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Abstract: - A three dimensional numerical study has been conducted on fi nned-tube heat exchanger with
multiple rows of tubes using ANSYS (Fluent). The objective of this study is to numerically investigate finned
tube heat exchanger with different ty pe of tubes such as circular, elliptical an d rectangular tubes. As circular
tubes has much pressure drop so elli  ptical and recta ngular tubes has been introduced i n order to re duce
pressure drop. As well as heat transfer has also been examined. The finite volume bas ed CFD code ANSYS
Fluent 16.2 is used to calculate the flow and temperature fields and by applying SIMPLEC algorithm. At low
velocity of air and water, nothin g significant occurred for the co mbination of tubes. At high velocit y in
maximum tube combination there was heat transfe r (HT) enhance ment and pressure drop reduction when
compared with circular tubes only in case of air. When the combinations of circular, elliptical and rectangular
tubes has been compared with circular tube heat exchanger (CTHX) heat transfer reduces as well as pressure
drop (PD) also reduces for air. In case of water vapor HT and PD behaves the same. When those combinations
has been compared with elliptical tube HX, for air in some cases heat transfer remains same and on other case
it increases. For pressure drop in case of air, in some cases it reduces and on other cases it reduces. For
elliptical tube HX for the fluid water vapor HT and PD both remains same or reduces. This work has not been
with conducted any numerical simulation on rectangular Heat exchanger reason behind i t there isn’tan y
existence of this kind of h eat exchanger. However, it could be nu merically conducted to examine the results
between those combination and rectangular heat exchanger.
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NOMENCLATURE
B Baseline or Conventional heat N Number of tube rows
exchanger Nu Nusselt number
Cp Specific heat capacity in J/Kg K Pr Prandtl number
D Diameter of the circular tube in m Q Heat transfer rate in W
f Darcy Friction factor Re Reynolds number
H Fin Height in m T Temperature in K
h heat transfer co-efficient in W/m?k U X-component velocity at inlet in m/s
k Thermal conductivity in W/mk Ap Pressure drop in N/m?
L Length of fin in m ATIm Logarithmic mean temperature
m Mass flow rate of air in Kg/s difference
M Modified Heat Exchanger

together in a frame that includes connections for
1 Introduction the.ﬂuids. Since each pla‘F e is gegerally provided
Plate fin heat exchangers consists of a number of peripheral gasket to provi d.e sealing arrangem ent
corrugated metal plate s in m utual contact, each [1]. The present analy sis is focused on p late fin
late having four ap paratus serving a s inlet and anc'l three different ty pe of tubes .Su.Ch as c1rcglar,
P g pp g elliptical & rectangular tube. Air is passed in

gutlet ports, and seal s designed to direct the fluids between plate fin and tubes for co  mbination of
in alternate flow passage. The plates a re clamped
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tube. In this present analysis, fluid streams remain
separate and the heat transfer t akes place
continuously through a dividing impervious wall.
In cross flow exchanger, two fluid are norm al to
each other and both fluids are unmixed. For
unmixed-unmixed  case, fluid tem perature
variations are idealized as two-dimensional only
for the inlet and outlet section [ 2]. Thermal
effectiveness for the cro ss flow he at exchanger
falls in between parallel flow and co unter flow
arrangement. In many cases one gas is compressed
to increase pressure so the density is high while the
other at lower pressure and low density. Compared
to liquid-liquid exchangers, the size of gas-gas
exchanger is much larger, because the convective
heat transfer co-efficient on the gas side is low
compared to the liquid side [3]. Circular tubeis
used in conventional heat exchanger. But now a
days, elliptical tube is introduced. Elliptical tube is
used due to its good aerodynam ic shape. Elliptical
tube has less cross sectional area than circular one.
Influence of aerodynamic shape of an elliptical
tube on the thermo-hydraulic performance is found
quite significant by reducing the ellipticity ratio.
Elliptical tubes also helps to reduce drag force [ 4].
Rectangular tube in heat exchanger is a new
concept. This type of tube is used as a duct in air
conditioning system. It is used to increase the heat
transfer area which additionally enhance heat
transfer. In this present analy sis, fluid strea ms
remain separate and the heat transfer takes place
continuously through a dividing impervious wall.
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(d): Cross-section of Computational Domain

