Australian Journal of Basic and Applied Sciencesl0(15) October 2016, Pages: 41-47

AUSTRALIAN JOURNAL OF BASIC AND SN
APPLIED SCIENCES Australian

Journal of

58

Basic and Applied Sciences

ISSN:1991-8178 EISSN: 2309-8414
Journal home page: www.ajbasweb.com NSI Publisher

A48,

-
%
e
=
o

o

Thickness effect of porous fins on laminar mixed aovection in horizontal
concentric annuli

Yacine Ould-Amer

Affiliation USTHB — Facultyof Mechanical and Process Engineering (FGM@&BRoratory of Multiphase Transport and Porous Media
(LTPMP), Département Energétique, B.P. 32 El-Al@bHEEzzouar 16111 Algiers, Algeria

Address For Correspondence:
Yacine Ould-Amer, USTHB- Faculty of Mechanical aRbcess Engineering (FGMGP), Laboratory of Multgghdransport and Poroys
Media (LTPMP), Département Energétique, B.P. 32lid-Bab Ezzouar 16111 Algiers, Algeria.
E-mail: youldamer@usthb.dz

ARTICLE INFO ABSTRACT

Article history: Laminar mixed convection in a horizontal annuluthwhe presence of porous fins has
Received 26 August 2016 been numerically investigated. With attached foarops fins on the inner cylinder,

Accepted 10 October 2016 steady 3D laminar mixed convection is presentedttier fully developed region of

Published 18 October 2016 horizontal concentric annuli. Results are preseritedthree values of porous fins

thickness and a range of the values of the Grastwiffber and Darcy number. Results
are presented in the form of contours plots ofstieamlines and for the temperature

Keywords: isotherms, and in terms of the overall heat transbefficients and friction factor. The
Mixed convection, concentric annuli, average Nusselt number increases significantly w&ithincrease of the thickness of
porous, thickness porous fins. With the use of the four porous fitie friction factor is consequently

increased compared with the situation without psrfins. The decrease of the Darcy
number leads to an increase of the friction factibrthe fully fluid case is taken as a
reference, the use of porous fins is justified amhen the ratio of the average Nusselt
number to the friction factor is enhanced.

INTRODUCTION

Mixed convection in annular passages has manyagijgns in the areas of refrigeration, chemicatpss,
cooling of turbine rotors, thermal storage systefosd industries, electrical transport and nucleaergy
production. Double pipe heat exchangers in chdnpicecess, gas — cooled electrical cables, douiple peat
exchangers and the cooling of nuclear fuel rodsessmt industrial examples in which annular flovathe
transfer is encountered. In these situations, titeetl convection in the duct flow is often sigrafitly
influenced by body forces, which tend to produceosdary flows in the duct cross section. The magu$ of
these systems is to enhance the overall heat éracséfficient. In the last decades, the use obpomaterial to
improve the heat transfer is of topical interegld-applications of heat transfer in porous mesdia be found
in Nield and Bejan (2006). Vanover and Kulacki (Ip8onducted experiments in a porous annulus waigh t
inner cylinder heated by constant heat flux andaitliter cylinder isothermally cooled. The mediumsisted of
1- and 3-mm glass beads saturated with water. They that when the Rayleigh number is large tHaesof
the Nusselt number for mixed convection may be fatlvan the free convection values. They attribulgsl to
restructuring of the flow as forced convection Ibsgio play a dominant role. Laminar mixed convetiiothe
thermal entry region of concentric horizontal amsulof radius 2 has been experimentally studied by
Mohammedet al (2010). The experimental setup consists of alstss annulus with inner tube subjected to a
constant wall heat flux boundary condition and dialatic outer annulus. Their experimental resshisw that
the free convection tends to decrease the heatféraat low Reynolds number while to increase thath
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transfer for high Reynolds number. Ould-Amer (201@)ried out numerical analysis to investigate the
performance of an innovative thermal system to owprthe heat transfer in horizontal annulus. Witached
four porous blocks on the inner cylinder, steadyifear mixed convection is examined for the fullwed®ped
region of horizontal concentric annuli. Their reasudhow the significant improve in heat transfethwiighly
conductive porous medium; however, the frictiontdads increased compared with situations withootopis
blocks. Venugopatt al (2010) studied experimentally the mixed convettiovertical duct filled with metallic
porous structure. The main focus of their workoigkxamine the potential of porous insert for augimgrheat
transfer from the heated wall of vertical duct unfteced flow conditions. The objective of this pags to
evaluate the effect of porous fins thickness oneaiigonvection, on the flow and heat transfer inzootal
annulus. Four porous fins are fixed on the inndindgr. The analysis is performed for laminar flawd for
thermally and hydrodynamically developed conditiohkis work is an extension of previous study ofldu
Amer (2010, 2013 and 2016).

