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ABSTRACT 
In this study, the hydrothermal water flow characteristics using a dimpled inner tube heat exchanger are investigated experimentally and numerically. 
A numerical analysis has performed on two types of dimpled tubes (In-lined and staggered distributions) for two distribution angles 60o and 90o,  and 
two dimple diameters (4 mm and 6 mm) with constant pitch ratio (X/d=8). In experimental part, a staggered arrangement dimpled inner tube distribution 
with angle 60o, dimple diameter of  6 mm and constant pitch ratio (X/d=8)is used as well as plain tube. The results illustrate that the heat transfer as 
Nusselt number for case of staggered dimpled inner tube improved between 7.55 and 11.2 times than plain tube. The numerical results demonstrate 
that staggered distribution of dimpled inner tube improve the Nusselt number nearly with 50% bigger than that the in-line distribution dimpled tube. 
The thermal performance factor (TPF) varied from 1.67 to 5.22 for tubes with in-line arrangement while from 4.91 to 8.633 for dimple tubes with a 
staggered arrangement.   

Keywords: Parametric study, dimple tube, in-line arrangement, staggered arrangement, hydrothermal Characteristics

1. INTRODUCTION 
Industrial activities that consume a large proportion of energy resources 
have captivated the consideration of many researchers. As a result, 
enhancing thermal efficiency has emerged as one of the most pressing 
issues (Promvonge 2008; Bergles 2002; Datt et al. 2019; Ali et al. 2022 ). 
Traditional heat exchangers with smooth tubes have a low and inefficient 
thermal performance, making them unsuitable for reducing energy use 
and increasing economic gains. Fins, twisting taps, ribs, and dimples are 
only some of the heat transfer enhancement methods that have been 
carefully examined over the past few decades. Many industrial 
applications of dimpled tube like, heat exchangers, cooling systems, solar 
collectors (Solanki and Kumar 2018; Xie et al. 2014). 

Over the past decade, numerous researchers have studied dimpled 
tube for enhancing heat transfer rate. Fan and Yin (2008) studied the 
impact of different geometrical parameters of protrusions on heat transfer 
and pressure drop on an evaporator with a dimpled jacket. The usual k–
e model was used to forecast turbulent flow. Protrusion spacing was 
found to have a significant impact on heat transmission. It has also been 
found that the staggered layout provides higher thermal-hydraulic 
performance than the in-line arrangement. Shafaee et al. (2016) 
conducted a series of experiments using the dimpled tube to study heat 
transfer performance. There was a noticeable difference in the heat 
transmission performance between the interior and exterior of the drop-
down surface. Chen et al. (2001) examined the efficiency of dimpled 
tubes' heat transfer performance at various depths and dimples pitches. 
They found that when the Reynolds number remained constant, thermal 
efficiency increased from 1.25-2.37, but at constant flow rates, it 
increased from 1.15-1.84. Thianpong et al. (2009) carried out 
experiments work on the dimpled tubes with twisted tape at different 
Reynolds numbers by using water as a working fluid. The results 
demonstrated that heat transfer performance is significantly impacted by 
the pitch ratio and twist ratio. Wang et al. (2009) investigated different 
arrangements of dimpled (in-lined and staggered arrays). Hot water 
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surrounded the tube's exterior, while cold air ran along the tube's inside. 
They observed that the staggered design offered more improvement than 
the aligned arrays. Wang et al. (2010) experimentally studied the 
dimpled with two shapes, the spherical dimpled tube, and the ellipsoidal 
dimpled tube. They observed that the ellipsoidal dimpled tube enhanced 
more effectively than the spherical dimpled tube. Kumar et al. (2016) 
experimented with the protruding tube, which worked well. According 
to the results, Protruded surface tubes significantly improved heat 
transfer and friction. Aroonrat et al. (2017) experimentally investigated 
condensation heat transfer and pressure drop characteristics of R-134a 
flowing inside horizontal smooth and dimpled tubes. It is noticed that a 
tube with dimples produces a higher heat transfer coefficient and 
frictional pressure drop than a tube with a smooth tube. Li et al. (2016) 
conducted experiments using a double tube heat exchanger and dimpled 
tubes. They discovered a heat transfer increase that was two hundred 
percent higher than that of a smooth tube. Liang et al. [14] studied the 
heat transfer mechanism for the elliptical protruded tube quantitatively. 
The discussion was held regarding the impact of protrusion 
configuration, depth, pitch, number, axis ratio, and angle on thermal-
hydraulic performance. They reported that the protrusion volume 
significantly affects thermal-hydraulic performance. Liang et al. (2019) 
and Xie et al. (2018a) performed the extrusion of a conventional smooth 
tube to create ETDP-enhanced tubes with dimples and protrusions. As a 
result of superior flow mixing, interrupted boundary layers, periodic jet 
flows, and swirl flows created by dimples and protrusions, they found 
that the ETDP outperformed the smooth tube in terms of increased heat 
transfer rate. Xie et al.  (2018b) performed a numerical analysis of the 
improved tube with cross ellipsoidal dimples. According to these 
researchers, the transverse and longitudinal dimples showed that heat 
transport was significantly improved. Xie et al. (2019) studied a new 
model of enhanced tubes with teardrop dimples ETTD  compared with 
(spherical and elliptical dimples). They found that the teardrop dimples 
significantly increase the heat transfer compared with (spherical 
/elliptical)dimple tubes. Li et al. (2016) conducted simulation and 
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experimental studies on the improved tube with dimples. The results 
show  that the dimples on the tube surface have a high heat transfer 
capacity. The staggered arrays' heat exchange properties outperformed 
the in-line dimples arrays on a technical level. Regarding total heat 
exchange performance, geometric parameters such as pitch, depth, 
dimple shape, and stars have a much more significant impact than the 
dimple diameter. Zheng et al. (2015) performed a numerical 
investigation of smooth tubes with discrete double inclined ribs. When 
the inclined ribs were examined, they were found to have the ability to 
create multiple vortices, with a PEC value ranging from 1.3 to 2.3. 
Vignesh et al. (2017) performed an experimental and numerical study of 
a water-based concentric tube heat exchanger with plain and spherical 
dimpled tubes operating at various mass flow rates. The results show that 
the dimples on the tube surface have the most acceptable heat transfer 
improvement. Jalghaf and Hatem (2017) looked at how a dimpled tube 
affected heat transfer coefficient and pressure drop in the tube for a 
Reynolds number range of (4000-16000) with air-fluid. There is an 
increase in heat transmission of 1.584 - 2 times when comparing the 
results of the Nusselt number comparison between the smooth tube and 
the present slot dimples tube. 
     The purpose of this research is to look at the effectiveness of 
employing a dimpled inner tube of heat exchanger on the thermal  
performance using two arrangements of dimpled tubes namely, in-line 
and staggered, two distribution angles 60o and 90o,  and two dimple 
diameters of 4 mm and 6 mm for a wide range of Reynolds number from 
5,000 to 20,000 as well as to find the best design of inner dimpled tube. 

