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Abstract: The desire for increasing the thermal efficiency 

and conserving energy in the modern engineering system, 

developments in heat exchanger (HE) technologies have 

come about in certain ways. This review highlights the 

recent developments that have evolved in the use of 

nanofluids along with perforated baffle designs to 

synergistically improve heat transfer performance. 

Nanofluids, engineered suspensions of nanoparticles in base 

fluids, provide higher thermal conductivity and convective 

heat transfer capacity and thus favor a variety of thermal 

systems. Their application in experimental and numerical 

ideas shows an increase in the Nusselt number, thermal 

conductivity, and at system levels, performance even for 

low concentrations. Likewise, to this day, structural 

innovations such as the use of perforated and twisted 

baffles, sectoral baffles, and helical fin arrangements of 

meets discontinuities in thermal boundary layers and fluid 

mixing. These geometrical improvements impart an 

optimized flow path, reduction in fouling, and a balance in 

pressure drop, all resulting in an overall enhancement of 

energy efficiency. This paper attempts to highlight the 

integrated performance enhancement when used together 

from nanofluids and duly designed baffle systems, drawing 

on more than a dozen recent investigations into this field. 

This review also outlines fabrication approaches, simulation 

techniques such as CFD, and material selection pathways 

deemed vital to the compact and highly enhanced heat 

exchanger of the future. Adapting system designs to 

particular operating conditions is becoming more and more 

dependent on computational methods, especially CFD and 

ANN-based optimizations. Notwithstanding the benefits, 

issues like material compatibility, nanofluid stability, and 

economic viability still need to be addressed. However, the 

combination of baffle innovation and nanofluid technology 

offers a strong foundation for the development of next-

generation heat exchangers. Smart, self-regulating systems 

that adjust to changing thermal loads while optimizing 

energy efficiency and reducing environmental impact should 

be the main focus of future study. 

Keywords: Heat exchangers, nanofluids, perforated 

baffles, thermal performance, convective heat transfer, 

CFD simulation, hybrid nanofluids, passive heat transfer 

enhancement, energy efficiency, advanced thermal 

management. 

 

 

I INTRODUCTION 

An apparatus that facilitates the transfer of heat energy 

between two or more working fluids—such as liquids, 

vapors, and gases—is called a heat exchanger. Heat 

transfer can take place across a phase transition, such as 

from a liquid to a vapor, or in a single phase [1]. A solid 

separator keeps the fluids apart so they don't mix or come 

into contact with one another. Heat exchangers are 

prominent in the food and beverage and pharmaceutical 

industries to regulate temperature during processing [2]. 

They are also essential devices that focus on process 

efficiency used for important applications such as 

refrigeration, HVAC, power generation, etc [3]. HEs 

exist in various forms, such as shell-and-tube, plate-and-

frame, finned tube, and compact HEs, each suitably 

applicable according to the fluid properties, operating 

conditions, space constraints, and other variables. 100% 

of your text is likely AI-generated. To boost the heat 

transfer (HT) rates in a system, we often turn to active 

HT augmentation techniques, which work hand-in-hand 

with mechanical systems or additional energy sources 

[4]. Various components are utilized to enhance HT 

across different engineering applications, including fins, 

ribs, baffles, turbulators, deflectors, and perforated 

vortex generators (VGs) [5]. Each of these elements 

operates based on unique principles and is chosen for 

specific purposes and scenarios.  They are characterized 

by strategically positioned tiny holes or perforations 

across surfaces or obstructions that come into direct 

contact with fluid flow.  By causing vortices to form 

when fluid flows over these surfaces, the perforations 

improve heat transfer (HT) through mixing and reduce 

thermal resistance [6]. Perforated obstructions are widely 

used in HE designs and cooling systems where space and 

efficiency are important factors because of how well they 

raise HT coefficients [7].  

https://ijellh.com/index.php/OJS/index
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Fig. 1 Schematic of Shell and Tube heat exchanger. [8].  

Figure 1 shows a schematic representation of a shell-and-

tube heat exchanger, one of the most widely used types 

in industry for thermal energy transfer.   It consists of a 

bundle of straight tubes enclosed by a cylindrical shell.   

The tube-side fluid enters through the right inlet plenum 

after going through the tubes and the opposite plenum on 

the left.   Concurrently, a different fluid—referred to as 

the shell-side fluid—enters the shell from the top, travels 

across the tubes in a zigzag pattern while being guided 

by baffles, and then exits from the bottom. The baffles 

increase turbulence and thermal contact, which enhances 

heat transfer by continuously directing the shell-side flow 

across the tubes. The design ensures efficient heat 

exchange between the two fluids without mixing them by 

using the tube walls as the heat transfer interface. 