(b): Front View

Fig 1: Schematic configuration of a heat exchanger
for N3M1
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2 Literature Review

Based on the intersecti on angle be tween the
velocity and temperature gradient, Guo et al. [5 ]
have proposed an approach to identif y the region
where the heat transfer should be enhanced in
parabolic type flows. Later Based on field synergy
principle Li et al. [ 6] have studied the fluid flow
and heat transfer characteristics of strip fin w.r.t its
position (upstream, downstream) and observed
that strip fin in downstream arrangem ent performs
better than o thers. A significant contribution on
heat transfer enhancement and the stud y on flow
characteristics  of flow past various tube
arrangements has been reported Jay ~ avel and
Tiwari et al. [7-9 ]. It is noticed that for the same
heat transfer area using di fferent diameter of tube
in the succes sive row y ields better performance
over thesam e diameter tube. Am  ultiple
correlations of friction factor and Nusselt num ber
for large tube diameter and large number of rows
have been proposed by Wu and Tao at el[10], ], it
is noticed that for the same heat transfer area using
different diameter of tube in the succ essive row
yields better performance over the same diameter
tube. A multiple correlations of friction factor and
Nusselt number for large tube diameter and large
number of rows have been proposed by Xie at
el[11]. The geometric effects on the pe rformance
of plate finned-tube heat exchanger with different
fin pitch, tube pitch, fin thickness, and tube
diameter have been investigated by Luetal [12 ].
From their work itis noticed that, with a fixed
inlet frontal velocity there is enhancement in heat
transfer by decrea sing tube diameter. The
influence of tube shape on the therm o-hydraulic
performance is found quite significant fro m the
work of Lotfi etal. [ 13], it is identifie d that the
heat transfer performance is enhanced by reducing
the tube ellipticity ratio.

3 Theoretical Aspects

3.1 Flow across tube banks

Because many heat-exchanger arr  angements
involve multiple rows of tubes, the heat transfer
characteristics for tube banks are o f important
practical interest. The hea t-transfer characteristics
of staggered and in-line tube banks were studied,
and on the basis of a correlation of the results of
various investigators. The original dat a were for
gases with Pr .0.7. To extend the use t o liquids,
the present writer has modified the constants by the
same 1.11Pr'® factor employed. The Reynolds
number is based ont he maximum velocity
occurring in the tube bank; that is, the velocity
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through the mini mum-flow area. This area will
depend on the geometric tube arrangement.

Heat transfer in tube banks can be computed from
the general correlation [14]:

Pr
Nup = ClCzRenPrm(ﬁ)o'zs ()
S

3.2 Physical Model

In this present sim ulation, a three dimensional
numerical study of overall performance of the heat
exchanger has been perfo rmed with co mbination
of circular, elliptical and rectangular tube. Plate-
fin with the staggered tube arrangement is taken to
study with water-vapor and airside h eat transfer
and pressure drop cha racteristics. The tube
geometries considered are circular, elli ptical and
combination of circular, elliptical and rectangular
tube. Too closely represent the real time heat
exchanger, multiple tube rows (number of tube
rows, N = 3, 6)are co nsidered. The effe ct of
number of tubes has also been studied. Increas ed
number of tube leads to d ecrease in heat transfer
and when the nu mber exceeds 6, the
corresponding increase in heat transfer i s
negligible [4], therefore present work concerns up
to six rows of tube.

The circular and elliptical tubes are designed in
such a way that perimeter of the tubes are sa me,
which allows ease of manufacturing and ensures
the same heat transfer area for circular, elliptical
and rectangular tube. Eccentricity of the elliptical
tube is taken as which is closer to Rocha at el [15].
The range of the inlet velocity is taken between
0.5-2.5m/s with 0.5 intervals assuming the flow to
be laminar. As the region of interest of the present
work is focused on t o identify the tube geometric
effect, the fin surface is assumed to be a constant
wall temperature.

3.3 Geo-metric Details

Perimeter of all tube e.g . circular, elliptical and
rectangular is taken as equal. For an ellipse having
semi axes of lengths a and b, the perimeter (P) is
approximately [16].

