Mofreh M. Nassief. Int. Journal of Engineering Research and Application
ISSN : 2248-9622, Vol. 6, Issue 7, ( Part -5) July 2016, pp.06-18

www.ijera.com

RESEARCH ARTICLE OPEN ACCESS

Numerical Investigation of Heat Transfer from Two Different
Cylindersin Tandem Varieties Arrangements

Mofreh M. Nassief'.

!Associated Professor,Faculty of engineering, Zagazig University, Zagazig, Egypt

ABSTRACT

A two dimensional technique has been studied numerically to predict the heat transfer from two different cylinders
in tandem arrangement (one is circular and the other is elliptical) using finite element technique with RNG k-¢ turbu-
lent model, taking into consideration the effect of gap ratio (L/Deq ) and Reynolds number , where the distance be-
tween the centers of cylinders is L (L=30 mm and 37 mm), the equivalent diameter of cylinder is Deq=22.5mm and
the range of Reynolds number is 2x10%< Regq < 21x10°.The commercial CFD software FLUENT was used to get
the thermofluid characteristics (temperature, velocity, Kinetic energy and pressure contours ,coefficient of friction ,
heat transfer coefficient , Stanton number ...... etc) of the flow around cylinders. The dependency of the heat trans-
fer coefficient, Stanton number (St,), pressure drop, and friction factor for circular and elliptical cylinders on the gap
ratio is clear from the results. Results show that, for circular cross section, the heat transfer coefficient is increased as
velocity, and gap ratio increase. On the other hand St, decreased as velocity increase. The pressure drop and hence
the friction factor increase for circular cylinder as gap ratio increases. For elliptical tube the heat transfer and St, are
relatively equal to that for circular one at the same gap ratio, but the overall power consumption and friction factor
for elliptical tube is lower than that of circular one. As the elliptical cylinder fixed on the second position the heat
transfer and St, increase, on the other hand the pressure drop and hence the friction factor decreases. For all studied
arrangements the highest heat transfer is observed for the arrangement of circular-first and elliptical-second cylinder
and the minimum pressure drop and hence the friction factor are for the elliptical one.

Keywords: Circular and Elliptical Cylinders, Tandem Arrangement, Numerical Solution, Heat Transfer Rate.

I. INTRODUCTION

The applications of convection heat trans-
fer from bluff bodies can be noticed for examples in
heat exchangers, cooling towers, oil and gas pipe-
lines and electronic components cooling. The per-
formance of heat exchangers can be improved to
perform a certain heat transfer duty by heat transfer
enhancement techniques and due to the curvature of
the tubes, as fluid flows through curved tubes, cen-
trifugal force is generated. A secondary flow in-
duced by the centrifugal force has significant ability
to enhance the heat transfer rate. Single-phase heat
transfer characteristics in the helically coiled tubes
have been widely studied by researchers both expe-
rimentally and theoretically. There are several ad-
vantages of the numerical method, e.g. large volume
of the results obtained from the parametric studies,
low cost. In addition, due to some complexity of the
heat transfer processes in the helically coiled tubes,
experimental studies are very difficult to handle and
numerical investigations are needed, Naphon [1].
Ahmed et al.[2] demonstrated an experimental and
numerical study to clarify fluid flow characteristics
and pressure drop distributions of a cross-flow heat
exchanger employing staggered wing- shaped tubes
at different angles of attack, they concluded that the
values of pressure drop coefficient increased with
the angle of attack from 0° to 45°, while the oppo-

site was true for angles of attack from 135° to 180°.
Kyung Kim. [3] have demonstrated that some of the
parabolic type problems encountered in such
branches of engineering as heat conductions with a
moving source can be analyzed successfully by
means of finite element method with adapted mesh
generation technique is implemented. Sadri et al.[4]
investigated that one type of applicable analytical
method, differential transformation method (DTM),
is used to evaluate the efficiency and behavior of a
straight fin with variable thermal conductivity and
heat transfer coefficient also fins are widely used to
enhance heat transfer. Kanta et al. [5] presented an
analytical solution of one dimensional free convec-
tion flow past an infinite vertical cylinder in strati-
fied fluid medium. The dimensionless unsteady
coupled linear governing equations are solved by
Laplace transform technique. Hwang et al.[6] stated
that among tubular heat exchangers ,fin tube types
are the most widely used in refrigeration and air
condition equipment. Efforts to enhance the per-
formance of these heat exchangers included varia-
tions in the fin shape from a plain fin to a slit and
louver type. Elsayed et al. [7] have studied the ef-
fect of a slotted shield on thermal performance of a
heat sink, they found that increasing the slot width
enhances the flow performance over the heat sink
and this improvement continues as the number of
slots increases, but the thermal performance on the
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other hand, decreases and the slots work as a flow
by pass and create jets to destroy eddies and vortic-
es created by the shield. Elsayed et al. [8] have in-
vestigated experimentally and numerically the heat
transfer and pressure drop characteristics of a set of
pin- fins with uniform heat flux. They found that
heat sinks having fin heights of 20 and 29 mm oper-
ated at lower Reynolds number, reached minimum
value for thermal resistance when the fin 10x10
which means the optimum number of fins for this
case, also friction factor increased with a decrease
in by pass flow area.

