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Abstract:- The plate Fin-and-cylinder heat exchangers are perhaps the most well-known kind of hotness exchanger that are broadly 

utilized in assortment modern applications like space warming, refrigeration, cooling, power stations, compound plants, petrochemical 

plants, petrol treatment facilities, flammable gas handling, avionic business and sewage treatment. Diminish the size, weight  and 

improve the hotness move pace of hotness exchanger. Blade and-cylinder heat exchangers with various directions are utilized to work 

on the warm exhibition. This survey is to assist with seeing how every referenced boundaries effect on progress of warm performance. 

After contemplated of various exploration papers, I found novel plan to improve the warm exhibitions of counter to cross stream by 

utilizing air cooled heat exchanger [ACHE] process. In air cooled heat exchanger [ACHE] process are utilizing winding scored 

aluminum concentric cylinder and rectangular copper balances. Heated water will be stream in winding notched aluminum tube and 

rectangular balances will be fitted on tube.  

Keywords- Rectangular fin, pressure drop, turbulent flow, Air cooled heat exchanger [ACHE], Internal grooving.  

 

I. INTRODUCTION 

A heat exchanger is worked for proficient hotness move starting with one medium then onto the next. The media might be isolated by 

a strong divider to forestall blending or they might be in direct contact. They are generally utilized in space warming, refr igeration, 

cooling, power stations, substance plants, petrochemical plants, petrol treatment facilities, flammable gas handling, aeronautic trade and 

sewage treatment. The exemplary illustration of a hotness exchanger is found in a gas powered motor in which a circling liquid known 

as motor coolant courses through radiator loops and wind streams past the curls, which cools the coolant and warms the approaching 

air. Blades are surface expansions broadly utilized in various sorts of hotness exchangers for expanding the pace of hotness move 

among a strong surface and encompassing liquid Fins are surface augmentations generally utilized in various kinds of hotness 

exchangers for expanding the pace of hotness move among a strong surface and encompassing liquid. Tentatively looked at heat move 

improvement and tension drop in twofold line inside finned tube heat exchanger by utilizing nano liquids and contrasted these 

outcomes and plain cylinder heat exchanger. Results shows that the hotness move rate is 80–90% a larger number of than plain cylinder 

heat exchanger.often mathematically altered blades are joined, which other than expanding the surface region thickness of the hotness 

exchanger, likewise further develop the convection heat move coefficient. A few instances of such improved surface smaller centers 

incorporate Offset-strip blades, Louvered balances, Wavy balances, Plain balances and Pin balances. Of these, wavy balances are 

especially appealing for their effortlessness of assembling, potential for improved warm water driven execution and simplicity of 

utilization in both plate-blade and cylinder balance type exchangers. Upgrade of hotness move can lessen the size of hotness 

exchangers, decreasing in pressure drop give higher hotness move productivity, and yield reserve funds of working expenses and 

materials. The upgrade of hotness move is fundamentally significant in modern applications, for example, process cooling, 

refrigeration, compound handling, air partition, and so on Balances or broadened surfaces assume a significant part to increase the pace 

of hotness move. In circumstances of consolidated conduction-convection impacts, contingent upon the application, different kinds of 
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increased hotness move surfaces like rectangular, three-sided, trapezoidal balances, Pin balances, wavy blades, offset strip balances, 

louvered balances and punctured balances are utilized. It's obviously true that any upgrade procedure will present extra liquid tension 

drop, and frequently the proportion of strain drop increment is bigger than that of hotness move improvement. Also the hotness move 

rate diminishes alongside the tallness of the blade, to defeat the previously mentioned issues different kinds of balance game plans and 

balance calculations are utilized. 

II. LITERATURE REVIEW 

Chang, Tae-Hyun et al. [1] studied thermal performance and pressure drop are considered as major factors. Both, thermal 

performance and pressure drop are dependent on the path of fluid flow and types of baffles in different orientations respectively. 