Size restrictions, pressure drops, and fouling are common 

problems with conventional heat exchanger designs, such 

as shell-and-tube and plate heat exchangers. Fouling, or 

the accumulation of undesirable materials on heat 

transfer surfaces, significantly reduces thermal efficiency 

and increases operating costs [9].  Because fins and 

baffles can increase turbulence and improve thermal 

performance, they are frequently added to improve heat 

transfer.  However, these modifications may also lead to 

increased pressure drops, which could negate the benefits 

of better heat transfer by making fluid movement more 

energy-intensive [10]. Heat exchangers are vulnerable to 

material deterioration and corrosion when they are used 

in harsh conditions, such as those involving corrosive 

chemicals or geothermal fluids.  In addition to 

compromising structural integrity, corrosion also reduces 

the effectiveness of heat transfer [11]. Boilers, steam 

generators, heaters, and condensers all require heat 

exchangers.  They maximize energy savings and 

competitiveness, which promotes the creation of new 

manufacturing technologies.  Adding turbulators to the 

traditional system and using nanofluids as a coolant are 

just two of the many methods to enhance a heat 

exchanger's performance.  Nanofluids, solid–liquid 

mixtures of nanoparticles and a base liquid, pose new 

challenges in thermal science [12].  These fluids are 

commonly present in water, ethylene, glycol, and oil and 

are usually found in combination with metals, oxides, 

carbides, or carbon nanotubes.  {%} of your text is likely 

AI-generated. Suspended ultra-particles are a game-

changer for heat transfer applications since they 

significantly boost thermal conductivity and energy 

exchange [13]. Perforated baffles, which are well-known 

for their capacity to improve heat transfer by generating 

turbulence and dissolving boundary layers, have been 

extensively studied by researchers.  By closely 

examining the effects of various perforation sizes, 

shapes, and configurations on heat exchanger 

performance, they have concentrated on how these 

baffles can increase heat transfer rates while controlling 

pressure drops [14].  Conversely, the helical flow pattern 

produced by twisted baffles produces secondary flows in 

addition to increasing the surface area available for heat 

transfer.  Remarkably, a study found that in terms of 

thermal performance and anti-vibration, twisted-elliptic-

tube heat exchangers perform better than conventional 

designs [15].  These days, computational fluid dynamics 

(CFD) plays a major role in heat exchanger design 

analysis and optimization. To identify the ideal design 

parameters, for example, a numerical study investigated 

the effects of different baffle configurations on the 

thermo-hydraulic behavior of shell and tube heat 

exchangers  [16]. 

II NANOFLUIDS IN HEAT EXCHANGER  

Nanofluids were merely basic metal-based particles in 

the early 2000s.  They have evolved into complex hybrid 

and functionalized systems in the modern era. Nanofluids 

were initially classified according to the kind of 

nanoparticles they contained, such as metals (Cu, Ag), 

metal oxides (AlO₃, TiO₂), and carbon-based materials 

(CNTs, graphene).  Hybrid nanofluids, which combine 

various nanoparticles to take advantage of synergistic 

effects, have been introduced recently [17]. The 

enhanced thermal conductivity of nanofluids is caused by 

a variety of processes, such as liquid layering at the 

solid-liquid interface, nanoparticle clustering, and 

Brownian motion of nanoparticles.  Together, these 

components improve the rates of heat transfer. Numerous 

experimental and computational investigations reveal a 

recurring pattern: Regardless of the kind of base fluid or 

nanoparticle, nanofluids greatly improve heat transfer 

characteristics. For example, at a Reynolds number of 

3950, the application of graphene-water nanofluids in 

transitional flow regimes showed a 36% improvement in 

heat transfer [18].  Similarly, convective heat transfer 

coefficients were enhanced by up to 27% when AlO₃-

water and CuO-water nanofluids were used in square 

cross-sectional ducts under laminar flow [19]. 

Synergistic effects between nanoparticles allowed hybrid 

nanofluids, like AlO₃-TiO₂ in conical helical shell-and-

tube heat exchangers, to perform better [20].  Similar 

https://ijellh.com/index.php/OJS/index
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improvements in heat transfer and fouling resistance 

were observed when clove-treated graphene nanoplatelet 

nanofluids were used in double-pipe exchangers [21]. 

AlO₃ and TiO₃ nanofluids used in compact plate and 

double-pipe heat exchangers showed enhanced Nusselt 

numbers and overall heat transfer coefficients, 

particularly as the concentration of nanoparticles rose 

[22].  When tested in double-tube heat exchangers, 

graphene nanoplatelet-water nanofluids also 

demonstrated superior thermal performance compared to 

the base fluid alone [23].  In a similar vein, a different 

experimental assessment demonstrated that employing 

nanofluids in a shell-and-tube exchanger at a 

concentration of just 0.22% increased the overall heat 

transfer coefficient by 33.33% [24]. These trends were 

validated by numerical studies.  A study that assessed 

copper-water nanofluids in immersion liquid cooling 

systems showed that they could transfer heat efficiently 

under specific flow conditions [25].  An 11.6% increase 

in heat transfer efficiency was attained by another study 

that used nanofluids to optimize the topology of 

microchannel heat sinks [26]. Nanofluids are crucial for 

precision cooling applications because they allowed for 

an 8.1% increase in heat dissipation for chips under a 130 

W thermal load in the context of electronic cooling [27]. 

 

Fig. 2 Schematic Diagram of a Heat Exchanger System 

Utilizing Nanofluids for Enhanced Thermal Performance 

[28]. 

A schematic of a heat exchanger system designed to 

explore the use of nanofluids to enhance thermal 

performance is displayed in Figure 1.  Two fluid loops 

make up the system: one is carrying hot water (in red) 

and the other is circulating nanofluid (in blue).  The hot 

water moves through the heat exchanger and transfers 

heat to the nanofluid flowing in the opposite direction.  

The inlet and outlet temperatures of the hot water are 

measured by thermocouples (Tin and Tout), and flow 

meters are installed in both loops to monitor flow rates.  

A pump and a gate valve control the nanofluid's flow. 

The presence of nanofluid, which typically contains 

suspended nanoparticles, increases the thermal 

conductivity of the base fluid. This increases the heat 

exchanger's heat transfer efficiency. We investigate the 

performance of nanofluids in heat exchange applications 

and compare them to conventional fluids using this 

configuration. 

TABLE 1 Comparative Analysis of Nanofluid Studies in Heat Exchanger Applications 

Ref. 

No. 

Nanofluid 

Type 

Base 

Fluid 

Nanoparticles 

Used 

Application  Performance 

Outcome 

Study Type 

[18] Graphene-

water 

Water Graphene Transitional 

flow in heat 

exchanger 

36% improvement 

in heat transfer at 

Re = 3950 

Experimental 

[19] Al₂O₃-water 

and CuO-

water 

Water Aluminum 

oxide (Al₂O₃), 

Copper oxide 

(CuO) 

Square cross-

sectional ducts 

(laminar flow) 

Up to 27% 

enhancement in 

convective heat 

transfer coefficient 

Experimental 

[20] Al₂O₃-TiO₂ 

hybrid 

Water Aluminum 

oxide (Al₂O₃), 

Titanium 

dioxide (TiO₂) 

Conical helical 

shell-and-tube 

heat exchanger 

Synergistic 

nanoparticle effect 

leading to superior 

heat performance 

Computational 

[21] Clove-treated 

graphene 

nanoplatelets 

Water Functionalized 

graphene 

nanoplatelets 

Double-pipe 

heat exchanger 

Improved heat 

transfer and 

reduced fouling 

Experimental 

[22] Al₂O₃ and 

TiO₂ 

Water Al₂O₃, TiO₂ Compact plate 

and double-

Enhanced Nusselt 

numbers and heat 

Experimental 

https://ijellh.com/index.php/OJS/index
https://ijellh.com/index.php/OJS/index
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pipe heat 

exchangers 

transfer with higher 

concentrations 

[23] Graphene 

nanoplatelet-

water 

Water Graphene 

nanoplatelets 

Double-tube 

heat exchanger 

Better thermal 

performance than 

water alone 

Experimental 

[24] Generic 

nanofluid 

Water Not specified Shell-and-tube 

heat exchanger 

At 0.22% conc, the 

overall heat 

transfer coefficient 

increased by 

33.33%. 

