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EXPERIMENTAL STUDY OF HEAT TRANSFER AND PRESSII,RE
DROP OF TWO-PASS TUBE BANKS

F. Sh. Abou-Taleb

Mechanical Engineering Department, Faculty of Engmeeriug
Kaferelshiekh University, EGYPT
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ABSTRACT
Tube bandles are widely used in heat exchangers for energy carriers and cooling product process,
~as a cooler for compressor in gas tutbine unit and refrigeration plants. Heat transfer and pressure
" drop of isolated two-pass tube banks bandles with baffles at different locations are experimentally

studied. In the present study, five- heated test tubes are located at inlet of the first pass. The test.

tubes are heated at different rates-(Q). The measurements are taken for the five test tubes. The
length of the baffles and its location are taken into account. Also the effect of the tube banks aspect
ratio is studied. From the measurements, the local heat transfer coefficient and pressure drop are
calculated. All the measurements are conducted at Jow Reynolds number range, (Re = 1000 to

M

3500).

1. INTRODUCTION

Heat transfer and pressure drop characteristics of
tube bundles have a great effect and play.a vital role

in the design of heat exchangers and industrial heat

transfer equipments. For example, a common type of
heat exchanger consists of a tube bundle with one
fluid passing through the tubes and the other passing
across the fubes. Frequently used tube bundle
arrangements include the in-line and the staggered
amngements. Baffles are wusually installed to
increase the convection coefficient of the shell-side
fluid by inducing turbulence and cross-flow velosity
component. Many expenmental studies on flow and
heat transfer characteristics in a tube bank as well as
relevant empirical equations were reported and
derived for banks of plane and finned tubes as given
in [1]. In these experimental studies én heat transfer,
the measurements are often performed under the
condition of a single test fube in the tube bank
participates in heat or mass transfer or together. Fujti
et al [2] presented a theoretical study for predicting
oversll heat transfer rate through a tube bank from
the measurements with a single test tube placed in a
dummy tube bank when the interference between
temperature fields is significant. Gabriel et. al [3]
studied numerically the effects of Prandtle and

Reynolds numbers on the Nusselt number in the case
of -constant volumetric heat source for Reynolds
number ranged from 0.05 to 40. The study presents
numerical computations of heat transfer over banks
of square rods in aligned and staggered arrangements
with porosity ranged from 0.44 to 0.98. Khan et.al [4]
studied analytically the heat transfer-from an inline or
staggered finned tube bundles amrangement. They
employed an integral method of boundary layer
analysis to derive closed form expression for the
calculation of average heat transfer from tubes of a
bank, which can be used for a wide range of
parameters including longitudinal pitch, transverse
pitch, Reynolds and Prandtle numbersi Harris and
Gold schmidt [S] studied- experimentally the global
external heat transfer coefficients for circular U-
bends (180° bends) in a cross flow air stream using
six different curvature ratios covering a Reynolds
number rangé of 3000- 80000 while imposing a
uniforrn wall temperature boundary condition. Their

- measurements showed that the external heat transfer

coefficients for circular U-bends in cross flow were
found to be consistently higher than those for
comresponding straight cylinder flows. Also, a strong
dependence on the curvature ratic was observed.
Also measurements showed that U-bend Nusselt
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numbers were found to be over fous times larger than
those for straight tubes of identical diameter and
Reynolds number. Kuntysh and Stenin [6] presented
an experimental data on heat transfer and pressure
drop in the case of finned-tube bundles under cross
flow. In this study several types of bandle
artangements were studied namely in- line, staggered
and mixed.

Recently, heat exchangers are often operated in low
Reynolds number range to reduce flow resistance and
noise. When airflow in a heat exchanger is laminar,
the interference between temperature ficlds arcund
adjacent two tubes take place. Therefore, the results
for five test tubes differ from those for tube bank,
Therefore, the aim of this work is to study
experimentally heat transfer and pressure drop of
isolated two-pass tube banks bundles with baffles at
different locations. In the present study, five heated
test tubes are located at the first column of the first
pass. The test tubes are heated at different rates. The
measurements arc taken for the five test tubes The
length of the baffles and its location are taken into
account. Also the effect of the tube banks aspect ratio
is studied. From the measurements the local heat
transfer coefficient and pressure drop are evaluated.
All the measurements are conducted at Jow Reynolds
numbers ranged from (1000 to 3500).

