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ABSTRACT: The aim of this research is to implement a passive heat transfer improvement technique and to 

examine how thermal performance is impacted numerically. Specifically, the heat exchanger inner pipe will be 

improved by using different geometries and devices to enhance the heat transfer. Dimpled inner pipes of (inward 

and outward) geometries and inserts as corrugated tape were used. Reynold number ranging from 6000 to 15000 

are utilized for hot fluid (water) and for cold fluid (water). The hot fluid temperature was 50 oC, while cold fluid 

temperature was 25 oC. The runs including five models of heat exchangers such as plain pipe, two different 

direction of dimple pipe with constant pitch ratio of (0.95) and two different pitch ratio corrugated tape of (0.5 

and 1). ANSYS design modular and fluent R1-2019 were employed plain pipe and nine models were evaluated 

to show the effect of the dimple and corrugated and twisted tapes on heat transfer performance and pressure drop. 

The results showed that the increase of the average Nusselt number for inward staggered dimple pipe model with 

pitch ratio (x/do=0.95) was about 54.5% while the friction factor is about 136%, while increase of the average 

Nusselt number when using the corrugated tape with pitch ratio (x/w=0.5)=195.8 % and increase of friction factor 

was 14.62 time that of plain tube. The average Nusselt number of the mentioned model is 347.10 % for the 

corrugated tape models is higher than that of plain models with a friction factor of approximately 42 time that of 

plain pipe. 

KEYWORDS: Heat Exchanger, Inward Dimple, Outward Dimple, Corrugated Tape 

INTRODUCTION

The delivery of heat transfer rates for dimpled tubes are greater than the rates for plain tubes under similar 

conditions, due to increase surface area and create turbulence near the wall of the pipe which increase heat transfer. 

It was proven that more heat transfer and an earlier transition to high heat transfer could be done by dimple tube 

employment.  Vorayos, et al., [1]. Chen et al., [2] investigated coaxial-pipe heat exchanger using dimples as the 

heat transfer modification on the inner tube. The heat transfer improvement at constant Reynolds number ranged 

from 25% to 137%, and from 15% to 84% at constant pumping power. Wang, et al., [3] investigated dimpled 

tubes thermodynamic features with different arrangements. The tube has outward dimples, with inline and 

staggered configuration. Found that the dimpled tubes improved Nusselt number by 18.6∼22.7 %, while dimpled 

tubes friction factors increased by 18.6∼25.9 % for the inline arrangement and while for staggered arrangement 

the enhancement ranged from 14.3 to 29.8 %. Luki and Ganesan [4] used augmented surface with dimples located 

in a pattern along the concentric tube heat exchanger with increased area on tube side. The theoretical results show 

that the effectiveness increase by 8% compared to that of plain concentric tube heat exchanger by using dimpled 

tube in concentric tube heat exchanger gives better performance. Yasin and Ghanim [5] investigated heat transfer 

and pressure drop features of a multi dimpled tubes heat exchanger. different models of heat exchanger have been 

manufactured and examined. A heat exchanger was built to cover the experiments for the certain range of 

Reynolds number. ANSYS software is used in the numerical study, and turbulent model with a Shear Stress 

Transport (SST) to calculate heat transfer coefficient and pressure drop for three models of heat exchangers (plain, 

triangle dimpled and circular dimpled tubes). The outcomes show that Average Nusselt number and Pressure drop 

for the model of circular dimple tubes is greater than that for plain tubes while numerical outcomes show that 
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triangular dimples have better results than the others. Vignesh et al., [6] carried on CFD and experimental analysis 

of concentric tube heat exchanger by using plain and spherical dimpled tube at different mass flow rate with water 

as working fluid. The results show that the inside and outside overall heat transfer coefficient of concentric dimple 

tube heat exchanger was increases to 56% to 64% as compared with concentric plain tube heat exchanger. Jalghaf 

and Hatem [7] investigated experimentally and numerically the effect of internal radiate on the external tube on 

heat transfer coefficient and pressure drop in tube for range of Reynolds Number of (4000-16000). The results 

show that slot dimples tube enhance the heat transfer between 1.584 - 2 times the plain tube. The enhancement 

ratio is varied from (1.09 to 1.15) for range of the selected range of Reynolds numbers. Albanesi et al., [8] 

examined the influence of dimpling the tubes on 11mm ID tubes performance utilized in a submarine shell and 

tube heat exchanger numerically and experimentally with working fluid is water, over range of Reynolds numbers. 

