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Abstract— Heat transfer enhancement through any thermal 

devices is great challenges for today’s world. Dimple and 

protrusion are regarded as one of the most effective 

structures for heat transfer enhancement in the industrial 

applications, such as the cooling of gas turbine blade and 

high pressure disk. The heat transfer enhancement with used 

of different types dimples were presented by different 

researcher. This review paper explore about the heat transfer 

improvement in different types of dimple surfaces. 
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I. INTRODUCTION 

Heat transfer through any thermal devices is very important 

for their proper efficient working. Heat exchanger, turbine 

blades, heat engines operated on the high extent of 

temperature differences. This types of devices needed high 

heat transfer rate. Different types heat dissipated 

components were used for heat transfer enhancement like 

fins, dimples etc. Dimples are effective heat transfer 

enhancement devices, which may provide Comparable heat 

transfer enhancement with rib turbulators as they behave as 

a vortex generator to promote the turbulent mixing in the 

near-wall flow region, while remarkably lower the pressure 

loss penalty since they do not protrude into the flow [1].The 

concept of using dimples or concavities for heat transfer 

enhancement originated from the former Soviet research 

community, and has been implemented in the gas turbine 

blade cooling [2]. A literature study shows that the heat 

transfer enhancement of the dimples on one surface can be 

very effective, and with proper geometrical configurations 

can provide heat transfer enhancement levels up to 2–3 

times of a smooth channel but with only mildly increased 

pressure loss. 

II. METHOD USED FOR IMPROVING HEAT TRANSFER 

The improvement of heat transfer rate in the any Thermal 

devices leads to improve in the performance. The heat 

transfer enhancement is carried out by different methods 

depends on the condition. Generally two types methods used 

for heat transfer these are: 

A. Active Method 

This method involves some external Power input for the 

enhancement of heat transfer; some examples of active 

methods include induced pulsation by cams and 

reciprocating plungers, the use of a magnetic field to disturb 

the seeded light particles in a flowing stream. This types of 

methods generally implemented were the external heat 

sources is available. It’s required the external power for its 

operation.  

B. Passive Method 

Passive heat transfer augmentation methods does not need 

any external power input. In the convective heat transfer one 

of the ways to enhance heat transfer rate is to increase the 

effective surface area and residence time of the heat transfer 

fluids. The passive methods are based on the same principle. 

Use of this technique causes the swirl in the bulk of the 

fluids and disturbs the actual boundary layer so as to 

increase effective surface area, residence time and 

consequently heat transfer coefficient in existing system. 

Following Methods are generally used: 

 Inserts  

 Extended Surfaces 

 Surfaces modification 

 Use of addictives 

III. AIM AND OBJECTIVES 

The aim of this paper is to determine the heat transfer rate 

through dimple shape channel and objectives are as follows. 

A. Objectives 

 To study Flow characteristics and heat transfer 

3performance for a rectangular channel surfaces 

with internal-protruded (inclined–elliptical, 

elliptical) dimples  

 To study design of dimple shape inserts for better 

performance. 

 To study and compare the work carried out still 

date. 

 To study the thermal performance. 

IV. LITERATURE ON HEAT TRANSFER USING DIMPLES 

SURFACES 

Yu Rao et.al carried out the work on the Heat transfer of 

turbulent flow over surfaces with spherical dimples and 

teardrop dimples. This research presented the heat transfer 

enhancement in with used of spherical dimples. In this work 

a comparative experimental and numerical study was 

conducted to investigate the heat transfer of turbulent flow 

in channels with one dimpled wall with arrays of spherical 

dimples and teardrop dimples. The heat transfer and flow 

structure characteristics in the two dimpled channels have 

been obtained and compared with each other for the 

Reynolds numbers of 8500–60,000.This study concluded 

that the channel with spherical dimples shows the globally 

averaged heat transfer enhancement of 1.5–1.7 times and 

friction factors of 1.2–2.0 times the fully developed 

turbulent flow in a circular duct while the teardrop dimples 

show the heat transfer enhancement of 1.8–2.0 times and 

friction factors of 1.6–2.3 times the fully developed 

turbulent flow in a circular duct, which are greater than the 
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spherical dimples by about 18.0% and by 35– 15% 

respectively[3]. 