Increasing the complexity of baffles enhances heat transfer which also results in higher pressure drop which means higher pumping 

power is required. This reduces the system efficiency. This paper presents the numerical simulations carried out on different  baffles i.e. 

single segmental, double segmental and helical baffles. This shows the effect of baffles on pressure drop in shell and tube heat 

exchanger. Single segmental baffles show the formation of dead zones where heat transfer cannot take place effectively. Double 

segmental baffles reduce the vibrational damage as compared to single segmental baffles. The use of helical baffles shows a decrease in 

pressure drop due to the elimination of dead zones. The less dead zones result in better heat transfer. The lower pressure drop results in 

lower pumping power, which in turn increases the overall system efficiency. The comparative results show that helical baffles are more 

advantageous than other two baffles. 

Afzal et al. [2] experimentally studied the optimum spacing between grooved tubes is reported in this paper. Two grooved tubes having 

pitch of 10 mm and 15 mm and a plain tube were considered for the heat transfer analysis. The spacing between two tubes with same 

pitch was varied from 10 mm to 35 mm with a step size of 5 mm. Velocity of air flowing over the tube surfaces was changed from 0.4 

m/s to 1 m/s using a blower fan. Based on Nusselt number (Nu) the optimum spacing between the tubes was decided. The optimum 

spacing between grooved tubes of pitch 10 mm and 15 mm was compared with that of plain tubes. From the experimental analysis it 

was noticed that with increase in air velocity (increase in Reynolds number) the tube surface temperature reduced irrespectiveof any 

tube considered. Nu increased with increase in air velocity for all the tubes. The important conclusion drawn from the present study was 

that, there exists a limiting spacing (optimum) between the tubes above which no change in Nu was observed. Spacing of 30 mm was 

found to be the optimum spacing between the tubes irrespective of its surface geometry modifications. 

S Basavarajappa et al. [3] Experiments investigated the effect of nanofluid on turbulent heat transfer and pressure drop inside 

concentric tubes. Water and SiO2 with mean diameter of 30 nm were chosen as base fluid and nano-particles, respectively. Experiments 

were performed for plain tube and five roughened tube with various heights and pitches of corrugations. Results show that adding the 

nano-particles in tube with high height and small pitch of corrugations augments the heat transfer significantly with negligible pressure 

drop penalty. It is discussed on relative Nusselt number and thermal performance of heat exchanger. 

Jie Qu et al. [4] discussed the heat transfers of PCM and enhance the thermal performances of PCM used two type of novels are 3D-

OHPs (4 layers 3D-OHP and 3 layers 3D-OHP) and PCM coupled with multiple 2D-OHPs. Phase change materials (PCM) have been 

mostly use in thermal managements because its have high latent heat and low price. Phase change materials are use Oscillating heat 

pipes(OHP) and effective thermal transfer devices for heat transfer. Its due to enhance the thermal performances. In this experimental 

manuscript both novels 3D-OHPs and regular OHPs are hired for the PCM thermal performance. By knowing this research paper 

Results shows that paraffin wax/3D-OHP systems are needed extra times for finally melting of paraffin wax than paraffin wax/OHPs 

system. In the solidification process two systems are performed better than simply paraffin wax. The solidification times of the pure 

paraffin wax and paraffin wax/4-layers 3DOHP are taken only 0.29 times where as the paraffin wax/4 OHP systems are 0.48 times 

taken. Such as the paraffin wax/3D-OHP systems are superior performances. 

 

Hassan Jafari Mosleh et al. [5] experimentally and numerical investigated the pulsating heat pipes(PHPs) as substitutes for fins in a 

representative air-cooled heat exchanger(ACHE).Because of low temperatures difference between the cooling air and internal airflow. 