Experimental 

[25] Copper-water Water Copper 

nanoparticles 

Immersion 

liquid cooling 

system 

Efficient heat 

transfer under 

optimal flow and 

geometry 

conditions 

Computational 

[26] Hybrid 

nanofluid 

(unspecified) 

Water Not specified Microchannel 

heat sink with 

topology 

optimization 

11.6% increase in 

thermal 

performance 

Computational 

[27] Nanofluid 

(unspecified 

for chip 

cooling) 

Water Not specified Electronic chip 

cooling at 130 

W 

8.1% increase in 

heat dissipation 

Experimental 

 

III DESIGN INNOVATIONS USING 

PERFORATED BAFFLES 

In a wave of design innovations that seamlessly blend 

engineering performance with aesthetic and 

environmental goals, perforated baffles have emerged as a 

crucial component.  At first, the main purpose of these 

panels, which are distinguished by their carefully 

positioned holes, was to control flow and enhance heat 

transfer in thermal and fluid systems.  They are currently 

being rethought for wider uses in architectural, 

automotive, aerospace, and HVAC systems, though.  

They act as fashionable sunshades and acoustic treatments 

in contemporary buildings, encouraging ventilation and 

the diffusion of natural light [28].  They help create 

lighter, more effective designs for automobiles and 

airplanes by lowering drag and turbulence while 

maintaining structural integrity. Designers can now adjust 

hole patterns to improve both functionality and aesthetics 

because of developments in fabrication techniques like 

3D printing and laser cutting.  More recently, adaptive 

baffles that swiftly adapt to shifting environmental 

conditions have been developed using responsive 

materials.  These developments increase operational 

effectiveness and energy efficiency in addition to opening 

the door for creative, sustainable, and high-performance 

design solutions [29].  

A. Role of Baffles in Enhancing Heat Transfer 

Baffles are structural components used in heat exchangers 

and other thermal systems to regulate fluid flow.    They 

contribute to better fluid distribution and the avoidance of 

stagnant zones by changing the flow path, both of which 

are necessary for effective heat transfer between surfaces 

[30]. The main purpose of baffles is to create turbulence 

in fluid flow. This turbulence breaks up the boundary 

layer that naturally forms on heat exchange surfaces, 

allowing the fluid and surface to come into closer contact. 

This leads to a significant acceleration of convective heat 

transfer [31].  Effectiveness is influenced by baffles' form, 

spacing, and orientation.  Common types include helical, 

segmental, and disc-and-doughnut baffles. Proper design 

ensures optimal turbulence without causing excessive 

pressure drops, which could reduce system efficiency 

[32].  Baffles are widely used in shell-and-tube heat 

exchangers, air conditioners, and chemical reactors. 

Because their inclusion leads to better thermal 

performance, smaller equipment designs, and lower 

energy consumption, they are crucial components of both 

commercial and industrial thermal systems [33]. Some 

creative methods have been put forth to improve heat 

transfer in heat exchangers by altering the baffles. These 

include adding segmental baffles and improving elastic 

tube bundle configurations to significantly improve 

vibration-enhanced heat transfer performance, with 

improvements of up to 7.96% in optimized designs [34].  

In vertical shell-and-tube exchangers, air bubble injection 

using disc and ring baffles—particularly those with 

circular holes—showed a remarkable 202%–231% 

increase in effectiveness [35].  By optimizing spacing, 

new baffle shapes in solar air heaters demonstrated a 44% 

improvement in thermal performance [36]. Through 

dynamic interaction with the thermal boundary layer, 

flexible baffles for natural convection systems 

demonstrated improvements of up to 12% [37]. ANN-

optimized baffle geometries of microchannel heat sinks 

demonstrated up to 46% improved performance [38], 

https://ijellh.com/index.php/OJS/index
https://ijellh.com/index.php/OJS/index
https://ijoscience.com/index.php/ojsscience/issue/view/112


ISSN: 2582-4600                            SMART MOVES JOURNAL IJOSCIENCE                                  Volume 11, Issue 4, April 2025 

 

45 

while louvered vortex generator baffles effectively 

decreased friction and increased thermal effectiveness 

(TEF ≈ 2.64) [39].  Other studies examined the impact of 

baffle height, curvature, geometry, and presence on flow 

and vibration, confirming that well-organized baffle 

geometries can maximize heat transfer efficiency and 

Nusselt number under various flow conditions [41], [42], 

and [43]. 