Hyun Sik Yoon et.al.have been presented the 

numerical study on the characteristics of flow and heat 

transfer in a cooling passage with a tear-drop dimple 

surface. This research work investigated the characteristics 

of flow and heat transfer in a channel with a newly designed 

surface called a tear-drop dimple on the bottom wall by 

deforming the upstream shape of a dimple cavity. The study 

concluded that The performances of the tear-drop dimple 

cases are better than those of the general dimple in terms of 

thermo-hydraulic performance measured by the volume 

goodness factor [4]. 

Yonghui Xie et.al. investigated Numerical 

investigation of flow and heat transfer in rectangular 

channel with teardrop dimple/protrusion, he has been 

presented the numerical simulation model for heat transfer 

investigation in rectangular plate of dimple and protrusion 

with different eccentricities. This study further more 

compared with hemispherical dimple/protrusion. The result 

concluded that the flow covers the teardrop surface easily 

and impinges onto the rear section with more energy in the 

teardrop dimple/protrusion with PE compared with 

hemispherical dimple/protrusion, also the study shows that 

the decreases the ratio of Nusselts number improves 

Reynolds number. From the view of heat transfer 

enhancement and energy savings, the teardrop 

dimple/protrusion shows good performance for lower 

Reynolds number [5]. 

Chaoyi Wan et.al carried out the experimental 

study of pressure loss and heat transfer in the pin fin-dimple 

channels with various dimple depths. The pin fin-dimple 

channels considered consist of ten rows of pin fin-dimple 

combined structure. The pin fin transverse spacing-to-

diameter ratio S/D = 2.5, the stream wise spacing to- 

diameter ratio X/D = 2.5, the pin fin height-to-diameter ratio 

H/D = 1.0. The dimples have a print diameter the same with 

the pin fins, but have three different dimple depth-to-

diameter ratios, i.e. d/D = 0.1, 0.2 and 0.3.The experimental 

results concentrated on the friction factor, average Nusselt 

number and the thermal performance parameters of the pin 

fin-dimple channels with various dimple depths have been 

obtained and compared with each other for the Reynolds 

number range of 8200–50,500.This experimental study 

concluded that the pin fin-dimple channels with all three 

studied dimple depths have further improved convective 

heat transfer performance by up to 19.0%, and the pin fin-

dimple channel with deeper dimples shows relatively higher 

Nusselt number values[6]. 

C. Bi et.al studied Heat transfer enhancement in 

mini-channel heat sinks with dimples and cylindrical 

grooves. This study focused on the convective cooling heat 

transfer in mini-channels with dimples, cylindrical grooves 

and low fins is numerically studied by using the field 

synergy principle. The results concluded that the dimple 

surface presents the highest performance of heat transfer 

enhancement. The geometry size effects of dimple are 

studied over a Reynolds number range of 2700-6100, and 

the most favorable dimple geometric structures are 

optimized by using the performance evaluation plot of 

enhanced heat transfer techniques[7]. 

Farhad Sangtarash et.al carried out the research 

work on the experimental and numerical investigation of the 

heat transfer augmentation and pressure drop in simple, 

dimpled and perforated dimpled louver fin banks with an in-

line or staggered arrangement. The different three type’s 

louver fins were studied experimentally with inline 

arrangement. The results concludes that applying this 

geometry enhanced the heat transfer rate up to 7%, 8.2%, 

and 9.9% with Reynolds numbers of 800, 1000, and 

1200,respectively, compared with the simple louver 

geometry[8].  

Yan Feng et.al.carried out the works on the 

experimental and numerical study of heat transfer and flow 

friction in channels with dimples of different shapes. This 

research investigated on the heat transfer, friction factor, and 

flow structure characteristics in the cooling channels with 

dimples of different shapes have been obtained and 

compared with each other for a Reynolds number range of 

8500–60,000. The results of study showed that the dimple 

shape can have distinctive effects on the heat transfer and 

flow structure in the dimpled channels. The teardrop 

dimples show the highest heat transfer, which is about 18% 

higher than the conventional spherical dimples [9]. 

Rachid Saim et.al. studied that  the turbulent flow 

can increase heat transfer in complicated component design. 

The heat transfer in heat exchangers, cooling industrial 

machine and electronic components. The heat transfer 

through devices is widely investigated by researchers. 

Turbulent flow produced due to baffle for heat transfer 

augmentation[10] 

Kang-Hoon et al. studied for effect of  the mean 

heat transfer coefficients in a rectangular channel with 

porous obstacles. This study concluded that use of porous 

baffles enhance heat transfer as compared to no baffle. 