The tube with 2mm deep single dimples arrangement, operating in the laminar flow regime, gives the maximum 

enhancements in heat transfer of 10.23% over smooth tube while pressure drop increase noted of 102.8% under 

similar flow conditions.  Sanjay and Arvind [9] numerically studied the heat transfer and friction factor in a double 

pipe heat exchanger counter flow arrangement using twisted tape with dimple inserts. The effects of twisted tapes 

with dimples insert of different dimple diameters. The Nusselt number was maximum for dimple diameter 5mm 

and it is 1.37 -1.46, 1.19 -1.24 and 1.10 -1.18 times higher than twisted tape without dimple, for twisted tape with 

dimple diameter 3mm and with 7mm respectively. Babu et al., 2020 [10] studied the heat transfer and fluid flow 

characteristics of concentric tube heat exchanger with dimpled tube. The Studies on heat transfer, friction factor 

and thermal performance of concentric tube heat exchanger using dimple tube. The results show that fluid particles 

were undergoing an oscillatory motion inside the pipes. Karamallah et al. [11] studied The flow and the 

enhancement of heat transfer characteristics of four fluid types in a double-pipe heat exchanger. The results show 

that the mixture of ethylene glycol and water has Nusselt number lower than that for the ethylene glycol alone. 

Aljabair et al. [12]  introduced a modern method to design and manufacture a solar thermal collector using 

parabolic dish collector with a cavity receiver-type by using a thermal heat exchanger radiator. The test proved 

this system can be used for many applications such as a boiler in a small steam power plant. Twisted tapes are one 

of the most important methods that can be used to increase the heat transfer in a heat exchanger. Researchers have 

studied the using on twisted tape as a passive technology to increase the heat transfer using different shapes and 

types of twisted tapes [13-16]. Moreover both nanofluid and twisted tape was used to rise the effectiveness of heat 

exchangers. It was found that the addition of nanofluid and twisted type were highly effective as well as using 

other passive technologies such as fins [17-21]. In the present study, the thermo-hydraulic characteristics of water 

flow through inner pipe of double pipe heat exchanger have been examined with different tabulators techniques. 

Different inward and outward dimpled inner tubes arrangement and corrugated tape inserts with different 

geometry inside the inner tube were presented. Numerical evaluation for all models evaluated have been carried 

out. 
NUMERICAL AND COMPUTATIONAL ANALYSIS 
The physical phenomena of the fluid flow are defined based on the conservation of momentum and mass 

equations. ANSYS Fluent 2019 R1 was used for flow simulation. The virtual model is prepared for CFD analysis 

and whatever the geometric parameters are for the actual model. 

Conservation Equations 

The general form of the mass conservation equation for the model that there is no mass source in the system is 

given by Hoffmann and Chiang [22]: 
Continuity equation: 

𝜕𝜌

𝜕𝑡
 +

𝜕𝜌𝑢 

𝜕𝑥
+

𝜕𝜌𝑣 

𝜕𝑦
+

𝜕𝜌𝑤

𝜕𝑧
 =  0                                            (1) 

Momentum equation: 

The momentum equation in fluid flow is written in the following three directions [23]:    

x- direction: 

𝑑𝑖𝑣(𝜌𝑢𝑢) = −
𝜕𝑝

𝜕𝑥
+ 𝑑𝑖𝑣(𝜇 𝑔𝑟𝑎𝑑 𝑢) + 𝑆𝑀𝑥                           (2) 

y- direction: 
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𝑑𝑖𝑣(𝜌𝑣𝑢) = −
𝜕𝑝

𝜕𝑦
+ 𝑑𝑖𝑣(𝜇 𝑔𝑟𝑎𝑑 𝑣) + 𝑆𝑀𝑦                          (3) 

z- direction: 

𝑑𝑖𝑣(𝜌𝑤𝑢) = −
𝜕𝑝

𝜕𝑧
+ 𝑑𝑖𝑣(𝜇 𝑔𝑟𝑎𝑑 𝑤) + 𝑆𝑀𝑧                         (4) 

Energy equation: 

𝑑𝑖𝑣(𝜌𝑖𝑢) = −𝑝 𝑑𝑖𝑣 𝑢 + 𝑑𝑖𝑣(𝑘 𝑔𝑟𝑎𝑑 𝑇) + 𝛷 + 𝑆𝑖             (5) 

Turbulence model: 

