
S hetae by it lasalsn; sl S Glgiee S0 Sk
5 e Sy ol K2 4 Loy Sl Jlil e s b
ol b,z 45 1000 3005ty sl @l JUE S5 s 11 IS5
aSx =0 ,0 oyl Gl 6l a5 05 0 0035 ol 00 005 55 el
5 ol Bl oKt il Ol JE sl sy (s08)s
Lol ity Ghgdiae bz 4 Cand Sl onl o &)l Uil Cos
o 33 0 oot S il 4531 s & 5 oo slid, 3 5
5 g adl guad mals el s o Jhw sles B w08 T o dlols
e e e R ool el b ol JUl s Az
S0 Gigdde Ol 4 Sl Gl e JRe ool il eolinl
2,00 &l ye JUil Sgate (555 32 6 ymden

Sl Jae I ol Sl co o Sl cuns 12 IS5 5o
pblen el o 035 ke sole Giliies Slogas sl sllglso
S5l S5 5 sodgae 40 ojlaen JSE pl sla loged 945 so 0dys A
sly lglss Gl Joawe o il JUl calple 5 wils 13
50 b o il Bal gy a5 olaosl o e cole sla yiel )l
oyi a5 0.8 Ll Jklss Slogas b 53l Jslilis asle o5 2>
(Ume) 6295 1y o & sl (5,2 Clad s 5 o e B L
s GlB Rl T 6 Gl S IS ol Jlel g 0wl

U sladlg) yo Lad ol il s Sl ol Coms 13- S 4o

10

i Re=20000
C S d,=6 mm, k/k=629.5
sk —-—@--— d=1mm,k/k=6295
i — —® — d=6mm, k/k=54.9
F v . v ——A—— d =1 mm, k/k=54.9
P
Qo I B S
S o T =
aF e
L T
Lo~ - T ~—
L Bo— e [ L4
[T
ol ' : :

=
®
=i
0
&
4
o
=
©
W

Fig. 12 Enhancement overall heat transfer coefficient ratio in different
property of porous material

sole Gilie Sliogas o Oyl JE S ays S Coms 12 JSKCB

3 osleis 16 095 1395 sls i (e Suilke waiie


https://dorl.net/dor/20.1001.1.10275940.1395.16.3.13.0
https://mme.modares.ac.ir/article-15-2594-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1395.16.3.13.0]

Ul 9 Sblen Léule

obgaike Jlw olipa sl Jxbio osbe )l oausT slalgled Subha Jdue w9rs il JUiil sd3e asllos

(WmTK™) Jobscta oole colos oo
(WmTK™) Jodsite oole jige colan copo
(Pa) ,Lzé

Jols sleaslg slass

il oae

(Wm?2) Jsls dgd 55, » (> calan Lo
(M) Jols dgf g0 elad

(M) 1o dgf Gy m elad

(M) > 4y glas

gy ae

oy g, dae

Oyl 0

(K) b sles

(K) Jedzxie oole sloos

(110 JOVSU

(MB7) Slogi ey o

(MB) oI sl

(TB7) 59559 Jloms 2 oo

(W) gl o Jlow jlas il G 50 sy (g3 S
(m ) slalgwl Glaise jooe

el yaxie

(kgm™®) Jis>

(kgm™s™) Sols )

(M?s™) (Slaps <)

(KOM™S™) Sy Sl solsdl el
ns'.‘)i""" )'—.:-'-4

(MS™) Gagtae (oioiz (53,1 ST &5
Sn Sl JUE o 3SLo s e JUES S
Jlws 6551 sl (oolaael Juilyy sae

£ oy slasil Jl, sue

K ol onlazél Joly sae

S ke sles

S s

Py

Jbws

5
RN
g B!
Sle
S
ol

Jbw 5 2l

3 osleits 16 095 1395 sls ya (urde Suilke wiie

ks

ks eft
P
NTU
Pr

Q

Ry
R,
R;
Re
Rep
St

Ot
O-S

Ok

L w553

dev
eff

Sf

Wb oo Grals

S 5 domii § S -5
Jew Ol lr Sgdss ol Jue jo ol Jlil adlas ool o
sl sS85 1B )y 0,50 538 ot eole jloaiST 5 hsdiae
b Jol>

S o Jiasl oy Sl Jawe jo Jadse oole I solatl
Sgut plp 7 090 b Cllo s 2y 50 9 w0 Giulidl 1) Jodsie oolo
Syls g el o)l Jul

ools i il o 0.8 5 0.95 (sojly o Jlss ke tals
50 Oyl Bl (s 5 s g odd Jige Sl Colas g o g e
Hhed S8l JHSS Jlade palS wizpa aidu e S ) Sl Joee
R N S e

