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ABSTRACT 

 

ARTICLE INFO 

 Heat exchanger may be defined as equipment which transfers the energy from a hot 

fluid to a cold fluid, with maximum rate and minimum investment and running cost. 

Heat exchangers are mostly used devices in many areas of the industries such as 

material processing, food preparation refrigerators, radiators for space vehicles, 

automobiles and air conditioning etc A lot of methods are proposed to increase the 

thermal performance of heat transfer devices such as treated surfaces, rough surfaces, 

swirling flow devices, coiled tubes, and surface tension devices. For example, dimple, on 

surfaces results in breaking of thermal boundary layer which results in heat transfer 

enhancement. In this work augmented surface are achieved by placing circular dimples 

along the tube. The main objective of work is to perform thermal analysis of tube in 

tube heat exchanger using dimpled tube and validate the results obtained from the 

experimentation work. The working fluids used is water on both sides of the two 

concentric pipes. The ranges of temperature covered are between 28°C to 61°C and 

mass flow rates of 200Lph on the cold side is kept constant. The change in temperature 

is obtained by changing the mass flow range by 100 on hot side of the exchanger. 

Parameters to be used are, dimple diameter(d) of 3mm, dimple depth(e) 0.5mm and 

pitch (p) of 15, 20 mm, 25mm. The experimental results reveal that heat transfer 

coefficient is greater in dimpled tubes as compared to smooth tubes 
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exchanger 
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I. INTRODUCTION 

 Heat exchanger may be defined as equipment which 

transfers the energy from a hot fluid to a cold fluid, with 

maximum rate and minimum investment and running cost 

Heat exchangers are mostly used devices in many areas of 

the industries such as material processing, food preparation 

refrigerators, radiators for space vehicles, automobiles and 

air conditioning etc Heat exchangers have several industrial 

and engineering applications. The design procedure of heat 

exchangers is quite complicated, as it needs exact analysis 

of heat transfer rate and pressure drop estimations apart 

from issues such as long-term performance and the 

economic aspect of the equipment. The major challenge in 

designing of heat exchanger is to make the equipment 

compact and achieve a high heat transfer rate using 

minimum pumping power. Techniques for heat transfer 

augmentation are relevant to several engineering 

applications. In recent years, the high cost of energy and 

material has resulted in an increased effort aimed at 

producing more efficient heat exchange equipment. When 

designing cooling systems for automobiles and spacecraft, it 

is imperative that the heat exchangers are especially 

compact and lightweight. Also enhancement devices are 

necessary for the high heat duty exchangers found in power 

plants. These applications as well as numerous others have 

led to the development of various enhanced heat transfer 

surfaces. 
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In general, enhanced heat transfer surfaces can be used 

for these purposes:(1) to make heat exchangers more 

compact in order to reduce their overall volume, and 

possibly their cost,(2) to reduce the pumping power required 

for a given heat transfer process or (3) to increase the 

overall UA value of the heat exchanger. A higher UA value 

can be exploited in either two ways: (1) to obtain an 

increased heat exchange rate for fixed fluid inlet 

temperatures, or (2) to reduce the mean temperature 

difference for the heat exchange, this increases the 

thermodynamic process efficiency which can result in a 

saving of operating costs  

Furthermore, as a heat exchanger becomes older, the 

resistance to heat transfer increases owing to fouling or 

scaling. These problems are more common for heat 

exchangers used in marine applications and in chemical 

industries. In some specific applications, such as heat 

exchangers dealing with fluids of low thermal conductivity 

(gases and oils) and desalination plants, there is a need to 

increase the heat transfer rate. The heat transfer rate can be 

improved by introducing a disturbance in the fluid flow but 

in the process pumping power may increase significantly 

and ultimately the pumping cost becomes high. 

Use of dimples on the surface can significantly intensify 

the heat transfer enhancement. Introducing the dimples on 

the surface not only increase the surface area available for 

heat transfer but also reduces the hydrodynamic resistance 

for the fluid flow over the surface. The vortices formed 

inside the dimples results in thinning and to disturb the 

thermal boundary layer formed over the surface during 

coolant flow and serve ultimately to bring about 

enhancement of heat transfer between the fluid and its 

neighbouring surface at the price of less increase in pressure. 

In this study, the effects of pitch on the heat transfer 

coefficient in the fully developed turbulent flow of dimpled 

tubes are examined. The Reynolds numbers are ranged from 

6600 to 33450 with hot/coldwater as working fluid. The 

experimental results of the heat transfer enhancement are 

presented in the subsequent section. 

II. HEAT TRANSFER AUGMENTATION TECHNIQUE 

 

The heat transfer augmentation techniques [11] are 

generally classified in three broad categories: 

 

A. Active Method 

This method involves some external power input for the 

enhancement of heat transfer and has not shown much 

potential owing to complexity in design. Some Examples of 

Active Method are Surface Vibration, Fluid Vibration, and 

Electrostatic Fields. 

 

B. Passive Method 

This method does not need any external power input, the 

additional power needed to enhance the heat transfer is 

taken from the available power in the system, which 

ultimately leads to a fluid pressure drop. The heat exchanger 

industry has been striving for improved thermal contact 

(enhanced heat transfer coefficient) and reduced pumping 

power in order to improve the thermohydraulic efficiency of 

heat exchangers. Some Examples of Passive Method are 

using Treated Surfaces, Rough Surfaces, Extended Surfaces, 

Coiled tubes. 

C. Compound Method 

If two or more techniques can be utilized simultaneously to 

produce an enhancement larger than that produced by only 

one Technique than it can be said as Compound Method. A 

compound method is a hybrid method in which both active 

and passive methods are used in combination. The 

compound method involves complex design and hence has 

limited applications. 