𝜌 (�̅�
𝜕𝑘

𝜕𝑥
+ �̅�

𝜕𝑘

𝜕𝑦
+ �̅�

𝜕𝑘

𝜕𝑧
) =  [(µ +

µ𝑡

𝜎𝑘
) (

𝜕2𝑘

𝜕𝑥2  +
𝜕2𝑘

𝜕𝑦2  +  
 𝜕2𝑘

𝜕𝑧2 )]  + 𝐺𝑘 − 𝜌𝜀                    (6) 

While, the equation of the dissipation rate of turbulence energy (𝜀) is Hoffmann and Chiang [23]: 

𝜌 (�̅�
𝜕𝜀

𝜕𝑥
+ �̅�

𝜕𝜀

𝜕𝑦
+ �̅�

𝜕𝜀

𝜕𝑧
) =  [(µ +

µ𝑡

𝜎𝜀
) (

𝜕2𝜀

𝜕𝑥2  +
𝜕2𝜀

𝜕𝑦2  +  
 𝜕2𝜀

𝜕𝑧2 )]  + 𝐶1𝜀
𝜀

𝑘
𝐺𝑘 − 𝐶2𝜀𝜌

𝜀2

𝑘
            (7) 

The model constants are 𝐶1𝜀 = 1.44, 𝐶2𝜀 = 1.92, 𝐶𝜇 = 0.09, 𝜎𝑘 = 1.0 and 𝜎𝜀 = 1.3. The equation of the 

turbulent viscosity (µt) represents the values of the turbulence kinetic energy (k) and the turbulence energy 

dissipation rate (ε) at each grid point which is Hoffmann and Chiang [23]: 

µ𝑡 =
(𝐶µ  𝜌 𝐾2)

𝜀
       (8) 

Geometry 

The present numerical molding consists of ten different configurations of inserts, dimple in addition to the plain 

tube. All numerical models were calculated and examined numerically and presented in the images of different 

results of the models. The general dimensions of the double pipe heat exchanger are listed in Table (1).  

Table 1. The dimensions of the present heat exchanger. 

pipe Side Symbol Value (mm) Material 

Inner pipe 
Inside diameter di 40 

Copper 
Out diameter do 42 

Outer pipe 
Inside diameter Di 69 

Galvanize 
Out diameter Do 75 

Length of pipe 

 
 L 1000  

Number of pipes  N 2  

 

The dimensions of each model (dimple, corrugated tape) are specified by symbols as shown in Figure (1), while 

Table (2 and 3) present the studied models in ANSYS Fluent. 
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Dimple inner pipe Corrogated insearted tape 

Figure 1. Dimensions description of the under investigated models. 

 

The numerical study was performed by using partial of the full models, to reduce the computational time and as 

well to be able to fulfill the full model criteria. This section covers plain, dimple tube, corrugated tape insert, and 

twisted tape insert. The full scale of the models is shown in Figure (2). 

 

Figure 2. The Heat Exchanger Models Under Study: (A) Plain Tube (B) Dimple Tube, (C) Corrugated Tape 

Insert, (D) Twisted Tape Insert. 

 

Table 2. The dimensions of the considered plane and dimpled inner pipe. 
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Models Geometry Dimensions  Configuration 

Model (1) 

Numerical  

Plain 

tube 

do (mm) 

 
42 

 
Total dimple 

number 

Diameter 

(d) 

( mm) 

Depth 

(dp) 

(mm) 

Pitch 

(x) 

(mm) 

 

Model 

(2) 

Dimple 

Staggere

d 

 

pipe 

245 15 3 40 

 

do (mm) dp/d (mm) 
d/do 

(mm) 

x/do 

(mm) 

42 0.2 0.35 0.95 

Model 

(3) 

Dimple 

in line 

pipe 

245 15 3 20 

 

42 0.2 0.35 0.47 

Model 

(4) 

. 

Dimple 

Staggere

d 

 

pipe 

245 15 3 40 

 

42 0.2 0.35 0.95 

Model 

(5) 

Dimple 

staggered 

pipe 

125 15 3 80 

 

42 0.2 0.35 1.90 

Model 

(6) 

Dimple 

staggered 

pipe 

245 15 2 40 

 

42 0.133 0.35 0.95 
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Table 3. The geometry and the dimensions of the considered corrugated and twisted tape insert in inner pipe. 