From the above discussion, it can be deduced that
much less attention has been given to the studies for
flow past two cylinders of different cross section with
the variation of Re, and gap ratio. With these points
in mind, the present study focuses on A) the effect of
different cross section area of tube on the thermofluid
characteristics. B) the effect of Re, and gap ratio on
heat transfer rate. Also, the significance of this work
is to have a better understanding of the convective
heat transfer characteristics from heat exchanger
tubes, with the effect of changing the cross section
area of tube from cylindrical to elliptical, when sub-
jected to cross flow of air. By using RNG k-g turbu-
lent model (some results of this work are compared
with the experimental results of Mohamed [13]) and a
computational fluid dynamics (CFD) program,
FLUENT [9], the preceding points will be analyzed in
detail.

1. PROBLEM DESCRIPTION AND
BOUNDARY CONDITIONS

The cross section profile of the cylinder
comprised two parts of circular and elliptical ones
with the same equivalent diameter. The cylinder
have identical diameters equal to D = 22.5 mm and
the corresponding major and minor axis of the ellip-
tical one is 30.1 mm and 13.1 mm respectively as
shown in Fig 1. The distance between their centers
are 30 mm and 37 mm. Characteristic length for this
tube is the diameter of an equivalent circular cy-
linder whose circumferential length is equal to that
of the elliptical cylinder as shown in Fig. 2.

All dimensions are in mm.
Fig. 1. Circular and elliptical tubes cross sectional
dimensions.

Since, the tube length is much greater than
its equivalent diameter, the flow across the tube is
considered two-dimensional. The typical solution
domain and the cylinder boundary definition and
nomenclature used in this work are shown in Fig. 3.
The numerical solution is carried out by solving the
governing equations of mass, momentum and ener-
gy under the following assumptions; the flow is
incompressible, steady and turbulent, fluid proper-
ties are constant, the effect of buoyancy force and
radiation are neglected, FLUENT [9],s0 the govern-
ing equations are:

3
—(p V;)=0.0 1)
ox ;
F) Ot
(pv Y j) = - P + — (2)
oX X ; ox 2)
a (a1 )
Vi (pE +p)] = ——| k s
ox ax; ax; J |1 (3)
Where, i: is a tensor indicating 1 (V;=u) and 2

(V2=v), 7, is the viscous stress tensor, and k is the

fluid effective thermal conductivity.

The software Commercial CFD FLUENT 6.3.26
was used to get the solution of the problem. The
turbulence model RNG k-¢ is more effective to get
the characteristics of flow strain rate. This signifi-
cantly improves the accuracy for rapidly strained
flows, such as the case in reactive swirling flows,
Ahmed et al. [2]. Also the RNG k-& model shows
better performance than the standard k-¢ model in
the prediction of heat transfer as examined by Ze-
hua [10] and assured by many other authors. The
RNG k-g model has shown an excellent agreement
between numerical and experimental results for an
isothermal flow over backward facing step Yakhot
[11]. The RNG k-¢ model with enhanced wall
treatment is capable of predicting the flow separa-
tion and recirculation behind a bluff body. As a
consequence, the turbulence model used in this
study is the RNG k-¢ model with Enhanced Wall
Function approach in the near-wall regions to fit the
wall boundary conditions, Ahmed et al.[2].
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Fig. 2. Schematic plane of the test section, all di-
mensions are in mm.
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Fig.3. Boundary conditions for the numerical do-
main.

2.1. Mesh Generation and Discretization:

The problem geometry and mesh genera-
tion of the computational model had been done us-
ing GAMBIT 2.4.6 and boundary layer meshing
scheme was used with mesh refining near walls
and sharp edges. As shown in Fig. 4 the computa-
tional domain mesh with using finite element dis-
cretization method and second order upwind sche-
ma for momentum, turbulent kinetic energy, and
turbulent dissipation rate was applied, also a simple-
based solution algorithm of the velocity—pressure
combined with a segregated solver was applied.
With running the algorithm ,we find that the resi-
duals of the energy equation and other equations
reach 10”" and10™* respectively.