Table 2 Comparative studies of Heat Transfer Enhancement Using Baffle Innovations 

Citation Focus 

Area 

Methodolo

gy 

Enhanceme

nt (%) 

Key finding Baffle 

Type 

Geometry 

Parameters 

Studied 

Application 

Area 

[34] Elastic 

tube 

bundle HX 

with and 

without 

baffles 

Numerical 

simulation 

Up to 7.96% 

(vibration-

based) 

Baffles + 

improved 

structure yield 

best 

performance 

Segmental 

(with/with

out), 

improved 

tube 

bundle 

Tube bundle 

configuration 

and presence 

of baffles 

Shell-and-

tube heat 

exchangers 

[35] Air bubble 

injection 

in baffled 

shell and 

tube HX 

Experiment

al and 

numerical 

202%–231% 

effectiveness 

DRCHB baffles 

with air 

injection most 

effective 

Single 

segmental, 

disc-ring, 

disc-ring 

with holes 

Baffle shape + 

air injection 

flow rate 

Shell-and-

tube heat 

exchangers 

[36] ≠-shaped 

baffles in 

solar air 

heaters 

CFD 

(Finite 

Volume 

Method) 

44% 

improvemen

t 

Spacing 

optimization 

key to 

performance 

≠-shaped 

baffles 

Baffle spacing Solar air 

heaters 

[37] Flexible 

baffle for 

natural 

convection 

enhancem

ent 

IB-LBM 

simulation 

Up to 12% 

heat transfer 

Flexible baffles 

enhance via 

TBL resonance 

Flexible 

horizontal 

baffle 

Rayleigh 

number, baffle 

position, 

rigidity 

Passive 

electronics 

cooling 

[38] Louvered 

baffle 

vortex 

generators 

(LBVG) 

Experiment

al + 

numerical 

(CFD) 

TEF ~2.64 Jet from louver 

holes boosts 

heat transfer 

Louvered 

vortex 

generators 

Louver angle, 

pitch, size 

Tube heat 

exchangers 

[39] Review of 

passive 

heat 

transfer 

techniques 

Literature 

review 

Varies by 

method 

Passive methods 

are energy-

efficient 

Multiple 

(twisted 

tapes, fins, 

etc.) 

Various 

passive 

geometries 

reviewed 

General 

thermal 

systems 

[40] Baffles in 

MCHS 

using 

ANN 

optimizati

on 

ANN + 

CFD 

Up to 46% 

overall 

performance 

Optimal baffle 

geometry boosts 

MCHS 

efficiency 

Rectangula

r baffles 

(optimized 

geometry) 

Vertical & 

horizontal 

pitch, attack 

angle 

Microchanne

l heat sinks 

https://ijellh.com/index.php/OJS/index
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[41] Presence 

vs. 

absence of 

baffles in 

ETB HX 

Numerical 

(flow-solid 

coupling) 

Up to 

42.97% 

amplitude 

increase 

Baffles enhance 

flow uniformity 

and vibration 

Segmental 

(presence 

vs 

absence) 

Inlet velocity 

effects on 

amplitude 

Elastic tube 

bundle HX 

[42] Effects of 

baffle 

height/cur

vature in 

I-ETB HX 

Bi-

directional 

FSI 

simulation 

Nu/ΔP max 

with 10° 

curvature 

Curvature and 

height optimize 

heat transfer 

Modified 

height and 

curvature 

baffles 

Baffle height 

and curvature 

Elastic tube 

bundle HX 

[43] V-shaped 

flapped 

baffles in 

square 

duct 

CFD 

(Realizable 

k-ε model) 

Nu/Nu0 up 

to 8.4, TEF 

up to 2.49 

Flapped baffles 

significantly 

enhance TEF 

and Nu 

V-shaped 

flapped 

baffles 

Flap angle, 

blockade ratio, 

pitch 

Square ducts 

 

IV Synergistic Integration of Nanofluids and 

Baffle Design 

One promising method to improve the heat exchangers' 

thermal performance is the combination of advanced 

baffle designs and nanofluids. This method makes use 

of the enhanced thermal characteristics of nanofluids as 

well as the flow-optimization potential of creative baffle 

designs [44]. Recent sudy has shown that optimizing 

baffle designs and combining nanofluids can greatly 

increase heat transfer rates while controlling pressure 

drops.  Certain baffle angles, such as 90° and 120°, 

were found to increase the heat transfer coefficient by 

up to 61% while maintaining acceptable pressure drops 

in a study on sectoral baffles in shell and tube heat 

exchangers [45].  In a similar vein, notable increases in 

heat transfer coefficients demonstrate that using 

perforated obstacles in heat exchangers lowers pressure 

drops and speeds up heat transfer. Flexible baffles have 

also been studied for incorporation into microchannels 

containing hybrid nanofluids such as water and AlO₃-

Cu.  It was discovered that this combination improved 

the cooling efficiency of individual heat sources in 

microchannels, indicating the potential of such hybrid 

approaches in thermal management applications [46].  

Numerous case studies have looked at the relationship 

between baffle designs and nanofluids and how heat 

exchanger performance is impacted by them. One study 

looked at how hybrid nanofluids and outer helical fins 

affected the shell and two-coil heat exchangers' 

hydrothermal performance.  The findings demonstrated 

that heat transfer rates were greatly enhanced by the 

combination of the nanofluid's characteristics and the 

helical fin design [47].  Another study investigated the 

thermal performance of heat pipes using nanofluids 

based on silver (Ag), aluminum oxide (AlO₃), and 

multi-walled carbon nanotubes (MWCNTs).   In order 

to maximize thermal performance without 

compromising stability and flow characteristics, the 

study demonstrated how important it is to select the 

appropriate types and concentrations of nanoparticles 

[48].  In conclusion, enhancing heat exchanger thermal 

efficiency can be achieved practically by combining 

innovative baffle designs with nanofluids. Together, 

enhanced fluid characteristics and optimized flow paths 

lead to higher heat transfer rates and better overall 

performance. To determine the ideal baffle 

configurations, concentrations, and kinds of nanofluids 

to generate the best thermal results, research in this field 

is still ongoing. 

Table 3 Comparative Table: Integration of Nanofluids and Baffle Design in Heat Exchangers 

Ref. 

No. 