Analysis.

As is shown in Fig. 1, four porous fins are fixed outside of the inner cylinder. The porous fine ar
considered homogeneous, isotropic and saturateanbypcompressible fluid. The outer cylinder is iased
while the inner cylinder has circumferentially wniin surface temperature and axially uniform heangfer
rate. In the fully developed region of the flowethelocity components u, v and w in ther and z coordinates
become independent of the axial distance z. Thsigeof fluid is considered constant except in tumyancy
term (Boussinesq approximation). A local thermalilfogrium takes place between the fluid and theopesr
medium. Because of the symmetry about the vertieater line shown in Fig. 1, the analysis is ccedirio a
right half of the annulus.

\L gravity

insulated

RN symmetry line
Fig. 1: Physical model

The continuity, momentum and energy equations Hwtern the physical situation can be written in
dimensionless form as follows:
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With dimensionless boundary conditions:
n=n W=U=V=06=0 (6)
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For convenience, the pressure is redefined as iegglan Ould-Amer (2010). In the energy equatidig t
relation between axial temperature gradient anchtleeage heat flux at the surface of the innendgr is given
in Ould-Amer (2010). At the interfaces which separthe fully fluid zone and the porous fins, thatbouity of
flow, pressure, temperature, stress and also ersegggdopted. The porosity is set equal to onkerfully fluid
zone and th@ parameter and the conductivity rafity. are defined as follows:

_ 10 in thefully fluid zone 1in thefully fluid zone
1 in the porousbloks kp/k; inthe porousbloks

c=

Numerical Procedure:

The set of differential equations governing mixeshwection in the horizontal concentric annuli is
transformed into a system of algebraic equationb thie use of the control volume approach. The EIFR
algorithm is used for the calculation of the floigld and temperature. The system of algebraic &ngsis
solved iteratively by means of the Thomas algorittinder—relaxation factors are introduced to avibiel
divergence of the strongly non-linear system. A naiform staggered grid of 74x64 nodes, over thidreen
domain, was selected on the basis of a grid seitgistudy. Convergence is controlled in termstad telative

error for the variablet, V, W, P, & and the mass residual in each control volume. cBimvergence criterion
is:

oo

. 107° (9)
(Dij

_5 .
< <
10 anqreSIduaMasﬁn eachcontrolvolume

with @ corresponding to U, V, W, P of/, and n and n + lindicating two consecutive iterations. The
discontinuity between the porous fins and fullyidlzone is handled with the use of the harmonic rmea
formulation suggested by Patankar (1980). The jgrdsscontinuity at the interface between purdljid zone
and porous fins is evaluated by linear interpofatibhe present code was validated by comparingehelts
obtained with our code for the fully fluid case,tlwthose of Nieckele and Patankar (1985). Goodemgeat
between the results is obtained (table 1). Thasan of fully fluid case, i.e. without porous firis obtained by
setting the Darcy number equal to a large valugi€ally infinite) and the porosityR,, and R-to one.

