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The world's interest in energy and as a result of the urgent importance of that, researchers 

focused on the development of heat transfer to have a significant impact on the 

consumption of that energy. Where we note the great interest by researchers in developing 

heat transfer and using the best possible methods to improve heat transfer. In this literary 

review, a large group of research has been carried out to find out the importance of heat 

transfer and the methods used by researchers to develop heat transfer. Porous materials, 

nanomaterials and fins were used in the development of heat transfer. Where we note the 

importance of adding these materials (porous materials, nanomaterials and fins) to the 

original materials contribute significantly and clearly to improving heat transfer and this 

has a significant impact on energy consumption or trying to dissipate it, as we note the 

clear difference when using the original materials without adding these materials as the 

heat transfer is less and it consumes more time. Researchers can focus on the importance 

of improving heat transfer for its importance in many applications that have a direct impact 

on human life. 
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1. INTRODUCTION

The world has recently witnessed a great interest in the use 

of modern electronic means and anything related to the 

development that occurred in the recent period. We note the 

interest in heat transfer as an important element in many 

scientific applications and has a very large impact on various 

aspects of life, for example (electronics, optical devices, X-

rays, refrigeration devices, etc.). The large and rapid growth of 

these electronic devices and technologies through 

miniaturizing these devices, storing data and improving their 

operating rate led to serious problems in the thermal 

management of these devices [1]. Where the poor thermal 

conductivity is one of the most important factors that need to 

increase the thermal conductivity, and this requires focus and 

work on using materials that have high thermal conductivity 

or improving these materials. Because of the importance of the 

topic in many applications, researchers have paid much 

attention and tried a lot to find the best and best ways to 

improve the characteristics of thermal energy transfer  [2-5]. 

Knowing and understanding the heat transfer mechanism is 

critical to designing many, many wide applications in all areas 

of industrial, commercial and domestic appliances, including 

solar energy, air conditioning, the oil and gas industry, power 

production, and electronic refrigeration [6-8]. The importance 

of large heat transfers and its wide impact on many 

applications in human life. Researchers have tried to improve 

heat transfer in several ways, the most important of which is 

placing the fins to increase heat transfer or increasing the 

surface area of materials to increase the area to which heat is 

transmitted [9]. It also includes improving heat transfer by 

improving the heat transfer of porous materials by improving 

them so that heat is lost and gained at a high speed [10-14]. 

One of the most important modern methods used to improve 

heat transfer is adding nanomaterials to heat transfer 

compounds and significantly improving the ability to lose and 

gain it at high speed. Where nanomaterials have caused an 

industrial revolution in several areas, the most important of 

which is heat transfer due to the importance of this field and 

its impact in various fields [15-20].  

The research aims to present all previous research related to 

the work of previous researchers in order to improve heat 

transfer specially by used Porous Media, Nanofluid, and fins, 

which is an important factor in improving the efficiency of all 

engineering applications, in order to help other researchers, 

identify the latest findings of other studies. 

2. IMPROVE HEAT TRANSFER

Heat transfer is of great importance, as it has many 

important applications. For this reason, researchers focused on 

developing heat transfer and finding solutions to increase heat 

transfer. One of the solutions is to add porous media, 

nanomaterials and fins, where we will explain the researchers' 

interest in this review and the results they obtained. 

3. IMPROVE HEAT TRANSFER BY POROUS MEDIA

Porous materials are utilized as a cheap way to enlarge the 
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heat transfer area and improve effective thermal conductivity 

for the purposes of enhancing heat transfer and maximizing 

energy consumption. Because of their huge surface area per 

unit volume, porous materials (such as metal foam) play a 

growing role in heat exchangers. A great deal of effort has 

gone into improving heat transfer, and a large range of 

technologies have been created to accomplish so [21]. Heat 

transport inside phase-changing materials is aided by porous 

media. The use of metallic foam in a casing and tube to 

promote heat transfer. The relevance of employing porous 

materials in increasing heat transmission is demonstrated in 

Figures 1, 2, 3, where the melting average increases as the 

porosity of the metal foam decreases due to the extremely 

effective thermal conductivity. Because of the metal foam's 

low porosity, the melting process is quick. As the porosity 

volume decreases, the heat transmission area between the 

liquid PCM and the metal foam increases, speeding up the 

melting process [22]. 

 

 
 

Figure 1. Total energy of PCM domain (sensible and latent 

heat) in the LHTES unit vs. time [22] 

 

 
 

Figure 2. Liquid fraction of PCM domain vs. time [22] 

 

 
 

Figure 3. Comparison of different pore sizes (Tin=473 K and 

Vin=10 m/s) [22] 

Porous materials were introduced to improve heat transfer 

during compression (for a pressure ratio of 10) and expansion 

(for a pressure ratio of 6) for a pressure ratio of 10. Three 

intermittent ABS gaskets with 2.5, 5- and 10-mm plate spacing 

and inserts of aluminum foam with a size of 10 and 40 pores 

per inch were examined in a compression experiment, as were 

five examples with varied porous inserts. Stretching 

experiments were also conducted with 2.5 mm and 5 mm 

discontinuous plate inserts. The results of this investigation 

(Figures 4, 5, 6, 7) demonstrate the importance of porous 

materials in increasing heat transport [23]. 

 

 
 

Figure 4. Five types of porous inserts used in 

compression/expansion experiments [23] 

 

 
 

Figure 5. Temperature-volume profiles for compression 

cases with different inserts at similar compression times of 2 

s [23] 

 

 
 

Figure 6. Compression coefficient vs compression power 

density for various inserts (pressure ratio=10). Expanded 

view of the insert cases [23] 
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Figure 7. Compression coefficient vs compression power 

density normalized by specific surface area for various 

inserts and compression times (pressure ratio =10). Expanded 

view of high efficiency region [23] 
 

We discover that porous materials have a significant effect 

on improving heat transfer when steady state laminar Ferro 

convection through a circular horizontal tube partially filled 

with porous media is examined under continuous heat flux. As 

both porous media and a magnetic field are used in the flow of 

magnetized fluids, heat transfer improves by up to 2.4 times 

when compared to heating the underlying fluid transmission. 

The findings of this study (Figures 8, 9) demonstrate the 

importance of porous materials in increasing heat transfer [24]. 

 

 
 

(a) 

 
(b) 

 

Figure 8. Local heat transfer coefficient (a) different flowrate 

and constant condition (b) constant flowrate and four main 

different condition [24] 

 
 

Figure 9. Mean (overall) heat transfer coefficient versus flow 

rate for different volume fractions [24] 

 

The presence of porous media in the flow channel improves 

the matrix of thermal conductivity and effective flow thermal 

capacity, as well as the matrix of porous solids, which 

improves radiation heat transfer, particularly in two-phase 

flow (gas-water) systems. The presence of porous media in the 

flow channel improves the thermal conductivity matrix and 

effective heat capacity of the flow, according to research. The 

heat transfer velocity is also increased in a porous solid-state 

environment, especially in systems where gas is moving [25]. 