Study Focus Nanofluid 

Type 

Baffle/Fins 

Type 

Application Performance Outcome 

[45] Effect of baffle 

angle on heat 

transfer 

Not specified 

(assumed 

water) 

Sectoral 

baffles (90°, 

120°) 

Shell and tube 

heat exchanger 

Heat transfer coefficient 

increased by up to 61%, 

with controlled pressure 

drops 

https://ijellh.com/index.php/OJS/index
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[46] Hybrid 

nanofluids in 

microchannels 

with flexible 

baffles 

Al₂O₃-

Cu/water 

(hybrid) 

Flexible 

baffles 

Microchannel 

heat sink for 

discrete heat 

sources 

Improved cooling 

performance through 

nanofluid-baffle synergy 

[47] Synergistic 

effect of hybrid 

nanofluids with 

helical fins 

Hybrid 

nanofluids 

Outer helical 

fins 

Shell and two-

coil heat 

exchanger 

Significant enhancement 

in heat transfer due to 

combined nanofluid and 

fin effects 

[48] Nanofluid 

choice and 

concentration 

in heat pipes 

MWCNTs, 

Al₂O₃, Ag 

No baffles 

(focus on 

nanoparticle 

impact) 

Heat pipes for 

thermal control 

Thermal performance 

depends on careful 

nanoparticle selection for 

stability and efficiency 

 

V CONCLUSION 

The nanofluid-baffle combinations therefore represent a 

greater opportunity for the amplification of heat 

exchanger thermal performance. Nanofluids have 

shown their great potential in increasing thermal 

conductivity, improving convective heat transfer, and 

overall increasing the efficiency of heat exchangers. 

Studies show considerable enhancement in thermal 

performance ranging from 27% to 36% with very low 

concentration of nanoparticles. Hybrid nanofluids 

particularly having combinations of Al₂O₃-TiO₂ or Cu-

Al₂O₃ provide some advantages synergistically over 

monocomponent nanofluids. Meanwhile, perforated and 

twisted baffles today have shed their traditional 

character and now play a more prominent role in 

managing flows, generating turbulence, and fouling 

mitigation. Sectoral, helical, and flexible baffles, among 

others, have been reported to enhance heat transfer rates 

substantially by more than 60% in some cases, while 

still being able to constrain pressure drops adequately. 

These two technologies, when brought together, tend to 

provide even more exciting results. The study of hybrid 

nanofluids and adaptive baffle designs in microchannels 

or shell-and-coil systems highlights synergistic effects 

leading to: better flow uniformity, higher contact with 

surface, and longer life of the thermal system. 

Optimization with computational techniques, e.g., CFD 

and ANN-based optimization, is increasingly important 

to adapt system designs for given operating conditions. 

In such a case, nanofluid stability, material 

compatibility, and economics are issues of concern. 

Nano means nanotechnology-based solutions in heat 

exchanger baffle technology could be a strong base for 

the next heat exchanger development. This direction 

needs a rationally intelligent system capable of 

autonomously adapting to changing thermal loads in 

such a way that energy consumption is minimal and 

environmental impact is limited. 

Conflict of Interest: The corresponding author, on 

behalf of second author, confirms that there are no 

conflicts of interest to disclose. 

Copyright:  © 2025 Md Amber Ali, N.V. Saxena 

Author(s) retain the copyright of their original work 

while granting publication rights to the journal.  

License: This work is licensed under a Creative 

Commons Attribution 4.0 International License, 

allowing others to distribute, remix, adapt, and build 

upon it, even for commercial purposes, with proper 

attribution. Author(s) are also permitted to post their 

work in institutional repositories, social media, or other 

platforms. 

References  

[1] R. Rebhi, Y., Menni, G., Lorenzini, and H. 

Ahmad, Forcedconvection heat transfer in 

solar collectors and heat exchangers: a review, 

Journal of Advanced Research in Applied 

Sciences and Engineering Technology 26 

(2022) 1,  

https://doi.org/10.37934/araset.26.3.115    

[2] H. Ahmad, N. Sakhri, Y. Menni, M. Omri, and 

H. Ameur, Experimental study of the 

efficiency of earth-toair heat exchangers: 

Effect of the presence of external fans, Case 

Studies in Thermal Engineering 28 (2021) 

101461 

https://doi.org/10.1016/j.csite.2021.101461  

[3] F. Djeffal, L. Bordja, R. Rebhi, M. Inc, H. 

Ahmad, F. Tahrour, , ... and T. M. Jawa, 

Numerical investigation of thermal-flow 

characteristics in heat exchanger with various 

https://ijellh.com/index.php/OJS/index
https://ijellh.com/index.php/OJS/index
https://ijoscience.com/index.php/ojsscience/issue/view/112
https://doi.org/10.37934/araset.26.3.115
https://doi.org/10.1016/j.csite.2021.101461


ISSN: 2582-4600                            SMART MOVES JOURNAL IJOSCIENCE                                  Volume 11, Issue 4, April 2025 

 

48 

tube shapes, Applied Sciences 11 (2021) 9477. 

https://doi.org/10.3390/app11209477 

[4] F. Tahrour, H. Ahmad, H. Ameur, T. Saeed, H. 

AbuZinadah, and Y. Menni, 3D numerical 

study and comparison of thermalflow 

performance of various annular finnedtube 

designs, Journal of Ocean Engineering and 

Science 8 (2023) 294. 

https://doi.org/10.1016/j.joes.2022.02.009 

[5] V. Solano-Olivares, S. Cuevas, A. Figueroa, 

and D. R. DomA- nguez-Lozoya, Interaction 

of inertia and magnetic force in the liquid 

metal flow past a magnetic obstacle. Physics of 

Fluids, 36 (2024) 084105. 

[6] V. Solano-Olivares, S. Cuevas, and A. 

Figueroa, Magnetic fin for heat transfer 

enhancement in liquid metal duct flow. 

Magnetohydrodynamics (0024-998X), 58 

(2022) 379. 

[7] S. Eiamsa-Ard, S. Sripattanapipat, A. Saysroy, 

P. Promvonge, N. Maruyama, and M. Hirota, 

Heat transfer distribution and flow 

characteristics in a channel with perforated-

baffles, Energy Reports 8 (2022) 420. 

https://doi.org/10.1016/j.egyr.2022.10.079 

[8] Abdelhamid, Heba & Bakry, Ayman & 

Mohamad, Hagar. (2022). A Review on 

Comparative Performance of Shell-and-tube 

Heat Exchangers with Various Design 

Configurations. Journal of Engineering 

Research. 6. 159-168. 

10.21608/erjeng.2022.159615.1094. 

http://dx.doi.org/10.21608/erjeng.2022.159615

.1094  

[9] Ogbonnaya, Stephen & Ajayi, Oluseyi. (2017). 