4ab b
P =4x (a+b)x (f)(“‘“”z) @) @
Where, a = 6 mm and b =3.89 mm by trial and
error method taking eccentricity e= b/a =0.6 for
rectangular tube perimeter is= 2 X (a + b) a =
10.71 mm and b = 2.5 mm

Perimeter of the circular tube = 27r; where radius
of the circular tube =5 mm
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Table 1: Geometrical data of the simulation.

Transverse Pitch ( Py) 24.7 mm
Longitudinal Pitch (Py) 19.05 mm
Circular Tube Diameter ( D) 10 mm
Perln?eter of circular, 31.42 mm
elliptical & rectangular tube

Fin Height (H) 2.115 mm
Number of Rows 3,6

Table 2: Combination of tube in various

arrangement.

Des(i)inati Schematic Representation Category
- — Baselline-
N2 . ey
Nl Modiﬁed-
M Mod;ﬁed-
N Mod;ﬁed-
N Mod‘i‘ﬁed-
Nans Mod;ﬁed-
aMe Modéﬁed-
NeBI Baselline-
Nema Baseline-

2
el Modiﬁed-
N Mod;ﬁed-
e Mod;ﬁed-
o4 Mod‘i‘ﬁed-
NeMs Mod;ﬁed-
oMo Modéﬁed-

3.4 Mesh Generation and Solution
Methodology

The computational domain is discreti zed into a
finite number of control volum e. In fin region,
inflation mesh control is done with four edges of
circular and elliptical in both sides. First lay er
thickness inflation option is sele cted. After that
body sizing is done in fin region. In upstream and
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downstream region. Several edge sizing is done in
various direction.

The finite volume based CFD code ANSY'S Fluent
16.2 is used to calculate the flow and te mperature
fields and by applying SIMPLEC algorithm. Under
relaxation factor for pressure correction is taken as
1 for faster convergence [16]. To obtain improved
accuracy of the solution, second order spatial
discretization of the press ure is employed. As the
grids are structured hexa hedral and a re aligned
with flow direction, QUICK scheme is used for
discretizing higher order convective terms in
momentum equation. The residualis 10 ¢ for
continuity and m omentum, whereas for energy
equation, it is taken as10™

Fig 2: Schematic representation of grid.

3.5 Parametric Definition

The definitions of non- dimensional parameters
such as Reynolds number (Re), Nusselt num ber
(Nu) and Darcy friction factor (f) are defined as
follows [9],

(Tw B Tin) B (TW - Tout)

LMTD = (Tw_Tin) (3)
In——"~
(Tw_Tout)
Heat Transfer rate
Q= me( Tout — Tin) “4)
oo 9
m = IMTD x 4, ®)
UinH
o= (6)
1
_hH
Nu = T (7)
AP H
f=—- (8
05 p Uin L

4 Numerical Results and Discussion

4.1 Mesh Sensitivity

For checking mesh dependency baseline N3BI1 is
taken for consideration. Grid 1 =264935n odes,
Grid 2 =361 911 nodes, Grid 3 =4989 82 nodes.
Mesh dependency is checked for heat tr ansfer co-
efficient at different inlet velocity. From Fig 4.1, it
is observed that at grid 1 and grid 3 gives alm ost
same heat transferc o-efficient. For further
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calculation, grid 1 is taken as best option
considering time for solution to converge.

701
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@ ./.\.
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Fig 3: Grid independence results (N=3)

4.2 Validation of Numerical Results

For the fin and tube heat exchangers with plain fin
configuration, the air side performance
characteristics have been examined experimentally
for various sam ples (varying geometrical
parameters) [17] The present results are validated
with the experimental work of Wang at el. [17] and
a close agreement has been observed as shown in
Fig 4

w
g

-o- Present

- wang et. al.

n
i

Pressure Drop (Pa)
=
o

0 T T
0 1 2 3

velocity

Fig 4: Validation results for N=2

4.3 Heat Transfer of Air

The connection of all tubes may pose
manufacturing difficulty, butwit h advanced
manufacturing technology, this connection is quite
possible if all tubes are maintained a t the sa me
perimeter [16].