DL a8 6 L oy ;5 Sl asle oo b e sy
Coals 3 slal 5 o ypiudeni il o 0y b igldl &S amo e
5 Ok LK Cui e wadioe SR Luze ;0 hetie (L
il oo SRR 5 Lad il g il pe Gl ol Jla]

ol sl 5l gz By etie Sl olyr
Jowe 3o Sl JEl ol 4 il ool 5 colin cyyps
o Coal oy clalazdl F bl s el ool b e 131 5>
Ol JEl G po s (nl lade SRl se2g o] 0Ly 5o
@ oo ol SR eole sl s Wl Gl S e 5
ey g0 093 e (YL

Zows 80000 G 10000 ;1 sgiio by j0gn, sae iol¥l b
a5 aed o i mls Wiz ye ol Sl e o)l Jl see
sl g 0l ) st o1 0l 58 Ol JUH Sgg S

3 o b I L S smsge ol 3,Shae b3 one (s
Syt 1y s 3,5ae Slyize S odle il alin st
i il Al asle JA10 ke (il ol (ol iy
S ey ol

e S yed -6

(m?) dg) ilr colows 45
oz sd Cr

k—g Joo ol culo 0.0y
(kg™K™) o o325 sl Ce
(57) 25 &5 ssmils D

(m) oyi> s dp

Fls oyl Slaol g o f
(M8*) sl 5 b 9

@bl &)l Jl o h
(m?) Jslseio oole (5 2343985 K
(mfs?) alesel acs 65,0 k
(WmTK™) jge Colon cu o kege
(WmK™) o Colaa oo ke
(WmK™) Jlw jgo culan cu o ke et
182


https://dorl.net/dor/20.1001.1.10275940.1395.16.3.13.0
https://mme.modares.ac.ir/article-15-2594-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1395.16.3.13.0]

Ul 9 Sbles Léule

obgaike Jlw olipa sl Jxbio osbe )l oausT slalgled Subha Jdue w9rs il JUiil sd3e asllos

[9] W. Lu, C. Zhao, S. Tassou, Thermal analysis on metal-foam filled heat
exchangers. Part I: Metal-foam filled pipes, International Journal of Heat
and Mass Transfer, Vol. 49, No. 15, pp. 2751-2761, 2006.

[10] Y. Du, Z. Qu, C.-Y. Zhao, W. Tao, Numerical study of conjugated heat
transfer in metal foam filled double-pipe, International journal of heat and
mass transfer, Vol. 53, No. 21, pp. 4899-4907, 2010.

[11] H. Xu, Z. Qu, W. Tao, Analytical solution of forced convective heat transfer
in tubes partially filled with metallic foam using the two-equation model,
International Journal of Heat and Mass Transfer, Vol. 54, No. 17, pp. 3846-
3855, 2011.

[12] Z. Qu, H. Xu, W. Tao, Fully developed forced convective heat transfer in an
annulus partially filled with metallic foams: an analytical solution,
International Journal of Heat and Mass Transfer, Vol. 55, No. 25, pp. 7508-
7519, 2012.

[13] H. Xu, Z. Qu, W. Tao, Numerical investigation on self-coupling heat transfer
in a counter-flow double-pipe heat exchanger filled with metallic foams,
Applied Thermal Engineering, Vol. 66, No. 1, pp. 43-54, 2014.

[14] N. Targui, H. Kahalerras, Analysis of fluid flow and heat transfer in a double
pipe heat exchanger with porous structures, Energy Conversion and
Management, Vol. 49, No. 11, pp. 3217-3229, 2008.

[15] N. Targui, H. Kahalerras, Analysis of a double pipe heat exchanger
performance by use of porous baffles and pulsating flow, Energy Conversion
and Management, Vol. 76, pp. 43-54, 2013.

[16] T. Masuoka, Y. Takatsu, Turbulence model for flow through porous media,
International Journal of Heat and Mass Transfer, Vol. 39, No. 13, pp. 2803-
2809, 1996.

[17] A. Dybbs, R. Edwards, A new look at porous media fluid mechanics—Darcy
to turbulent, in: Fundamentals of transport phenomena in porous media, pp.
199-256, Dordrecht : Springer, 1984.

[18] Y.-T. Yang, M.-L. Hwang, Numerical simulation of turbulent fluid flow and
heat transfer characteristics in heat exchangers fitted with porous media,
International Journal of Heat and Mass Transfer, Vol. 52, No. 13, pp. 2956-
2965, 2009.