Models Geometry Dimensions Configuration 

  
Total 

corrugated 

number 

Height 

(h) 

(mm) 

Width 

(w) 

(mm) 

Pitch 

(x) 

(mm) 

 

 

Model (7) 
Corrugated tape 

insert 

50 10 40 20 

 

do (mm) 
h/w 

(mm) 

w/do 

(mm) 

x/w 

(mm) 

42 0.25 0.95 0.5 

Model (8) 

 

Corrugated tape 

insert 

25 10 40 40 

 

42 0.25 0.95 1 

Model (9) 
Corrugated tape 

insert 

50 5 40 20 

 

42 0.125 0.95 0.5 

Model(10) 

 
Twist tape insert 

25 40 40 40 

 

42 1 0.95 1 

 

Mesh Generation 

The following types of mesh were utilized in the present study: 

● For a surface mesh, a higher order triangular element with hanging nodes. 
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● For a 3D mesh, a higher order tetrahedral element with hanging nodes are employed. 

The significant advantage from using tetrahedral mesh is the elements to nodes ratio is about (1/5). In addition, 

the required memory for tetrahedral mesh is around 0.4 times the required memory for hexahedral mesh with the 

same number of elements. As a result, the tetrahedral mesh has around 2 times the required memory of the 

hexahedral mesh for the same number of nodes [24, 25]. Figure (3) show the meshing of studied models. 

 

  

  

 

Figure 3. The meshing of one of the studied models under study. 

Mesh Independence 

A mesh independency assessment done by varying elements number from 1.512 to 3.735 million. Five types of 

mesh density utilized to examine mesh independence as presented in Table (4) and Figure (4). The Maximum 

skewness gained is 0.8, which specifies that mesh has appropriate quality and would not affect solution stability. 

A 

B 

C 
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Table 4. Mesh Dependency Accuracy Results of Model (2). 

No Number 

of nodes 

Number 

of 

Element 

T(outlet-

hot) K 

Pressure 

drop 

(Pa) 
a 638297 1512571 322.09 11.2 

b 716828 1823461 320.5 9.4 

c 857142 2523874 319.1 8.6 

d 1122882 3214248 318.51 7 

e 1206060 3735174 318.4 6.92 

 

     

a) 638297 nodes                                                              b) 1206060 nodes 

Figure 4. Mesh Independence for model (2) 

As It can be seen from Figure (5a and b) that the best outcome obtained from the simulation when the total number 

of elements is 3214248, because any increasing in elements number will not affect the pressure and temperature. 

The CFD technique requires iterating the solution of the fluid flow equations till it is converged. The convergence 

criteria selected when the results stay the same within the same accuracy. Error residuals are the broadly used 

technique to check the solution convergence, when the residuals are under a set tolerance limit, which was 10-4 

for continuity and the velocity while 10-6 for energy.  

                                  

Figure 5. Variation of Temperature and pressure with Total Element Number for model (2) 

Defining the Boundary Conditions 

In ANSYS-FLUENT software, boundary conditions should be stated at each surface defined in the mesh 

generation process. Figure (6) present the boundary condition for under study models, where hot water inlet and 

outlet are set and same as for the cold water. Beside that the pipe wall considered as adiabatic.  
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Figure 6. Boundary condition of the present study 

RESULTS AND DISCUSSION 

The Numerical results are presented graphically. These results explain thermal characteristics and the flow field 

for different inlet water velocities in turbulent flow for models of double pipe heat exchangers under study. The 

numerical analysis of the system was performed using ANSYS-FLUENT 2019 R1. 

Results of The Plain Tube Inner Pipe 

Velocity vectors Profile for plain tube shown in Figure (7) present the stream velocity at 0.089 (Reynold number 

of 6276) model under numerical study. Figures (7) show 2D velocity vectors contours for fluid flow in plain tube. 

The obtained results for stream velocity that shown in Figure (7) the fluid velocity influenced near the tube wall 

and got the lower value, due to boundary layer growth at that region, while the maximum velocity appeared at the 

tube center line, because it will be far from the wall frication effect. Figures (8) show 2-D pressure distribution 

contour for fluid flow through plain tube. The Pressure contour presented in Figure (8). Figure (8 A) shows the 

pressure drop was at maximum near the wall region due to frication losses. Figure (8 B) present the distribution 

of pressure drops along the tube. The temperature contour for plain tube shown in Figure (9). The results for 

temperature distribution, as noticed the plain tube heat exchanger show a reduction in hot fluid temperature near 

the tube wall as shown in Figure (9 A). At the entrance of the tube the temperature was uniformed and after a 

short distance the temperature profile distribution began to develop, as shown in Figure (9B). 

