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COMPARATIVE THERMODYNAMIC ANALYSIS OF DIFFERENT
TYPES OF HEAT EXCHANGERS

Heat exchangers are among the most important components used in many industrial thermal systems
such as power plants, chemical processes, refrigeration systems, and HVAC applications. Their efficient
utilization plays a significant role in improving energy efficiency and reducing operational costs. In particular,
the selection of an appropriate heat exchanger type is a crucial factor affecting the thermal performance
and reliability of energy systems. In this study, a comparative thermodynamic analysis of three different heat
exchanger types—double pipe, shell-and-tube, and plate heat exchangers—was performed experimentally.
The performance of these heat exchangers was evaluated under different operating conditions. The cold water
flow rate in the experimental setup was kept constant at 1.5 L/min, while the hot water flow rate was varied
as 0.8, 1.6, and 2.4 L/min. In addition, the hot water inlet temperature was selected as 50°C, 60°C, and 70°C.
Experiments were carried out for both parallel-flow and counter-flow configurations. The thermodynamic
performance of each heat exchanger was evaluated using heat transfer rate and power density parameters
calculated from the experimental data. The results showed that increasing the inlet temperature and flow
rate significantly enhanced the heat transfer rate. Furthermore, the counter-flow configuration provided
better thermal performance compared to the parallel-flow configuration. Among the tested heat exchanger
types, the shell-and-tube heat exchanger exhibited the highest power density, while the double pipe heat
exchanger showed the lowest performance. The obtained results indicate that the appropriate selection of heat
exchanger type can significantly improve the efficiency of thermal systems. The findings of this study provide
useful experimental data for selecting suitable heat exchanger types in thermal systems and may contribute
to improving the efficiency of industrial heat transfer applications. In addition, the presented analysis may
serve as a useful reference for future experimental and numerical studies on heat exchanger performance.
Furthermore, the obtained results highlight the importance of selecting appropriate operating conditions and
heat exchanger configurations in practical applications. The experimental comparison presented in this study
contributes to a better understanding of the performance differences among commonly used heat exchanger
types and may support engineers and researchers in designing more efficient thermal systems.

Keywords: Heat exchanger, thermodynamic analysis, heat transfer, double pipe heat exchanger, shell-and-
tube heat exchanger, plate heat exchanger, thermal performance.

Introduction. Thermal applications play a signif-
icant role in meeting the increasing global demand
for energy. In such systems, cost, efficiency, and
environmental considerations are among the most
important factors that must be addressed. Efficient
utilization of energy while minimizing environmen-
tal impact has therefore become a major objective
in modern thermal engineering systems. In this con-
text, heat exchangers are considered one of the most
essential components of thermal applications [3].
Heat exchangers are devices that enable heat transfer
between two or more fluids at different temperatures
without direct mixing. Such heat transfer processes
are widely encountered in many engineering applica-
tions including heating, ventilation and air-condition-
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ing (HVAC) systems, refrigeration technologies, and
industrial heat recovery systems [4, 5]. Due to their
importance in energy systems, improving the thermal
performance of heat exchangers has become a major
research focus in recent years [6].