Fouling phenomenon and its effect on heat 

exchanger: A review. Frontiers in Heat and 

Mass Transfer. 9. 10.5098/hmt.9.31. 

http://dx.doi.org/10.5098/hmt.9.31  

[10] Yang, X., Liu, Q., & Lu, G. (2025). Heat 

Transfer Enhancement in Coaxial Downhole 

Heat Exchangers: Influence of Spiral Fins at 

the Bottom Section. Energies, 18(9), 2361. 

https://doi.org/10.3390/en18092361  

[11] Penot, C., Martelo, D., & Paul, S. (2023). 

Corrosion and Scaling in Geothermal Heat 

Exchangers. Applied Sciences, 13(20), 11549. 

https://doi.org/10.3390/app132011549  

[12] Awais M, et al. Heat transfer and pressure drop 

performance of Nanofluid: A state-of- the-art 

review. International Journal of Thermofluids. 

2021;9: 100065. 

https://doi.org/10.1016/j.ijft.2021.100065 

[13] Dharmakkan N, et al. A case study on 

analyzing the performance of microplate heat 

exchanger using nanofluids at different flow 

rates and temperatures. Case Studies in 

Thermal Engineering. 2023;44: 102805. 

https://doi.org/10.1016/j.csite.2023.102805  

[14] Menni, M. & Kaid, Noureddine & Alkhafaji, 

Mohammed & Bayram, Mustafa & Ikumapayi, 

Omolayo & Chamkha, A.. (2025). Enhancing 

heat transfer performance: A comprehensive 

review of perforated obstacles. Revista 

Mexicana de Física. 71. 

10.31349/RevMexFis.71.030601. 

http://dx.doi.org/10.31349/RevMexFis.71.0306

01 

[15] Ajeeb, Wagd & Murshed, S M Sohel. (2022). 

Nanofluids in Compact Heat exchangers for 

Thermal Applications: A State-of-the-Art 

Review. Thermal Science and Engineering 

Progress. 30. 101276. 

10.1016/j.tsep.2022.101276. 

http://dx.doi.org/10.1016/j.tsep.2022.101276 

[16] Şahin, M., Ozturk, M. CFD analysis of the 

characteristic of a heat exchanger with counter 

flow shell tube under biogas-nanofluid 

conditions. J Therm Anal Calorim (2025). 

https://doi.org/10.1007/s10973-025-14276-8 

[17] Bandaru, S. H., Becerra, V., Khanna, S., 

Radulovic, J., Hutchinson, D., & Khusainov, 

R. (2021). A Review of Photovoltaic Thermal 

(PVT) Technology for Residential 

Applications: Performance Indicators, 

Progress, and Opportunities. Energies, 14(13), 

3853. https://doi.org/10.3390/en14133853 

[18] Demirkır, C., & Ertürk, H. (2021). Convective 

heat transfer and pressure drop characteristics 

of graphene-water nanofluids in transitional 

flow. International Communications in Heat 

and Mass Transfer, 121, 105092. 

https://doi.org/10.48550/arXiv.2009.10462 

[19] Nassan, T. H., Heris, S. Z., & Bagheban, S. H. 

N. (2023). Experimental Investigation of 

nanofluid heat transfer in a square cross-

sectional duct. arXiv preprint 

arXiv:2311.07447. 

https://doi.org/10.48550/arXiv.2311.07447  

[20] Miansari, Me & Nurpasand, Fardin & Akbari, 

Omid Ali & Moghadasi, Hesam & Salahshour, 

Soheil & Baghaei, Sh. (2025). A 

computational analysis of hybrid nanofluids on 

heat transfer amelioration through a conical 

helical shell-and-tube heat exchanger under 

turbulent flow conditions. Case Studies in 

Thermal Engineering. 71. 106230. 

10.1016/j.csite.2025.106230. 

http://dx.doi.org/10.1016/j.csite.2025.106230 

[21] Wang, Y., Nair, S.R., Ho, M.L.G. et al. Heat 

transfer performance and fouling analysis of 

clove-treated graphene nanoplatelet nanofluid 

https://ijellh.com/index.php/OJS/index
https://ijellh.com/index.php/OJS/index
https://ijoscience.com/index.php/ojsscience/issue/view/112
https://doi.org/10.3390/app11209477
https://doi.org/10.1016/j.joes.2022.02.009
https://doi.org/10.1016/j.egyr.2022.10.079
http://dx.doi.org/10.21608/erjeng.2022.159615.1094
http://dx.doi.org/10.21608/erjeng.2022.159615.1094
http://dx.doi.org/10.5098/hmt.9.31
https://doi.org/10.3390/en18092361
https://doi.org/10.3390/app132011549
https://doi.org/10.1016/j.ijft.2021.100065
https://doi.org/10.1016/j.csite.2023.102805
http://dx.doi.org/10.31349/RevMexFis.71.030601
http://dx.doi.org/10.31349/RevMexFis.71.030601
http://dx.doi.org/10.1016/j.tsep.2022.101276
https://doi.org/10.1007/s10973-025-14276-8
https://doi.org/10.3390/en14133853
https://doi.org/10.48550/arXiv.2009.10462
https://doi.org/10.48550/arXiv.2311.07447
http://dx.doi.org/10.1016/j.csite.2025.106230


ISSN: 2582-4600                            SMART MOVES JOURNAL IJOSCIENCE                                  Volume 11, Issue 4, April 2025 

 

49 

in a double-pipe heat exchanger. J Therm Anal 

Calorim (2025). 

https://doi.org/10.1007/s10973-025-14002-4 

[22] Ajeeb, W., & Murshed, S. M. S. (2022). 

Comparisons of Numerical and Experimental 

Investigations of the Thermal Performance of 

Al2O3 and TiO2 Nanofluids in a Compact 

Plate Heat Exchanger. Nanomaterials, 12(20), 

3634. https://doi.org/10.3390/nano12203634 

[23] Lima, C. C. X. S., Ochoa, A. A. V., da Costa, 

J. A. P., de Menezes, F. D., Alves, J. V. P., 

Ferreira, J. M. G. A., Azevedo, C. C. A., 

Michima, P. S. A., & Leite, G. N. P. (2023). 