III. EXPERIMENTAL SETUP 

The experimental work was conducted to look at the 

influence of a dimpled tube for heat transfer enhancement in 

a concentric tube heat exchanger. Three dimpled tubes of 

different pitch ratios were used for comparison with 

standard plain tube. The schematic diagram of the tube in 

tube exchanger and dimple tube is shown in Fig.1 and Fig. 

2 .The dimple surfaces were arranged in inline arrangement 

with angle of 90° between the dimples and pitch ratios (p/D) 

of 0.6, 0.8, and 1.0. The dimple diameter (d) and dimple 

depth (e) were kept a constant value of 3mm and 0.5mm 

respectively. The dimpled tubes were made of aluminium 

with length of 1400mm and tube diameter(D) 25mm 

installed in tube in tube exchanger as an inner tube using hot 

water as working fluid. 

 

 
Fig.1: Schematic arrangement of Experimental Setup 

 

 
Fig 2: Dimple tube with pitch ratio of 0.8 

 

IV. DATA DEDUCTION 

 The hot water flows through inner tube and cold water 

flows through outer tube in a counter flow double pipe heat 

exchanger. The hot and cold water inlet and outlet 

temperatures are taken for various hot side flow rates (200-

1000lph) and constant cold flow rate (200lph). The readings 

were taken for plain tube as well as dimpled tube. The 

parameters includes inner tube convective heat transfer 

coefficient, mass flow rate, velocity, Reynolds number, bulk 

hot water temperature, average heat transfer rate. Depending 

upon the various results collected from the above 

parameters various plots are drawn for turbulent flow upto 
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33450 Reynolds number. All the thermo-physical properties 

are calculated as mean bulk temperatures 

  

The heat transfer rate for cold water in the test section, 

Q
c
 can be expressed as 

 

Q
c = mc Cpc (Tco-Tci)                                    (1) 

 

Where, mc is the flow rate of cold water, Cpc is the specific 

heat of water; Tco and Tci are outlet and inlet cold water 

temperatures respectively. 

 The heat transfer rate for hot water in the test section, Q
h
 

can be expressed as 

 

Q
h = mh Cph (Tho-Thi)            (2) 

 

Where, mh is the flow rate of hot water, Cph is the 

specific heat of water; Tho and Thi are outlet and inlet hot 

water temperatures respectively. 

 

Since, there are some heat losses on the outer surface of the 

test section. The average heat transfer rate (Qave) is 

calculated. 

 

Qave=Qc+Qh/2                          

 

The experimental Nusselt number can be calculated from 

the equation given as below, 

  

Nu = hi Di /k                

(3) 

 

The theoretical Nusselt Number is calculated from 

Dittus Boelter correlation [9] 

 

Nu=0.023 Re
0.8

Pr
n    

        

(4) 

Where n= 0.3 for cooling of fluids 

           n= 0.4 for heating of fluids 

For fluid flows in a concentric tube heat exchanger, the 

heat transfer coefficient (hi) is calculated from 

 

Qave = U Ai ΔTLMTD            

(5) 

 

Where 

Ai = π Di L 

 

The tube side heat transfer coefficient is then determined 

(by neglecting of the thermal resistance in the aluminium 

tube wall) using 

 

1/U=1/hi+1/ho               

(6) 

 

Where the annulus side heat transfer coefficient (ho) is 

estimated by using the correlation of Dittus-Boelter; 

 

Nuo =ho Dh/ k= 0.023 Re
0.8

Pr
0.3

            

(7) 

 

Then, 

 

ho =k/ Dh . Nuo 

 

Where 

   

   Dh = Do −Di 

 

The dimpled tubes of different pitch ratios are validated 

by following correlation [7] 

 

 Nu = 0.04Re
0.76 

(p/D)
-0.59

 Pr
0.3           

                    (8) 
                       

 

 

V.RESULT & DISCUSSION 

 

In this section, the following results are, respectively    

presented, the validation of plain tube, validation of dimple 

tube, and effect of pitch ratio. 

 

A. Validation of Smooth tube 

 

Prior to the testing the dimple tube, the Nusselt number in 

a plain tube were measured. The experimental results were 

calculated, and then compared with the results given by the 

well known correlations under the similar condition, in 

order to evaluate the validation of the plain tube. The 

comparison is shown in figure 3. The experimental results 

were found to be in agreement with Dittus- Boelter 

correlation. It is noted that Nusselt number differs upto to 

18%. 

 

 
Fig 3: Smooth Tube Validation 

 

 

B. Validation of dimpled tube 

 

The experimental set up with dimpled tubes with 

different pitch ratio(0.6,0.8,1.0) is validated with the 

following correlation(8) which is found to predict the 

experimental Nusselt number fairly as depicted in Figure 

4.(a),(b),(c) 

 

 
Fig 4(a): Dimple tube pitch ratio of 0.6 
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Fig 4(b): Dimple tube pitch ratio of 0.8 

 

 
Fig 4(c): Dimple tube pitch ratio of 1.0 

 

C. Comparison of Heat transfer coefficient of Smooth 

tube and Dimpled tubes 

 

 
Fig 5: Heat Transfer coefficient vs. Reynolds number 

 

From the above figures we can also conclude that with 

increase in pitch ratio the value of Nusselt number decreases 

or vice versa. This is a because of the higher flow mixing 

effect for the dimpled tube with the lower pitch ratio, 

leading to greater turbulence intensity. The heat transfer rate 

is also increasing with decreasing pitch ratio 

 

VI.CONCLUSION 

 

 An experimental study of fully developed turbulent flow 

in a dimpled tube has been performed. The influences of the 

pitch ratio and twist ratio on the heat transfer rate have also 

been investigated. Depending on the pitch ratio the heat 

transfer rate has been increased 
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