Yong-Gang Lei et al. investigated for flow passing through 

a channel with only single helical baffle. In this research a 

comparative study between three different types channels 

was conducted for optimizing the results. In all three cases, 

a channel without any baffle, channel with only one helical 

baffle, and the same channel with two helical baffles was 

investigated[12]. 

 
Fig. 1: U Tube Heat Exchanger 

Rajendra et al. studied the heat transfer by 

considering the  friction factor on asymmetrical rectangular 

pipe with perforated baffle. Molki et.al.carried out the work 

on heat transfer and pressure losses in a rectangular channel 

with baffles. The results of study concluded that baffles 

raise the pressure losses as well as heat transfer coefficients. 

Wilfred et al. analyzed that the used of baffle for 

improvement in the heat transfer and geometry of heat 

exchangers. [11] 
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Soo Wban Abn et.al.Investigated that the heat 

transfer can be enhanced by the use of rough surfaces. They 

have used four different shapes such as semicircle, sine 

wave, trapezoid, and arc to investigate the heat transfer 

enhancement and friction factor on rectangular duct. The 

friction factor and heat transfer enhancement on smooth 

duct is investigated and it is compared with duct with plain 

surface for final results. It is clear for study square shape 

geometry gave the highest value because of its strongest 

turbulence mixing caused by rib. Non circular ducts such as 

equilateral triangle  and rectangular, Square ducts have 

lower frictional factors and heat transfer as compared to 

circular ducts this enhance in the friction factor and heat 

transfer depends upon properties and size of the fluid 

molecules[13]. 

 
Fig. 2: Used Surface Roughness 

The term corrugated is nothing but the used for 

groove for heat transfer enhancement. The heat transfer with 

used Corrugated channel is widely investigated by the 

different researcher. 

Waleed Mohammed Abed et.al.Incorporated 

corrugated channel in the heat exchanger for high heat 

transfer efficiency and turbulent flow with low 

velocity.Vittori et.al. carried the work on laminar fully 

developed flow and heat transfer in a two dimensional wavy 

channel. In this the wall is used, which is heated at uniform 

heat flux, and compared with that of an opposite wall which 

was flat and adiabatic. The results concluded that pressure 

drop in wavy channel was maximum than that for straight 

ducts. Focke studied on heat transfer improvement with used 

inclined angle between grooved plate and overall flow 

direction. Blomerius et.al investigated for fluid flow and 

heat transfer in ribbed ducts and studied different parameters 

like Reynolds number (600-2000) from the numerical 

solutions of the Navier-Stokes equations.[14] 

Kundu et.al.carried out investigation on the two-

dimensional problem, numerical solution was obtained for 

different corrugation aspect ratios, plate spacing ratio, and 

flow rates.Paisarn N. studied V-corrugated channel upper 

and lower plates at constant heat flux, heat transfer 

characteristics and pressure drop as Corrugated plates with 

three different corrugated tile angles of 20°, 40° and 600 

were analyzed, the results shows that the corrugated surface 

improve heat transfer rate and pressure drop along with 

minimum friction factor. In this experiments the ranges of 

Reynolds number is of 2000– 9000. 

 
Fig. 3: Used Corrugated Surface Roughness 

S. Naga Sarada, et.al.carried the works for enhancement in 

heat transfer by using twisted tape.They have used a variety 

of inserts in circular channel, particularly when turbulent 

flow was considered. They have used coil wire inserts, brush 

inserts, mesh inserts, twisted tape inserts strip inserts etc. In 

order to enhance heat transfer in internal flow, tape is 

inserted in channel. Monheit et.al.carried out comparative 

investigation study of the thermal performance of ordinary 

full-width full-length twisted tapes with tapes having 

modified surface configurations. Fahed et.al. Studied the 

effect of tube-tape clearance on heat transfer under fully 

developed turbulent flow.Dasmahapatra et.al.carried the 

works on the augmentation of heat transfer to viscous non- 

Newtonian fluids in laminar flow using full width broken up 

twisted tapes under the uniform wall temperature condition. 

