N

IJRDET

International Journal of Recent Development in Engineering and Technology
Website: www.ijrdet.com (ISSN 2347-6435 (Online) Volume 15, Issue 04, April 2026)

Experimental Investigation and Maintenance Based
Performance Analysis of Parallel and Counter Flow Heat
Exchanger Test Rig

Prof. Aniket S. Bhange!, Harshal R. Patil?2, Rushikesh R. Kirtane®, Aryan R. Gangurde®, Vinayak S. Ghadigaonkar®
! Assistant Professor, >>*°Diploma Student, Department of Mechanical Engineering, Mahavir Polytechnic, Nashik, India

Abstract— Heat exchangers are essential thermal devices
widely used to transfer heat between fluids without direct
contact. This study presents an experimental investigation and
comparative performance analysis of parallel flow and
counter flow heat exchanger configurations under varying
operating conditions. The analysis considers temperature
variations in water and synthetic lubricating oil to evaluate
the influence of fluid properties on heat transfer performance.
In parallel flow arrangement, both fluids enter from the same
end and flow in the same direction, resulting in a rapid
decrease in temperature difference along the length of the
heat exchanger. In contrast, the counter flow configuration
allows fluids to move in opposite directions, maintaining a
higher temperature gradient throughout the exchanger length
and thereby enhancing heat transfer efficiency. Experimental
measurements of inlet and outlet temperatures were recorded
for different flow rates and operating conditions. The
performance evaluation was carried out using the Log Mean
Temperature Difference (LMTD) method, along with
effectiveness analysis to compare both configurations. The
results indicate that the counter flow heat exchanger exhibits
superior thermal performance due to better utilization of the
temperature gradient. Additionally, the study highlights the
impact of maintenance factors such as fouling, scaling, and
instrument calibration on system performance. Proper
maintenance practices are essential to ensure accurate
measurements and sustained efficiency. Overall, the findings
confirm that counter flow heat exchangers provide higher
efficiency compared to parallel flow systems and are more
suitable for industrial applications such as power plants,
refrigeration, and chemical processing systems.
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I. INTRODUCTION

Heat exchangers are essential thermal devices used to
transfer heat between two or more fluids at different
temperatures without direct mixing. They play a vital role
in various engineering systems by improving energy
efficiency and enabling controlled heat transfer. Common
examples include automobile radiators, condensers in
refrigeration systems, and boilers used in thermal power
plants.
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Based on the direction of fluid flow, heat exchangers are
primarily classified into parallel flow and counter flow
configurations. Their applications include heating,
ventilation, and air conditioning (HVAC) systems,
cryogenic processes, food and dairy industries, chemical
processing plants, petroleum refineries, and power
generation systems such as surface condensers in thermal
and nuclear power plants. This study focuses on analyzing
and comparing the performance of parallel and counter
flow heat exchangers, emphasizing the influence of flow
arrangement on heat transfer efficiency.

Description:

Figure 1.1 illustrates a parallel flow heat exchanger in
which both the hot and cold fluids enter the exchanger from
the same end and flow in the same direction. At the inlet,
the temperature difference between the two fluids is
maximum, resulting in a higher initial rate of heat transfer.
However, as the fluids move along the length of the
exchanger, the temperature difference gradually decreases,
reducing the effectiveness of heat transfer. The outlet
temperatures of both fluids tend to approach each other but
never cross. This configuration is simple in design but
generally exhibits lower thermal efficiency compared to
counter flow arrangements.

Hot Fluid Inlet Hot Fluid Outlet

Cold Fluid Outlet
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Same Direction Flow

Fig. 1.1: Parallel Flow Heat Exchanger

Description:

Figure 1.2 shows a counter flow heat exchanger where
the hot and cold fluids enter from opposite ends and flow in
opposite directions.
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This arrangement maintains a relatively uniform
temperature difference across the entire length of the
exchanger. As a result, heat transfer occurs more
effectively throughout the system. The cold fluid can
achieve a temperature close to the inlet temperature of the
hot fluid, indicating higher thermal efficiency. This
configuration is widely preferred in industrial applications
due to its superior performance.