2. THE EXPERIMENTAL TEST RIG AND
MEASURING TECHNIQUES:

2.1. The Experimental Test-Rig

A schematic diagram of the experimental test rig for

the present study is shown in Figs.1, 2. As shown in

these figures, the test-rig consists of isolated tube

banks with two-pass flow. The tube banks have the
dimensions [215x125x80] mm. The walls of the bank
are made from isolated fiberglass sheets with
thickness 7 mm. The tube banks are arranged in-line
initially and other arrangement is staggered. In the in-
line amangement, the longitudinal and transverse
pitches are S = 8; = 24 mm. respectively while, for
staggered arrangement, the pitches are, Sy = 24 and

~ 8p=17 mm. The unheated tubes were made from the

copper, while the heated tubes were made from
stainless- steel. The number of rows in the flow
direction n = 17 rows and in the transverse direction
m = 10 columns. The tube outside diameter and
length are 6.4 mm and 78 mm, respectively. The tube
banks have two-pass where the baffle plat directs the
gir flow. As a result of moving the baffle plate up-
down and forward - backward across the tubes, the
height (b) of the first pass has the values 63, 51.5 and
38,5 mm, while the entrance of the second pass (a)
takes 40, 52 and 64 mm. The airflow is delivered into
the tube banks by using two blowers, (3), connected
in series. The power of each blower is 900 Watts.
The air discharge is controlled by the gate (2). The
air flow rate through the tube banks is measured by a
rotameter (4) at the outlet. The temperature of the air
at exit of the tube banks as well as, the temperatures
of the heated tubes weré measured by a calibrated
thermocouple (5). The tested tubes were heated using
an electric system consists of transformer (12) and
voltage regulator (13) connected to stainless steel
tubes. The number of heated tubes are five
distributed at the entrance of the first pass. The
pressure drop between the inlet and exit of the tube
banks is measured using pressure taps connected to
an inclined water U- tube manometer.
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Fig (1) Experimental set-up
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Fig(2) A schematic diagram of the test section.

2.2, Techr.llques of Measurements
Z.2.1. Measuring devices:

The temperature of the air at the tube banks exit and
tested tubes are measured by using calibrated K- type
thermocouples with 0.5 mm diameter which is
connected to a digital temperature. indicator, The
temperature drop is taken as the arithmetical
difference between the mean temperature of the
tested tube surface and the mean temperature of the
airflow.

The volume flow rate of the air flows through the
tube banks is measured by a calibrated rotameter,

The static pressure drop between the inlet and the
exit of the tube banks is measured using two static
pressure tapes connected to an inclined water U-tube
manonteter.

2.2.2, Evaluation of the measnrements:

The experimental measurements are taken for two
arrangements, the first one is concemed with in-line
with different pitchs, while the other is staggered. All
measurements are conducted at low Reynolds
number range (1000 < Re < 3500). The actual value
of Reynolds number was calculated from the
following relation:

R Wou () ' ¢}
Where Wy is the maximum velocity of the air in
n/sec and derived from the relation:

W =ValAr 2

Here, V,;; is the volume flow rate of air measured by
a calibrated rotameter, v is the kinematic viscosity of
air at mean temperature and Ay is the area of flow and
calculated as follows:

For In - line arrangement:

Ar=bL-ZdL , 3)
-For staggered arrangement: _
Ar =(Zc) (Sp-d)*L @

Where b i3 the height of the first pass, m, L length of
the tube (width of the test section) m, Z; is the
number of tubes in the traverse direction of the first
pass and Sp, is the diagonal pitch .