In which R134a was selected as the best working fluid from the heat transfer stand point. Than PHPs are filled with working fluid,the 

coefficient of heat transfer and temperature difference have been increased. In this condition the performances of the PHP-tubes are 

noted without working fluids are similar to the fin tube. When the axial fans are stopped due to small gap between the fins and produce 

poor thermal performances of the fin. By knowing this research paper results shows that using PHPs instead of fins improves heat 

transfer efficiency. In which Firstly fins and PHP-tubes are tested without any exterior flow over the main tubes and the tests are 

conducted in natural convection situations. 

 

Jian Wang et al. [6] experimentally studied the heat transfers and flow individuality of the three new finned copper head heat sinks are 

subjected to the impingement chilled by rectangular slot jet and axial fan. These experimental process are used for the fast development 

of electronic devices has imposed higher requirements for thermal supervision and cooling technology. In this experiment taken effect 

of heat sink heights (H, 15, 30, 45, 60 mm), the pore density of the inserted copper head (PPI, 10, 20, and 30) and the gas flows 
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Reynolds number(Re, varying from 2053- 12737) are scientifically investigated.Where are two types of conventional fin heat sink with 

8 and 22 fins but without copper heads are tested for judgment. Such as Experimental results expose that inserting copper heads are 

completely enhance the thermal performances of finned heat sinks. Finned copper foams and conservative heat sinks with the same 

numbers of fin but finned copper foams are better heat transfer performance.By knowing this experimental research paper, when the 

height of heat sinks decreases than pressure drop for all five kinds of heat sinks increases. 

 

De-Shau Huang et al. [7] experimentally and numerically studied the automotive headlights using for heat indulgence. In this 

experiment, we required to enhance the efficiency of heat transfer of LED take on fins with a grooved heat pipe on the heat sinks. 

ANSYS Fluent software is used just before model of the heat transfer mechanisms and aid in the design of heat pipes and heat sinks. 

The temperature distribution of the LED head lights are computer-generated for various material of the heat sinks and printed circuit 

board (PCB), and fins are designed with a heat pipes. It was found increases the coefficient of thermal conductivity of the substrate due 

to decreases in the LED junction temperatures, however higher thermal efficiency was not essentially enough. In this trial demonstrated 

that the reconciliation of 76-mm-since quite a while ago furrowed warmth channels with a compelling warm conductivity of 6000 

W/(m•K) and 2-mm arduous plate heat dissemination balances on the warmth sink with an AlN Ceramic having a 180 W/(m•K) 

demonstrated successful in scattering heat from powerful LED headlights inside a profoundly constrained space. By knowing this 

research paper enhance the coefficient of thermal conductivity of the substrate due to results are decreases in the LED junct ion 

temperature. However the higher thermal efficiency are not necessarily sufficient. 

 

Hai Wang et al. [8] investigated the thermal performance of the oscillating heat pipes(OHP) designed, temperature distribution and 

explanation profiles of  LED array are experimentally tested and evaluated. In this experiment the thermal management of high-

powered LED chips are designed and fabricated, where are the tubular oscillating heat pipes(OHP) with sintered copper particles(SCPs) 

are inside of the flat plate evaporator. The thermal performances of designed OHP, temperature giving out and explanation profiles of 

LED array were experimentally tested and evaluated. A low substantial ratio of 30% are preferred for the designed OHP practical in 

high-power LED cooling. By knowing this research paper, heat sink of tubular OHP with SCPs inside the flat plate evaporators are 

developing for the cooling of high power density array. The performances of LED heat sinks are experimentally investigation of the 

effect of evaporators with SCPs, power input, inclination angle and filling ratio. When the addition of the sintered copper 

particles(SCPs) with oscillating heat pipes(OHP) due to appreciably enhance the vapor bubble generation rate. The temperature 

division of the LED array at input power and low filling ratio have different inclination angles are instant or less than 70 °C. The filling 

ratio affect the OHP put in place performance. The low filling ratio are ideal for the OHP practical because the thermal management of 

high-power LED. In this experimental setup , the temperature of LED array are inversely proportional to the explanation intensity. 

