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Abstract
In this paper, a bank of tubes containing a flowing fluid which is immersed in a cross
flow second medium of fluid with different temperature has been studied numerically using computational fluid dynamics. Laminar steady flow with a low Reynolds
number has been studied in this work. Inlet mass flow rate and the bulk temperature
are known and numerical method has been implemented to study the convective
heat transfer to investigate the temperature and flow fields. Effects of different inlet
bulk temperatures and mass flow rates have been investigated on temperature and
pressure variations.
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1. Introduction
Periodic heat flows have broad industrial and engineering applications in steam generation in a boiler, condenser or air cooling in the coil of an air conditioner. Forced convection was broadly employed in different kinds of heat exchanger, and in many other
applications in which the convective heat transfer has been studied and discussed.
Theoretically calculation of heat transfer in a fully developed laminar flow in smooth
pipe with uniform heat flux at the wall showed that the Nusselt number was constant
[1]. A correlation for heat transfer forced convection has been proposed by Colburn [2]
in which the comparison has been performed with fluid friction. The heat transfer of
liquids in tubes has been studied experimentally by Sieder and Tate [3]. They derived
the heat transfer correlation with viscosity ratio caused by heat transfer temperature
difference. For the optimal design and operation of dry cooling systems to make clear
the heat and mass transfer characteristics of air-cooled heat exchangers the demand on
the performance of heat exchangers and the need to enhance their performance have
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been increased and this matter has been discussed by Gough [4]. In power plants where
there is a shortage of water finned bundle tubes are frequently used to the air-cooled
heat exchangers of the dry cooling system. The total thermal resistance for these kinds
of heat exchangers includes three parts: the air-side convective thermal resistance, the
wall conductive thermal resistance and the liquid-side convective thermal resistance. A
lot of numerical and experimental studies have been done for improving the heat
transfer performance of compact heat exchangers using slotted fins [5] and [6]. Ribatski
and Jacobi [7] published a review of studies on tube bundle. In this study, a bank of
tubes containing a flowing fluid at one temperature that is immersed in a second fluid
in cross flow at a different temperature has been studied numerically. Effects of different inlet bulk temperatures and mass flow rate have been investigated on temperature
and pressure variation.

2. Problem Definition
Figure 1 shows the schematic of the 2 dimensional section of a tube bank which has
been studied in this paper. The bank of tubes with a diameter of 1 cm is staggered
across the cross-fluid flow. They are arranged with uniform space. In the x and
y-directions their centers are separated by a distance of 2 and 1cm respectively. The
depth of the tube bank is 1 m. Because of symmetry of tube bank geometry, only a portion of the domain has been considered for simulation. The computational domain and
the grid generation are shown in Figure 1. The inlet mass rate is 0.05 kg/s at the inlet

Figure 1. Geometry and grid generation of the problem.
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boundary of the periodic module. The temperature of the tube wall (Twall) is 400 K and
the bulk temperature of the cross flow water (Tbulk) is 300 K. The physical water properties are also mentioned in Figure 1. A hybrid mesh has been used for the simulation.
For the regions surrounding tube walls Quadrilateral cells and for the rest of the domain triangular cells have been used. Second order upwind has been used for both
momentum and energy equations. The convergence criteria for continuity, momentum
and energy are 10e−3, 10e−3 and 10e−6 respectively.

3. Results and Discussions
Figure 2 shows the contours of pressure inlet bulk temperature of 300 K and mass flow
rate of 0.05 kg/s. As shown in the figure, pressure has its maximum value where the inlet mass flow hit the front face of each tube and this value reduces as the flow moves
downstream of the tube. The maximum value at the front side is 0.08 Pa and this value
is at its lowest at the top and bottom of the tubes as seen in the paper and is around
0.006 Pa behind each tube.
Figure 3 depicts the contours of temperature at the inlet bulk temperature of 300 K

Figure 2. Pressure contour for inlet bulk temperature of 300 K and mass flow rate of 0.05 kg/s.
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Figure 3. Temperature contour for inlet bulk temperature of 300 K and mass flow rate of 0.05 kg/s.

and mass flow rate of 0.05 kg/s. As shown in the figure, temperature has its maximum
value as the initial surface temperature of each tube is 400 K which more than the inlet
bulk temperature, 300 K. As the inlet flow passes over the tube the temperature of the
front tubes side decreases to around 360 K. There is a pass between the tubes which has
its lowest temperature value around 270 K. As can be seen the value of temperature behind the tubes reduces to 360 K.
Figure 4 displays the contours of temperature at the inlet bulk temperature of 500 K
and mass flow rate of 0.05 kg/s. As shown in the figure, the initial surface temperature
of each tube is 400 K which less than the inlet bulk temperature, 470 K. As the inlet
flow passes over the tube the temperature of the front tubes side increases to around
360 K. There is a pass between the tubes which has its highest temperature value
around 520 K. As can be seen the value of temperature behind the tubes increases to
450 K.
Figure 5 displays the contours of temperature at the inlet bulk temperature of 700 K
and mass flow rate of 0.05 kg/s. In this figure the inlet bulk temperature increases even
more to 700 to see how the flow field temperature increases over the tube bundles. As
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Figure 4. Temperature contour for inlet bulk temperature of 500 K and mass flow rate of 0.05 kg/s.