The Nusselt number is calculated from the measured
quantities as follows:

hd
Nu = Y (5)
Where, A is thermal conductivity calculated at mean
temperature in W/m k, and h is the coefficient of heat
transfer for each tube and calculated from the
relation:

- Q 2
h_. A tTe —Ta3 }W!m ()]
where: Q is the heat flux , and caleulated from the
relation Q=1*V where I is the current , and V is

the volt, A, is the outer surface area of the heated
tube and {T, — T, ) is the temperature difference
between the surface temperature and air temperature.
The pressure drop coefficient, F, is calculated from

the relation :

- 2
F=iagistp @
Here, Gy, is the maximum mass flow velocity rate
Jkg/m?sec, N number of tube rows in direction of
flow which equal 34 , Z is a comrection factor
including the effect of tube bandle configuration {
Z=1 for a squars or equilateral triangle tube
arrengement), Gru=p W
All results are taken to evaluate the effect of baffle
locations and other flow parameters on the
characteristics of two-pass bank tube.

4. RESULTS AND DISCUSSIONS

In the case of in-line arrangement ,the measurements
are taken at fixed longitudinal, transverse pitch,
8(=8;=12 mm and entrance width of the second pass
(a = 64 mm), while the height of the first pass (b) has
different values (63, 51.5 & 38.5 mm). Figs. (3 a, b,
c) show the variation of heat transfer coefficient Nu
with mass flow velocity rate in dimensionless form
Re, at different heating rates (Q). As shown in the
figure, the heat transfer coefficient increase with
increasing the heating rate and mass flow rate. Figs.
(42 , b, c) show the variations of pressure drop
coefficient against Reynolds number at different
heating rates, The figures show that, the effect of the

M.3
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heating rate on the friction coefficient is small. For
staggered amrangement with transverse pitch Sy =24
mm , disgonal pitch Sp = 17 mm , a = 64 mm, and
variable valucs of (b = 63, 51.5, and 38.5), Figs.
(52, b, c), show the relation between Nu and Re at
different heating rates. Also, Figs (6 a, b, c) show the
variation of pressure drop coefficient’ against
Reynolds number at the same conditions which are
given in Fig (5). These figures show small values of
pressure drop coefficient F were obtained except for
Q = 488 W, b = 51.5 mm. For in-line arrangement
with the longitudinal and transverse pitch Sy = 8¢ =
24 mm, a = 64 mm and (b = 63, 51.5, & 38.8 mm),
Figs. (7 a, b, c), show the variations of Nusselt
number with Reynolds number at different heating
rates. The figures show that the same behaviour of

increasing heat transfer coefficient with increasing in

mass flow rate. Figs. (8 e, b, ¢) show the variation of
pressure drop cocfficient with Reynolds number at
different heating rates for in-line arrangement with S,

= §; = 24 mm. The effect of changing the first-pass

height (b) on the heat transfer coefficient at constant
heating rate (Q = 20 W) for constant second-pass
entrance (@8 = 64 mm) is shown in Fig. (9). The
results  show that the heat transfer coefficient
increases with increasing (b) as well as increasing
the flow rate. Also, the cffect of the first-pass height
(b) on the pressure loss coefficient at constant
heating rate and constant second-pass entrance (a =
64 mm) is shown in Fig- (10). The figure shows that
the pressure loss coefticient increases with
decreasing (b) as a result of the flow area decrease.
The cffect of changing the wide of the second-pass
entrance (a) on the heat transfer coefficient at
constant heating rate and the height of the first-pass
(b) is plotted in Fig. (11). The figure shows that the
Tieat transfer coefficient have maximum values ata =
40 mm and minimum values at, a = 52 mm where
values comesponding to, 2 = 64 mm lie between
them. It is clear that a = 40 mm is approximately the
best choice of the baffle location. Also the same
result is shown in Fig. (12). The Figure shows the
effect of the wide of the second-pass entrance (a8 =
64, 52& 40 mm) on the pressure loss coefficient (F )
at constant heating rate (Q = 20 W) and the height of
the first-pass (b= 63 mm). At constant heating rate (
Q=17 W) and constent valuesof (a=52mm,b=
51.5mm & St = 24 mm ) the effect of the tube
bank arrangement on the heat-transfer coefficient is
shown in the Fig. (13). The results show that the
heat-transfer coefficient in staggered arrangement is
larger than that for in-line arrangement. This is may
be due to the increase of turbulence intensity, which
exists in the case of staggered arrangement. Fig. (14)
-shows the effect of tube bank arrangement on the
pressure loss coefficient at constant , heating rate
( Q=17 W), and constant values of {2 =52 mm, b=
51.5 mm & Sy =24 mm ) . The figurs shows that the