As we know the pressure drop coefficient, Pgc,.is the
ratio between the total pressure drop of the flow over
tubes to its dynamic pressure as in Eq.(4).

2Ap,

P - &
dc 2
P af v ai (4)

Fig. 4. Mesh Configurations for the Domain of the
Tubes.

The Reynolds number, Re, was given by:

PatV ai D
Rea _ Faf ” ai “eq (5)
Hat

The Nusselt and Stanton number was attributed as:

h_ D
Nu, =% (6)
af
h
St, = (7)
pVCp

Where, Dgq is the outer equivalent diameter of the
tube and kg is the air thermal conductivity, W/m.K
and h is the air-side average heat transfer coefficient
W/m*K.

I11. RESULTS AND DISCUSSION

In this section a detailed analysis of differ-
ent flow patterns, revealed in this study is presented
in terms of heat transfer coefficient, Nusselt number,
friction coefficients, streamline patterns, tempera-
ture, velocity and kinetic energy contours for all
study cases. According to Mofreh [12] and for the
purpose of the validation of the solution procedure, it
is essential that numerical simulations be compared
with experimental data. Fig. 5 compares the Nusselt
number of elliptical cylinder with the results of Mo-
hamed [13]. This figure shows a good agreement be-
tween the present numerical results and experimental
measurements. It can therefore be concluded that the
CFD code can be used to solve the flow field for
similar geometries and conditions.

WwWw.ijera.com 8Page



Mofreh M. Nassief.et al. Int. Journal of Engineering Research and Application

Www.ijera.com

ISSN : 2248-9622, Vol. 6, Issue 7, ( Part -1) July 2016, pp.74-78

200 ¢
180
160
140
120 |

2]
> 100 |

80 f
60

=g Numerical results
40 F
= @ - Mohamed (2009)

20 £

0

0 10000 20000 30000 40000 50000 60000
Re

a

Fig. 5. Comparison of experimental and numerical
heat transfer.

The streamlines patterns of the tested tubes
at different arrangements are shown in Fig. 6. As
shown in this Figure, there are flow separation-
zones at the downstream surfaces of the tubes. Due
to travelling of the boundary layer far enough
against an adverse pressure gradient, flow separa-
tions are occurred and this makes the velocity of the
boundary layer falls, almost, to zero, and also as a
result of the increase in pressure drag caused by the
flowing air between the upstream and downstream
surfaces of the tube, as in Ahmed et al. [2]. On the
other hand, due to increasing of gap between cy-
linders the shear layers move further inside the gap
and due to this movement we observe wider stag-
nant recirculation For the elliptical tube the flow
separation at the second rear tube disappears due to
the surface geometry. On the other hand, the flow
separation increase on the rear region for circular
one.

Velocity contours (m/s) for different ar-
rangements is shown in Fig. 7. as shown in the fig-

ure, for the arrangements of circular followed by the
elliptical, the level of turbulence and formation of
vortices through the passages of the tubes are higher
compared to these other arrangements and due to
increasing velocity the level of turbulence and for-
mation of vortices through the passages of the cy-
linders are more for small gap compared to the oth-
er gap.

Fig.8 presents the turbulent kinetic energy
contours through the different tubes arrangements
for both low and high Re, which is defined as the
mean Kinetic energy per unit mass associated with
eddies in turbulent flow. It is found that the turbu-
lent kinetic energy is larger in magnitude in the case
of the higher Re,. This, in turn, enhances the con-
vective heat transfer coefficient h,and consequently
increases Nu,.

Temperature contours for the air flowing
across the tubes are depicted in Fig. 9. The maxi-
mum difference between the inlet and outlet air
temperatures and consequently the maximum quan-
tity of heat transferred are obtained for the arrange-
ment of circular tube followed by elliptical one, this
due to the high differences in pressure between inlet
and outlet

Fig.10 demonstrates the static pressure
contours through the tubes. It can be seen that the
pressure has the highest values at the stagnation
point on the frontal portion of each tube, this is be-
cause the flow velocity tends to be zero at this
point. The static pressure drop for the bundle with
elliptical and circular cylinder or two tandem circu-
lar cylinder is high.
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Fig. 6. Streamlines patterns of the tested tubes at different arrangements.
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I;Ig 7. \/elocity contours (m/s) for different arrangements.
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Fig. 8. Turbulent kinetic energy contours for different arrangements.
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Fig. 9. Temperature (K) contours for different arrangements.
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Fig. 10. Static pressure (Pa) contours at different arrangements.
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As shown for circular cross section, the heat trans-
fer coefficient is increased as velocity, and gap ratio

In small gap, therefore as the gap increases
with increasing velocity the movement of particles
increases and so turbulence intensity increases and
this enhances the heat transfer coefficient.. On the
other hand St, in Fig. 12 decreases as velocity in-
creases, since the relation between St, and veloci-
ty is an inverse proportional relation and also due to
the increasing of kinetic energy as result of increas-
ing velocity. As velocity increases the pressure in-
creases and hence the friction factor decreases for
circular cylinder with increasing gap ratio, Fig. 13
and 14.