The result has been prese nted on Normalized Nu
number and friction factor. The results are
normalized (Xi/Xo), where i1 stands for modified
cases and o stands for ba seline cases which are
conventional method such as heat ex changer with
circular and elliptical tube rows. The hy  draulic
diameter of circular and elliptical tubes are
different due to differences in cross section under
constant perimeter, hence, Reynolds number based
on fin height is used for representing the results.
From Fig 5, it shows that N3M1 perfo rms better
than N3M2 when compared to N3B1.Though heat
transfer gradually decreases, but at lower inlet
velocities both perform better than convention
grouped circular tubes Circular tube h as a higher
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heat transfer rate than elliptical and rectangular
tubes. Heat transfer for elliptical tube almost half
circular tubes. At lower inlet velocity heat
transfer of N3M1 is greater than N3B1 due to no
circulation occurs at this velocity . Mostly heat
transfer by diffusion in this low velocity. And in
this case for ced convectionto takes place. In
contrast, at high Re number N3M4 performs quite
better than N3M3. N3M5 and N3M6 acts al most
in similar fashion when compared with
N3B1.N3M5 and N3M6 also acts almost similar
fashion when co mpared with N3B2. N3M6 is a
better option than N3MS5. From Fig 6, the curve is
upward when compared with N6B1. But N6M1 is
better than N6M2 at hi gh Re num ber. But for
N6M2 almost all the tube gives higher circulation.
For this reason high heat transfer for N6M1 than
NO6M2. In both cases, as velocity increases heat
transfer increases, but heat transfer rate of N6B1 is
much higher than N6M3. N6M4 also acts like
N6M3 when co mpared with N6B1. N6M3 when
compared with N6B2 it was seen the heat transfer
for both of the cases are almost similar. N6M5 and
N6M6 acts si milar when compared with N6B1.
But at high inlet velocity, heat transfer for both
cases increases.

-o- N3M1 & N3B1
- N3M1 & N3B2
-+ N3M2 & N3B1
-+ N3M2 & N3B2
-+ N3M3 & N3B1
-6~ N3M3 & N3B2
& N3M4 & N3B1
- N3M4 & N3B2
-+ N3M5 & N3B1
-o- N3M5 & N3B2
- N3M6 & N3B1
—+ N3M6 & N3B2

0.9

Normalized Nusselt Number

T T T T T T 1
50 100 150 200 250 300 350 400
Reynolds Number

Fig 5: Nusselt Number of air of Modified Heat
Exchanger (HX) with corresponding Reynolds
Number of Conventional HX for N=3

NéM1 & N6B1
N6M1 & N6B2
N6M2 & N6B1
N6M2 & N6B2
N6M3 & N6B1
N6M3 & N6B2
N6M4 & N6B1
N6M4 & N6B2
N6MS & N6B1
N6MS & N6B2
N6M6 & N6B1
N6M6 & N6B2

-
o
1

Normalized Nusselt Number
o
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Fig 6: Nusselt Number of air of Modified Heat
Exchanger (HX) with corresponding Reynolds
Number of Conventional HX for N=6
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4.4 Heat Transfer rate for water-vapor
Water vapor is also taken in steads of air with all
those combinations. Due to having different
properties of water vapor there is dif ference in
heat transfer and Nusselt number.
From Fig 7, N3M2 is a b etter option than N3M2
for water-vapor. But in reverse action is shown for
N3M2 when com pared with N3B2. For water-
vapor N3M3 and N3M4 both have alow heat
transfer rate from low inlet velocity to the high
inlet velocity when co mpared with N3B1. Similar
things happen for N3M3 and N3M4 when
compared with N3B2.N3M5 & N3M6
combinations are bett er than the previous two
named as N3M3 and N3M4. For water-vapor
N3MS5 and N3M6 both have alow heat transfer
rate from low inlet velo city to the highinle t
velocity when com pared with N3B1. Sim ilar
things happen for N3M5 and N3M6 when
compared with N3B2.
From Fig 8, N6M1 and N6M2 are co mpared with
N6B1, at that time heat tr ansfer is so much lower
in high inlet velocity. But N6M1 and N6M2 are
compared with N6B2 which is b etter than
compared with N6BI1.