2. NUMERICAL PART 

2.1 Model Geometry and Boundary Conditions 
The design is the first step in any study. The formulation and innovation 
of a collection of ideas, as well as the selection of the finest solutions, are 
all part of the design. Following a thorough investigation, we arrived at 
the following dimensions: For the double pipe heat exchanger the pipe's 
outside internal diameter (72mm), external diameter (76mm), and length 
(L= 1200 mm) are made from stainless steel. for the inner pipe (dimples 
tube) made from copper with internal diameter (26.2 mm), external 
diameter (28 mm), and length (L= 1350 mm), two types of dimpled tubes 
(In-lined and staggered dimpled arrays) with two an angle of 60 and 90. 
Also, the effect of diameter of dimples (4, 6)mm have been discussed 
constant pitch of X/d=8, analysed and then compared performance with 
the smooth tube. The model  geometry was design using SOLIDWORKS 
as seen in Figure 1. A set of boundary conditions were carefully defined 
to obtain meaningful solutions. Boundary conditions are described in 
each region on surfaces and are equivalent to experimental tests. These 
boundary conditions include: For inlet boundary conditions, the inlet 
water temperature of 60 C for hot water and 27 C for cold water. Four  
Reynolds number values of  (5000, 10,000, 15,000, and 20,000), and the 
pressure at the outlet is zero. For outlet boundary condition the pressure 
of the water at the outlet of the tube is the same as the atmospheric 
pressure. 

 
Fig. 1 Section view of the model geometry. 

2.2 Numerical Solution 
In ANSYS-Fluent software, mesh generation is one of the most essential 
phases of simulation. Mesh quality has a significant impact on the 
accuracy of the findings; if the mesh quality is high, the results will be 
accurate, whereas if the mesh quality is low, the results will be 
unsatisfactory. The Hexahedra mesh approach was utilized in this 
example, with the final mesh consisting of (2,489,956) elements, as seen 
in Figure 2. 