[19] M. Nimvari, M. Maerefat, M. El-Hossaini, Numerical simulation of turbulent
flow and heat transfer in a channel partially filled with a porous media,
International Journal of Thermal Sciences, Vol. 60, pp. 131-141, 2012.

[20] M. H. Pedras, M. J. de Lemos, Macroscopic turbulence modeling for
incompressible flow through undeformable porous media, International
Journal of Heat and Mass Transfer, Vol. 44, No. 6, pp. 1081-1093, 2001.

[21] A. Nakayama, F. Kuwahara, A macroscopic turbulence model for flow in a
porous medium, Journal of fluids engineering, Vol. 121, No. 2, pp. 427-433,
1999.

[22] N. F. Jouybari, M. Maerefat, M. E. Nimvari, A macroscopic turbulence
model for reacting flow in porous media, Transport in Porous Media, Vol.
106, No. 2, pp. 355-381, 2015.

[23] F. Kuwahara, M. Shirota, A. Nakayama, A numerical study of interfacial
convective heat transfer coefficient in two-energy equation model for
convection in porous media, International journal of heat and mass transfer,
Vol. 44, No. 6, pp. 1153-1159, 2001.

[24] M. Kaviany, Principles of heat transfer in porous media, New York:
Springer-Verlag, 1991.

[25] M. B. Saito, M. J. de Lemos, A macroscopic two-energy equation model for
turbulent flow and heat transfer in highly porous media, International
Journal of Heat and Mass Transfer, Vol. 53, No. 11, pp. 2424-2433, 2010.

[26] C. Y. Choi, P. M. Waller, Momentum transport mechanism for water flow
over porous media, Journal of Environmental Engineering, Vol. 123, No. 8,
pp. 792-799, 1997.

[27]1F. E. Teruel, A new turbulence model for porous media flows. Part II:
Analysis and validation using microscopic simulations, International Journal
of Heat and Mass Transfer, Vol. 52, No. 21, pp. 5193-5203, 2009.

[28] Y. Cengel, Introduction to Thermodynamics and Heat Transfer+ EES
Software: New York: McGraw Hill Higher Education Press, 2007.

[29] A. R. Jamarani, M. Maerefat, M. E. Nimvari, Introducing proper definition
of the Nusselt number for fluid flow in pipe partially filled with porous
media, Modares Mechanical Engineering, Vol. 15, No. 6, pp. 278-286, 2015.
(in Persian .. )l3)

[30] R. Webb, Performance evaluation criteria for use of enhanced heat transfer
surfaces in heat exchanger design, International Journal of Heat and Mass
Transfer, Vol. 24, No. 4, pp. 715-726, 1981.

[31] R. Webb, E. Eckert, Application of rough surfaces to heat exchanger design,
International Journal of Heat and Mass Transfer, Vol. 15, No. 9, pp. 1647-
1658, 1972.

[32] J. H. Ferziger, M. Peric, Computational methods for fluid dynamics, New
York: Springer Science & Business Media, 2012.

[33] H. K. Versteeg, W. Malalasekera, An introduction to computational fluid
dynamics: the finite volume method, London: Pearson Education, 2007.

[34] Y. Mahmoudi, N. Karimi, Numerical investigation of heat transfer
enhancement in a pipe partially filled with a porous material under local
thermal non-equilibrium condition, International Journal of Heat and Mass
Transfer, Vol. 68, pp. 161-173, 2014.

[35] R. A. Silva, M. J. de Lemos, Turbulent flow in a channel occupied by a
porous layer considering the stress jump at the interface, International
Journal of Heat and Mass Transfer, VVol. 46, No. 26, pp. 5113-5121, 2003.

[36] M. Dehghan, M. Valipour, A. Keshmiri, S. Saedodin, N. Shokri, On the
thermally developing forced convection through a porous material under the

183

Ohgiie t
Jolscs osle g 0
Lhw,a—?
] MH 1-7
Sdioe Byl p Dygar A SOy Jlw oz Gl ey Ol B!
[39]
u? D3
= = MNf==—]= — (1w
Wip = uAAP = u(R )( R 2g> fARe 873 (1-a)

WSS Syt Jlow £98 9 398 w85 L 0 Sl dg) Jld 5 ok S
oole fygu syl a4 ol ool b sldgd (sl oy ()l BT cns
e (2= i) gelolae g o JRlce
We _f (Ef (2- )
Wipo  fo \Reg
@bl @)l JUElcopo b clite Jlow 4 63959 )1 Ol
odle 0929 Sl (gl g ST 53 Jlow 0 63959 (51> Ol S
TAO] b ol il o oolo gy el 4y sdseas

h _StRe (3- )

hy StyReq

STl b el sae bl St (3-l) sdolas o

feals (2- ) alolas ,o (3-al) (salolas

W _ L(ﬁf (Sﬁf (4-)