Experimental and Computational Fluid 

Dynamic—CFD Analysis Simulation of Heat 

Transfer Using Graphene Nanoplatelets 

GNP/Water in the Double Tube Heat 

Exchanger. Processes, 11(9), 2735. 

https://doi.org/10.3390/pr11092735 

[24] Iqbal, S., Naveed, M. F., Masud, M., Tariq, A., 

Kausar, T., Nasir, Z., & Babar, M. A. (2024). 

Experimental Evaluation of Thermal 

Performance in Shell and Tube Heat 

Exchangers Using Al₂O₃-γ Nanofluids. 

Engineering Proceedings, 75(1), 13. 

https://doi.org/10.3390/engproc2024075013 

[25] Makaoui, A., Admi, Y., Moussaoui, M. A., & 

Mezrhab, A. (2025). Numerical Study of 

Influence of Nanofluids on the Optimization of 

Heat Transfer in Immersion Cooling Systems. 

Processes, 13(3), 620. 

https://doi.org/10.3390/pr13030620 

[26] Chen, C. H., & Yaji, K. (2025). Topology 

optimization for microchannel heat sinks with 

nanofluids using an Eulerian-Eulerian 

approach. arXiv preprint arXiv:2501.16749. 

https://doi.org/10.48550/arXiv.2501.16749 

[27] Elkhouly, Mohamed & Bouz, M.A. & Sultan, 

Gamal. (2021). Experimental and 

computational study of using nanofluid for 

thermal management of electronic chips. 

Journal of Energy Storage. 39. 102630. 

10.1016/j.est.2021.102630. 

http://dx.doi.org/10.1016/j.est.2021.102630 

[28] Hussein, Adnan & Samylingam, Lingenthiran 

& Kadirgamma, K. & Noor, M.M. & Aik, 

Lim. (2018). Palm oil based nanofluids for 

enhancing heat transfer and rheological 

properties. Heat and Mass Transfer. 54. 

10.1007/s00231-018-2364-9. 

https://link.springer.com/article/10.1007/s0023

1-018-2364-9  

[29] Nasyrlayev, N., Kizilaslan, M. A., Kurumus, 

A. T., Demirel, E., & Aral, M. M. (2020). A 

perforated baffle design to improve mixing in 

contact tanks. Water, 12(4), 1022. 

https://doi.org/10.3390/w12041022  

[30] Bruno, P., Di Bella, G., & De Marchis, M. 

(2020). Perforated baffles for the optimization 

of disinfection treatment. Water, 12(12), 3462. 

https://doi.org/10.3390/w12123462   

[31] Promvonge, P., & Skullong, S. (2021). 

Enhanced thermal performance in tubular heat 

exchanger contained with V-shaped baffles. 

Applied Thermal Engineering, 185, 116307. 

https://doi.org/10.1016/j.applthermaleng.2020.

116307   

[32] Eiamsa-ard, S., Suksangpanomrung, A., & 

Promthaisong, P. (2022). Enhanced heat 

transfer mechanism and flow topology of a 

channel contained with semi-circular hinged 

V-shaped baffles. International Journal of 

Thermal Sciences, 177, 107577. 

https://doi.org/10.1016/j.ijthermalsci.2022.107

577   

[33] Abolpour, B., Hekmatkhah, R., & 

Shamsoddini, R. (2021). Multi-objective 

optimum design for double baffle heat 

exchangers. Thermal Science and Engineering 

Progress, 26, 101132. 

https://doi.org/10.1016/j.tsep.2021.101132   

[34] Mohammadi, M. H., Abbasi, H. R., 

Yavarinasab, A., & Pourrahmani, H. (2020). 

Thermal optimization of shell and tube heat 

exchanger using porous baffles. Applied 

Thermal Engineering, 170, 115005. 

https://doi.org/10.1016/j.applthermaleng.2020.

115005   

[35] Ji, J., Gao, R., Shi, B., Zhang, J., Li, F., & 

Deng, X. (2022). Improved tube structure and 

segmental baffle to enhance heat transfer 

performance of elastic tube bundle heat 

exchanger. Applied Thermal Engineering, 200, 

117703. 

https://doi.org/10.1016/j.applthermaleng.2021.

117703   

[36] Al-darraji, A. R., Marzouk, S. A., Aljabr, A., 

Almehmadi, F. A., Alqaed, S., & Kaood, A. 

(2024). Enhancement of heat transfer in a 

vertical shell and tube heat exchanger using air 

injection and new baffles: Experimental and 

numerical approach. Applied Thermal 

Engineering, 236, 121493. 

https://doi.org/10.1016/j.applthermaleng.2023.

121493   

[37] Jamal, I., Barhdadi, F. Z., Amghar, K., Daoudi, 

S., Yahiaoui, R., & Ghoumid, K. (2024). 

Enhancing performance in solar air channels: 

A numerical analysis of turbulent flow and 

heat transfer with novel shaped baffles. 

Applied Thermal Engineering, 251, 123561. 

https://ijellh.com/index.php/OJS/index
https://ijellh.com/index.php/OJS/index
https://ijoscience.com/index.php/ojsscience/issue/view/112
https://doi.org/10.1007/s10973-025-14002-4
https://doi.org/10.3390/nano12203634
https://doi.org/10.3390/pr11092735
https://doi.org/10.3390/engproc2024075013
https://doi.org/10.3390/pr13030620
https://doi.org/10.48550/arXiv.2501.16749
http://dx.doi.org/10.1016/j.est.2021.102630
https://link.springer.com/article/10.1007/s00231-018-2364-9
https://link.springer.com/article/10.1007/s00231-018-2364-9
https://doi.org/10.3390/w12123462
https://doi.org/10.1016/j.applthermaleng.2020.116307
https://doi.org/10.1016/j.applthermaleng.2020.116307
https://doi.org/10.1016/j.ijthermalsci.2022.107577
https://doi.org/10.1016/j.ijthermalsci.2022.107577
https://doi.org/10.1016/j.tsep.2021.101132
https://doi.org/10.1016/j.applthermaleng.2020.115005
https://doi.org/10.1016/j.applthermaleng.2020.115005
https://doi.org/10.1016/j.applthermaleng.2021.117703
https://doi.org/10.1016/j.applthermaleng.2021.117703
https://doi.org/10.1016/j.applthermaleng.2023.121493
https://doi.org/10.1016/j.applthermaleng.2023.121493


ISSN: 2582-4600                            SMART MOVES JOURNAL IJOSCIENCE                                  Volume 11, Issue 4, April 2025 

 

50 

https://doi.org/10.1016/j.applthermaleng.2024.