 
(a) 

 

 
(b) 

 

 
(c) 

 
Fig. 2 Mesh generation (a) general models; (b) dimples tube with 
stagger  arrangement; (c) dimples tube with in-line  arrangement. 
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     In order to find the hydrothermal properties of the water flow through 
a dimpled tube heat exchanger, the following assumptions have been 
used for the present study: 
Steady-state condition, incompressible fully developed flow, turbulent 
flow, forced convection heat transfer, water properties are taken at bulk 
temperature, the material of the inner tube is homogeneous and isotropic, 
constant heat flux on the internal surface of the inner tube, the outer tube 
is assumed to be perfectly insulated finally, radiation heat transfer is 
negligible. Based on these assumptions, the fundamental governing 
equations of fluid dynamics—continuity, momentum, and energy—are 
the foundation of computational fluid dynamics. These are physics 
equations. Fluid mechanics is based on these three fundamental 
principles expressed mathematically in these three ways, and they serve 
as the foundation for all fluid dynamics (Bejan 2003; Davidson 2009): 
- Continuity equation 
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Where 𝜌 is fluid density, 𝑢 is velocity, 𝑝 is pressure, 𝜇 is dynamic 
viscosity, 𝜇& is turbulent viscosity, T temperature, 𝑃𝑟 is the Prandtl 
number. The water fluid is the turbulent flow and incompressible fluid 
on the operating condition of fluid properties. 
Equation for turbulence kinetic energy k equation and 

Specific dissipation rate 𝜀: 
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where Γ can be expressed as follows:  
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The realizable k-𝜀 turbulence model was adopted in this study which have been 
validated in our previous works (Liang et al. 2019; Xie et al. 2018a). 

 

3. EXPERIMENTAL PART 

3.1 Experimental Setup 
An experimental rig was designed and fabricated to cover the tests under 
the impact of a dimpled tube for heat transfer improvement and pressure 
drop in a shell and heat exchanger tube. The following components form 
the experimental test rig's central part: the external pipe's internal 
diameter (72mm), external diameter (76mm), and length (l= 1200 mm) 
are made from stainless steel, while the inner pipe (dimples tube) made 
from copper with internal diameter (26.2 mm), external diameter (28 
mm), and length (l= 1350 mm) where hot water flows within the dimple 
tube with temperature of 60 C° and cold water flows through the exterior 
pipe with temperature of 27 C°. A schematic heat exchanger system of 
shell and tube utilized in the experiment is seen in Figure 3, and the 
experimental set-up of heat exchanger system is seen in Figure 4. 
Specific details of the test tube's design are described in table 1. The 
dimpled tube is designed in a staggered array with pitch ratio x/d=8, with 
an angle of 60 at 6 mm diameter, as seen in Figure 5; a CNC machine 
manufactured the tube in the centre of training and workshops at the 
University of Technology. Also, for the flow measurement, two 
rotameters (acrylic, 2-18 lpm) for hot water and (acrylic, 0 -35 lpm) for 
cold water are utilized for inner and outer tubes for enhanced over-
discharge control. Two pumps (centrifugal self-primed pump, 3-35 lpm, 

closed impeller) to feed geyser and (centrifugal self-primed pump, 3-35 
lpm, closed impeller) are utilized to create the flow of hot water, while 
another one pump is needed to create the flow of cold water. Four digital 
thermometers at each inlet and outlet of each tube have a digital 
thermometer (C100fk07-m*an, range 0 ºC to 1300ºC) attached to it for 
monitoring temperature. These thermometers are connected to the 
temperature indicator. Water manometers of range (10 -1000 pa) were 
used to measure the pressure difference between hot water and the 
pressure drop through test tubes. 

Table 1 Specifications of dimpled tubes  

Dimpled 
arrangement 

Distribution 
Angle 

Diameter 
D (mm) 

Pitch 
ratio X/D 

 Dimples 
spacing X 

(mm) 
Inline 60o 6 8 48 
Staggered 60o and 90o 4 and 6 8 48 

 
Fig. 3 Schematic diagram of heat exchanger setup:  

1- Tank, 2-Pumps, 3-Gas Geyser, 4- Rotameter, 5- Digital 
Thermocouples, 6- four Manometers, 7- Test Section. 