Hot Fluid Inlet

T:;.I.

Hot Fluid Outlet
Ton

e HotFluid Flow

Cold Fluid Inlet . Cold Fluid Flow

T2c ('

Cold Fluid Outlet
Tie

Opposite Direction Flow

Fig. 1.2: Counter Flow Heat Exchanger

II. LITERATURE REVIEW

Prabhat Kumar et al. [1] conducted a performance
analysis of counter flow heat exchangers for low-
temperature applications, particularly in cryogenic systems.
Their study highlighted that counter flow arrangements
provide high thermal effectiveness; however, factors such
as axial heat conduction, heat leakage from surroundings,
and flow maldistribution can significantly reduce
performance. The investigation further quantified the
impact of these losses over temperature ranges of 300—80 K
and 80-20 K.

P. C. Mukeshkumar et al. [2] experimentally analyzed a
shell and helically coiled tube heat exchanger using
AlOs/water nanofluid. By comparing parallel and counter
flow configurations under laminar flow conditions, they
observed that the counter flow arrangement achieved a 5—
9% higher overall heat transfer coefficient at 0.8%
nanoparticle concentration, indicating improved thermal
performance with nanofluids.

Mushtaq [. Hasan et al. [3] performed a numerical study
on a counter flow microchannel heat exchanger using
nanofluids such as Cu—water and Al.Os;—water. The results
revealed that nanofluids enhance heat transfer at lower flow
rates, whereas at higher flow rates, the effect of
nanoparticles becomes negligible and heat transfer is
primarily governed by the fluid flow rate.
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Swapnil Patil et al. [4] investigated the fabrication and
thermal analysis of a counter flow helical coil heat
exchanger. Their findings indicated that heat transfer
improves with an increase in Reynolds number due to
enhanced turbulence and higher Nusselt number.
Additionally, the Dean number was found to significantly
influence the heat transfer rate in curved tubes.

Christian Muller et al. [5] studied the effect of fluid flow
rate on the performance of a parallel flow heat exchanger.
The results showed that increasing the Reynolds number
enhances the convective heat transfer coefficient, thereby
improving the overall heat transfer coefficient and thermal
efficiency of the system.

R. W. Tapre et al. [6] reviewed heat transfer
characteristics in spiral heat exchangers, emphasizing their
role in energy conservation. Their study concluded that
pressure drop increases with an increase in flow rate, and
they established a relationship between flow rate and
pressure drop for Newtonian fluids in spiral geometries.

A. Magadum et al. [7] presented a comprehensive
review of experimental studies on parallel and counter flow
heat exchangers. They emphasized the importance of
evaluating performance using parameters such as Log
Mean Temperature Difference (LMTD) by varying flow
rates and fluid temperatures.

III. EXPERIMENTAL SET-UP
SETUP SPECIFICATIONS: -

+ A digital temperature indicator with a measurement
range up to 200°C is wused to monitor fluid
temperatures at various points.

+ A geyser unit is provided to supply hot water at the
required temperature for the experiment.

+ The inner tube of the heat exchanger has an internal
diameter of 11 mm.

# The outer tube has an outer diameter of 13 mm,
forming the annular space for fluid flow.

+ The total effective length of the heat exchanger is
1600 mm.