 

Demis Pandelidis et al. [9] studied the sloping evaporative exchangers are worked as heat recovery units, given configurations are 

counter flow and cross flow. In this experiment presented analysis are accepted out with particular importance on the condensation 

process that occurs in the product air channels of the exchangers. In which various aspects are related to the water vapor condensation 

and manage. Which aspects are taken in the classification factors that control the condensation process.Those analyzing factors are 

forced on dissimilar IEC exchanger arrangement. There are a variety of inlet parameter and operating condition for judgment of the 

counter and cross flow exchangers. Those performed analysis are based on numerical simulations with mathematical e-NTU models of 

heat and mass transfer. By knowing this research paper found result showed that the counter flow configuration has high reasonable 

and latent cooling potential than the cross flow unit. The technical limitation of counter-flow configuration due to the cross flow 

exchangers are achieved higher Energy Efficiency Ratio and lower investment cost. Whenever, the structure of the counter-flow design 

that requires supplementary input or output branch of the results are increased size of the counter flow components and higher pressure 

drop balance with the cross flow exchangers. 

 

Lei Wang et al. [10] presented a mathematical model that combined the law of energy conservation and the principle of the irreversible 

thermodynamic theory. In this investigation the wet bulb indirect evaporative cooling (IEC) achieved through M-Cycle is a difficult 

thermodynamic process. Heat and mass transfer for advance understanding occurs in a dew point indirect evaporative air cooler with 

M-Cycle counter flow configuration. The research paper are represented mathematical model. The model comprising of various energy, 

ma1ss and entropy equations are uses to take out the study of the dew point air cooler below various operational and structural 

conditions. The entropy creation numbers are establish to be a show potential indicator for the optimized designs. The mutual analysis 

are energy efficiency and thermodynamic irreversibility of the intention IEC system. The optional average air velocities of dry channels 

should be less than 1.0m/s. In this experimental setup the channel length should be in range of 1e1.75m and channel gap should be 

controlled to 3e5 mm. Whereas the working to intake air ratio must be around 0.3e0.4. By knowing this research paper, for better and 

advance understand of the heat and mass transfers are occurred in a dew point indirect evaporative air cooler with M-Cycle counter 

flow configuration. Based on this experimental study has been proved that the entropy production numbers are used for the useful 

parameters in the optimization designs of the HMX for a dew point IEC. 
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Nithiyesh Kumar et al. [11] experimentally studied the flow over array of trapezoidal-ribs transversely placed on the wider bottom 

surface of the rectangular passage. It is intended to study the profound impact of taper angle variation (0 to 20°) on the flow 

mechanism, and subsequently on heat transfer improvement. The local and augmentation heat transfer patterns have been investigated 

using liquid crystal thermography (LCT). Further, the aerodynamic characteristics, in a module between seventh and eight ribs, have 

been obtained using particle image velocimetry (PIV) for understanding the flow physics. Existence of large- and small-scale coherent 

structures within the detached shear layer zone have been confirmed and further explained by means of critical points. As compared to 

square rib, trapezoidal rib provides higher heat transfer rate just downstream of the rib, which is observed to be in line with the fluid 

flow results. 

Pengxiao Li et al. [12] experimentally investigated the thermal performance and exergy analysis in an internally grooved (IG) tube 

fitted with triangular cut twisted tape insert consisting of alternate wings (TCTT). The analysis is carried out with TCTT for different 

twist ratio, y = 3.5, 5.3 and 6.5 with attack angle, β = 45° and 90°. The investigations were performed in turbulent regime, with 

Reynolds number ranging from 3000 to 14,000. The thermal and exergy efficiencies were used to evaluate the overall performance of 

the heat exchanger, by considering exergy gain and exergy lost. The experimental results reveal that, both the thermal efficiency and 

exergy efficiency of the IG tube equipped with TCTT were found to be increased up to 1.12 and 1.85 times, respectively, than those 

that with plain twisted tape (PTT). In this study, the IG tube with TCTT of y = 3.5 and β = 90° achieved maximum PER and exergetic 

efficiency of 1.35 and 0.634, respectively, at Reynolds number 3000. The empirical correlations were developed from experimental 

results, to predict the Nusselt number (Nu), friction factor (f) and Performance enhancement ratio (ƞ). 

