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Abstract—The present study is to investigate the heat
transfer enhancement in a cylindrical heat exchanger
using porous media. The heat exchanger is modelled by a
cylindrical cavity (Shell) with inlet and outlet thermally
insulated ports and five tubes which contain hot water
and cold water flows in shell. The effect of porosity on
heat transfer enhancement is studied at different mass
flow rate 0.15, 0.2, 0.25 and 0.30 Kg/sec. The study about
effect of porosity on heat transfer enhancement is done by
both experimentally and CFD based and the results are
compared with simple heat exchanger. In present study,
two different types of porous materials are used and
Porosity is taken as 80%. The effect of varying mass flow
rate on outlet temperature, heat transfer coefficient,
Reynolds number and Nusselt number has been
investigated.

Keywords—Porous medium, Heat exchanger, CFD,
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. INTRODUCTION
The heat exchanger applications in industrial
engineering purposes are quite popular. In todayasto,
energy providing devices such as heat exchangers ha
become more and more efficient. The efficiency ban
improved using the twisted tape, coiled wire, talic
screw-tape insert and porous medidhang-Jing Zheng
et al. [1] explained the numerical investigation of the heat
transfer improvement for convection heat transfér o
turbulent fluid flow in a central receiver tubeldill with
the porous medium under non-uniform circumferential
heat flux was carried out. The results are shovan the
enhanced receiver tube (ERT) with down-filling paso
medium inserts and in-filling porous medium insdrave
good thermal enhancement when the ratio of thermal
conductivity (K) of the porous medium to workinguifi
medium {42;) is less than 1,000(a-Ling He et al. [2]
investigated the numerical investigation on augaugor
for convection heat transfer of fluid flow in a aokentral
receiver tube filled with porous medium and nonfamn
circumferential heat flux was carried out. Enhanced
receiver tubes (ERTS) of four kinds with differgrtrous

and
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insert designs were modelled to optimize the peréorce

of ERTN. Targui and H. Kahalerras [3] numerically
studied a double pipe heat exchanger with porous
structures inserted in the annular gap is madewm t
configurations: (A) on the inner cylinder and @) both
the cylinders in a staggered fashion. The flowdfied
modelled by the Darcy—Brinkman—Forchheimer model
for the porous mediunBo-wen Hu et al. [4]studied the
GAHP-TSU presented for the potential solar applicat
like air conditioning and refrigeration systems. thns
composite granular solid-liquid PCMs compounded by
RT100 and high-density polyethylene with phase gban
temperature of 10C are piled up as a porous PCMs
medium layer.MajidSiavashi et al. [5] explained the
simultaneous application of nanoparticles and p®rou
media in the pipe to enhance heat transfer inside a
annulus is investigated numerically. Two-phase umixt
model along with Darcye -Brinkmane -Forchheimer
relation has been implemented for nanofluid flow
simulation in porous media. The results show thoat f
design with high permeabilities (Da = 0.1, 0.01\ Ras

an increasing trend with porous element thicknessle

for design with low permeabilities (Da = 0.0001)\
found a decreasing trend with porous element tl@skn
and for design with a moderate permeability (Da =
0.001), an optimum thickness is found corresporals t
PN.Yasser Mahmoudi and Nader Karimi [6] studied
the effect of different parameters like Darcy numtiza),
inertia (F), porosity, conductivity ratio and palé
diameter on account of local thermal equilibriunTE)

are studied. The results showed that for a givedahand

for (Da < 10%), the Nusselt number is found independent
of Friction factor however, for (Da > Tpas F increases
the computed Nu number increask®hboobeMahdavi

et al. [7] studied the convective heat transfer and entropy
generation through a pipe partially filled with arpus
material has been studied numerically for two défe
cases. In the first one, the cylindrical porousariat is
placed at the core, while in another case it aétac¢b the
inner wall, which has been subjected to constaat fthex.

It is concluded that the thermal conductivity ratias the
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significant effect on increasing enhanced heatsfeanin
first case. For example for Da = 1tGand R =
multiplying thermal conductivity ratio by ten leatts641
% enhancement of Nusselt number

DESCRIPTION OF GEOMETRY SELECTION

For the present study, experiment and simulatiom ar
performed on various designs by varying the mass fl
rates from 0.15 Kg/sec to 0.30 Kg/sec. The lengjtshell
heat exchanger is 750 mm with 200 mm diameter. The
thickness of the shell is 5 mm. Internal tubesraagle of

GS pipe with total five tubes are installed. Thbadfles

are used in this study for more heat transfer aimlgs
shown in fig. 1.