Manglik et.al. Carried out the research works on the twisted 

tape inserts with different twist ratios, y=3.0, 4.5, and 6.0; of 

0.483 mm in the water and ethylene glycol solution. The 

research shows that the heat transfer enhancement in a tube 

with twisted tape in the Reynolds number ranging from 

5000 to 25000. [15] 

 
Fig. 4: Used Twisted Tapes 

Sr. 

No. 
Authors 

Enhancement 

Techniques 

Ranges of 

Reynolds 

Number 

Results 

1 Yu Rao et.al 

Spherical, teardrop, 

elliptical, and inclined 

elliptical types Dimples 

 

8500–60,000 

The heat transfer in a circular duct, which are 

greater than the spherical dimples by about 

18.0% and by 35– 15%. 

2 
Hyun Sik Yoon 

et.al. 
Tear-drop dimple 2800 

The overall performance was assessed using 

volume goodness factors. 

3 Yonghui Xie et.al. 
Hemispherical 

dimple/protrusion 
7000 to 9000 

The teardrop dimple/protrusion shows good 

performance for lower Reynolds number. 

4 Chaoyi Wan et.al Pin Fin-Dimple 8200–50,500 Heat transfer performance by up to 19.0%. 

5 C. Bi et.al. 
Dimples and cylindrical 

grooves 
2700-6100 

The performance is improves by 15-

18%. 
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6 
Farhad Sangtarash 

et.al. 

Dimples and perforated 

dimpled louver fin 

800, 1000, and 

1200 

The results shows improvement in the heat 

transfer is by 7%, 8.2%, and 9.9%. 

7 Yan Feng et.al. Dimples of different shapes 8500-60000 

The teardrop dimples show the highest heat 

transfer, which is about 18% higher than the 

conventional spherical dimples. 

8 
Hamidou 

BENZENINE et.al. 

Transversal Waved Baffles 

(plane and corrugated) 

Low Reynolds 

number 

This study showed that the undulation of the 

baffles induced with an improvement on the 

skin friction of about 9.91 % in the case. 

9 
Dr.Jayachandriah 

et.al. 
Helical Baffle 90000-120000 

The baffle heat exchanger has far better Over 

transfer coefficient than the segmental Heat 

Exchanger. 

10 
S. Naga Sarada 

et.al. 
Twisted Tape 6000 -13500 

The enhancement of heat transfer with twisted 

tape inserts as compared to plain tube varied 

from 36 to 48% . 

11 
Pradip Ramdas 

Bodade et.al. 

Circular Tube with Internal 

Threads 
17,000 -30,000 

The result shows that the heat transfer rate is 

increases as the Reynolds number increases. 

12 S.C.Lau et.al. V-shaped rib arrays 16,000-30000 

Examines turbulent heat transfer and friction 

characteristics of fully developed flow of air in 

a square channel. 

 

13 

Arkan K. AL-Taie 

et.al. 

Square 

Duct With Internal Rib 
34267 

Using ribs enhances heat transfer rate more 

than the smooth duct. 

14 
 

R. Saim 

 

waved fins 
15000 

The heat transfer rate is improved by using the 

waved fins. 

14 B. K. P, Ary inclined baffles 23000 
The enhancement is found by experimental 

study with used baffles plate. 

15 Somin Shin Holes 20000-50000 
Results show that the shape of hole improves 

thermal performance 

16 Mehdi Bahirae 
helical baffles 

 
16000-30000 

Heat transfer and pressure drop increase by 

increasing baffle overlapping. 

17 Rajendra Karawa 
Rectangular duct with 

perforated baffles 
2850 – 11500 

Performance comparison with the smooth duct 

at equal pumping power shows that the baffles 

with the highest open area ratio give the best 

performance. 

18 Sombat Tamna V-baffle 4000 - 21,000 

To shed light of heat transfer mechanism, a 

numerical work is also conducted to 

investigate heat transfer. 

Table 1: Comparison of different surfaces with different Reynolds numbers

V. CONCLUSION 

Various ways of enhancing the heat transfer rate are 

reviewed. In this paper, the effort has been made to review 

the work carried out by the researchers on the various heat 

transfer surfaces. It is observed that, better performance is 

obtained on the dimple surfaces 

 With use of dimple surfaces, the thermal 

performances increase with minimum friction factor. 

 Passive techniques with dimple surface produce more 

heat transfer rate as compared to smooth surface. 

 The performances of different thermal devices with 

references to dimensionless number like Reynolds 

number, nusselt number were studied and discuss. 
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