Pankaj N. Shrirao et al. [13] experimentally studied the mean Nusselt number, friction factor and thermal enhancement factor 

characteristics in a circular tube with different types of internal threads of 120 mm pitch under uniform wall heat flux boundary 

conditions. In the experiments, measured data are taken at Reynolds number in range of 7,000 to 14,000 with air as the test fluid. The 

experiments were conducted on circular tube with three different types of internal threads viz. acme, buttress and knuckle threads of 

constant pitch. The heat transfer and friction factor data obtained is compared with the data obtained from a plain circular tube under 

similar geometric and flow conditions. The variations of heat transfer and pressure loss in the form of Nusselt number (Nu) and friction 

factor (f) respectively is determined and depicted graphically. It is observed that at all Reynolds number, the Nusselt number and 

thermal performance increases for a circular tube with buttress threads as compared with a circular tube with acme and knuckle threads. 

These are because of increase in strength and intensity of vortices ejected from the buttress threads. 

Kadir Bilen et al. [14] experimentally studied the surface heat transfer and friction characteristics of a fully developed turbulent air 

flow in different grooved tubes. Tests were performed for Reynolds number range 10,000– 38,000 and for different geometric groove 

shapes (circular, trapezoidal and rectangular). The ratio of tube length-to-diameter is 33. Among the grooved tubes, heat transfer 

enhancement is obtained up to 63% for circular groove, 58% for trapezoidal groove and 47% for rectangular groove, in comparison 

with the smooth tube at the highest Reynolds number (Re = 38,000). Correlations of heat transfer and friction coefficient were obtained 

for different grooved tubes. In evaluation of thermal performance, it is seen that the grooved tubes are thermodynamically 

advantageous (Ns, a < 1) up to Re = 30,000 for circular and trapezoidal grooves and up to Re = 28,000 for rectangular grooves. It is 

observed that there is an optimum value of the entropy generation number at about Re = 17,000 for all investigated grooves. 

P.Bharadwaj et al. [15] experimentally determined the pressure drop and heat transfer characteristics of flow of water in a 75-start 

spirally grooved tube with twisted tape insert are presented. Laminar to fully turbulent ranges of Reynolds numbers have been 

considered. The grooves are clockwise with respect to the direction of flow. Compared to smooth tube, the heat transfer enhancement 

due to spiral grooves is further augmented by inserting twisted tapes having twist ratios Y ’ 10.15, 7.95 and 3.4. It is found that the 

direction of twist (clockwise and anticlockwise) influences the thermo-hydraulic characteristics. Constant pumping power comparisons 

with smooth tube characteristics show that in spirally grooved tube with and without twisted tape, heat transfer increases considerably 

in laminar and moderately in turbulent range of Reynolds numbers. However, for the bare spiral tube and for spiral tube with 

anticlockwise twisted tape (Y = 10.15), reduction in heat transfer is noticed over a transition range of Reynolds numbers. 

Nakaso K et al. [16] studied the heat transfer in a shell-and-tube heat exchanger using sheet fins is numerically investigated. Heat and 

mass transfers in the heat exchanger are modeled under steady state to estimate the heat transfer rate and the pressure drop for various 

geometries of the heat exchanger. Based on the numerical results, the Nusselt number and pressure drop are formulated for practical 

applications. For convenience, similar expressions to those of conventional shell-and-tube heat exchangers, that is, the functions of 

dimensionless numbers such as the Reynolds number, are derived. In these equations, the geometry of the heat exchanger, fin 

efficiency, and contact thermal resistance are included as major factors. On formulating the equation for the overall heat transfer rate, it 