Fig.1: Isometric view of heat-exchanger

I. METHODOLOGY
The ANSYS FLUENT is used for simulation of three-
dimensional calculations for all designs. The syestdte
mass, momentum, and energy equation are solved. In
present work, the whole domain consists with 1 mm
sizing which shows grid independency and meshing
element almost 80000 to 400000 depending on differe
designs. Computational fluid dynamics (CFD) techeiq
is used for computing the data along with k-omega
turbulence model because this model is widely used
many researchers. The inlet of the cold fluid flasv
designed as mass flow inlet to the normal directién
wall surface boundary with variation from 0.15 tS®
kg/s at the temperature of 300K and hot fluid entatr
323K. The outlet is described as the pressuretoutle

\VA DATA REDUCTION
The heat transferred from heated wall to fluid
calculated as the amount of heat which is gainefluy
that is

is

Q = m.Cp(T,-T) @)
Where m. is the mass flow rate, Cp is the speh#iat, To
is outlet temperature, and Ti is inlet temperatfréuid
The average temperature of inlet and outlet tentpera
of fluid for the calculation of heat transfer caeént
To-Tj

Tom = == )
And heat flux is
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Q= ®

A, = nDL 4)
where A, is the area of the heated wall of the tube.
The heat transfer coefficient is determined by gisin

__4a
h= T Tom 5)

where, T, is the heated wall temperature
Flow area of fluid

D2

Af—n (6)
The Nusselt number, Reynolds number and Prandtl
number is calculated by using

Re = —"V‘ED“ (7)
Nu= 22 (8)
Pr="1% 9)

V. RESULT AND DISCUSSION
In present study, effect of porous medium mateisal
studied in simple shell and tube heat exchangef. Al
simulationare performed on ANSYS FLUENT software.
Field experiments are performed for experimental
validation. Setup is made of simple M.S plates.
In present study two types of porous mediums are
considered for simulation, first medium is simple
spherical metal balls (design 1) which is made abtC
Iron and second porous medium is cylindrical mekaps
(design 2) which is made of mild steel. Porosity is
considered as 80% level for all experiments. Cauftagy
heat exchanger analysis is performed for currermtyst
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Fig.2: Variation in Nusselt number with Reynolds number
for simple heat exchanger
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Fig.3: Variation in Nusselt number with Reynolds number
for design-1
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Fig.4: Variation in Nusselt number with Reynolds number
for design-2
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Fig.5: Variation in Nusselt number with Reynolds number
for all designs

Figure 2 to figure 4 show the variation in Nusselmber
with Reynolds number for simple shell and tube heat
exchanger without porous medium. It is seen frogurk
that Nusselt number is continuously increasing by
increasing of Reynolds number and it helps in béteat
transfer in the heat exchanger. Nusselt numbeyisd in

the range of 50 to 90, 100 to 205 and 95 to 175é&at
exchanger without porous medium, design-1 and de3ig
respectively.

VI. CONCLUSION

Figure 5 shows the comparison graph for Nusselth@rm

with Reynolds number for all three designs. In triaph,

simple heat exchanger(base case) is compared héth t

design 1 and design 2. As we know that if Nussafhiner

is found to be maximum for any design then thisigtes

gives the better heat transfer rate. So it is blesgen that

the design 1 has the highest value of Nusselt nuabe
compared to design 2 and base case. It is alsal fthat
use of porous medium in the working fluid can erdgan
the heat transfer rate.

a. Nusselt number is continuously increased with
increase of Reynolds number in shell and tube heat
exchanger with and without porous medium. Nusselt
number is found maximum for design-1.

b. When porous medium are used in the heat
exchanger, which increases the heat transfer rate
as compare to simple heat exchanger.

Nomenclature

A Area of heated wall of tube @n
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O xXTa>

- 40
p=a

[1]

(2]

[3]

[4]

[5]

[6]

[7]

Area of flow region (M)

Diameter of the tube (m)

Heat transfer coefficient (W/i)
Thermal conductivity of fluid (W/m-K)
Effective tube length for heat transfer (m)
Heat transfer rate (W)

Heat flux (W/nf)

Temperature of heated wall of tube (K)
Inlet temperature of fluid (K)

Outlet temperature of fluid (K)
Average temperature of fluid (K)

Mean velocity (m/s)

Nusselt number

Prandtl number

Reynolds number
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