Six various thicknesses of the porous media are evaluated 

to achieve the optimum thickness for the purpose of 

determining the right thickness of the porous media. Finally, a 

number of simulation runs are carried out to determine the heat 

exchanger's minimum needed length for various inlet 

conditions. The product temperature is reduced by 

approximately 40% when the porous media is used in the heat 

exchanger, compared to the standard heat exchanger. As a 

result, utilizing porous medium in the heat exchanger has a 

considerable impact on the cooling rate, resulting in greater 

product quality. When compared to a standard heat exchanger, 

the length of the porous heat exchanger is reduced by over 

35%. The importance can be seen in the Figures 10, 11, 12, 

and 13 [26]. 
 

 
 

Figure 10. Comparison of the porous media in the heat 

exchanger and typical heat exchanger [26] 

 

 
 

Figure 11. Comparison of the porous media in the heat 

exchanger and typical heat exchanger [26] 
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Figure 12. Length of the heat exchanger for different product 

inlet temperatures [26] 
 

 
 

Figure 13. Length of the heat exchanger for different product 

inlet temperatures [26] 
 

 
(a) 

 
(b) 

 

Figure 14. Heat transfer coefficient of distilled water in the 

non-magnetizable and magnetizable porous medium [27] 
 

 
(a) 

 
(b) 

 

Figure 15. Effect of Reynolds number on the heat transfer 

coefficient of Ferro fluid in the magnetizable porous medium 

and non-magnetizable `porous medium at f=10 Hz and mode 

3 [27] 

 
(a) 

 
(b) 

 

Figure 16. Heat transfer coefficient of Ferro fluid 1.5% at 

different mode with f=10 Hz in the magnetizable porous 

medium and non-magnetizable `porous medium [27] 
 

The heat transmission of Ferro fluid in magnetizable and 

non-magnetizable porous media under constant and 

fluctuating magnetic fields was researched, and the following 

results were obtained: As the volume % of nanoparticles and 

Reynolds number increase, the heat transfer coefficient of 

Ferro fluid improves. In order to explore the effect of porous 

media on the heat transfer coefficient, researchers looked at 

the flow of distilled water in non-magnetizable and 

magnetizable porous media, as well as the effects of Reynolds 

number on the heat transfer coefficient in porous media. The 

main purpose of these experiments was to see how porous 

media magnetization affected the heat transfer coefficient of 

Ferro fluid. These findings are depicted in Figures 14, 15, and 

16 [27]. 

Changes in hydrodynamic characteristics, improved heat 

transmission through porous media in the channel, and 

pressure drop caused by porous media are all taken into 

account. It was discovered that increasing the width of a 

porous media and increasing the air flow rate can result in 

higher heat transfer rates. As the temperature rises, the 

temperature difference between the channel wall and the 

500



 

fluid's average temperature decreases. Heat transfer 

coefficient is also increased by increasing the Reynolds 

number in all places of the porous material. The relevance of 

utilizing porous materials in increasing heat transmission is 

clearly highlighted in Figures 17, 18, 19, 20, as well as a higher 

value for heat transfer rates can be achieved [28]. 

 

 

 
 

Figure 17. Convection heat transfer coefficient of all models 

at fixed heat flux (Q=275W) for different Reynolds number 

(Re=1125,3500 and 6437) [28] 
 

In a tube with porous media, an experimental research of air 

mist flow is carried out. The porous region under investigation 

has a unique shape. The effect of operating parameters such as 

Reynolds number is also investigated. The following are the 

outcomes: The results demonstrate that the average Nusselt 

number augmentation is more than 200% at low Reynolds 

numbers. In the transient flow regime, heat transfer 

augmentation ranges from 100 to 265% for all models. At high 

Reynolds numbers, the best thermal performance 

improvement based on employing porous zone and mist flow 

is 467.7% heat transfer augmentation. Table 1 shows the size 

and shape of the porous media employed and the researched 

models (1). The value of employing (Figures 21-23) is clearly 

demonstrated [29]. 

The efficacy of a double-tube counter flow heat exchanger 

in porous media was investigated in an experimental 

investigation. Heat transport was aided by the porous 

aluminum plate medium used throughout the experiment, 

which had a large contact surface with the fluid and a high 

thermal conductivity. When a porous tube surface is employed, 

the amplification coefficient increases considerably. Using a 

single plate had a minor impact on the heat transfer coefficient, 

however using three plates resulted in the best heat transfer 

coefficient (up to 35%). The relevance of employing porous 

materials in increasing heat transmission is clearly highlighted 

in Figures 24-26, and we note the heat transfer coefficient vs 

volume flow rate with varying mass concentrations of Nano 

fluid under the three-panel diagram [30]. 
 

 

 

 
 

Figure 18. Temperature of channels wall for different model 

at fixed heavy flux (Q=275W) for different Reynolds number 

[28] 
 

 
 

Figure 19. Heat transfer enhancement ratio for different 

models and different Reynolds numbers [28] 

 

 
 

Figure 20. Heat transfer performance ratio (NuPR) for 

different models and different Reynolds numbers [28] 

 

Table 1. Dimensions of the porous media 

 
Model d (cm) D (cm) 

Model 1 0 4 

Model 2 0 6 

Model 3 0 8 

Model 4 0 10 

Model 5 2 10 

Model 6 4 10 
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Figure 21. Effect of porous media in mist flow of heat 

transfer enhancement for all models at laminar flow 

(Q=275W) for different Reynolds number (Re=1125) [29] 

 

 
 

Figure 22. Heat transfer enhancement ratio for different 

models (mist flow and no mist flow) and different Reynolds 

numbers (Re=1125, 3500 and 6437) [29] 

 

 
 

Figure 23. Heat transfer performance ratio (NuPR) for 

different models and different Reynolds numbers [29] 
 

 
 

Figure 24. Heat transfer coefficient versus volume flow rate 

of inlet pipe at different mass concentration of nanofluid at 

temperature of 50℃ 

 

 
 

Figure 25. Heat transfer coefficient versus volume flow rate 

of inlet pipe at different mass concentration of nanofluid 

under one-plate porous media [30] 

 

 
 

Figure 26. Heat transfer coefficient versus volume flow rate 

under different conditions [30] 

 

The influence of enclosure size in latent heat thermal energy 

storage systems embedded in a porous medium for domestic 

use of latent heat thermal energy storage heat exchangers is 

examined in order to elucidate the effect of the specified media. 

The use of the porous-PCM storage technology resulted in an 

increase in heat transfer rate. The effect, however, is 

dependent on the storage unit's size. When the thermal 

diffusivity of the PCM solid-phase zone increases by almost 

2.5 times that of the PCM alone, a stronger effect of the porous 

media on the melting process is observed. Furthermore, the 

impact of porous media on melting time is strongly linked to 

the storage system's aspect ratio (width to height). The 

relevance of employing porous materials in enhancing heat 

transfer is clearly illustrated in Figures 27-32, and we also note 

its effect on the dissolving process, since the time necessary to 

complete the dissolution process lowers [31]. 
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Figure 27. The mean liquid fraction at different time for both 

PCM-only and porous PCM cases [31] 

 

 
 

Figure 28. Mean liquid fraction at different time for porous-

PCM for various heights of the storage system [31] 

 

 
 

Figure 29. The effect of system height on the melting time 

for a constant induced heat flux for both systems of PCM-

only and porous-PCM [31] 

 

 
 

Figure 30. The effect of system height on the melting time 

for various induced heat flux regarding Table 1 for both cases 

of CM-only and porous-PCM [31] 

 
 

Figure 31. The variation of liquid fraction as a function of 

Fourier number for different Stefan number for LHTES 

system with (a) PCM-only and (b) composite-PCM [31] 

 

 
 

Figure 32. The variation of liquid fraction in terms of Fo. 