Wipo  fo\ho/ \St

Sl Oy o e slabaly (- l) salolas 4o 45 g oe 0y

ol 5l el b J el onis ol gl S ray o3 SO
[31,30] 00,5 o iy o o Shoe (o) oo calolne

h/h, St/St,
Wie/ W) ? ~ (F/P7 (5-2)

PEC =

U/UO Oy L;")|);> Q‘SJ S ‘6‘415"5" kj")‘);> LsL‘BJJ-:-o 6‘):‘
3,5 g0 93a5l gl 39 52 15 omy (B 5 £3mm0 3 5 990 ol

cp-8

[1] K. Vafai, S. J. Kim, Forced convection in a channel filled with a porous
medium: an exact solution, Journal of heat transfer, Vol. 111, No. 4, pp.
1103-1106, 1989.

[2] S. Chikh, A. Boumedien, K. Bouhadef, G. Lauriat, Analytical solution of
non-Darcian forced convection in an annular duct partially filled with a
porous medium, International Journal of Heat and Mass Transfer, Vol. 38,
No. 9, pp. 1543-1551, 1995.

[3] Y. Mahmoudi, M. Maerefat, Analytical investigation of heat transfer
enhancement in a channel partially filled with a porous material under local
thermal non-equilibrium condition, International Journal of Thermal
Sciences, Vol. 50, No. 12, pp. 2386-2401, 2011.

[4] M. Maerefat, S. Y. Mahmoudi, K. Mazaheri, Numerical simulation of forced
convection enhancement in a pipe by porous inserts, Heat Transfer
Engineering, Vol. 32, No. 1, pp. 45-56, 2011.

[5] M. M. Shahmardan, M. Nazari, S. Mosayebidorcheh, Analytical solution of
steady heat transfer in a multi-layer porous media under local thermal non-
equilibrium condition, Modares Mechanical Engineering, Vol. 12, No. 4, pp.
1-8, 2012. (in Persian .. )l4)

[6] M. Dehghan, M. T. Jamal-Abad, S. Rashidi, Analytical interpretation of the
local thermal non-equilibrium condition of porous media imbedded in tube
heat exchangers, Energy Conversion and Management, Vol. 85, pp. 264-271,
2014.

[7]1 M. Alkam, M. Al-Nimr, Improving the performance of double-pipe heat
exchangers by using porous substrates, International Journal of Heat and
Mass Transfer, Vol. 42, No. 19, pp. 3609-3618, 1999.

[8] M. Alkam, M. Al-Nimr, M. Hamdan, Enhancing heat transfer in parallel-
plate channels by using porous inserts, International Journal of Heat and
Mass Transfer, Vol. 44, No. 5, pp. 931-938, 2001.

3 oslesis 16 095 1395 sls i (jurde Suilke waiie


https://dorl.net/dor/20.1001.1.10275940.1395.16.3.13.0
https://mme.modares.ac.ir/article-15-2594-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1395.16.3.13.0]

Ve 9 (Slhlea Lo yule obgaike Jlw olipa sl Jxbio osbe )l oausT slalgled Subha Jdue w9rs il JUiil sd3e asllos

International Journal of Heat and Mass Transfer, Vol. 79, pp. 496-506,
2014.

[39] P. Promvonge, Thermal performance in circular tube fitted with coiled
square wires, Energy Conversion and Management, Vol. 49, No. 5, pp. 980-
987, 2008.

[40]1 F. P. Incropera, Introduction to heat transfer: John Wiley & Sons, New
York, 2011.

3 osleits 16 095 1395 sls ya (urde Suilke wiie

local thermal non-equilibrium condition: an analytical study, International
Journal of Heat and Mass Transfer, Vol. 92, pp. 815-823, 2016.

[37] N. Horton, D. Pokrajac, Onset of turbulence in a regular porous medium: An
experimental study, Physics of Fluids (1994-present), Vol. 21, No. 4, pp.
178-189, 2009.

[38] M. Mahdavi, M. Saffar-Avval, S. Tiari, Z. Mansoori, Entropy generation and
heat transfer numerical analysis in pipes partially filled with porous medium,

184


https://dorl.net/dor/20.1001.1.10275940.1395.16.3.13.0
https://mme.modares.ac.ir/article-15-2594-fa.html
http://www.tcpdf.org