1057 > N3M1 & N3B1
- N3M1 &N3B2
-+ N3M2 & N3B1
-+ N3M2 & N3B2
- N3M3 &N3B1
-6~ N3M3 & N3B2
= N3M4 &N3B1
-&- N3M4 & N3B2
-%- N3M5 & N3B1
-0~ N3M5 & N3B2

-+ N3M6 & N3B1
—+ N3M6 & N3B2

0.95+

0.904

Normalized Nusselt Number

0 5’0 1(’)0 1;0 2(')0 2;0
Reynolds Number
Fig 7: Nusselt Number of water-vapor of Modified
Heat Exchanger (HX) with corresponding Reynolds
Number of Conventional HX for N=3

-o- N6M1 & N6B1
-+ N6M1 & N6B2
-+ N6M2 & N6B1
-+ N6M2 & N6B2
- N6M3 & N6B1
-o- N6M3 & N6B2
& N6M4 & N6B1
- N6M4 & N6B2
-+ N6MS5 & N6B1
-6- N6MS5 & N6B2
-+ N6M6 & N6B1
—+ N6M6 & N6B2

1.024

Normalized Nusselt Number

0 50 100 150 200 250
Reynolds Number

Fig 8: Nusselt Number of water-vapor of Modified
Heat Exchanger (HX) with corresponding Reynolds
Number of Conventional HX for N=6
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4.5 Friction factor for air

Pressure drops are represented in terms of friction
factor and inlet air velocity is taken as in terms of
Re number.

From Fig 9, it is shown that friction for N3M2
increases having high fric tion factor. In contrast
friction factor for N3M1 decreas es when
compared with N3B2. N3MI1 combination is
better when compared with N3B1. N3M1 is better
when compared with N3 B2 because it has lower
friction co-efficient. It is shown that N3M3 is the
best combination because it has a much lower
friction factor. But for the N3M3 pressure drop is
higher when com pared with N3B2. N3M4 also
have lower pressure drop when co mpared with
N3B1 than N3B2. Press ure drop de creases as
velocity increases. Itis shown that for N3M5 and
N3M6 pressure drop reduces as velocity increases
when compared with N3B1. Reverse action occurs
when compared with N3B2.

From Fig 10, it is shown that N6M1  is the best
combination because it has a much lower friction
factor. But for the N6M1 pressure drop is higher
when compared with N6 B2. N6M2 also have
lower pressure drop whe n compared with N6B1
than N6B2. N6M3 and N6M4 for both cases
pressure drop reduces as velocity increases when
compared with N6B1. But slight in pressure drop
for N6M3 when velocity crosses 2.0 m/s. For
NO6MS5 pressure drop is  higher when compared
with N6B2. N6M6 also have lower pressure drop
when compared with N6 B1 than N6B2. Pressure
drop decreases as veloci ty increases. Reverse
when N6M5 and N6M6 are compared with N6B2.

1.154
- N3M1 & N3B1

- N3M1&N3B2
-+ N3M2 & N3B1
-+ N3M2 & N3B2
-+ N3M3 & N3B1
-6~ N3M3 & N3B2
& N3M4 & N3B1
-& N3M4 & N3B2
% N3M5 & N3B1
—- N3M5 & N3B2
-+ N3M6 & N3B1
-+ N3M6 & N3B2

\\\

'1

J

Normalized Friction Factor
&
a

e
@
il

e
n

50 100 150 200 250 300 350 400
Reynolds Number

Fig 9: Normalized Friction Factor of air of Modified
Heat Exchanger (HX) with corresponding Reynolds
Number of Conventional HX for N=3
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- N6M1 & NeB1
-+ N6M1 & N6B2
-+ N6M2 & N6B1
-+ N6M2 & N6B2
- N6M3 & N6B1
-6 N6M3 & N6B2
B N6M4 & NeB1
& N6M4 & N6B2
-% N6M5 & N6B1
-6 N6MS5 & N6B2
-+ N6M6 & N6B1
=~ N6M6 & N6B2

o

©

a
1

Normalized Friction Factor

50 100 150 200 250 300 350 400
Reynolds Number

Fig 10: Normalized Friction Factor of air of
Modified Heat Exchanger (HX) with corresponding
Reynolds Number of Conventional HX for N=6