Ste.Ra-0.02 for LHTES system with (a) PCM-only and (b) 

composite-PCM [31] 
 

In addition to facilitating heat transfer, porous material can 

also increase pressure drop. The magneto hydrodynamics 

forced convection effects of Al2O3–CuO-water Nanofluid 

inside a partitioned cylinder within a porous medium are 

investigated numerically. The maximum PEC in the examined 

Nanofluid was obtained by increasing the magnetic field 

orientation to a specified value (90°) [32] as shown in Figures 

33-36. The thermal efficiency of the modified Trombe-wall 

system proposed in this work is improved over its original 

counterpart because a porous substance is incorporated to the 

absorber wall. Natural convective heat transfer in the revised 

active cavity of the Trombe-wall system is increased by 

around 4% to 23% on average, according to the Rayleigh 

number utilized in this study. This enhances the total thermal 

efficiency of the new version suggested here, which was 

achieved through a simple and easy-to-implement change 

based on the addition of a conductive porous material layer 

[33]. The goal of this project is to undertake a 3D numerical 

study of the laminar flow and heat transfer of an Al2O3 - CuO 

- water hybrid Nano fluid inside a U-bend pipe in a porous 

material. The Darcy number could be increased to improve the 

PEC. In all cases of Nano fluids, increasing the volume 

percentage of nanoparticles (from 0% to 5%) increased the 
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mean Nusselt number and pressure drop, whereas the PEC 

showed a falling pattern. Metal nanoparticles incorporated into 

the base fluid may improve the average heat transfer 

coefficient and averaged Nusselt number. The importance of 

porous materials in enhancing heat transfer was clearly 

demonstrated in Figures 40-45, as we can see from the 

improved heat transmission, the average Nusselt number 

increased and the pressure reduced, while the PEC displayed a 

declining trend. Metal nanoparticles incorporated into the base 

fluid can improve the average heat transfer coefficient and 

Nusselt number [34]. 
 

 
Figure 33. Comparison of averaged Nusselt number for 

different volume fraction in three case of Al2O3, CuO and 

hybrid Nano fluid [34] 

 

 
 

Figure 34. Comparison of pressure drop for different volume 

fraction in three cases of Al2O3, CuO and hybrid Nano fluid 

[34] 

 

 
 

Figure 35. Comparison of PEC for different volume fraction 

in three cases of Al2O3, CuO and hybrid Nano fluid [34] 

 

 
 

Figure 36. Temperature contours for different volume 

fractions using water as base fluid and hybrid Nano fluid [34] 

 

At Richardson numbers (Ri) of 0.01, 10, and 100 (and 

Darcy numbers (Da) of 10-4 Da 10-2), a mixed flow of non-

Newtonian water/Al2O3 Nanofluid with 0–4 percent 

nanoparticle volume fractions inside a two-dimensional square 

cavity with hot and cold lid-driven motion and porous medium 

is simulated. The volume % of cooling Nanofluid used, as well 

as fluid direction penetrability (Darcy number), are important 

elements that influence streamline behavior. Due to the greater 

forced motion characteristics of fluid, the Richardson number 

is reduced. Higher velocity gradients result from changing the 

nanoparticle volume fraction and Darcy number, resulting in 

considerable changes in streamline pattern [35]. Heat 

transmission through convection in porous medium is a 

common occurrence in science and engineering, as well as a 

natural phenomenon. At the representative elementary volume 

(REV) scale, this work provides a cascaded lattice Boltzmann 

(CLB) approach for convective heat transfer in porous media. 

In the CLB technique, a temperature-based CLB model with 

the D2Q5 lattice solves the temperature field, while an 

isothermal CLB model based on the extended non-Darcy 

model with the D2Q9 lattice solves the flow field. Indicate that 

the existing CLB technique may be utilized to perform large-

scale engineering computations of convective heat transfer in 

porous media in an efficient and powerful manner [36]. The 

heating of wood pellets in a batch reactor using hot exhaust 

fumes from an engine is investigated in this work. Over time, 

the temperature and velocity of hot gases entering the reactor 

were measured. A first test was conducted with 15 percent 

sawdust hemisphere pellets, followed by a second test using 

carbonized pellets from the first. Carbonized pellets, which are 

virtually inert, have a lower thermal capacity and a less 

uniform heating pattern than fresh pellets. The energy released 

by the exhaust passing through the biomass was calculated as 

the total of the energy absorbed by the pellets and the thermal 

losses. The findings of this investigation are shown in Figures 

37, 38 [37]. 
 

 
 

Figure 37. Thermal power vs inlet and outlet temperature, 

during the second test [37] 
 

 
 

Figure 38. Thermal power vs inlet and outlet temperature, 

during the first test [37] 

 

Using recently designed active-distributed temperature 

sensing experiments, groundwater fluxes emerging from 

heterogeneous flow fields may now be detected directly. 

Based on fundamental concepts and numerical simulations, 

two interpretation approaches for active-distributed 

temperature sensing experiments are presented here to 

estimate both the porous media thermal conductivities and 
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groundwater flows in sediments. By determining the duration 

of the conduction-dominant stage, the effective thermal 

conductivity of the media may be easily established, regardless 

of groundwater flow (by graphically estimating the slope of 

the temperature increase during this stage and or by 

reproducing the temperature rise using the MILS model). The 

temperature change caused by heat transfer in porous medium 

may then be efficiently predicted using the MILS analytical 

method to produce reliable groundwater flux estimations. In 

addition, a graphical study of the thermal response curves 

recorded along the wire can provide an accurate and 

independent estimation [38]. The discrete unified gas-kinetic 

scheme (DUGKS) is extended to convective heat transport in 

porous media at the representative elementary volume (REV) 

scale, with two kinetic equations describing changes in 

velocity and temperature fields. The effects of the porous 

medium are incorporated into the technique by incorporating 

porosity in the equilibrium distribution function and adding a 

resistance force to the kinetic equation for the velocity field. 

By including the impacts of porous media into the equilibrium 

distribution function and adding the flow resistance force to 

the kinetic equation for velocity field, the effects of porous 

media are taken into account. The current model is more 

numerically stable. Additionally, non-uniform meshes can be 

used to boost computational efficiency [39]. In tropical 

locations, some cooling technologies, such as fluid flows, 

phase change materials (PCMs), and porous media, have been 

advocated as viable options. In this study, these tactics are 

combined experimentally to create a new low-cost porous 

medium by improving the thermal conductivity of the phase 

transition material with aluminum shavings, which are 

considered waste materials in some industries. 

PV/T-PCM-Porous produced the highest electrical power 

while having the lowest PV panel temperature. At midday in 

July, the PV temperature reduced by 36.5% when compared to 

the solo PV unit, but the electrical power increased by 17.7%. 

In December, the reduction in PV temperature and increase in 

electrical power were 33.2% and 14.2%, respectively. The use 

of aluminum shavings in the PCM could have three favorable 

effects: a more consistent temperature profile, a 19% to 25% 

reduction in melting time, and a faster transfer of heat from the 

dissipated heat to the water channels. Some of the findings of 

this investigation are shown in (Figures 39, 40) [40]. 