 

 
Fig. 4 Experimental set-up of test rig 

3.2 Experimental procedure 
The experimental steps were described in this section for each test. The 
experiments were performed on smooth and staggered dimpled tubes 
with four  Reynolds number values of  (5000, 10,000, 15,000, and 
20,000). The procedures that have been executed during each test are as 
follows: 

§ Start the water supply. Adjust the water supply on the hot and 
cold sides. All connections are inspected to ensure that there is 
no water leakage. 
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§ Cold water is pumped from the cold water tank at 27 degrees 
to the outer tube 

§ Switch ‘ON’ the geyser. The temperature of the water will start 
rising to until being steady at 60o pumping into the inner copper 
tube with different mass flow rates 

• After temperatures become steady, note down the readings and 
fill up the observation table.  

• Recording the pressure difference between the entry and exit 
of the copper tube using a pressure gauge 

• Making practical calculations according to the recorded 
readings 

3.3 Data Analysis  
The averaged Nusselt number 𝑁𝑢# and  thermal performance factor 
(TPF) are determined based on the test tube's inner diameter. The amount 
of hot water heat, 𝑄8, can be calculated by: 
𝑄8 = 𝑚8̇ 𝐶𝑃8(𝑇8# − 𝑇89) ((6) 

Where 𝑚8̇  is the hot water mass flow rate; 𝑇8# and 𝑇89 are the inlet 
and outlet hot water temperatures 

𝐿𝑀𝑇𝐷 =
∆𝑇/ − ∆𝑇0
ln	(∆𝑇/ ∆𝑇0L )

 ((7) 

for the counter-current flow. 
∆𝑇/ =	𝑇8,# − 𝑇;,9	𝑎𝑛𝑑		∆𝑇0	𝑇8,9 − 𝑇;,# ((8) 

To find 𝑁𝑢# 

Nu= =
h=	D>
K  ((9) 

Based on the water's characteristics at the area's mean bulk fluid 
temperature, the fluid's local thermal conductivity (k) is computed. 
Where 

𝐷8 =
4𝐴;
𝑃  ((10) 

𝐷8= 𝑑# 
To find ℎ# 
𝑄8 =	𝑈#	𝐴#	𝐿𝑀𝑇𝐷 (11) 

Where 𝑈# Inside overall heat transfer coefficient 
	𝐴#= 𝜋	𝑑#𝐿 ((12) 

Where 𝑑#	inside diameter of dimple tube 
The 𝑈# is determined (by neglecting of the thermal resistance in the 

copper tube wall) using 

𝑈# =
1

1 ℎ#⁄ 																																										 ∴ 	 ℎ# = 𝑈# ((13) 

Efficacy of heat transfer enhancement methods can be evaluated 
using the (TPF), a ratio of changes in heat transfer rate to change in 
friction factor. 
𝑇𝑃𝐹

=	
𝑁𝑢 𝑁𝑢°⁄

(𝑓 𝑓°⁄ )
/
@
																																																																																		(14) ( 

Where 𝑓° from correlation Petukhov 
𝑓° = (0.790	𝐼𝑛	𝑅𝑒A − 1.64)B0 ((15) 

and 𝑓 
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2∆𝑃8𝑑#
𝜌	𝐿	𝑢0  ((16) 
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�̇�
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3.4 Grid Independency 
In order to choose a suitable grid accuracy, a grid independence analysis 
is first achieved, then increasing the mesh's accuracy and recording the 
results, and continuing to increase the mesh's accuracy until the value of 
the results remains constant, with the accuracy of the mesh in which the 
value of the results remains constant being used in the solutions. This test 
was conducted for three configurations of dimples tubes (smooth tube, 
dimples tube with d= 6 line 60, stagger 60 at Reynolds number (5,000 ). 
According to Figure 5, the average nusselt number remains constant 
(2,489,956) elements, so this number of cells will be used to solve 
problems. 

 
Fig. 5 Average Nusselt number versus number of the finite volume 

cells for three different types of tubes 

4. VALIDATION OF NUMERICAL WORK  
Validation work is carried out next to verify the current numerical 
simulation and compare it with the numerical and experimental 
performed by thianpong et al. (2009). Figure 6 show  deviation of  nusselt 
number ranges from 24 to 45% for numerical result compared with the 
numerical result by thianpong et al. (2009). This deviation was caused by 
assuming the constant of fluid properties. The excellent agreement 
between simulation and experimental results confirms the validity of the 
physical model used in this study. 
 

 
Fig. 6 Comparison simulation results of smooth tube for Nusselt 

number. 