4.6 Friction factor for water-vapor

Friction factor for water-vapor is estimated and
plotted in terms of friction factor and Re number
for number oftubes3 and 6 f or various
combinations. From Fig 11, it is almost similar to
air. N3M1 is better when com pared with N3B2
because it has lower friction co-efficient. In
contrast friction factor for N3M1 decreases when
compared with N3B2. N3MI1 combination is
better when compared with N3B1. It is observed
that at low i nlet velocity for N3M3 and N3M4
value is respectively 0.85 and 0. 83 but when
velocity increases pressure drop reduces and
respectively the values are 0.73 and 0.68 when
both are compared with N3B1. N3M3 and N3M4
are compared with N3B2 friction factor values are
0.95 and 0.98. For N3M3 pressure drops values
almost equal to N3B2. N3M5 and N3M6 pressure
drop reduces as velocity increases when compared
with N3B1. Friction factor for N3M5 and N3M6
at lower velocity , friction factor velocity  are
respectively 0.86 and 0.87. But for higher velocity
those values decrease to 0.80 and 0.78. Reverse
action occurs when compared with N3B2,

From Fig 12,itissho wn that for N3MS5 and
N3M6 pressure drop reduces as velocity increases
when compared with N3B1. N6M2 is one of the
best combination becauseit has much lower
friction factor having fric tion factor 0 .925. For
N6M2 and N6B2 values reduce to 0 .92 while it
started from 0.96, N6M1 also have lower pressure
drop when compared with N6B1 than N6B2.
Friction factor for N6M3 & N6B1 red uces while
friction factor for N6M3 & N6B2 increases. It is
also monitored that N6M3 & N6B2 and N6M4 &
N6B2 pressure drop increase in a similar fashion.
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-o- N3M1 & N3B1
- N3M1 &N3B2
-+ N3M2 & N3B1
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-+ N3M3 & N3B1
-©- N3M3 & N3B2
B N3M4 & N3B1
& N3M4 & N3B2
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-+ N3M6 & N3B1

0.6 T T T T J - N3M6 & N3B2
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2

Normalized Friction Factor
o
£

Fig 11: Normalized Friction Factor of water-vapor
of Modified Heat Exchanger (HX) with
corresponding Reynolds Number of Conventional
HX for N=3

-o- NBM1 & N6B1
= NBM1 &N6B2
-+ N6M2 & N6B1
-+ NBM2 & N6B2
—- NBM3 & N6B1
-6~ NBM3 & N6B2
& NB6M4 & N6B1
-+ NBM4 & N6B2
-+ N6MS5 & N6B1
-o- NBM5 & N6B2
50 100 150 200 250~ N6M6 & N6B1
-+ N6M6 & N6B2

Normalized Friction Factor
o
w0

e
3
o
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Fig 12: Normalized Friction Factor of water-vapor
of Modified Heat Exchanger (HX) with

corresponding Reynolds Number of Conventional
HX for N=6

4.7 Temperature contour of air for various
combination

Temperature contour means the distr ibution of
temperature for air. In the front portion of fin, heat
transfer is large because high temp difference but
at rear portion heat transfer reduce d because
difference of tube surface te mp and air is lower.
Only one conventional and modified temp contour
is shown here [18].

a) Geometry N3B1 0.5 m/s
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¢) Geometry N3MI1 0.5 m/s

d) Geometry N3MI1 2.5 m/s

i 1.

Fig 13: Temperature contour of air a) N3B1 at
0.5 m/s b) N3B1 at 2.5m/s ¢) N3M1 at 0.5m/s d)
N3M1 at 2.5 m/s

4.8 Pressure Contour for Air

Pressure contour of air three rows of tube as static
pressure distribution. As the velocity increases
pressure drop increase s. Pressure contour shown
for three ro ws oftube one con ventional and
another for modified heat exchanger [18].