 

 

 
 

Figure 39. Exergy efficiency during hour of the test day (a) 

warm month (b) cold month [40] 

 

 
 
 

Figure 40. Average efficiency of the cases (a) overall 

efficiency (b) exergy efficiency [40] 

 

This research uses the thermophysical features of Nanofluid 

saturated porous media to improve the thermal design of a 

spherical electronic device. Furthermore, the ratio of the 

thermal conductivity of the porous material's matrix to that of 

the base fluid (water) has a substantial impact on heat 

transmission across the entire fraction volume treated range 

[41]. 

 

 

4. IMPROVE HEAT TRANSFER BY NANOFLUID 

 

For the purpose of improving heat transfer and maximizing 

energy utilization, Nanofluid are used as an inexpensive way 

to extend the heat transfer area, and improve effective thermal 

conductivity. On an automotive flat tube plain fin compact 

heat exchanger, experiments were done utilizing ethylene 

glycol as a base fluid, diamond and SiO2 as coolants, and 

nanoparticle volume fractions () ranging from 0.1 percent to 2 

percent. When the particle volume percentage of a Compact 

Heat Exchanger using Nanofluid increased, the thermal 

performance improved significantly. The importance of 

employing Nanofluid in increasing heat transfer was clearly 

demonstrated in Figures 41, 42, as this study also discovered 

that heat transfer coefficient increases linearly as particle 

volume fraction increases [42]. 

The thermal conductivity of base fluids is known to increase 

when colloidal particles are present. The form and structure of 

the solid particles have a significant impact on the extent of 

amplification. The lowest increase is produced by spherical 

particles, the only form for which analytic theories exist. 

Spherical particles have the lowest possible thermal 

conductivity at given volume fractions. In comparison to 

completely scattered spheres, structures generated by 

generating connections between primary particles always have 

better conductivity. The value of utilizing Nanofluid in 

increasing heat transmission was clearly demonstrated in 

Figures 43, 44, as the structures encasing the fluid in locations 

that are thermally separated from the main fluid improved the 

most. A robust spherical shell filled with suspension fluid is 

excellent [43]. 
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Figure 41. Variation of heat transfer coefficient along the 

tube length for diamond and SiO2 with different volume 

fractions [42] 

 

 
 

Figure 42. Variation of average coolant Nusselt number 

against the coolant Reynolds number for diamond and SiO2 

with different volume fractions [42] 

 

 
 

Figure 43. Effect of particle size of spherical particles with 

kp/kf [43] 

 

 
 

Figure 44. Effect of aggregation state and cluster 

configuration on conductivity enhancement [43] 

 

Heat transfer rate augmentation in the vehicle cooling 

system is the subject of an experimental investigation. 

Nanofluid is made by suspending nanoparticles in a liquid 

foundation. Suspension of Nanofluid in a base fluid 

completely modifies the characteristics of the base fluid, 

resulting in a fluid with improved performance. In this article, 

a comparison of TiO2-W and SiO2-W is made. In the 

automobile cooling system, Nanofluid is employed to improve 

heat transfer rate. The rate of heat transmission is related to the 

Reynolds number. As the volume concentration rises, so does 

the pressure decrease? The heat transmission rate of spherical 

nanomaterials is higher than that of other forms. Because 

nanoparticles have a small surface area per unit volume, the 

heat transmission rate decreases as their size increases [44]. 

The influence of curves connected to thermosiphons and heat 

pipes with varying active fluids and inclination angles on 

thermal efficiency was investigated experimentally. The 

Nanofluid used in this study is an aqueous solubility in pure 

water of Al2O3 nanoparticles with a diameter of 35 

nanometers. The test saturation levels for nanoparticles are 

0%, 1%, and 3% by weight. All of the studies were carried out 

and repeated at 30°, 60°, and 90° inclination angles (vertical). 

The value of utilizing Nanofluid in boosting heat transmission 

was clearly demonstrated in Figures 45-48, as the thermal 

efficiency of heat pipes improves with increasing nanoparticle 

concentrations and tilt angles [45]. 

Experimental analysis is used to explore the hydrothermal 

behavior of a refrigerant-based Nanofluid (Nano-refrigerant) 

during condensation within a horizontal tube. 

 

 
 

Figure 45. Alteration of thermal efficiency of heat pipes by 

various tilt angles and fluids of heat pipes at 30W power [45] 

 

 
 

Figure 46. Alteration of thermal efficiency of heat pipes by 

various tilt angles and fluids of heat pipes at 40W power [45] 

 

 
 

Figure 47. Alteration of thermal efficiency of heat pipes by 

various tilt angles and fluids of heat pipes at 50W power [45] 

 

 
 

Figure 48. Variations of thermal efficiency in different heat 

rate at 60° tilt [45] 
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To manufacture Nano refrigerant, R600a and CuO are 

utilized as the base fluid and nanoparticle, respectively. 

Nanofluid mass fractions (0.5, 1%, and 1.5%), mass fluxes 

(154.6 to 265.4 kg m-2s-1), and vapor quality (0.1 to 0.8) are 

all investigated. Lower vapor quality and low mass fluxes 

create higher PEC values, whereas higher nanoparticle 

concentrations produce larger PEC values. It was also shown 

that increasing the nanoparticle concentration resulted in a 

greater frictional pressure drop of Nano refrigerant compared 

to the baseline combination. The relevance of utilizing 

Nanofluid in increasing heat transfer was clearly demonstrated 

in Figures 49, 50, as the Nano cooler has a higher friction 

pressure drop than the baseline mixture, and the higher the 

nanoparticle concentration, the higher the friction pressure 

drop [46].

 

  

 

Figure 49. Effects of mass flux, vapor quality, and mass 

fraction of nanoparticles on pressure drop [46] 

 

Figure 50. Effects of mass flux, vapor quality, and mass 

fraction of nanoparticles on condensation heat transfer 

coefficient [46] 
 

 
 

Figure 51. Temperature distribution along heat pipe at Qin=100 W for different values of the tube length L with: D=30, 90 nm 

[47] 
 

 
 

Figure 52. Variation of the overall thermal resistance R with the tube diameter D for different values of the tube length L with: 

Qin=25 W, 100 W [47] 
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Figure 53. Variation of the overall thermal resistance R with the input heat power Q in for different values of the tube length L 

with: D=30,90 nm [47] 

 

 
 

Figure 54. Distribution of temperature and velocity when (a, b, c) (b=5, 10, 15 mm), Re=5000, (d, e, g) (b=5, 10, 15 mm), 

Re=15000 [48] 

 

The main goal is to look into how the length and diameter 

of anodic aluminum oxide nanotubes affect temperature 

distribution and overall thermal resistance. By increasing the 

length and diameter of anodic aluminum oxide nanotubes, the 

temperature difference between the evaporator and condenser 

sections may be reduced. The value of Nanofluid in increasing 

heat transfer was clearly demonstrated in Figures 51-53, where 

the maximum applicable input heat energy to avoid 

dehydration can be enhanced by up to 40% when compared to 

an untreated heat pipe. As the input heat energy Qin grows, we 

reduce the overall thermal resistance R [47]. 

The Finite volume approach was utilized to demonstrate the 

nanomaterial hydrothermal behavior within a duct, and a 

helical complex device was added to increase the performance. 