      

Figure 7. 2-D Velocity Vector Contour of 3-D simulation at 0.089 (m/s) For Model One (Plain), (A): Vertical 

Section. (B): Horizontal Section 

 

A B 
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Figure 8. 2-D Pressure Contour of 3-D simulation at 0.089 (m/s) For Model One (Plain), (A): Vertical Section. 

(B): Horizontal Section 

      

Figure 9. 2-D Temperature Contour of 3-D simulation at 0.089 (m/s) 

For Model One (Plain), (A): Vertical Section. (B): Horizontal Section 

Dimpled inner pipe  

Dimple Arrangement Type Effect (In-line and Staggered) 

In-line and Staggered Dimpled inner pipes of heat exchangers were compared in terms of inner tube stream 

velocity of 0.089 m/s, numerically. Figure (10) presents velocity magnitude and streamline distribution for In-line 

and Staggered Dimpled pipe models and compared with the plain tube velocity. The minimum velocity happens 

at tube wall for selected models. it can be observed that minimum velocity happens at dimples center because the 

dimples increase the cross section of the flow. Furthermore, the velocity decreases at the front lips of the dimples 

facing the flow direction and the velocity increase gradually till leaving the dimples zone. This phenomenon is 

due to the fact that the flow zone expansion at the dimples location which make the velocity decrease, the tube 

cross section area returns to the original cross section area at the non-dimples zones which makes the velocity 

increase. Overall, because of the velocity periodic variation, the momentum exchange is enhanced, fluid flow 

mixing between near wall zone and main stream zone is improved, see Figure (10 B). Furthermore, dimples shape 

caused convergent effect and divergent effect, that induced flow fluid flushing on tube wall. This phenomenon 

outcome in broken up boundary layer, augmented turbulent strength and turbulent kinetic energy, which enhanced 

the performance of heat transfer. To visibly present recirculation flows which tempted by the dimples, see Figure 

(10 C), and (11 C). As predictable, the recirculation flows are typically found the dimples surface, as shown in 

Figure (10 B),  

A B 

A B 
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In a comparison between staggered and inline arrangements of dimples based on the presented results, it is shown 

that staggered arrangement provides efficient thermal performance than inline arrangement due to the size and 

intensity of vortices generated by staggered arranged dimple, which is enhance the turbulence and fluid mixing 

more than the inline arranged dimples. This will affect the temperature distribution, where for staggered 

arrangement the average enhancement in effectiveness about 8.83% than in-line arrangement, the average overall 

enhancement factor is 1.226 and 1.21for model 2 and model 3 respectively. 

 

     

 

 

 

Figure 10. Velocity vector Projection at 0.089 (m/s) for model Two. 

(A): Front view Contour, (B): Streamline Distribution Contour, (C):  Velocity vector Distribution Contour. 

The low-pressure area intense on dimples zone. This phenomenon is produced by the dimples expand the flow 

area. Furthermore, the frication factor is higher in staggered dimples configuration due to the flow in in-line 

configuration have identical pattern for the entire flow length, while for staggered configuration the flow pattern 

disturbed due to dimples arrangement.     

The dimples make the fluid separated, and induced flows around the dimples, these could reduce boundary layer 

thickness, enhance the fluid flow mixing, effective area for heat transfer and turbulent intensity, which will 

decrease the temperature difference when compared with the plain tube. The intensified vortices found in 

staggered configuration lead this pattern relatively high value when compared with in-line configuration. 

B A 

C 
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Figure 11. Velocity vector Projection at 0.089 (m/s) for model Three 

(A): Front view Contour, (B): Streamline Distribution Contour, (C) :  Velocity vector Distribution Contour 

Dimple Direction Effect 

The influence of dimple direction means that the dimples being inward and outward on the inner pipe surface. 

The velocity contours for inward dimples, Figure (12) reveal clearly that the high-speed mainstream water flow 

would shift downward slightly and creating strong downwash water flow, the dimples makes fluid separated, and 

made flows about the dimples. The velocity accelerates around the front lips of dimple and decreases at the dimple 

wake regions for inward dimple. The wake regions are the trials dimples effect. For outward dimples the velocity 

beginning to deaccelerate when the flow reaches the dimples regions and the velocity accelerate again when 

leaving the center of dimples, see Figure (10).While for temperature distribution affected by the vortices created 

by the present of dimples (inward and outward), when compared with plain tube, as shown in Figure (9) with 

maximum temperature of 49.568 oC. and for inward the maximum temperature of 49.267 oC and 49.263 oC. as 

shown in Figure (13 B).In a comparison between the present results for model 2 and model 4, it shows that outward 

dimples direction delivers better efficient thermal performance than inward direction, with an average 

enhancement in effectiveness for outward of 5.5% than inward dimples. The average overall enhancement factor 

is 1.226 and 1.19 for model 2 and model 4 respectively. 