Table 1: Comparison of present results with those of Niexkad Patankar (1985)

Present code [9]
Gr f Re Nu, f Re Nu,

(f Re), Nu, (f Re), Nu,
10° 1.0000 1.0000 1.0000 1.0000
10° 1.0002 1.0027 1.0000 1.0000
10° 1.0115 1.1156 1.0083 1.1250
10° 1.0793 1.4650 1.0833 1.4500
10’ 1.2692 1.7859 1.2667 1.8000

RESULTS AND DISCUSSION

The numerical solutions are obtained fer=09, Cg= 0011, Pr=07, Ry =1, RR=2, a=60",
J =30°and Rc =100 . Two values of Darcy number are considered 48d 10°. The Grashoff number is
varied from 10 to 10 Three values for the porous fins thickness aresideredH = 0125 H = 025 H = 0375) .
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In this section, the flow structure and the heamdsfer will be analyzed and discussed. The regdisde some
local details of the flow and temperature fieldd éme overall heat transfer coefficient and frintfactor.

A. Streamlines and isotherms:

The secondary flow pattern and isotherms are displén Figures 2 and 3. Because of the symmetrutabo
the vertical diameter, the isotherms are plottethéleft half and the streamlines in the rightf.hghe value of
y listed for each figure is a measure of the stremftthe secondary flowy is the maximum value of the

dimensionless stream function. At= 01250rH = 025 and for all values oDa whenGr<10°, the secondary
flow forms a symmetrical eddy rotating in the cladége direction, for instance Figure 2a. The isatieiare
nearly circular with a deformation between two engive fins; this deformation is much pronounced
whenH > 0125. As the Grashoff number increases, the secondatypmbecomes stronger as evidenced by the
higher values ofy, in this situation, three or four eddies are fodmat higher values ofGr, the isotherm
pattern shows the thermal boundary layer near theys fins and between them close to heated iruner @he
presence of the porous fins causes the distortidheoisotherms between two consecutive porous fimshis
region the heat transfer decreases. The isothdotsghow that the thermal boundary layer alongstiréace of
the two lower porous fins get thinner as H goesnfr0.125 to 0.375, indicating improved heat transfer
However, in the upper region of the cross secti@nrton-uniformities of temperatures occur, thisawédr lead

to the decrease of heat transfer in this zone prégence of the porous fins causes a supplememesisfance to
the fluid flow as evidenced by the deformation wéamlines near the porous fins, when H goes fral2®to
0.375. That is why the intensity of the secondéowfdecreases when the thickness of the porouddilesger.
Indeed, the secondary flow is decelerated causisigréficant increase in the flow resistance, thatdbution

of the secondary flow in heat transfer is theredguced.

a) Gr =10* b) Gr =10’

a) Gr =10’ andH=0.25 b) Gr =10’ and H=0.375
Fig. 3: Isotherms and streamlines faa=10"*
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B. Overall heat transfer coefficient:
For the design purposes, the overall heat trarigféhe device is of primary interest. The overadlah
transfer results are presented in the form of trexage Nusselt numbBiu, . The average Nusselt number is

evaluated as:

Nup, = —% (10)

Where G, is the dimensionless bulk temperature of the fluid.
The variation of Nupwith Gr is shown in Figures 4a and 4b for various thicknelsporous fins. The
influence of buoyancy is to increaNay; but this becomes noticeable only after a certhiashold value of

Gr is exceeded (approximatedy >10°). Figures 4a and 4b show that the use of the jofias improve the
heat transfer, more particularly with higher valeéporous fins thickness. Indeed, far=10" andba=10"%

Nup goes approximately from 20 for H=0.125 to 40 forG-B¥5, i.e. an enhancement of 50%. The t,)etter
improvement is obtained witha=1073. It is interesting to note that more permeabletheeporous fins better

is the heat transfer. These enhancements areugdtoib to the combined effect of highly conductpe@rous

fins, buoyancy and the presence of much larger ypoiene. Indeed, the porous fins acting as extesdefhces
for heat transfer.