+ Ball valves are installed to regulate the flow rate and
to facilitate switching between parallel and counter
flow configurations.
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Fig. 1.3: Experimental Setup

IV. PROPOSED WORK

The present work involves the experimental
investigation of a tube-in-tube heat exchanger designed to
analyze the performance of parallel and counter flow
configurations. In this setup, the hot fluid flows through the
inner tube, while the cold fluid circulates through the
annular space between the inner and outer tubes. The
apparatus is mounted on a rigid frame and is equipped with
a network of pipes, control valves, and measuring
instruments. The system allows flexibility in operation,
where the flow arrangement can be altered between parallel
flow and counter flow by adjusting the ball valves
accordingly. The direction of the hot fluid remains
constant, whereas the flow direction of the cold fluid can be
reversed to achieve the desired configuration. Temperature
measurements of both hot and cold fluids at inlet and outlet
points are obtained using a digital temperature indicator
integrated with a selector switch. Hot water is supplied
using an electric geyser, ensuring a consistent heat source
for the experiment. To minimize heat losses to the
surroundings, the outer tube is properly insulated. The heat
exchanger is constructed using galvanized iron (G.I.),
providing durability and resistance to corrosion. The
schematic representation of the parallel and counter flow
arrangements is illustrated in Fig. 1.1 and Fig. 1.2,
respectively.
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Fig. 1.4: Parallel Flow Fig. 1.5: Counter Flow
V. PROPOSED METHODOLOGY (EXPERIMENTAL
PROCEDURE)

The experimental investigation of the parallel and
counter flow heat exchanger was carried out using a
structured procedure to ensure accurate and reliable results.
The step-by-step methodology adopted is as follows:

A. Preparation of Experimental Setup

1. Ensure that all components of the heat exchanger
setup are properly connected and free from leakage.

2. Check the functioning of the digital temperature
indicator and selector switch.

3. Fill the system with the required fluids (hot water and
cold water) and ensure proper circulation.

4. Switch on the electric geyser to heat the water to the
desired temperature.

B. Establishment of Flow Arrangement

5. Set the required flow configuration (parallel flow or
counter flow) by adjusting the ball valves.

6. Maintain a constant flow rate of hot and cold fluids
using control valves.

7. Allow the system to run for a few minutes until
steady-state conditions are achieved.

C. Data Collection

8. Record the inlet and outlet temperatures of the hot
fluid (Thi, Thz).

9. Record the inlet and outlet temperatures of the cold
fluid (TCl, TCz).

10. Measure and note the flow rates of both fluids for
each trial.

11. Repeat the experiment for different flow rates and
both configurations (parallel and counter flow).
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D. Performance Calculations

12. Calculate the rate of heat transfer for hot and cold

fluids using energy balance equations.
13. Determine the Log Mean Temperature Difference
(LMTD) for both flow arrangements

LMTD = 4125

]n{ ;;1

14. Evaluate the effectiveness of the heat exchanger
using standard relations.

15. Compare the thermal performance of parallel and
counter flow configurations based on calculated
results.

E. Maintenance and Error Consideration

16. Inspect the system for fouling, scaling, or leakage

before and after experimentation.

17. Ensure proper calibration of measuring instruments
to reduce experimental errors.

18. Repeat readings and take average values to improve

accuracy.

VI. RESULT AND DISCUSSION
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From above graph we can conclude that as discharge

increases, log mean temperature difference (LMTD)
increases.
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From above graph we can conclude that as discharge
increases, efficiency increases.
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In case of counter flow heat exchanger we can conclude
that as discharge increases, log mean temperature
difference (LMTD) increases.
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From above graph we can conclude that as discharge
increases, efficiency increases.

VII. CONCLUSION

Based on the review of experimental studies on the
performance of parallel and counter flow heat exchangers,
the following points can be summarized:

1. Counter flow heat exchangers exhibit higher heat
transfer compared to parallel flow configurations
when using water or other oils as the heat transfer
medium.

2. Most studies have used water as both the heat-
carrying and heat-absorbing fluid.

3. Heat transfer performance can be improved by
selecting pipe materials with better thermal
conductivity, using fluids with higher specific heat,
and optimizing mass flow rates.

From the experimental results, it is observed that:

1. Heat transfer in a counter flow heat exchanger is
approximately 30% higher than in a parallel flow heat
exchanger.
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2. An increase in the Log Mean Temperature Difference

(LMTD) leads to higher discharge and improved
overall efficiency.
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