5. RESULTS AND DISCUSSION  
This section discusses a number of factors, including the results of 
numerical research because of the distribution of the dimples into 
performance and a comparison of experimental and numerical results for 
the dimple tube. The dimpled tube's thermal performance factor (TPF) is 
presented. 
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5.1 Effect of Dimples Arrangement 
Numerical analysis is performed on two types of dimpled tubes (Inline 
and staggered dimpled arrays) with a pitch of X/d=8 at an angle of 60 
and a 6 mm diameter, as seen in Table 1.  
       Figure 7 demonstrates that the staggered array's heat transfer is 50% 
greater than the inline array's. This is because the staggered array's tubes 
have increased the turbulence's strength and created strong vortices. It is 
obvious that similarly to the conventional turbulent flow in a tube, the 
Nusselts number increase as the Reynolds number increases. A 
comparison of pressure drop value with several different Reynold 
numbers is illustrated in Figure 8. It is clear, that the value of pressure 
drop for staggered array tubes is higher than the value of inline array 
tubes and then higher than the smooth tubes. Figure 9 shows the 
numerical results thermal of (TPF)  for the dimpled tube array with 
staggered and inline arrangements. There is a significant increase in heat 
transfer area in the staggered arrangement of dimple tubes, which 
increases the thermal performance factor. Tubes arranged in a line had 
an enhancement ratio that ranged from 1.67 to 5.22, while dimple tubes 
in staggered arrangement had an enhancement ratio that ranged from 4.91 
to 8.633 for a range of Reynolds values (5000-20,000). All additional 
simulations in this inquiry were conducted using the staggered setup 
solely after these results were considered. 
     Figure 10(a) to (c) show the temperature contours for smooth and  
dimpled tube (in-lined and staggered). Dimples and regular surfaces are 
two types of heat transfer surfaces in the tube. The staggered tube has a 
faster heat transfer rate than the inline tube, and the dimpled portions of 
the tube appear to be where the most heat is transferred. The effect of 
flow and reattachment in these places of intense turbulence causes high 
heat  transfer on the surfaces of the dimples and the surface in the flow 
direction. Figure 11 (a) to (c) Display the pressure distribution along the 
smooth and dimpled tube (in-lined and staggered). As the water flows 
through the dimple tube, its pressure falls steadily from the tube's highest 
point to its lowest point. The staggered loses pressure more quickly than 
the inline, as observed. The boundary layer's development interruption 
and increased heat transfer turbulence are caused (Promvonge 2008 and 
Bergles 2002). 

 
Fig. 7 Effect of Dimples Arrangement. 

 
Fig. 8 Effect of Dimples Arrangement on pressure drop. 

 
Fig. 9 Thermal Performance Factor (TPF). 

 

 
(a) smooth tube 

 

 
(b) inline dimple tube 

 

 
( c) staggered dimple tube 

 
Fig. 10 Temperature contours of (smooth tube, inline dimple tube, and 

staggered dimple tube). 
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(a) smooth tube 

 

 
(b) inline dimple tube 

 

 
(c) staggered dimple tube 

 
Fig. 11 pressure contours of (smooth tube, inline dimple tube, staggered 

dimple tube). 

5.2 Effects of the Angle Distribution 

In figurers12 and 13, the temperature and pressure are shown at different 
dimpled angles. Additionally, when the dimpled angle decreases, so does 
the temperature. Increasing the number of dimples on a surface increases 
the flow impingement and reattachment rate, which improves heat 
transmission. This phenomenon is primarily owing to this increased rate 
of flow. Nusselt number and pressure drop are shown in Figure 13 at 
various angles. The 60° angle provides the best heat transfer 
performance, followed by the 90° angle. Figure 13c presents the PTF for 
two angles. Dimpled tubes at 60° had better performance than those at 
90°; however, this advantage diminishes as Re increases beyond 10,000. 
That happens because the thermal-hydraulic performance dominates the 
heat transfer enhancement. 

 
(a) 

 
(b) 

Fig. 12 Effect of a dimpled angles on temperature distribution at D=6, 
P=8, and Re= 5,000 (a) angle= 60°, (b) angles= 90º. 

 

 
(a) 

 
(b) 

Fig. 13 Effect of a dimpled angles on pressure distribution at D=6, P=8, 
and Re= 5,000 (a) angle= 60°,(b) angles= 90º. 
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(a) 

 
(b) 

 
(c) 

Fig. 14 Effect of a different dimpled angles on (a) Nusselt number, (b) 
pressure drop, and (c) TPF. 