A B 

C 
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Figure 12) Velocity vector Projection at 0.089 (m/s) for model (4) 

(A): Front view Contour, (B): Streamline Distribution Contour, (C):  Velocity vector Distribution Contour. 

 

 

Figure 13. Temperature Contour Projection at 0.089 (m/s) for model (4) 

(A): Front view Contour, (B): Side View Contour. 

Dimple Pitch Effect 

Figure (14) present the velocity contours for model 5, via increasing the pitch, fewer number of dimples cover 

improved tube surface, so it would decrease the number of induced vortexes along tube, causing lesser friction 

factor in a specific Re. The reason is high pressure-drop caused by vortexes formed at behind of dimples. By 

A 

B 

C 
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increasing pitch, lower number of dimples covers tube surface, so the regions where velocity and local heat 

transfer increases would decrease. Similarly, the fluid flow swirling along the tube decreases fairly. Overall, by 

increasing the pitch, friction factor decreases considerable. It could be seen dimpled tube with lower pitch has a 

greater pressure gradient along with it. Model two has an overall enhancement factor of 1.226 while model5 have 

1.156 with an enhancement in model two effectiveness of 44.85% when compared with model 5. 

                                                                                                                                                                                                                                                              

 

 

Figure 14. Velocity vector Projection at 0.089 (m/s) for model (5) 

(A): Front view Contour, (B): Streamline Distribution Contour, (C):  Velocity vector Distribution Contour 

Dimple Depth Effect  

After analyzing dimples arrangement fluid flow and heat transfer characteristics on a dimpled tube with the 

comparison of a smooth tube, now attention is turned to the tubes with different dimple geometry structures. It is 

useful to analyze the dominant dimple structures relevant to pressure drop and heat transfer in these tubes. dimple 

depth influence has been investigated by studying two different depths (2mm and 3mm).  

From Figure (15) it can be seen that from the contours the same trends of velocity distribution which at maximum 

near the center region and minimum near the wall region, when compared with the plain tube. The highest 

maximum velocity magnitudes are associated with deeper dimples dp=3mm, which means that stronger vortex 

structures are produced by deeper dimples, as seen in Figure (15). Which lead to greater mixing that increase the 

turbulent transport, that cause the temperature difference. The pressure associated with deeper dimples is less than 

model six. 

A B 

C 
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Figure 15. Velocity vector Projection at 0.089 (m/s) for model (6) 

(A): Front view Contour, (B): Streamline Distribution Contour, (C):  Velocity vector Distribution Contour. 

A comparison between plain tube and dimpled tubes were carried out to show the obtained results in thermo-

hydraulic performance of heat exchanger. Figure (16) present Nusselt number variation with Reynolds number at 

inlet hot water temperature of 50°C for five models of dimpled and plain tubes heat exchanger. The results show 

that there is good improvement in heat transfer at using dimpled tubes compared to plain tube heat exchanger. 

The dimples depth influence on Nusselt number are slightly affect the outcome of Nusselt Number model 5 and 

6, as shown in Figure (16). Dimpled tubes provide more improvement in Nusselt number, which increases the 

heat dissipation. The average enhancement in model 4, as compared with model 1 (plain tube) is 56.60%. While 

the other types of dimpled tubes gave enhancements in Nusselt number as noted in Table (1). 

Figure (5.30) present the Nusselt number ratio for dimples geometries, locations and arrangement ( from model 2 

to model 6).  Model 4 increased by 1.64 times as a maximum value and 1.50 time as minimum value than plain 

tube. 

 

A B 

C 
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Figure 16. Nusselt Number Vs. Reynold Number for Different models under study. 

Variation of friction factor with Reynolds number in dimpled tubes of different dimples arrangement and depth 

and for the plain tube is presented in Figure (17). It shows that the friction factor in general continues to decrease 

with the increase in Reynolds number, and the friction factor for model 5 (staggered with 3mm dimple depth) is 

the least higher value than plain tube (model 1), while model 4 has the highest average friction factor ratio of 2.31 

times than plain tube. Model 4 has high friction factor due to the dimples being inward which caused a stronger 

swirl flow that caused by flow impact with the dimples surface and then the flow gets separated with leaving the 

dimples zone. The effect of other dimples arrangements is presented in Table (1). 