is found that the heat transfer coefficient for the heat exchanger with a fin does not correspond to the combination of the heat transfer 

coefficient of bare tube surface and the fin. This is because the heat exchange area is substantially limited especially at the narrow space 

between the tube and the fin. A correction factor for the substantial heat transfer area is therefore introduced. These formulated 

equations are helpful for installing sheet fins in manufactured heat exchangers. Using the formulated equations, effective conditions to 

enhance heat transfer rate by the fin are established, taking into account the increase in pressure drop. 
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Park K T et al. [17] experiments studied the thermal resistances of heat sinks with cross-cut branched fins on horizontal cylinders. The 

experiments were conducted for several numbers of fin, heights of fins, and heat inputs. From the experimental data, the Nusselt 

number correlation for Rayleigh numbers of 190000–1000000, fin heights of 10–30 mm, and fin numbers of 9–36 is proposed. Using 

the suggested correlation, the fin thickness and fin number for maximizing the thermal performance are obtained. Finally, it is 

demonstrated that the optimal heat sink with cross-cut branched fins on a horizontal cylinder has 26 % lower thermal resistance than 

that of a conventional heat sink with plate fins. 

Bayram Sahin et al. [18] Study design parameter of a heat sink on which hollow trapezoidal baffle is mounted on the base surface. 

This experimental design is used Taguchi method. Where Nussle numbers and friction factors are considered as performance 

parameter. In which orthogonal arrays are selected as investigational plan for the six parameters: the curve angles(α), the inclination 

angle (β), the baffle heights(H), the baffle lengths(L), thebaffle width(S) and Reynolds numbers. First of each goal has been optimized 

individually and after that all the goals have been optimized together. The baffle lengths(L) are found on the friction factor. The baffle 

length will in flow direction .Where are the best parameters on the exchange warmth is Reynolds number. The result showed that the 

heat transfer was obtained at Re=17,000, H=36 mm, L=45 mm, S=26 mm, α=0°, β=0°. It can be conclude higher heat transfer rates are 

achieved with lower pressure drop. 

 

III. OBJECTIVES 

 To evaluate the heat transfer rate of simple tube air cooled heat exchanger with rectangular copper fins and air cooled heat 

exchanger having internal circular grooving at different pitches along with rectangular copper fins.  

 To evaluate the efficiency of fins and overall fin effectiveness. 

 To evaluate the properties of the fluid (likes pressure loss, velocity, Reynold Number, Prandtl Number etc.) inside the 

aluminium tube for four setup viz. 

 Simple tube air cooled heat exchanger with rectangular copper fins and three air cooled heat exchanger having internal circular 

grooving at different pitches along with rectangular copper fins. 

 To evaluate the effectiveness of air cooled heat exchanger.  

 

IV. EXPECTED METHODOLOGY 

From the above section of literature review we can analyzed the present era research in air cooled heat exchanger, hence 

we are mainly focus on the experimental and comparative analysis along with the study on different parameters of heat 

exchangers, with a counter to cross-flow technique using with and without an internally circular grooved aluminium 

concentric tube attached with rectangular copper fins forced convection ACHE. At first we select the material and 

dimensions of tube and grooving.  

. 

REFERENCES 

[1] Chang, Tae-Hyun, Lee, Kwon-Soo, Chang, Ki-Won, Kim, Sang Min, & Lee, Chang-Hoan, Heat transfer characteristics of a short 

helical plate in a horizontal circular tube, Journal of Mechanical Science and Technology, 33(8), 3613-3620. 2019. 

[2] Afzal, A., Mohammed Samee, A.D., Abdul Razak, R.K, Optimum spacing between grooved tubes: An experimental study. J Mech 

Sci Technol 34, 469–475, 2020.  

[3] S Basavarajappa, G Manavendra and S B Prakash, “A review on performance study of finned tube heat exchanger”, Journal of 

Physics: Conference Series, Vol. 1473, No. 1, 2020. 