123561   

[38] Mazharmanesh, S., Tian, F. B., & Lei, C. 

(2023). Enhancing heat transfer using flow-

induced oscillations of a flexible baffle 

attached to a vertical heated flat surface. 

International Journal of Thermal Sciences, 

194, 108604. 

https://doi.org/10.1016/j.ijthermalsci.2023.108

604   

[39] Promvonge, P., Promthaisong, P., Skullong, S., 

& Nakhchi, M. E. (2024). Thermal 

effectiveness enhancement in heat exchange 

tube using louver-punched V-baffles. 

International Journal of Heat and Mass 

Transfer, 225, 125411. 

https://doi.org/10.1016/j.ijheatmasstransfer.20

24.125411   

[40] Mousavi Ajarostaghi, S. S., Zaboli, M., Javadi, 

H., Badenes, B., & Urchueguia, J. F. (2022). A 

review of recent passive heat transfer 

enhancement methods. Energies, 15(3), 986. 

https://doi.org/10.3390/en15030986   

[41] Shuqi, Z., Limei, Y., Goyal, V., Alghanmi, S., 

Alkhalifah, T., Alkhalaf, S., ... & Deifalla, A. 

(2023). Artificial neural network-based 

optimization of baffle geometries for 

maximized heat transfer efficiency in 

microchannel heat sinks. Case Studies in 

Thermal Engineering, 49, 103331. 

https://doi.org/10.1016/j.csite.2023.103331   

[42] Ji, J., Li, F., Shi, B., & Chen, Q. (2022). 

Analysis of the effect of baffles on vibration 

and heat transfer characteristics of elastic tube 

bundles. International Communications in Heat 

and Mass Transfer, 136, 106206. 

https://doi.org/10.1016/j.icheatmasstransfer.20

22.106206   

[43] Ji, J., Pan, Y., Zhang, J., Shi, B., & Bao, L. 

(2024). Numerical study on the effect of baffle 

structure on the heat transfer performance of 

elastic tube bundle heat exchanger. Applied 

Thermal Engineering, 238, 122220. 

https://doi.org/10.1016/j.applthermaleng.2023.

122220    

[44] Thianpong, C., Promvonge, P., Skullong, S., 

Promthaisong, P., & Nakhchi, M. E. (2024). 

Numerical heat transfer study of square duct 

equipped with novel flapped V-baffles. 

International Journal of Thermal Sciences, 

197, 108819. 

https://doi.org/10.1016/j.ijthermalsci.2023.108

819  

[45] Adebayo, J. K., Dare, A. A., & Petinrin, M. O. 

(2025). Performance characteristics of shell 

and tube heat exchanger using sectoral baffle. 

Journal of Engineering and Applied Science, 

72(1), 13. https://doi.org/10.1186/s44147-024-

00555-y 

[46] Maatki, Chemseddine & Kriaa, Karim. (2025). 

Heat Transfer Analysis for Cooling discrete 

heat source in microchannel equipped with 

flexible baffles using Al2O3-Cu /water hybrid 

nanofluid. Case Studies in Thermal 

Engineering. 71. 106241. 

10.1016/j.csite.2025.106241. 

http://dx.doi.org/10.1016/j.csite.2025.106241 

[47] Rajhi, W. & Salih, Aymen & Alizadeh, As’ad 

& Mausam, Kuwar & Dhawan, Aashim & Ali, 

Rifaqat & Mittal, Sachin & Ghachem, 

Kaouther & Aich, Walid. (2025). Synergistic 

effect of outer helical fins and hybrid nanofluid 

on hydrothermal performance of shell and two-

coil heat exchanger. Case Studies in Thermal 

Engineering. 72. 106238. 

10.1016/j.csite.2025.106238. 

http://dx.doi.org/10.1016/j.csite.2025.106238 

[48] Govindasamy, M., Ezhumalai, M., 

Dhairiyasamy, R., Varshney, D., Singh, S., & 

Gabiriel, D. (2025). Comprehensive 

Investigation into the Thermal Performance of 

Nanofluid-Enhanced Heat Pipes for Advanced 

Thermal Management Systems. Eng, 6(3), 55. 

https://doi.org/10.3390/eng6030055 

 

https://ijellh.com/index.php/OJS/index
https://ijellh.com/index.php/OJS/index
https://ijoscience.com/index.php/ojsscience/issue/view/112
https://doi.org/10.1016/j.applthermaleng.2024.123561
https://doi.org/10.1016/j.applthermaleng.2024.123561
https://doi.org/10.1016/j.ijthermalsci.2023.108604
https://doi.org/10.1016/j.ijthermalsci.2023.108604
https://doi.org/10.1016/j.ijheatmasstransfer.2024.125411
https://doi.org/10.1016/j.ijheatmasstransfer.2024.125411
https://doi.org/10.3390/en15030986
https://doi.org/10.1016/j.csite.2023.103331
https://doi.org/10.1016/j.icheatmasstransfer.2022.106206
https://doi.org/10.1016/j.icheatmasstransfer.2022.106206
https://doi.org/10.1016/j.applthermaleng.2023.122220
https://doi.org/10.1016/j.applthermaleng.2023.122220
https://doi.org/10.1016/j.ijthermalsci.2023.108819
https://doi.org/10.1016/j.ijthermalsci.2023.108819
https://doi.org/10.1186/s44147-024-00555-y
https://doi.org/10.1186/s44147-024-00555-y
http://dx.doi.org/10.1016/j.csite.2025.106241
http://dx.doi.org/10.1016/j.csite.2025.106238
https://doi.org/10.3390/eng6030055