N3B1 for 0.5 m/s

N3BI1 for 2.5

of N3M3 at 0.5 m/s

3
3
-

d) Geometry of N3M3 at 2.5 m/s

l i

Flé 14: Pressure contour for air a) N3B1 at 0.5 m/s
b) N3B1 at 2.5 m/s ¢) N3M3 at 0.5 m/s d) N3M3 at
2.5m/

4.9 Temperature contour of water-vapor
Temperature distribution is shown for water-vapor
for three rows of tube. There is little di fference in
outlet temp of water-vapor than air [18].
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N3B1 0.5 m/s

a) Geomet

L

Fig 15: Temperature contour of water-vapor a)
N3B1 at 0.5 m/s b) N3B1 at 2.5m/s ¢) N3M3 at 0.5
m/s d) N3M3 at 2.5 m/s

4.10 Pressure contour of water-vapor

Static pressure distribution are shown for water-
vapor are presented for one baseline ca se another
for modified case [18].

a) Geometry N3B1 for 0.5 m/s

Fig 16: Pressure contour for water-vapor a) N6B1 at
0.5 m/s b) N6B1 at 2.5 m/s ¢) N3M3 at 0.5 m/s d)
N3M3 at 2.5 m/s
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4.11 Discussion

In this resea rch work, several co mbinations of
three rows of tube with  circular, elliptical and
rectangular tubes have b een investigated. These
tubes have also been used for six rows of tube.
First of all, fluid is taken at the air. Then air is
replaced with water-vapor. Present si mulation has
investigated withan  established paper and
compared with that paperinter ms of pressure
drop vs. velocity. It has been inspected from the
graph of normalized Nu number and Re number
that heat transfer for several geo metries gives a
high heat transfer rate than convention al grouped
circular and elliptical tubes. For example for air
geometry N3M6 performs better than convention
grouped elliptical tubes. It has been ob served that
as velocity increases pressure drop also increase s.
In contrary, friction factor decre ases as velocity
has increased being friction factora nd velocity
anti-proportional. For example, friction factor for
geometry N3B1 at velocity 0.5 m/s was 0.95 and
for velocity 2.5 m/s it was 0.37. F or verification,
the result has been compared with the heat transfer

correlation for tube ban ks. 1.41 % of error
occurred with the actual co-relation  result. The
results show that, at low inlet velocity for air,

modified heat exchanger 4 and 6 have 7.54% and
4.59% increase in heat tra nsfer co-efficient from
the conventional circular tube heat exchanger
when N=3. Butheat transfer co-efficient is
decreases 2.42% for m odified heat exchanger 3
from grouped elliptical tube when N=3. When the
number of tubes are six, for all the modified heat
exchangers heat transfer co-efficient decreas e
almost 2-3% from grouped circular and elliptical
tube heat exchanger. In case of w ater-vapor,
modified heat exchanger 1 and 2 have 3.48%
decrease in heat transfer from conventional
circular tube heat exchanger. Also modified heat
exchanger 1 and 2 have 2.11% decrease in heat
transfer from conventional elliptical tube heat
exchanger. On the contrary, at high inlet velocity,
modified heat exchanger 2 have 10.4 5% higher
from grouped elliptical t ube heat exchanger, for
modified heat exchanger 6 gives 5. 80% higher
heat transfer fro m grouped elliptical tube heat
exchanger when N=3. This has been due to flow
separation point of the fluid over the tube surface.
As long as flow adhered to the tube surface, fluid
was heated up. Vortex ge nerator could have been
used to delay flow separation.
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5 Conclusion

Air side and water-vapor heat transfer
characteristics  for diffe rent arrangements of
circular, elliptical and rectangular tubes, has been
numerically investigated in the laminar flow
region for multiple rows. The result is presented as
follows: The heat transfer enhancement is being
quite good for air, the geometry N3M2 and N3MS5
than the grouped elliptical tube heat exchanger in
case of three rows of tube. On the other hand, for
six rows tube N6M3 and N6M6 has performed
better than the grouped ¢ ircular tube. In case of
water-vapor, the heat exchanger with geom etry
N3M1 and N3M2 has been performed quite better
than both ci rcular and elliptical tubes. Si  milar
performance has been observed for geometry
N6M5  and N6M6 when compared with
conventional heat exchanger. The frictional
resistance of air for geometry N3M1 and N3M3
when compared with grouped circular tube. For
six rows of tube, N6M5 a cts better than circular
tube and N6M6 also performs better than elliptical
tubes alone. The frictional resist ance for water-
vapor N3M1 N3M3 and N3M4 all has performed
better than grouped circul ar and ellipti cal tubes.
N6M1 and N6M2 has acted better than grouped
circular tube heat exchanger.
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