Any insert used inside a pipe can cause tangential velocity to 

increase and the temperature boundary layer to thin. Nanofluid 

flow can have a faster velocity when the device width is raised, 

making it more apparent near the heated surface. In Figure 54, 

secondary flow has a major impact on axial velocity, and flow 

resistance increases as swirl flow becomes more powerful [48]. 

The current study shows turbulent nanofluid flow inside a 

solar collector. With the addition of a new turbolentor, 

turbulence mixing has been improved. Within the test tube 

equipped with multichannel twisted tape components, heat 

transmission and exergy behavior were studied. Inside the pipe, 

an Al2O3–water nanofluid circulates. Aluminum is used to 

make absorber plates. The effects of key variables on exergy 

loss and second-law efficiency have been addressed. Exergy 

loss tends to decrease as the number of revolutions and 

channels increases. Increasing the diameter ratio improves the 

effectiveness of the second law [49]. 

To achieve superior thermal performance, a combined 

turbolentor was proposed. The k-e model was used to simulate 

a steady turbulent flow of copper oxide nanofluid using a 
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homogeneous model. Disturbance of the boundary layer is a 

critical aspect in improving heat transmission. The improved 

thermal management may be achieved by using a higher height. 

Lowering b weakens the boundary layer by causing fluid 

mixing and disruption. The fluctuation of Xd as a function of 

Re and b is shown in Figure 55-56. Higher levels of Re and b 

have been linked to more intense disturbance and nanofluid 

fluid mixing [50]. 
 

 
 

Figure 55. Exergy loss for different values of Re and b [50] 
 

 
 

Figure 56. (a) Effect of nanofluid Reynolds number on heat 

transfer coefficient relative change, ∆h(%), and (b) variation 

of ∆h(%) for various nanoparticle volume fractions and 

Re=3700 [51] 

 

This paper describes the usage of an Al2O3-water Nanofluid 

as a precooler for SCO2 Brayton cycles. Because the precooled 

plays such an important role in total performance, choosing the 

right working fluid is crucial. The precooled thermal–

hydraulic parameters were predicted using a segmental 

analysis, which led to the use of a printed-circuit heat 

exchanger. The nanoparticle volume percent in the range of 0–

5% affects the thermal conductivity, heat transfer coefficient, 

and total heat exchanger length. It has been demonstrated that 

as the volume fraction increases, the heat transfer improves by 

10%. Finally, when compared to pure water, the pressure drop 

of the heat exchanger was reduced by up to 14% for = 5 

percent, which could have a significant impact on whole cycle 

efficiency. Influence of Nanofluid Reynolds number on heat 

transfer coefficient relative change, effect of nanoparticle 

volume percent on heat exchanger length change, and friction 

factor variation as nanoparticle volume fraction are shown in 

Figure 57, 58 [51]. 

 
 

Figure 57. Effect of the nanoparticle volume fraction on the 

heat exchanger length change for Re=3700, 5500 and 7100 

[51] 
 

 
 

Figure 58. Friction factor variation as the nanoparticle 

volume fraction increases [51] 

 

In this case, a two-phase technique was used to investigate 

the treatment of Nanofluid within a thermal unit fitted with a 

turbolentor. Helical tape (case I), Barrier helical tape (case II), 

and Perforated Barrier helical tape (case III) were used (Case 

III). In compared to the first example, the second case design 

has a greater radial flow, which results in higher residence time 

and a lower temperature gradient. Furthermore, when the 

turbolentor style changes from Case II to Case III, the quantity 

of Xd increases by about 8.87 percent and 5.7 percent for the 

lowest and highest pumping power, respectively. Show 

findings for Nusselt number, pressure, and Xd for various 

scenarios in Figures 59-61 [52]. 
 

 
 

Figure 59. Nu values for different cases [52] 

 

 
 

Figure 60. ∆P values for different cases [52] 
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Figure 61. Xd values for different cases [52] 
 

Multi tapes were used in this case to increase the 

productivity of the thermal unit, which was loaded with hybrid 

Nano powder. The k-approach was used to evaluate turbulent 

flow, and FVM was used to solve the governing equations, 

using two formulae for Nu and friction factor in outputs. The 

addition of a swirl flow device causes the nanomaterial to 

make greater contact with the wall, increasing pressure drop 

and Nusselt number. According to the results, raising Re 

causes a larger pressure drop as well as a higher bulk velocity. 

While pressure loss rises, more turbulence intensity may be 

seen with the help of the thermal performance. The influence 

of N on Nu decreases by around 7.14 percent at the greatest 

Re. At Re* = 5, increasing N causes a 13.58 percent and 55.28 

percent increase in velocity and pressure, respectively. Show 

findings for Hydrothermal Behavior of Nanomaterials and 

Corresponding Numerical Values in Figures 62, 63 [53]. 
 

 
 

Figure 62. Hydrothermal behavior of nanomaterial when 

N=2.5, (Re=5000, 20000) [53] 
 

 
 

Figure 63. Corresponding values of Nu and f with changing 

N and Re [53] 

 

 
 

Figure 64. Variations in a local heat transfer calculation and 

Improvement in: (a) local Nusselt numbers for 0.025 mass % 

and (b) local heat transfer calculations for 0.05 mass %, (c) 

local heat transfer calculations for 0.075 mass % and (d) local 

heat transfer calculations for 0.01 mass %, of ZnO @ TiO2/ 

DW-based nanofluid [54] 

 

The concentrations of ZnO@TiO2/DW binary composite 

nanofluid (0.1, 0.075, 0.05, and 0.025 mass percent) have been 

considered. To create binary composite nanofluid, ZnO was 

manufactured using a simple single-pot son chemical 

technique and combined with TiO2 under high probe 

sonication. The effective thermal conductivity experiment was 

carried out at temperatures ranging from 20 to 45 degrees 

Celsius. The 50:50 mass ratio of ZnO and TiO2 nanoparticles 

is the best combination for achieving efficient thermal 

conductivity. The 0.1 mass percent concentration of 

ZnO@TiO2/DW binary composite nanofluid is expected to 

characterize the binary composite nanofluid's higher thermal 

performances based on thermophysical characteristics and 

rendering to the Reynolds range of 5849 to 24,544. At the 

several tested circumstances, the 0.1 mass percent showed the 

greatest improvement in average heat transfer of 

ZnO@TiO2/DW binary composite nanofluid. Some of the 

findings of this investigation are depicted in Figure 64 [54]. 

The effects of coupled corrugated walls and turbulent 

Nanofluid flow on thermo-hydraulic performance in 

corrugated channels are compared throughout Reynolds 

number ranges of 10,000–30,000 and constant heat flux of 1 

104 W m2 in an experimental study. Three types of Al2O3–

water nanofluid channels are created and tested using 1% and 

2% volume fractions of Al2O3–water nanofluid: semicircle 

corrugated channel, trapezoidal corrugated channel (TCC), 

and straight channel. It was successful to prepare and test 

Al2O3 nanoparticles suspended in water with two volume 

fractions () of 1.0 percent and 2.0 percent. The use of 

corrugated channels results in a noticeable increase in heat 

transmission, as well as a little rise in p. The kind of 

corrugation determines how well heat is transferred. The 

impact of the corrugation profile on heat transfer enhancement 

is greater than that of the nanofluid. Some of the findings of 

this investigation are shown in Figures 65, 66 [55]. 
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Figure 65. Influence of Al2O3-water nanofluid volume 

fraction on pressure drop [55] 

 

 
 

Figure 66. Influence of corrugated channels on thermal-

hydraulic performance: a water and b A1203-water nanofluid 

[55] 

 

The lattice Boltzmann technique was used to investigate the 

influence of electric field on the natural convective heat 

transfer enhancement mechanism of nanofluid (LBM). The 

forces of the electric field on nanoparticles were also discussed. 