Various techniques have been proposed to enhance
heat transfer performance in heat exchangers, includ-
ing the use of extended surfaces, surface modifications,
and turbulence generation within the flow field [7]. In
addition, selecting the most appropriate heat exchanger
configuration is a crucial step in solving heat transfer
problems. The selection process generally depends on
operating parameters such as temperature levels, flow
rates, pressure drops, construction materials, and eco-
nomic considerations [8-12]. Among different heat
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exchanger types, tubular heat exchangers are widely
used in industrial applications due to their relatively
simple structure and effective heat transfer performance.
In these systems, one fluid flows through the tubes while
the second fluid flows outside the tubes, allowing heat
transfer through the tube wall. Tubular heat exchang-
ers can be designed in different configurations such as
shell-and-tube, double-pipe, and spiral heat exchangers.
Among these types, shell-and-tube heat exchangers are
the most widely used because they can operate under
a wide range of temperatures and pressures. Shell-and-
tube heat exchangers consist of a shell containing a
bundle of tubes through which one fluid flows while the
second fluid circulates on the shell side. Their flexible
design allows them to be manufactured in various sizes
and flow arrangements, making them suitable for many
industrial processes [12]. The heat transfer performance
of these heat exchangers depends on several geometric
and operational parameters such as tube diameter, shell
diameter, tube arrangement, and baffle configuration
[13]. Numerous studies have been conducted to improve
the performance of shell-and-tube heat exchangers. For
example, Shah and Sekulic (2003) and Abd and Naji
(2017) investigated the influence of geometric param-
eters on heat transfer characteristics. Similarly, Shinde
and Chavan (2017) reported that tube spacing and baf-
fle configuration significantly affect heat transfer per-
formance. Other studies have also shown that param-
eters such as baffle spacing, tube arrangement, and
shell diameter play an important role in improving heat
transfer efficiency and reducing pressure losses [14-18].
Double-pipe heat exchangers represent one of the sim-
plest heat exchanger configurations. In this design, a
smaller pipe is placed concentrically inside a larger
pipe, allowing one fluid to flow through the inner pipe
while the other flows through the annular space. Due to
their simple construction, flexibility, and relatively low
installation and maintenance costs, double-pipe heat
exchangers are widely used in industrial applications.
However, their main limitation is the relatively large
surface area required for high heat transfer rates [18].
Various studies have proposed methods for improving
their thermal performance through the use of turbulence
promoters and enhanced surfaces. Plate heat exchangers
are another widely used heat exchanger type consisting
of thin metal plates that form flow channels between
them. These heat exchangers are known for their com-
pact structure and high heat transfer efficiency due to the
turbulence generated by the plate geometry. Plate heat
exchangers are commonly used in heating, cooling, heat
recovery, condensation, and evaporation processes [19].
In applications involving high operating pressures, heat
exchangers designed for low-pressure conditions are
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generally unsuitable. For operating temperatures below
approximately 200 °C, gasketed plate heat exchangers
are often preferred due to their compact design and high
efficiency. However, for systems operating at higher
temperatures and pressures, double-pipe, shell-and-
tube, or welded plate heat exchangers are typically more
suitable. In particular, double-pipe heat exchangers are
appropriate for small-capacity systems operating under
relatively high-pressure conditions [20].

Researchers have also applied different optimiza-
tion techniques to improve the thermal performance
of heat exchanger systems. Several studies have
used advanced optimization algorithms to enhance
the performance of shell-and-tube, plate-fin, and
regenerative heat exchangers [21,22]. In this study,
the thermal performance of different heat exchanger
types is comparatively analyzed, and the effects of
varying flow rate and temperature on heat exchanger
performance are investigated. Despite the extensive
research conducted on heat exchanger design and
performance optimization, comparative experimen-
tal studies evaluating different heat exchanger types
under similar operating conditions remain limited in
the literature. In particular, the influence of varying
flow rates and inlet temperatures on the thermal per-
formance of different heat exchanger configurations
requires further investigation. Therefore, the present
study aims to provide a comparative thermodynamic
analysis of different heat exchanger types under con-
trolled experimental conditions in order to better
understand their performance characteristics.

Materials and methods

The schematic diagram of the experimental setup
used in this study is presented in Figure 1.

Fig. 1. Schematic diagram of the experimental
heat exchanger test system
1 — Tank; 2 — Electric heater; 3 — Pump; 4 — Flow
meter (hot water); 5 — Control valve (hot water);
6 — Control valve (cold water); 7 — Heat exchanger;
8 — Flow meter (cold water)
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The experimental system mainly consists of two main
sections: a heating tank used for heating the hot water and
a test section where different types of heat exchangers are
installed. The water in the tank is heated by an electri-
cal resistance heater. A Pt100 temperature sensor located
in the middle of the tank is connected to a PID tempera-
ture controller, which allows the water temperature to be
adjusted to the desired level. A circulation pump located
at the outlet of the tank is used to control the flow rate
of the working fluid. The heated fluid passes through a
vane-type flow meter and the heat exchanger before
returning to the tank, completing the circulation loop. The
heat exchanger section of the experimental setup is mod-
ular, allowing different heat exchanger types to be easily
installed or removed using connection fittings. In the test
section, four connection hoses are used for the inlet and
outlet of the heat exchangers: two for the hot fluid line and
two for the cold fluid line. Temperature measurements at
both the inlet and outlet of the hot and cold streams are
obtained using K-type thermocouples.

All experimental data are monitored and recorded
through an automation system. The heat exchanger types
used in the performance tests and their corresponding
flow configurations are illustrated in Figure 2.

COUNTER-FLOW PARALLEL FLOW
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Fig. 2. Schematic representation of counter-flow
and parallel-flow configurations for different heat
exchanger types: double-pipe, shell-and-tube, and

plate heat exchangers.