 

Figure 17. Frication factor profile for different dimples models. 

Figure (18) present the heat exchanger effectiveness (𝜀) for dimpled tubes and plotted as a function of a hot water 

Reynolds number. The result show that the effectiveness decreases with increasing the hot water Reynold Number. 

The increase in hot water Reynolds number means increase in mass flow rate of hot water causing to less time the 

hot water will exchange heat with cold water stream and thus decrease effectiveness of heat exchanger. 

Effectiveness is decreased with increasing hot water Reynold Number because the mass flow rate for hot water 

increase the Cmin which lead to decrease effectiveness. From Figure (18), model 2 gave average effectiveness 

enhancement for heat exchanger with inward dimples of 52.26 %. Due to using inward dimples causes resistance 

to hot water flow rate and destroys thermal boundary layer, which enhanced the turbulence and fluid mixing more 

than other dimpled tubes studied models. For other models the effectiveness enhancement is noted in Table (1). 
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Figure 18. Effectiveness vs. Reynold number for different models. 

It is important to notes, the presence of dimples modifying the heat transfer coefficient, but also increase pressure 

drop, which results in the increase of required pumping power. Moreover, greater value of overall enhancement 

ratio shows more effective heat transfer than friction factor. The values less than unity indicate poor heat 

exchanger because the friction factor is more effective than heat transfer. For this reason, overall enhancement 

ratio of heat exchanger is used as another parameter to examine the balance between the modification in heat 

transfer and pressure drop in heat exchanger as depicted in Figure (19). The overall enhancement ratio must be 

bigger than unity. The greater value shows better dimpled tubes performance. The results depict that (model 2) 

gives better performance than all studied models by approximately 1.226.  

 

Figure 19. Thermal performance for model 1 to model 6. 

Corrugated Tape Inserted in inner pipe 

Is this section we will present the velocity, for model 7 to model 9, Figure (20) shows in general the location of 

the obtained contours for model 7,8 and 9. These models were described in Table (2).  
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Figure 20. Corrugated tape insert results location. 

In Figure (21) illustrates the velocity contours in various cross section (A, B and C) for model 7, 8, and 9, and D 

for the streamline distribution located at the middle of the pipe. With the addition of corrugated tape inserts for 

all models, a similar distribution of the velocity is attained due to the swirls created by the corrugated tape. 

Compared to plain tube, it is obvious that in plain tube, velocity near walls is low, due to the absence of corrugated 

tapes. 

The tube fitted with the corrugated achieves higher velocity for model 7, with maximum velocity of 0.209 m/s, 

owing to the increased velocity of the flow near the walls due to the swirls generated by the tape. While model 8 

and model 9 achieved velocities as follow 0.207 m/s and 0.161 m/s respectively. The pressure for model 7, 8, and 

9. As expected the corrugated tape tubes for all models gave higher pressure drop than that of plane tube, due to 

flow disturbance occurs because of the corrugated tapes, which increase the tangential velocity between the 

secondary flow and the tube wall surface. model 7 has the highest pressure drop among all the corrugated tape 

models (7,8, and 9). In a tube having corrugate tape inserts, in all geometries, temperature is more equally 

distributed. Additionally, as the highest pitch shows a tendency towards homogeneous temperature distribution 

as shown in Figure (22). Found that temperature drop initiates at the nearby region of the insert. Since fluctuation 

in flow field and turbulence are maximum in the region of tube near the insert. More efficient mixing inside the 

tube, with higher number of corrugates are used as for model 7 and model 9 of total corrugated number (50) per 

meter. While model 8 have (25) corrugates per meter. Model 7 gave better results followed by model 8 due to 

having higher pitch than model 9. 

Corrugated Tape Pitch Effect 

Figure (21), Figure (22) and Figure (23) for model 7, 8 and model 8 present the velocity, temperature contours 

and streamline respectively. Comparing the thermal and hydraulic performance of model 7 and model 8 at 0.089 

(m/s) hot water mass flow rate, show that the performance increases with decrease of corrugated tape pitch and 

has a maximum value at pitch of 20mm.  This could be clarified by a strong turbulence generated using small 

corrugated strip turbulator, leading to rapid mixing of flow especially at lower pitch. The effectiveness 

enhancement for the corrugated strip with pitch of 20 mm was greater than other model 8 of corrugated strips with 

11.7%. Outcomes show an advantageous gain of using the corrugated strip turbulator over plain tube with an 

enhancement in effectiveness of 96.72%, using the corrugated strip turbulators lead the overall enhancement factor 

to be 1.24 and 1.11 for model 7 and 8 respectively. 