Natural convection produces a velocity and temperature field, 

which is reformed by electric field forces. When compared to 

the velocity of the working medium, the velocity of 

nanoparticles is substantially lower, and the motion trends of 

nanoparticles and base fluid driven by an electric field are 

inverse [56]. The goal of this paper is to discuss advancements 

in obstacle surface design, heat transfer enhancement, and 

nanofluid flow performance in channels. the impacts of four 

different types of nanoparticles, each with a different 

concentration, particle diameter, and channel type. This article 

also discusses the key factors that influence the thermal 

performance of various shape channels with diverse obstacles 

and nanofluid flow. The addition of nanoparticles to the base 

fluid also improves the heat transmission properties 

significantly. Both analytical and experimental data in this 

research show that combining nanoparticles with base fluid 

improves heat transmission significantly. When water is 

substituted with nanofluid at a higher volume ratio, a high 

gradient in wall temperature occurs [57]. Given the slip 

situation, heat transport and entropy formation in a 

microchannel containing water nanofluid were explored. The 

use of injection method in the presence of a magnetic field was 

the major emphasis. The upper high-temperature wall 

injection was included into the flow field. Vortex formation is 

caused by a high Reynolds number, which limits local heat 

transmission in the neighboring zone. The vortex strength was 

reduced by using a magnetic field. The maximum heat 

transmission happens when the Hartmann and Reynolds 

numbers are the highest [58]. Experiments were conducted to 

investigate the hydrothermal properties of an Al2O3 + TiO2 

hybrid Nanofluid flowing in a double-tube heat exchanger 

with various modified V-cuts twisted tape inserts under 

turbulent conditions. The hybrid Nanofluid is generated by 

dispersing Al2O3 and TiO2 nanoparticles in distilled water in 

an equal volume ratio, with a volume concentration of 0.1%. 

A decrease in twist ratio improves nu and f for the same 

Reynolds number. Heat transfer and friction factor are 

improved the most with V-cuts twisted tape with a higher 

depth ratio and a lower width ratio. Nu and f climb as the 

Nanofluid inlet temperature is reduced at a given twist, depth, 

and breadth ratio. The nu enhancement of hybrid Nanofluid at 

50°C is 13.57 percent higher than at 70°C, while the friction 

factor increases of hybrid Nanofluid at 50°C is 8.74 percent 

higher than at 70°C [59]. Different models were used to 

compare experimental data with the improvement in 

convective heat transfer and Nusselt number. The impacts of 

temperature dependency, temperature independence, and 

Brownian motion were examined using the models used. 

According to the Corcione and Maiga models, adding 

nanoparticles improves effective thermal conductivity, heat 

transfer coefficient, and effective dynamic viscosity to 

effective density, hence increasing the Nano fluid’s velocity 

field. The Vajha model has a unique mechanism. The effective 

dynamic viscosity drops at a certain nanoparticle's ratio, 

reducing velocity, while the effective thermal conductivity 

improves sufficiently to enhance the Nano fluid’s heat transfer 

coefficient with the addition of nanoparticles [60]. 

 
 

5. IMPROVE HEAT TRANSFER BY FINS 

 

For the purpose of improving heat transfer and maximizing 

energy utilization, fins are used as an inexpensive way to 

extend the heat transfer area, and improve effective thermal 

conductivity. The design and operating parameters of a finned 

spiral heat exchanger were investigated experimentally in 

order to determine their impact on the performance of the 

MHV charging process. According to the experimental 

findings, including fins greatly decreases the MHV 

absorption/desorption times. Furthermore, the presented and 

obtained findings suggest that a correct choice of these 

parameters is critical for charge/discharge time management. 

The purpose of this experiment was to see how the copper fins 

affected the absorption process. Show the effect of the copper 

fins and the water temperature on the absorption process in 

Figures 67, 68 [61]. 

Experimentally, the thermal performance of a single pass 

solar air heater with five fins was examined. To promote heat 

exchange and make the flow fluid in the channel uniform, 

longitudinal fins were used inferior to the absorber plate. The 

efficiency of the collector increases with increased solar 

intensity due to improved heat transfer to the air flow at mass 

flow rates of 0.012 and 0.016 kg s-1. It has been proven that the 

solar air collector is more efficient. The finned collector with 

a 45o tilt angle had the maximum collector efficiency and air 

temperature rise. Show average temperature along the length 

of solar collectors versus panel thickness between 0 and 0.1 m 

for a single pass solar air heater in Figures 69, 70 and thickness 

of a solar collector versus the full area of the solar collector 

plates for a single pass solar air heater in Figures 69, 70 [62]. 

With the goal of enhancing heat transmission at the lee-side 

of the ribs, the heat transfer and flow parameters of six ribbed 

channels of square cross section with varied rib topologies are 

computed. Each channel's bottom walls are lined with six ribs. 

The pitch-to-height ratio (P/e) of ribs is 10. The downstream 

recirculating flow zone's shape has changed and its size has 

been compressed as a result of the diverse back-wall designs 

of ribs, while a small vortex near the downstream bottom 

corner of the rib and bottom wall has been destroyed. Heat 

transmission on the rib's back-wall area has greatly increased, 
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and this improvement is much more visible when the back-

wall is extruded stream-wise. It is shown the distributions of 

the normalized stream wise velocity contour line and the 

pressure coefficient for all situations in Figures 71, 72 [63]. 

 

 

 
 

Figure 67. Effect of the copper fins on the absorption process [61] 

 

 
 

Figure 68. Effect of the water temperature on the absorption process [61] 
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Figure 69. Average temperature in the thickness of a solar 

collector versus the whole area of the solar collector plates 

for a single pass solar air heater, with flow rates of 0.012 and 

0.016 kg s-1, for the solar collectors without using fins and 

with using fins [62] 

 

 
 

Figure 70. Average temperature along the length of solar 

collectors versus thickness of panel of between 0 and 0.1 m 

for single pass solar air heater, at flow rates of (0.012, 0.016) 

kg s-1, corresponding to the flat-plate solar collector [62] 
 

Discontinuous fin, staggered fin, and fin with vortex 

generator are three types of modified fin structures proposed 

to increase air side heat transfer of an air-cooled condenser in 

a power producing unit. The heat transmission capabilities of 

the extended wavy fins are investigated and compared to the 

original continuous wavy fins in a wind tunnel with a visible 

window for temperature distribution measurement of the fin 

surface. When the base tube wall temperature is constant, 

which is equivalent to the boundary condition of an air-cooed 

condenser, the area of current fin structures is redundant for 

heat loss capacity. As a result, all three upgraded fin types have 

higher overall heat transfer coefficients than the original 

continuous wavy fin, resulting in increased pressure drop. 

Show fin surface temperature distributions with air flow 

Reynolds number and heat transfer performance for four 

different types of fins in Figures 73, 74 [64]. 
 