pressure loss coofficient in the' case of staggered
arrangement is smaller than that in the case of inline
arrangement. The effect of the pitch (S; ) and heating
rate (Q = 16 W & 70 W ) for in-line amrangement at
(a=40 mm) and (b = 38.5 mm ) on the heat-
transfer coefficient is shown in Fig. (15). The figure
shows that at low values of heat rate ( Q = 16 W) the
heat-transfer coefficient has lower values than for
higher value of (Q = 70 W ). Also, the effect of
changing the pitch (8¢ = 12 mm & 24 mm ) and
heating rate ( Q = 16 &70 W ) for in-line
arrangement (8 =40 mm and b= 38.5 mm ) on the
pressure loss coefficient is shown in Fig. (16). The
figure shows that the pressure loss coefficient
decreases with increasing the pitch, but the effect of
increasing the heating rate on pressure loss
coefficient is small.

5, CONCLUSION

The previous analysis of the experimental results
leads to the following conclusions:

1) The heat transfer cocfficient (Nu) increases as the
heating rate increase at the same value of entrance
width of the second pass (a) and the height of the
first pass (b) for all examined arrengements,
while the change in pressure loss coefficient is
very small,

2) The increase of the height of the first pass b
increases the heat transfer coefficient and
decreases the pressure loss coefficient at constant
heating rate and constant value of (a) for all
examined arrangements.

3) The entrance wide of the second-pass a has a great
effect on the heat transfer coefficient and pressure
loss coefficient, for the all examined
arrangements.

4) Por in-line arrangement, increasing the tube pitch
increases the heat transfer coefficient in the rdnge
of low Reynolds number Re < 2500 while for high
Reynolds number Re > 2500 the heat transfer
cocfficient decreases,

5) For in-lino arrangement, increasing the tube pitch
decreased the pressure loss coefficient

6) For the same flow conditions, the staggered
arrangement has higher values of heat transfer

_ coefficient and lower pressure loss coefficient
than that of in-line arrangement.
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NOMENCLATURES:
Ar  Airflow area m?
A tube surface area m?
a Entrance wide of the second pass m
b Height of the first pass m
d Qutside diameter of the tube m
G,  Max. mass flow velocity Kg/m’sec
h Heat transfer coeff. of air Wim? °C
h,  Meanheat transfer coeff. Wim® °C
I Current Amp,
L Length of the tube m
Q Heat flux Watt
Sp Diagonal pitch m
S. Longitudinal pitch m
S Transverse pitch m
T, Surface temperature K

"V Volt volt
Vo Volumetric flow rate m’ fsec
W Max. air velocity m/sec
Agr  Thermal conductivity of air Wimk
p Density Kgi m’
v Kinemastics viscosity of air m'/sec
AP Pressure drop Pa
Dimenslonless Quantities
Re Reynolds number = W 5, .4/ v
Nu  Nusslet number =h.d/ Ay
Nz  Number of the heating tubes
Z Comrection factor
Zs Number of the tubes in the transverse

direction for the first pass.

P

" pressure loss coefficient, ﬁzﬁp
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Fig (3) The variation of (Nu) with (Re) at different
values of heating rates.
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Fig.( 14) Effect of the tube bank arrangement on the
pressure drop coefficient (F)atQ=17W
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Flg (15) The effect of pitch on the heat transfer rate
gt a= 40 mm ,b=38.5m for two values of Q
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Flg (16) The effect of pitch on the pressure drop
coefficient (F) at a= 40 mm, b=38.5 mm for two
values of Q for in-line arrangement
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