shown in the figure, the initial surface temperature of each tube is 400 K which less
than the inlet bulk temperature, 700 K. As the inlet flow passes over the tube the temperature of the front tubes side increases to around 620 K. There is a pass between the
tubes which has its highest temperature value around 760 K. As can be seen the value of
temperature behind the tubes increases to 550 K.
Figure 6 demonstrates the temperature profiles at three different locations of 0.01,
0.02 and 0.03 m for the inlet bulk temperature of 300 K and mass flow rate of 0.05 kg/s.
As seen in the figure at location x = 0.01 m the temperature value drops from 330 K to
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Figure 5. Temperature contour for inlet bulk temperature of 700 K and mass flow rate of 0.05 kg/s.

280 K and thereafter in increases sharply to the surface temperature of the tube, 400 K.
At location x = 0.02 m, the temperature decreases from 320 K to around 280 and then
increases to about 360 K and slightly reduces to 350 K. At location x = 0.03 m the temperature dramatically drops from tube surface temperature of 400 K to around 280 K
and then increases to 340 K.
Figure 7 demonstrates the temperature profiles at three different locations of 0.01,
0.02 and 0.03 m for the inlet bulk temperature of 500 K and mass flow rate of 0.05 kg/s.
As seen in the figure at location x = 0.01 m the temperature value increases from 470 K
to 520 K and quickly drops sharply to the tube surface temperature of 400 K. At location
114

M. Almas

Figure 6. Temperature profiles for inlet bulk temperature of 300 K and mass flow
rate of 0.05 kg/s at locations 0.01, 0.02 and 0.03 m.

Figure 7. Temperature profiles for inlet bulk temperature of 500 K and mass flow
rate of 0.05 kg/s at locations 0.01, 0.02 and 0.03 m.
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x = 0.02 m, the temperature increases from 480 K to almost 520 and then decreases to
about 440 K and stays constant around this temperature. At location x = 0.03 m the
temperature dramatically grows from tube surface temperature of 400 K to around 510
K and then reduces to 460 K.
Figure 8 shows the temperature profiles at three different locations of 0.01, 0.02 and
0.03 m for the inlet bulk temperature of 700 K and mass flow rate of 0.05 kg/s. As seen
in the figure at location x = 0.01 m the temperature value increases from 600 K to 760 K
and quickly drops sharply to the tube surface temperature of 400 K. At location x = 0.02
m, the temperature increases from 640 K to almost 760 and then decreases to about 540
K and stays constant around this temperature. At location x = 0.03 m the temperature
dramatically grows from tube surface temperature of 400 K to around 750 K and then
decreases to 600 K.
Here in Figure 9 and Figure 10, the effects of inlet mass flow rates have been studied
on flow field over the bundle tubes. Figure 9 shows the Pressure contour for inlet bulk
temperature of 300 K and mass flow rates of 0.05, 0.09 and 0.13 kg/s. As can be seen
through the figures the value of pressure increases as the inlet mass flow rate grows. At
mass flow rate of 0.05 kg/s the static pressure is 0.082 Pa and this value increases to 0.25
and 0.54 for in let mass flow rates of 0.09 and 0.13 kg/s respectively. As also can be seen
from the figures the pressure contours at the top and bottom of the tube become
smoother with less sharps edges and also more evenly distributed.

Figure 8. Temperature profiles for inlet bulk temperature of 700 K and mass flow rate
of 0.05 kg/s at locations 0.01, 0.02 and 0.03 m.
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Figure 9. Pressure contour for inlet bulk temperature of 300 K and
mass flow rate of 0.05 kg/s at locations 0.05, 0.09 and 0.13 m.
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Figure 10. Temperature contour for inlet bulk temperature of 300
K and mass flow rate of 0.05 kg/s at locations 0.05, 0.09 and 0.13 m.
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Figure 10 depicts the temperature contour for inlet bulk temperature of 300 K and
mass flow rates of 0.05, 0.09 and 0.13 kg/s. As can be seen through the figures the value
of surface tube temperature does not change but the flow field around the tubes
changes and becomes stronger. The temperature contours become sharper behind the
tubes and the temperature boundary layer gets thinner as the inlet mass flow rates increases form 0.05, 0.09 to 0.13 kg/s.

4. Conclusion
Effects of different inlet bulk temperatures and mass flow rate have been investigated
on temperature and pressure variation. As numerical results show, the value of pressure
increases as the inlet mass flow rate grows and the temperature contours become sharper behind the tubes and the temperature boundary layer gets thinner as the inlet mass
flow rates increase. The surface temperature reduces as the inlet bulk temperature
passes over the bundle tubes with lower temperature and this value increases as the inlet flow temperature increases to the higher value than the surface temperature.
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