 
 

Figure 71. Distributions of normalized stream-wise velocity 

contour line between the 4th and 5th stream-wise rows of ribs 

for all cases, Rel 1/4 16,000[63] 

 
 

Figure 72. Distributions of the pressure coefficient between 

the 4th and 5th streamwise rows of ribs for all cases, Re 1/4 

16,000 [63] 
 

 
 

Figure 73. Fin surface temperature distributions with air 

flow Reynolds number. (a) Continuous wavy fin. (b) 

Discontinuous fin. (c) Staggered fin. (d) Fin with vortex-

generator [64] 
 

 
 

Figure 74. Heat transfer performances for four types of fins. 

(a) hove with Re. (b) P with Re. (c) Qair with Re [64] 
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With an operational temperature of 573 K and a 

nanoparticle concentration of 1% in volume, we offer a three-

dimensional numerical analysis of heat transfer in a parabolic 

trough collector receiver with longitudinal fins utilizing 

several types of nanofluid. The following are the outcomes of 

this study: In contrast to smooth tube, the Nusselt number for 

absorber with fins insert ranged from 1.3 to 1.8 times. In 

comparison to plain tube, the friction factor for absorbers with 

fins ranged from 1.6 to 1.85. Heat transport is substantially 

improved by metallic nanoparticles compared to other kinds. 

When compared to smooth tube with base fluid, utilizing 

nanofluid in absorber with fins insert provides better heat 

transmission and thermo-hydraulic performance. Temperature 

distribution on the absorber inner wall's middle cross-section, 

Variation of local Nusselt number in a smooth tube, Effect of 

combining fins insert and nanofluid, and Thermo-hydraulic 

performance vs Reynolds number are shown in Figures 75-78 

[65]. 

 

 
 

Figure 75. Temperature distribution on the middle cross-

section of the absorber inner wall [65] 

 

 
 

Figure 76. Variation of local Nusselt number in a smooth 

tube for Re=257056 and φ=0.01 [65] 

 

 
 

Figure 77. Effect of combining fins insert and nanofluid 

Re=257056 and φ=0.01 [65] 

 
 

Figure 78. Thermo-hydraulic performance versus Reynolds 

number for Tin=573 K and φ=0.01 [65] 

 

Constructed theory presents a novel way for optimizing a 

wide range of engineering applications, including expanded 

surfaces and fins. The goal of this research is to develop and 

evaluate a cylinder with enhanced heat transfer surface area 

due to fins, utilizing Bejan's built theory notion. This study's 

findings may be deduced as follows: Total fin length for the 

three investigated fins should be in the range of 0.03 m to 0.1 

m in order to transmit a higher rate of heat from the cylinder. 

For a given fin length, the heat transmission rate increased as 

the number of fin branches increased. In the diagram, show 

ideal Pareto fronts for various numbers of fin branches, design 

parameter distribution vs. rate of heat transfer for the optimal 

locations, and optimum Pareto fronts for both aluminum and 

copper as fin materials (Figures 79, 80) [66]. 

 

 
 

Figure 79. Optimum Pareto fronts for different number of fin 

branches [66] 

 

 
 

Figure 80. Distribution of design parameters versus rate of 

heat transfer for the optimum points in (a) Total fin length, 

(b) Ratio between the second and first part of fin length, (c) 

Fin second part thickness, and (d) Total number of fin [66] 
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The heat transmission of a cascaded thermal energy storage 

system with fins was investigated using an experimental setup. 

Rectangular, annular, and pin fins are welded within copper, 

brass, and stainless-steel encapsulating materials to improve 

heat transfer area. The finned encapsulations comprise three 

separate phase change materials: d-mannitol, d-sorbitol, and 

paraffin wax. Because circular finned encapsulated balls have 

a larger surface area than rectangular or pin fins, the PCM with 

annular finned encapsulated balls had a higher heat transfer 

rate from the HTF than other finned balls. It was also 

discovered that copper with annular finned balls had the best 

energy transmission, followed by stainless steel with annular 

fins. The findings of the investigation and the effect of 

utilizing fins on heat transport are shown in Figures 81, 82, 83. 

[67]. 
 

 
 

Figure 81. Heat gained and heat lost by d-mannitol [67] 
 

 
 

Figure 82. Heat gained and b heat lost y d-sorbitol [67] 
 

 
 

Figure 83. Heat gained and heat lost by paraffin wax [67] 
 

A solar air heater is a device that converts solar energy into 

warmth. The heat absorption side of the solar air heater is 

changed with roughness ribs to boost its performance. The 

flow characteristics and heat enhancement caused by square 

shaped ribs in a solar air heater with a triangle cross-sectional 

channel were modelled using computational fluid dynamics 

(CFD). The Nu and f values are strongly influenced by the 

flow parameter. At higher Re levels, Nu has the highest value. 

Using square-shaped ribs resulted in a considerable increase in 

Nu and f. The maximum increase of 97% in Nu and 204% in 

𝑓 is found with the help of roughness [68]. The influence of a 

homogeneous external magnetic field on heat transfer 

enhancement of a fin-and-tube compact heat exchanger with 

Fe3O4/water Nanofluid is numerically explored. In the 

presence of a magnetic field, a magnetic force emerged around 

the tubes, forming vortices behind each tube, which increased 

the flow's mixing properties. As the magnetic field intensity 

rose, the local and average heat transfer coefficients increased 

around all tubes (particularly around the first and second 

tubes). In Figure 84, the average convective heat transfer 

coefficient, pressure drop, heat exchanger efficacy, and heat 

exchanger efficiency are plotted against the Reynolds number 

at various magnetic field strengths [69]. 

 

 
 

Figure 84. Variation of the average convection heat transfer 

coefficient, Pressure drop variation, heat exchanger 

effectiveness, and heat exchanger efficiency versus of the 

Reynolds number at different magnetic field intensities [69] 

 

When compared to rectangular fins, rippling fins provide 

superior cooling performance. The base temperature of 

heatsinks with rippled fins is lower than heatsinks without 

rippled fins. The fins with one ripple (instance B) found to be 

the superior heat sink when compared to rectangular fins, 

delivering the best cooling performance and a mass reduction 

of 44%. When compared to Case A with rectangular fins, Case 

C has the highest mass reduction of 47.83%. When Q = 144W 

is employed, the mass specific heat transfer coefficient of the 

heat sinks hm in examples B-F may be increased by 112.5%. 

Instances D and E were less efficient at higher heat fluxes. 

Figures 85, 86, 87, and 88 show schematic representations of 

various fin designs, temperature contours on the plane for 

various configurations, thermal resistance vs. heating power, 

and array heat transfer coefficient vs. heating power for 

various configurations [70]. 
 

 
 

Figure 85. Schematic representation of different fin 

configurations considered in this study [70] 

 

 
 

Figure 86. Temperature contour on the plane Y=0.15 m for 

different configurations [70] 
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Figure 87. Thermal resistance versus heating power [70] 

 

 
 

Figure 88. Array heat transfer coefficient versus heating 

power [70] 

 

A new array of longitudinal fins was inserted at the interior 

circumference of a circular channel, which were not assembled 

consistently. Smooth, consistently finned, and non-uniformly 

finned channels were compared to one another while sharing 

the same pumping power. It has been demonstrated that the 

suggested non-uniform fin arrangement enhances thermal 

performance by up to 46% when compared to smooth and 

typical evenly finned channels [71]. 

