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Abstract - This study aims to analyze the influence of
Reynolds number velocity and heating power on the
staggered tube arrangement toward the thermo-hydraulic
performance of an air-cooled cross-flow heat exchanger.
This experimental study employed test air velocities
varying from 4-28 m/s and three heating power variations
of 20, 30, and 40 W. Measurements included pressure drop
(AP), logarithmic mean temperature difference (ATIm),
convective heat transfer coefficient (h), and Nusselt
number (Nu). The measurement results indicate that the
pressure drop increased significantly with increasing flow
velocity, whereas the logarithmic mean temperature
difference decreased. Meanwhile, the convective heat
transfer coefficient and Nusselt number were found to
increase along with the increase in Reynolds number.
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I. INTRODUCTION

Heat exchangers (HEs) are important equipment in
various industrial applications such as power plants,
petrochemical processes, air conditioning systems, and the
food industry. The efficient use of heat exchangers can save
energy by up to 30-50%. The demand for HEs continues to
increase along with the development of the manufacturing
industry, with the shell-and-tube configuration becoming the
primary choice due to its ease of fabrication and scalability

[1], [2]. [3]. [4].

The performance of a heat exchanger is influenced by
fluid  velocity, tube diameter, tube arrangement
(aligned/staggered), pitch ratio, and the number of tube rows.
Tube bundle cross-flow depends on empirical correlations of
the Nusselt number (Nu) and pressure drop (AP) [2], [3], [5],
[6]. Tube banks are widely used in cross-flow heat
exchangers, where the design depends on empirical
correlations for pressure drop and heat transfer [3]. Tube
bundle arrangements are generally classified into two types:
aligned and staggered. The staggered tube arrangement is
capable of producing a higher heat transfer coefficient,
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approximately 7% greater than the aligned tube arrangement

[6].

In convective heat transfer, vortex flow plays an
important role in accelerating the heat transfer process. In
staggered tube arrangements, vortices are observed in every
tube row, whereas in in-line tube arrangements, no vortex flow
is found due to the wake zone [2]. In addition, increasing the
fluid flow velocity also plays an important role in increasing
the Reynolds number and Nusselt humber, which ultimately
enhances the heat transfer coefficient. Thus, the heat transfer
rate increases as the fluid flow velocity increases [7]. In this
study, the main focus is to examine the effects of variations in
Reynolds number and heating power on the performance of a
staggered tube arrangement in a cross-flow heat exchanger.

Il. METHODOLOGY
2.1 Test Model

This study uses a heating element test model as a
representation of a heated pipe subjected to disturbances from
the pipe arrangement in the upstream section. The test model
configuration is arranged in a staggered pattern as shown in
Figure 1 below.
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Figure 1: Test Model
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2.2 Experimental Setup

This experimental study used an open-type wind tunnel
as shown in Figure 2. The test apparatus has a duct cross-
sectional area of 150 mm x 150 mm and a length of 1540 mm.
The equipment is equipped with an air-driving fan as the
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working fluid source, with a maximum power of 1.5 kW. In
this experimental setup, the maximum airflow rate is 2160
m3/h. Airflow velocity measurements were carried out using a
pitot tube installed at the upstream section of the model.
Meanwhile, static pressure measurements were taken using a
pressure tap positioned on the lower surface of the test section.
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I11. RESULTS AND DISCUSSIONS
3.1 Pressure Drop

The pressure drop measurement results in the test section
are presented in the plot in Figure 3. From this plot, it can be
observed that the pressure loss characteristics of the tested
configuration model generally increase with the rise in
Reynolds number. For the tests conducted using three different
heater power variations—20 W, 30 W, and 40 W—the results
showed nearly identical values. No significant differences
were found among the three heater power variations used. In
short, it can be concluded from this experiment that changes in
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heater power do not have a sufficiently strong effect on the
resulting pressure loss.

3.2 Mean Effective Temperature difference

The results of the logarithmic mean temperature
difference measurements for the configuration model tested
here with three different heater power variations of 20 W, 30
W, and 40 W are shown in Figure 4. This plot presents the
relationship between the temperature difference as a function
of changes in the Reynolds number. From the plot, it can be
seen that, in general, the logarithmic temperature differences
for the three tests show similar trends. It is observed that all
tests indicate a decrease in the average temperature difference
with increasing Reynolds number during the experiments. For
the three power levels tested in this study, higher heating
power results in a greater logarithmic mean temperature
difference compared to the other two lower power test
conditions.
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Figure 3: Pressure drop (AP) as a function of Reynolds number (Re)
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Figure 4: Mean effective temperature difference as a function of Reynolds
Number
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3.3 Coefficient of Covection and Nusselt Number