45 100
40 N 90
] R 80
30 —— without porous fins (WPB) y 70‘_ ——without porous fins (WPB)
' 604
Nu, Nu, 501
] , ,
204 40 K //Q'f-’,
301 H=0375 L DA
o) ARRESALAL AR AR -
10 ] H=0.125
10
5 LER AL M i e ALl e a Al m el e 5 I A e e |
100 100 168 100 100 100 10 100 100 160 100 160 10 10
Gr Gr
a) Da=10"* b) Da=1073

Fig. 4: Average Nusselt number

C. Friction factor:

The increased heat transfer in mixed convectionveitid presence of porous media does not come withou
a penalty. The pressure gradient required for a&rgimass flow rate through the duct also increases i
magnitude. The axial pressure drop for the flow barexpressed in terms of the friction factgrwheref is

given by the standard definition:

ap
‘(azJ“
f=—"2 (11)

Low?
2/0
If previous equation is rewritten in terms of thmdnsionless variables, there results:
2
f Re=— 12
W (12)
With
Re=2Wd (13)
U
In the absence of the secondary flow, the produBeis constant, which depends only on the geometry

and the permeability of the porous fins. Figuresibd 5b show the produdtReplotted as a function or for

different values of H. The influence of buoyancygdmmes noticeable only after a certain thresholdevalf Gr
is exceeded, since Stronger secondary flows aoeiassd with increasing values®f . The increase in friction
factor due to porous fins is seen to be signifigalatrge with lower values of Darcy number and wliigher
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values of H. Indeed, the flow resistance increagds the Darcy number decrease and with the ineréashe
thickness of porous fins.

950. 800
800_- — without porous fins (WPB) ]
650+
650_- He0.375 ‘ | —— without porous fins (WPB)
| R 5004 H=0.375 .
500- AL
fRe fRe P
k0 H _:0_%5 ______ - e 3504 H=0.25 - -
200 H=0.125 200 H=0.125 /
50 rrm—rrrrmm—r e L1 8 N ———
100 1¢ 10 100 10 10 10 100 1¢ 10 100 100 10 10
Gr Gr
—1n4 —10-3
a) Da=10 b) Da=10

Fig. 5: friction factor

D. Ratio of mean Nusselt number to friction factor:
From previous discussion of the overall heat transbefficient and the friction factor, it appedst

Nu,, increases with higher values of H; and on the oli@d f Reincreases with the presence of the porous

matrix. For this reason a new parameter must bentakto consideration in design calculations. itresponds
to ratio of the mean Nusselt number to the quartitgdefined as:E = (Nuy/ f Re) . Figures 6a and 6b show the

ratio E plotted as a function daér for different values of H. The plot for the situati without porous fins is
shown by solid line and is considered as refereltaan be seen that the ratio E is significantiffuenced by
the Darcy number and the thickness of porous fihsis The combined effect of highly conductive paréins,

the thickness H and the buoyancy is noticeable famjower values of H (H<0.25) and for H=0.375stliccurs

after a certain threshold value@f is exceed (approximatetyt =10°).

Conclusion:

Laminar mixed convection in horizontal concentricnali in the presence of porous media has been
numerically studied for various thicknesses of goeous bloks, Grashoff number, and Darcy numbers It
found that the porous fins significantly affect hzansfer and the fluid flow characteristics. bch half of the
annulus divided by the vertical center line, theoselary flow generated by buoyancy, in the preseridbe
porous structure, has single, two, three or foutygghttern depending on the thickness of porous frarcy
number and Grashoff number. The use of highly cotidel porous fins leads to a significant enhancenren
heat transfer, particularly at H=0.125; however fhietion factor increases with. The ratio of theeeage
Nusselt number to friction factor is introduceda&e account the challenge between increased taeafer and
decreased friction factor. The use of the porouscgire, in the configuration proposed, is justifienly when
this parameter is greater than the values obtdimethe fully fluid situation. This enhancement aoed for

Da=10"23and for two values of thickness (H=0.125 and H=p.Per H=0.375, this enhancement occurs only
when a certain threshold value Gf is exceed.
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Fig. 6: ratio of mean Nusselt number to friction factor
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