Data Processing

In the experimental system, it was assumed that
the entire heat transferred by the hot fluid in the test
section was conveyed to the cold fluid through the
convection mechanism. Therefore, heat losses to

the surroundings were neglected, and the amount of
heat absorbed by the cold fluid was calculated using
Equation (1). The ratio of Equation (2) to Equation
(1) was used to verify whether the heat losses in the
system were negligible. Since the three different heat
exchanger types installed in the test section have dif-
ferent heat transfer surface areas, the heat transfer
areas vary for each configuration. Equation (3) repre-
sents the power density values obtained by dividing
the heat transfer rate of each heat exchanger by its
corresponding heat transfer surface area.

The heat exchanger types used in the experiments
and their corresponding heat transfer surface areas
are presented in Table 1.

Table 1
Heat exchanger types used in the experiments
and their heat transfer surface areas
Heat Transfer Surface

Heat Exchanger Type

Area (m?)

Double-Pipe Heat Exchanger 0.025
Plate Heat Exchanger 0.048
Shell-and-Tube Heat Exchanger | 0.020

anin:m ) Cp(Tout,c_Tin,c) ( 1 )

Qloss:m ' Cp(Tin,h_Tout,h) (2)

q"=Q/A 3)

Uncertainty Analysis

The uncertainty of the experimental parameters
was evaluated using the method proposed by Kline
and McClintock [23]. In this method, R represents the
result function of the system, while xi, X2, X3, ..., Xa
denote the independent variables affecting R:

R = R(X1, X2, ...

If w1, w2, ..., wn represent the uncertainties of
the independent variables, the overall uncertainty
of the result can be calculated as follows (Kline and
McClintock, 1953):

W =[ (6R/Ox1 - Wi)? + (OR/BX: - W2)? +
+ ...+ (OR/OX, - Wn)? ]2 4)

In this study, the uncertainties of the main exper-
imental parameters, temperature and flow rate, were
calculated using the values presented in Table 2. The
uncertainty of temperature measurement was deter-
mined as £1.224 °C, while the uncertainty of the flow
rate measurement was +0.0141.

Technical
Specification

K-type
thermocouple;
measurement range
(-200 °C -
1200 °C)
Measurement range
(0 —30 L/min)

5 Xn)

Total

Device i
Uncertainty

Accuracy

Data logger +0.5 °C +1.224 °C

Flow meter +0.01 L/min +0.0141
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Results and Discussion

In this section, the power outputs of three differ-
ent heat exchanger types used in the experiments are
presented and compared under different tempera-
ture and flow rate conditions. In addition, the power
density values of the heat exchangers are evaluated.
Both temperature and flow rate significantly affect
the performance of the heat exchangers. For all three
heat exchanger types, the counter-flow configuration
showed better performance than the parallel-flow
configuration under the same operating conditions.

For the double-pipe heat exchanger under coun-
ter-flow conditions at a flow rate of 2.4 L/min, the
power values were 1440.7 W, 1527.6 W, and 1609.1
W at 50 °C, 60 °C, and 70 °C, respectively.

For the shell-and-tube heat exchanger, the correspond-
ing power values were 1538 W, 1628.4 W, and 1696.3 W.

For the plate heat exchanger, the power values
were significantly higher, reaching 3955.2 W, 3996.4
W, and 4098.9 W at the same temperature conditions.

These values correspond to the results obtained at a
flow rate of 2.4 L/min under counter-flow conditions.
The power values for other flow rates are presented
graphically in Figures 3, 4, and 5. Although the plate heat
exchanger produced the highest power output, the highest
power density (power per unit heat transfer area) was not
obtained from the plate heat exchanger. The power den-
sity results are presented in Figures 6, 7, and 8.
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Fig. 3. Temperature—power graph for the double-pipe
heat exchanger
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Fig. 4. Temperature—power graph for the shell-and-
tube heat exchanger
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Fig. 5. Temperature—power graph for the plate heat
exchanger

As can be seen from the obtained values, vari-
ations in temperature and flow rate resulted in dif-
ferent responses for each heat exchanger type. It is
considered that this variation is closely related to
the heat exchanger type and its design characteris-
tics. Based on the experimental data, selecting the
optimum operating parameters and the appropriate
heat exchanger type significantly affects the thermal
performance.

When Figures 6, 7, and 8 are examined, it is
observed that the highest power density was obtained
in the shell-and-tube heat exchanger, while the low-
est power density was obtained in the double-pipe
heat exchanger. For each heat exchanger type, better
performance was achieved under counter-flow con-
ditions.