Corrugated Tape Depth Effect 

Comparing the thermal and hydraulic performance of model 7 and model 9 at 0.089 (m/s) hot water mass flowrate, 

show that the performance increases with the increase of the corrugated tape depth. This can be explained by a 

rapid mixing of the center flow region with the boundary layer by strong turbulence intensity generated by using 

large depth corrugated tape turbulator. The effectiveness enhancement for the corrugated strip with depth of 10 

mm was greater than other model 9 of corrugated strips with 16.8%. Using the corrugated strip turbulators with 

different depth lead to 1.24 and 1.16 overall enhancement factor to be for model 7 and 9 respectively. 
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Figure 21. Velocity contours Projection at different locations (A, b, and C) at 0.089 (m/s) for model 7, 8, and 9. 

(d): Streamline Distribution at x = 500mm. 
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Figure 22. Temperature contours at different locations (A, B, and C) at 0.089 (m/s) for model 7, 8, and 9. 

 

 

Model 

8 

    

Model 

9 

    



 Thermal Performance Enhancement in Double Pipe Heat Exchanger by Using Inward and Outward Dimple and Corrugated Tape 

119 
 

 

Figure 23. Flow Streamline for models (7, 8) and (9). 

Insert Effect 

In this section, the obtained numerical results for inserts that were under investigation (model 7 to model 10). For 

models 7, 8, and 9 corrugated tape inserts were used as enhancement technique. While in model 10, twisted tape 

insert was used to study the enhancement of exchanged heat. Figure (24) shows the Nusselt number with hot water 

Reynold number. As can be seen that Nusselt number for model 10 have achieved the highest valve with an 

average enhancement of 347.10 % when compared with plain tube. While the corrugated inserts in model 7, 8, 

and 9, the best model of this type of insert is model 7 with average enhancement of 199.54%.  Model 10 performed 

better than other models by 5.41times as a maximum value and 4.43 time as minimum value than plain tube. 

However, model 10 has the highest friction factor as depicted in Figure (25). The average f/fo ratio for all insert 

models as presented in Figure (26).  

 

Figure 24. Nusselt Number Vs. Reynold  

Number for Different Models Comparison  

 

Figure 25. Frication Factor Profile of 

Corrugated tapes. 
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Figure 26. Frication Factor Ratio for different models. 

The effectiveness of models 7 to 10 are presented in Figure (27), versus the hot water Reynolds number. High 

heat transfer coefficient for model 10 leads to high effectiveness among all the insert tapes models, followed by 

model 7 for the corrugated insert. 

 

Figure 27. Effectiveness Vs. Reynold Number for different models 

CONCLUSIONS  

The following remarks can be concluded as follow 

1- Nusselt number and frication factor increase with the use of dimpled tubes, corrugated tape inserts and 

twisted tape insert. 

2- For dimpled tubes model 4 provide the best improvement in Nusselt number which increases the heat 

dissipation compared to model 1 (plain tube), with average enhancement of 56.60%. 

3- The difference in performance enhancement for in-line and staggered arrangement, the staggered performed 

better with overall enhancement factor of 1.226. 

4- 3mm dimple depth when compared with that of 2mm depth, has better performance in term of overall 

enhancement, while model 6 gave1.133 overall enhancement factor. 
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5- The average Nusselt number of the outward dimpled tube with x=40mm, d=15mm and dp=3mm was 41.66% 

which is lower than inward dimpled tube with x=40mm, d=15mm and dp=3mm that has average Nusselt 

number of 56.60%, however this enhancement was accompanied by high average friction factor ratio lead 

to decrease the thermal performance. 

6- Corrugated tape inserts with different geometry, has highest values for thermal and hydraulic performance 

among other models of corrugated tape insert under study with overall enhancement factor of 1.24. while 

twisted tape insert has the highest values of Nusselt number and effectiveness, however the hydraulic 

performance (frication factor ration) has the highest value.   

7- The twisted tape insert achieved the best performance among all the studied models with overall 

enhancement factor of 1.33. 
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