Some innovative enhancements in wavy fin and tube heat 

exchangers' airside performance Waffle height, slits on wavy 

fins, and vortex generators are used to investigate the thermal 

resistance of wavy fin-and-tube heat exchangers. If the waffle 

height is increased, the thermal resistance will be reduced. The 

corrugation angle should be less than 15 and the waffle height 

should be less than or equal to the fin pitch. Wavy fins' heat 

transfer capacity can be improved by punching openings on 

top of leeward sections. When compared to punching slits on 

the top of leeward portions of wavy fins, punching slits on the 

top of leeward portions of wavy fins has no effect. For varied 

waffle heights and thermal resistance in various pumping 

power values, pressure drop and heat transfer characteristics 

for various widths and lengths of slits on top of wavy (Figures 

89, 90) [71, 72]. 

 

 
 

Figure 89. Comparisons of pressure drop and heat transfer 

characteristics for different waffle heights [71] 

 
 

Figure 90. Thermal resistance in various pumping power 

values for different widths and lengths of slits on top of wavy 

fin-and-tube heat exchangers [72] 

 

 
 

Figure 91. Correlation of Nu and f with Re representing the 

effect of P/W on Nu and f [73] 

 

We've expanded our research to include a modified 

increased heat transfer area design for delta-wing tape inserts 

with a wing-pitch ratio (P/W) operating on the geometric 

characteristics. Characteristics of single-phase turbulent flow 

in a tubular heat exchanger with T-W inserts and P/W. 

Convective heat transport is considerably improved in tubes 

with T-W inserts. The present T-W insert with a P/W of 1.18 

gives the largest heat transfer enhancement as compared to a 

plain tube and a tube with an L-S insert; Nu is enhanced by 

177 and 145 percent, respectively. 

The tube with T-W inserts and a P/W of 1.18 also has the 

highest f, which is 11.6 times greater than the plain tube and 

2.72 times higher than the tube with an LS insert. Figure 91 

depicts some of the study's findings [73]. 

In a double pipe heat exchanger, an experimental 

examination of heat transfers employing varied fin geometry 

for the heat exchange surface. Interrupted rectangular fins, 

circular fins, and helical ribs were among his fin geometries. 

When compared to a smooth tube, the rectangular fin gives the 

greatest heat transfer improvement, ranging from 68 to 168 

percent depending on the flow conditions. When this form of 

fin is used, the pressure loss is significant. The heat transfer 

enhancement of the helical rib tube is lower (from 22 to 97 

percent compared to the smooth tube) and the pressure drop is 

smaller than the rectangular fin. With just a 3–47 percent boost 

in heat transmission, the circular finned tubes give the 

predicted heat transfer advantage, but they also provide the 

lowest pressure drop. Figures 92 and 93 depict some of the 

study's findings [74]. 
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Figure 92. U0 versus Reh at different Rec for two side 

circular, helical ribbed, and interrupted rectangular fin [74] 

 

 
 

Figure 93. U0 versus Reh at Rec=(3700, 5170, 10,350) for 

different fins [74] 

 

Porous fins multiply the surface area for convection, 

allowing more heat to move when compared to solid fins of 

the same size and weight. This justifies its usage in 

applications where weight and material conservation are 

critical. Porous fins have a very nonlinear governing equation, 

making their analysis extremely difficult. The researchers are 

focused on determining the best fin profile as well as 

improving critical and sensitive factors. However, just a few 

examples of global optimization methodologies in the field of 

porous fins have been documented in the recent decade's 

archives [75]. 

At 293 K, a metal hydrides reactor was built and its heat 

transfer properties were quantitatively (finite volume 

technique) studied during hydrogenation and dehydrogenation 

of La0.9Ce0.1Ni5. New internal copper fins and exterior water 

jackets are also included to boost heat transfer rates. For 

appropriate heat and mass transmission during hydrogenation 

and dehydrogenation processes in thermodynamic systems, a 

unique metal hydrides reactor with internal copper fins and an 

outside water jacket is designed and proposed. Internal copper 

fins result in rapid reaction kinetics as well as rapid heat 

removal from the process. It's also been discovered that as the 

number of fins, fin thickness, and fin height rise, so does the 

reaction kinetics and heat transmission. With the use of copper 

fins during absorption and desorption, he reduces the 

temperature of the average metal hydrides bed by 22.3 K and 

decreases the temperature by 6.8 K. Figures 94 and 95 

demonstrate the fluctuation of hydrogen concentration with 

time during absorption as well as temperature contours with 

and without copper fins [76]. 

 
 

Figure 94. Variation of hydrogen concentration with time 

during absorption; (A) all variations, (B) at different fin 

thickness, (C) at different fin numbers and (D) at different fin 

height [76] 

 

 
 

Figure 95. Temperature contours during absorption with and 

without copper fins [76] 

 

Heat transfer can be enhanced by increasing the surface area 

of the heat exchanger and changing the direction of fluid flow. 

In micro-fin helically coiled tubes, heat transport and pressure 

decrease. It was observed that improving the performance of 

micro-fin helical tubes by reducing the Reynolds number and 

increasing the fin number was possible. The Nusselt number 

and pressure drop of the micro-fin helical coiled tube are 

higher than those of the smooth helical coiled tube. With the 

same Reynold number (Re=20000), the Nusselt number drops 

as the coil diameter of a micro-fin helical coiled tube grows 

[77]. A conjugate heat transfer model and complementing 

experimental are used to evaluate the benefits of numerous 
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holes and slots in a plate-fin heat sink. The heat transmission 

and pressure drop of the two new plate-fin heat sinks are 

investigated (with perforations and slots). The convection 

coefficient is improved by combining holes and slots. Plate 

fins with longitudinal holes and slots lose less pressure than 

those without. Novel fins are lighter than conventional fins 

because to their perforations and slots, which have a lower 

mass [78]. The performance of a double pipe heat exchanger 

with helical fins has been investigated experimentally. Heat 

exchanger performance in plain inner pipe is examined and 

compared to helical fins placed heat exchanger over inner pipe 

in terms of average heat transfer rate, heat transfer coefficient, 

and efficacy. When helical fins are utilized in place of smooth 

plain inner pipe in a heat exchanger, the heat transfer rate is 

found to be enhanced for practically all mass flow rates, and 

the increase is found to be 38.46 percent at higher mass flow 

rates. When a helical finned exchanger is utilized over the 

inner tube, the heat exchanger efficacy is 35 percent higher 

than when a smooth inner tube is employed [79, 80]. 

 

 

6. CONCLUSIONS 

 

Where we note the great interest by researchers in 

developing heat transfer and using the best possible methods 

to improve heat transfer. In this literary review, a large group 

of research has been carried out to find out the importance of 

heat transfer and the methods used by researchers to develop 

heat transfer. Porous materials, nanomaterials and fins were 

used in the development of heat transfer. Where we note the 

importance of adding these materials (porous materials, 

nanomaterials and fins) to the original materials contribute 

significantly and clearly to improving heat transfer and this has 

a significant impact on energy consumption or trying to 

dissipate it, as we note the clear difference when using the 

original materials without adding these materials as the heat 

transfer is less and it consumes more time. Researchers can 

focus on the importance of improving heat transfer for its 

importance in many applications that have a direct impact on 

human life. 
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