5.3 Effect of Dimples Diameter 

Figures 15 and 16 depict  two different dimple diameters. The pressure 
and temperature rise significantly with the diameter of the dimples. Fig. 
17(a) shows Nusselt numbers for various dimple diameters on average. 
The Nusselt number grows as the Reynolds number increases. D = 6 mm 
yields the most significant Nusselt number compared to D = 4 mm. This 
is due to the increased turbulence strength caused by the dimpled tube's 
enormous diameter creating many vortices. Fig. 17(c) shows the TPF. On 
the other hand, a PTF of 6mm is more significant than a PTF of 4mm, as 
can be seen in the image, where the TPF increases as the diameter of the 
dimples decreases. 

 
(a) 

 

 
(b) 

 
Fig. 15 Effect of a dimpled diameter on temperature distribution at 

staggered, angle= 60°, and Re= 5,000 (a) D=6, (b) D=4. 
 

 
(a) 

 

 
(b) 

 
Fig. 16 Effect of a dimpled diameter on pressure distribution at 

staggered, angle= 60°, and Re= 5,000, (a) D=6, (b) D=4. 
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(a) 

 
(b) 

 
(c) 

Fig. 17 Effect of a different dimpled diameter ratio on (a) Nusselt 
number, (b) pressure drop, and (c) TPF. 

5.4 Compression Between Dimpled and Plain Tubes 

Figure 18 shows Experimental outcomes of (Nu) characteristics in 
dimpled tubes. The results indicate that the Nusselt number increased 
with the Reynolds number for conventional turbulent tube flow. The 
Nusselt number of a dimpled tube is 7.55 to 11.2 times higher than that 
of a regular tube, based on the Reynolds number (Re). This type of 
turbulent flow shows a more significant increase in the Nusselt number 
due to a greater decrease in the thickness of the boundary layer and an 
increase in heat transfer. The turbulence results from the difference in the 
flow and direction of the fluid, which may sometimes intersect or even 
move in the opposite direction, as these swirl flows begin to move the 
flow using the increased energy, which leads to an increase in heat 
transfer. Figure 19 illustrates the value of the pressure drop for a variety 
of various Reynold values. It is abundantly evident that the pressure drop 

value for dimpled tubes with staggered array tubes is significantly greater 
than the value of the smooth tubes. 

 
Fig. 18 Compression between plain and dimpled tube. 

 

 

Fig. 19 Compression between plain and dimpled tube. 

5.5 Comparisons of Experimental and Numerical Present 
Results 

Figure 20, 21and 22 demonstrate the comparison of heat transfer data for 
the dimpled tube with staggered layouts from numerical and 
experimental methods. The experimental and numerical results show 
good agreement. Good agreement can be seen between the experimental 
and numerical results, 7.5–10.6 percent greater for numerical for low and 
high Reynolds numbers, respectively. 

 
 

Fig. 20 Comparison of experimental with numerical results for inner 
staggered tube (60º) for Nusselt number. 
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Fig. 21 Comparison of experimental with numerical results for inner 

staggered tube (60º), (pressure drop). 
 

 
Fig. 22 Comparison of experimental with numerical results for inner 

staggered tube (60º), (friction factor).. 
 

5. CONCLUSIONS 

This paper numerically and experimentally investigates the heat 
performance and flow properties of  dimpled inner tube for double 
pipe heat exchanger, the main conclusion are summarized as 
follows : 

• Numerical analysis is performed on two types of dimpled 
tubes (Inlined and staggered dimpled arrays). It's observed 
that the Nusselt number of the staggered array higher than 
the inline array. 

• The dimpled tube staggered arrangement showed an 
enhancement about 50% than that an in-lined dimpled 
arrangement for double pipe heat exchanger. 

• The influence of two dimple dimensions D= 4,6 on the heat 
transfer process is investigated. Using D = 6 mm instead of 
D = 4 mm, more heat is transferred because the bigger 
diameter causes more flow and dissipation to be obstructed, 
and therefore more heat is dissipated. 

• The effect of dimpled angles, pitch, and diameter make a 
significant difference in heat and transfer characteristics. The 
staggered arrangement, angle with 60°, P = 8 mm, and D=8, 
shows the best result of Nusselt number drop pressure the 
maximum TPF performance 

• Nusselt numbers increase as Reynolds numbers increase due 
to increased turbulent flow degrades the flow path as the 

Reynolds number rises, leading to an increase in the Nusselt 
number, which results in a more turbulent flow. 

• Thermal performance factor in the dimple tube with 
staggered arrangement was higher than tube with line 
arrangement about  50 % 

• Good agreement is obtained between the experimental and 
the numerical results 
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