Figures 5 and 6 show the results of the convection
coefficient and Nusselt number tests as a function of heating
power for three Reynolds number tests. These plots show that
the characteristics of the convection coefficient change
slightly with increasing heating power. For the three Reynolds
number variations tested, generally, high Reynolds numbers
produce high convection coefficients. The Nusselt number
plot, as shown in Figure 6, shows that increasing Reynolds
number does not significantly affect the change in Nusselt
number. It can be noted from this plot that higher Reynolds
numbers produce higher Nusselt numbers, as shown in the
plot.
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Figure 5: Coefficient of Convection (h) as a function of heater power
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Figure 6: Nusselt Number (Nu) as a function of Heater Power
1V. CONCLUSION

Based on the measurement results in this study, several
important results can be noted as follows: Pressure loss
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increases with increasing Reynolds number for all three values
of heating power tested. Here, heating power does not
significantly affect the resulting pressure drop difference.
Likewise, a similar tendency for h and the Nu number
increases with Re. However, increasing Re causes a decrease
in the average logarithmic temperature difference in this test.
Increasing heating power in this measurement does not
significantly affect either the pressure drop or h and the Nu
number.

REFERENCES

[11 M. K. Dey, N. Parthasarathy, and Y. W. Lee,
“Numerical analysis of pressure drop and temperature
in a hairpin heat exchanger with different shell and tube
bank arrangements,” J. Adv. Mar. Eng. Technol., vol.
44, no. 4, pp. 288-297, Aug. 2020, doi:
10.5916/jamet.2020.44.4.288.

[21 T. A. Tahseen, M. M. Rahman, and M. Ishak, “An
Experimental Study of Air Flow and Heat Transfer
over in—Line Flat Tube Bank,” Int. J. Automot. Mech.
Eng., vol. 9, pp. 1487-1500, Jun. 2014, doi:
10.15282/ijame.9.2014.1.0123.

[3]1 A.Patel, “Heat Exchangers in Industrial Applications:
Efficiency and Optimization Strategies,” Int. J. Eng.
Res., vol. 12, no. 09, Sep. 2023.

[41 l.Rodriguez and A. Campo, “Numerical investigation
of forced convection heat transfer from a sphere at low
Prandtl numbers,” Int. J. Therm. Sci., vol. 184, p.
107970, Feb. 2023, doi:
10.1016/j.ijthermalsci.2022.107970.

[5] T. A. Tahseen, M. Ishak, and M. M. Rahman, “An
overview on thermal and fluid flow characteristics in a
plain plate finned and un-finned tube banks heat
exchanger,” Renew. Sustain. Energy Rev., vol. 43, pp.
363-380, Mar. 2015, doi: 10.1016/j.rser.2014.10.070.

[6] O. Quran, H. Maaitah, A. S. Alsabagh, M. Elayyan,
and H. M. Duwairi, “Fluid flow and heat transfer
characteristics of Williamson fluids flowing in
saturated porous media,” Adv. Mech. Eng., vol. 15, no.
2, p. 16878132231157159, Feb. 2023, doi:
10.1177/16878132231157159.

[71 Q. Zhao et al.,, “Experimental study on the forced
convection heat transfer characteristics of airflow with
variable thermophysical parameters in a circular tube,”
Case Stud. Therm. Eng., vol. 40, p. 102495, Dec. 2022,
doi: 10.1016/j.csite.2022.102495.

[ R. Diganjit, N. Gnanasekaran, and M. Mobedi,
“Numerical Study for Enhancement of Heat Transfer
Using Discrete Metal Foam with Varying Thickness
and Porosity in Solar Air Heater by LTNE Method,”
Energies, vol. 15, no. 23, p. 8952, Nov. 2022, doi:
10.3390/en15238952.

www.irjiet.com 397



International Research Journal of Innovations in Engineering and Technology (IRJIET)

ISSN (online): 2581-3048
Volume 10, Issue 5, pp 395-398, May-2026

|HJ|ET https://doi.org/10.47001/IRJIET/2026.105053

Citation of this Article:

Khoiri Rozi, M.S.K Tony Suryo Utomo, & Akhmad Igbal Ekadiarta. (2026). Influence of Staggered Tube Configuration on the
Performance of Convection Heat Transfer of Cross-Flow Heat Exchanger. International Research Journal of Innovations in
Engineering and Technology - IRJIET, 10(5), 395-398. Article DOI https://doi.org/10.47001/IRJIET/2026.105053

*kkhkkkkk

© 2026 IRJIET All Rights Reserved www.irjiet.com 398


https://doi.org/10.47001/IRJIET/2026.105053