For the shell-and-tube heat exchanger, which
showed the best performance, the power density val-
ues at hot water flow rate of 0.8 L/min were 44.28
kW/m?, 46.13 kW/m?, and 48.88 kW/m? at temper-
atures of 50, 60, and 70 °C, respectively. At a hot
water flow rate of 1.6 L/min, the power density val-
ues at 50, 60, and 70 °C were 59.60 kW/m?2, 63.51
kW/m?, and 68.82 kW/m?, respectively. When the
hot water flow rate was 2.4 L/min, the power density
values at 50, 60, and 70 °C were 92.61 kW/m?2, 96.94
kW/m?, and 99.60 kW/m?, respectively.

Based on these results, the highest power
obtained per unit heat transfer area (m?) was 99.60
kW/m? using the shell-and-tube heat exchanger
under counter-flow conditions at a flow rate of 2.4
L/min. On the other hand, the lowest power value
was obtained with the double-pipe heat exchanger
under parallel-flow conditions at a flow rate of 0.8
L/min, with a value of 36.15 kW/m?2.

Figures 6, 7, and 8 present the power density
values at different flow rates for the heat exchanger
types used in the experiments.
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Fig. 6. Power density comparison of different heat
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Fig. 7. Power density comparison of different heat
exchanger types at a flow rate of 1.6 L/min
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Fig. 8. Power density comparison of different heat
exchanger types at a flow rate of 2.4 L/min

Conclusion. Heat exchangers are widely used in
industrial thermal systems, and their efficient utiliza-
tion plays a critical role in improving heat transfer

performance. In this study, the performances of three
commonly used heat exchanger types—double-pipe,
shell-and-tube, and plate heat exchangers—were
experimentally compared. The experiments were
conducted at three inlet water temperatures (50 °C,
60 °C, and 70 °C) and three flow rates (0.8 L/min, 1.6
L/min, and 2.4 L/min). The experimental results indi-
cated that increasing both the inlet water temperature
and flow rate significantly enhanced the heat trans-
fer rate. In addition, for all heat exchanger types, the
counter-flow configuration provided better thermal
performance compared to the parallel-flow configu-
ration. Among the investigated heat exchanger types,
the shell-and-tube heat exchanger demonstrated the
highest sensitivity to temperature changes. The coun-
ter-flow configuration improved the power density
by approximately 3.87% for the shell-and-tube heat
exchanger, 3.89% for the double-pipe heat exchanger,
and 11.53% for the plate heat exchanger compared to
the parallel-flow configuration. The influence of flow
direction was found to be most significant in the plate
heat exchanger, while the double-pipe and shell-and-
tube heat exchangers exhibited similar sensitivity to
flow direction.

Furthermore, under counter-flow conditions, the
shell-and-tube heat exchanger provided approxi-
mately 19.06% higher power density compared to
the double-pipe heat exchanger, while the plate heat
exchanger provided approximately 9.09% higher
power density. Under parallel-flow conditions,
the shell-and-tube heat exchanger achieved about
18.08% higher power density than the double-pipe
heat exchanger, whereas the plate heat exchanger
provided approximately 1.61% higher power density.
Overall, considering the power density per unit heat
transfer area, the performance ranking of the inves-
tigated heat exchangers from highest to lowest was
determined as: shell-and-tube heat exchanger, plate
heat exchanger, and double-pipe heat exchanger. In
addition, the results of this study demonstrate that
the appropriate selection of heat exchanger type and
operating conditions can significantly influence the
overall efficiency of thermal systems. The experimen-
tal findings obtained in this work may provide useful
guidance for engineers and researchers in selecting
suitable heat exchanger configurations for various
industrial applications.
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Ewo6osa K. IOPIBHSAJIbHUMA TEPMOJIJMHAMIUHU AHAJII3 PI3HUX THUITIB
TEIIJIOOBMIHHUKIB

Tennoobminnuky € OOHUMU 3 HAUBANCIUBIUUX KOMNOHEHMIB, W0 BUKOPUCMOBYIOMbCA ) 0a2amvox
NPOMUCTIOBUX MENNIO0BUX CUCMEMAX, MAKUX fK eleKmpocmaHyii, XimiuHi npoyecu, Xon00UNbHI cucmemu
ma cucmemu oOnanenHs, eemmuaayii i xonouyionyeanns nosimps (HVAC). Egexmuene uxopucmanms
menyio0OMIHHUKIG 8i0icpac 8AJICIUBY POlb Y NIOBUUEHHI eHepeoedeKMUBHOCHLE M A 3HUNCEHHI eKCHIAYAMAYiliHUX
sumpam. Tomy ananis i NOPIGHAHHS PI3HUX MUNIE MENTO0OMIHHUKIG NPUBEPMAIOMb 3HAUH) Y8A2) 6 OCMAHHI
poxku [1-3].