[4] Jie Qu et al., Experimental investigation on thermal performance of phase change material coupled with three-dimensional 

oscillating heat pipe (PCM/3DOHP) for thermal management application, International Journal of heat and Mass Transfer, VOL-129, 

PP: 773–782, 2019. 

[5] Hassan Jafari Mosleh et al., Experimental and numerical investigation of using pulsating heat pipes instea of fins in air-cooled heat 

exchangers, Energy Conversion and Management, VOL-181, PP:653–662 , 2019. 

[6] Jian Wang et al., Experimental investigation of heat transfer and flow characteristics in finned copper foam heat sinks subjected to 

jet impingement cooling, Applied Energy, VOL-241 ,PP: 433–443, 2019. 

 [7] De-Shau Huang et al, Design of fins with a grooved heat pipe for dissipation of heat from high powered automotive LED 

headlights, Energy Conversion and Management ,VOL-180 ,PP: 550–558, 2019. 

[8] Hai Wang et al.Heat transfer performance of a novel tubular oscillating heat pipe with sintered copper particles inside flat-plate 

evaporator and high-power LED heat sink application, Energy Conversion and Management, VOL-189 ,PP:215–222, 2019. 

http://www.jetir.org/


© 2023 JETIR August 2023, Volume 10, Issue 8                                                                     www.jetir.org(ISSN-2349-5162) 

JETIR2308409 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org e81 
 

[9] ] Demis Pandelidis et al., Performance comparison between counter- and cross-flow indirect evaporative coolers for heat recovery 

in air conditioning systems in the presence of condensation in the product air channels, International Journal of Heat and Mass 

Transfer, VOL-130, PP: 757–777, 2019. 

[10] Lei Wang et al., Optimization of the counter-flow heat and mass exchanger for M-Cycle indirect evaporative cooling assisted with 

entropy analysis, Energy, VOL-171, PP: 1206-1216, 2019. 

[11] Nithiyesh Kumar, C, Ilangkumaran, M.   “Experimental study on thermal performance and exergy analysis in an internally 

grooved tube integrated with triangular cut twisted tapes consisting of alternate wings”, Heat and Mass Transfer, Vol 55, 2019.  

 

[12] Pengxiao Li, Peng Liu, Zhichun Liu, Wei Liu “Experimental and numerical study on the heat transfer and flow performance for 

the circular tube fitted with drainage inserts”.International Journal of Heat and Mass Transfer Volume 107, 2017. 

 

[13] Pankaj N. Shrirao, Rajeshkumar U.Sambhe, Pradip R.Bodade, “Convective Heat Transfer Analysis in a Circular Tube with 

Different Types of Internal Threads of Constant Pitch”.International Journal of Engineering and Advanced Technology (IJEAT), 

Volume-2, Issue-3, 2013. 

 

[14] Kadir Bilen, Murat Cetin, Hasan Gul, Tuba Balta,“The investigation of groove geometry effect on heat transfer for internally 

grooved tubes.Applied Thermal Engineering, Volume 29, Issue 4, 2009. 

[15] P. Bharadwaj, A.D. Khondge, A.W. Date, “Heat transfer and pressure drop in a circular grooved tube with twisted tape insert” 

International Journal of Heat and Mass Transfer, Volume 52, Issues 7–8, 2009. 

 

[16 Nakaso K, Mitani H and Fukai J Convection heat transfer in a shell-and-tube heat exchanger using sheet fins for effective 

utilization of energy International Journal of Heat and Mass Transfer 82 581–591, 2015. 

 

[17] Park K T, Kim H J and Kim D K, Experimental study of natural convection from vertical cylinders with branched fins 

Experimental Thermal and Fluid Science 54 29–37, 2014. 

 

http://www.jetir.org/
https://ui.adsabs.harvard.edu/#search/q=author:%22Nithiyesh+Kumar%2C+C.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Ilangkumaran%2C+M.%22&sort=date%20desc,%20bibcode%20desc