For elliptical tube the heat transfer and St,
are relatively equal to that for circular one at the
same gap ratio, but the overall pressure drop for
elliptical cylinder is lower than that of circular one
so the power consumption and friction factor for
elliptical tube is lower than that of circular one as
shown in Fig. 15 to 18.

When changing the position of circular and
elliptical one, some changing appears on heat trans-
fer and fluid flow characteristics. As the elliptical
cylinder fixed on the second position the heat trans-
fer and St, increase, on the other hand the pressure
drop and hence the friction factor decreased as
shown in Fig. 19 to 22.

For all studied arrangements the highest
heat transfer is observed for the arrangement of cir-
cular-first and elliptical-second cylinder and the
minimum pressure drop and hence the friction fac-
tor are for the elliptical one as shown in Fig. 23 to
26.
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Fig. 11.Effect of longitudinal pitch on h (W/m2K)
for circular cross section.
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studied arrangement.

IV. UNCERTAINTY ANALYSIS
4.1 Uncertainty of Numerical results

According to [14], the error in a fine and
coarse grids (E;", E,;°**) and grid convergence
index (GCI) are given by: [E,"™ = (f,-f,)/ (1-")],
[Ezcoarse = x Elfine]' [GC|1ﬁn_e = ES x (abs Elfine)],
and [GC1,** = FS x (abs E,"™)].
From the data of both fine and coarse grids (r=2.5
and p = 0.99) and according to the numerical solu-
tion, let fyand f, be the stagnation pressure and [FS
= 3]. Table 1 shows the errors and grid convergence
index values. In addition to this table, Fig. 27
represents the residuals during solutions

Table 1. Errors and grid convergence index values.

No. of fine | No. of coarse | Pripe, fine coarse fine coarse
grid points grid points Pa Pooarse,pa | E1 E, GCly GCl,
73078 43332 2.7 2.83 -0.0880044 | -0.2200112 | 0.264013 | 0.660033

1001 - e

0 2% s 15 M0 125 @ 55 w28
Iterations

Scaled Residusks Jan 03, 2015
FLUENT 63 {24, dp, pbrs, mgie]

Fig. 27. Residuals of the numerical solutions.

V.CONCLUSIONS

In this paper the heat transfer from two cir-
cular and elliptical cylinders in tandem arrangement
had been numerically predicted for 2 x10° < Re, <
21 x10°. Different tubes arrangements were studied
at the considered Re, range. Also, the commercial
CFD software FLUENT was used to get the flow
field around the cylinders. To get the effect of dif-
ferent parameters on the heat transfer characteristics,

we use the temperature contours. The dependency
of the heat transfer coefficient, St,, pressure drop,
and friction factor for circular and elliptical cylind-
ers on the gap ratio is quite clear from the results.
For circular cross section, the heat transfer coeffi-
cient is increased as velocity, and gap ratio increase.
On the other hand St, decreased as velocity increase.
The pressure drop and hence the friction factor in-
crease for circular cylinder as gap ratio increase.
For elliptical tube the heat transfer and St, are rela-
tively equal to that for circular one at the same gap
ratio, but the overall power consumption and fric-
tion factor for elliptical tube is lower than that of
circular one. As the elliptical cylinder fixed on the
second position the heat transfer and St, increase,
on the other hand the pressure drop and hence the
friction factor decreased. For all studied arrange-
ments the highest heat transfer is observed for the
arrangement of circular-first and elliptical-second
cylinder and the minimum pressure drop and hence
the friction factor are for the elliptical one. Accord-
ing to the uncertainties analysis and the good
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agreement between the present results and the re-
sults of Mohamed [13], so the 2-dimensional anal-
ysis of the paper is so good to express any practical
application in this field.
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Nomenclature

f;: A fine grid numerical solution obtained with grid
spacing hy,

f, : A coarse grid numerical solution obtained with
grid spacing h,,

FS : Factor of safety.

r : Refinement factor between the coarse and fine
grid.(r = hy/h;>1)

P : Formal order accuracy of the algorithm.(P<1)

p : Pressure, pa. (Ib/inch?)

k: Thermal conductivity, w/m K.

T : Absolute temperature, K.

u, v: Velocity-components in x and y directions,
m/s.(inch/s)

p : Density of fluid, kg/m®.(Ib/inch®)

4 : Dynamic viscosity, Pa s.(poise)
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