3oxpema, 6ubip 6i0nogioHo2o muny menio0OMIHHUKA € KIIOYOBUM (DAKmMopom, wWo 6NIUBAE HA
mennogy epexmusnicme i HAJIIHICMb eHepeemudHux cucmem. Y ybomy 00CHIONCEHHI eKCNepUMEeHMAalbHO
npoeedeno NOPIGHANbHUL MEePMOOUHAMIYHUL AHANI3 MPbOX PIZHUX MUNIE MENI00OMIHHUKIB: 080MPYOHO2O,
KOACYXOMPYOHO20 MA NAACIMUHYACTO20 MEeNn1000MIHHUKIS. Epexmusnicme yux menioooMiHHUKIE OYIHIOBANACS
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3a pi3HUX yMo8 ekcniayamayii. Bumpama xono0Hoi 600u 6 excnepumeHmanvHill YCmanosyi niOmpumy8anidcs
cmanow Ha pieni 1,5 1/x6, mooi ax eumpama eapa4oi 6oou 3miniosanacs i cmanosuna 0,8; 1,6 ma 2,4 n/xs.
Kpim moeo, memnepamypa na 6xo0i eapsiuoi 6oou 6yna oopana na pisui 50°C, 60°C i 70°C. Excnepumenmu
NPOBOOUNUCS AK OISl NAPANenbHol, max i Ol npomumeyiunoi cxem pyxy meniaonociie. Tepmoounamiumi
XapaxmepucmuKy KOHCHO20 MenI00OMIHHUKA OYIHIOBANUCS 34 OONOMO20I0 NAPAMEmpPi6 Meni08020 NOMoKY
ma 2yCmuHU ROMYACHOCMI, PO3PAXOBAHUX HA OCHOBI eKCnepUMeHmanbHux danux. Pesynomamu nokazanu, wo
niOBULeHHS MeMNepamypu Ha 6X00i ma GUMpamu piouHu cCymmeeo 30116y e iHMeHCUsHicms menionepeoau.
Kpim moeo, npomumeuiiina cxema 3abe3neuye kpawyy menniogy e@pekmueHicms NOPI6HAHO 3 NAPALETbHOI.
Cepeo docnidceHux munie menio00OMIHHUKIE KOJCYXOMPYOHUL MEeNni00OMIHHUK NPOOEMOHCMPYBAs HAUSULY
2YCMUNY ROMYAHCHOCMI, MOOT K 080MPYOHULI MENLO0OMIHHUK NOKA3A6 HAUNHUICHY epekmusHicmsb. Ompumani
pesyivbmamu ceiouams npo me, wo NPAasUIbHUll GUOIp MUny meni00OMiHHUKA MOdice CYMMEBO NIOSUWUMU
eexmusHicms meniogux cucmem. Pezynomamu yb020 00CiONHCEHHA HA0AIOMb KOPUCHT eKCTIEPUMEHNATbHE
0ari 07151 BUOOPY 8IONOGIOHUX MUNIE MENIO0OMIHHUKIG ) MENT0BUX CUCEMAX T MOJICYMb CRPUSIMU NIOGUL eHHIO
ehexmusHoCmi npoMucIo8ux npoyecie menionepedadi. Kpiv moeo, npedcmagnenuil anaiis Modxjce Cryey8amu
KOPUCHUM  Qdicepeniom  OJisk NOOANbULUX EeKCHEePUMEHMANbHUX | YUCETbHUX O0CHI0NCEHb  eheKmUGHOCmI
menio0ominHuxie. Ompumani pe3yivmamu makoxdc NiOKPecaionmy  6aiCIUGICMb NPAGUILHO2O BUOODY
MO8 excnayamayii ma Koupicypayiii meniooOMIHHUKIE V Npakmuuuux sacmocysanusx. Ilpedcmasnene
EeKCNepUMeHmMAalbHe NOPIGHAHHA CHNPUSE KPAWOMY DPO3YMIHHIO GIOMIHHOCMEU Y NPOOYKMUBHOCII MINC
ROWUPEHUMY MUNAMU MENTOOOMIHHUKIG [ MOJICe OONOMOSU THIHCEHePaM Md OOCTIOHUKAM ) NPOEKMYEAHHI
0L eheKMUBHUX MENTOBUX CUCTIEM.

Knrouosi cnosa: menioobminHuK, mepmoOUHAMIYHUL AHAI3, MENJIO0OMIH, 08OMPYOHUL MENI00OMIHHUK,
KOXHCYXOMPYOHUTE MENnI00OMIHHUK, NIACMUHYACTIUL MEeN100OMIHHUK, MENI068i XapaKmepucmuKu.
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