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Abstract: Numerical investigation has been performed in this work to evaluate the performance for 

triangular finned tube heat exchanger. In numerical work, the effect of space (2.5, 3 and 3.5 mm) distance 

between every two finned shaped and the volumetric flow rate on the heat transfer coefficient are 

examined consists of cold water loop, hot air loop and the test section which is a concentric parallel flow 

double pipe heat exchanger. Coldwater and hot air are used as working fluids in the tube side and shell 

side, respectively. water at Reynold's numbers ranging from (3019.892 to 8035.044 ) flows through the 

inner tube. The inlet cold water temperatures are (45, 35, 25 and15)
 o

C respectively. Numerical simulation 

has been carried out on present heat exchanger to analyze both flow field and heat transfer using ANSYS, 

FLUENT15 computational fluid dynamic (CFD) package model. The finned tubes provide higher Nusselt 

numbers than the smooth tube. In the less pitch (p=2.5mm) compared with other pitch. 
    

Keywords: Nusselt, Finned tube, Reynold’s number, ANSYS. 
 

  

 طويلتتحقيق انتقال الحرارة بالحمل لمبادل حراري  ذو أنابيب مزعنفت 
   

رى إجشاء ثحث عذدي فً ْزا انعًم نزقٍٍى أداء انًجبدل انحشاسي نلأَجٕة رٔ انضعُفخ انًثهثٍخ. انجبَت انُظشي رضًٍ فحص   الخلاصت: 

             قبل انحشاسح ٔاخزٍبس افضم حبنخ  ( يهى ثٍٍ صعُفزٍٍٍ يززبنٍزٍٍ ٔيعذل انزذفق انحجًً عهى يعبيم اَذ3.5ٔ  3, 2.5رأثٍش انًسبفبد )

فً رحسٍٍ اَزقبل انحشاسح , انجبَت انعًهً رضًٍ ثُبء جٓبص يخزجشي ٌزكٌٕ يٍ دائشح انٕٓاء انسبخٍ ٔدائشح انًبء انجبسد ٔانًجبدل 

انحشاسي رٔ انجشٌبٌ انًزٕاصي ٔرسزخذو انًٍبِ انجبسدح ٔانٕٓاء انسبخٍ كسٕائم عًم فً جبَت الأَجٕة ٔجبَت انقششح , عهى انزٕانً. 

( خلال الأَجٕة انذاخهً دسجبد حشاسح دخٕل انًبء انى اَجٕ الاخزجبس 2035.044إنى  3010.202ذفق انًبء فً أسقبو سٌُٕنذ يٍ )ٌز

يحبكبح عذدٌخ رى اَجبصْب نهًجبدل انحشاسي نزحهٍم جشٌبٌ انًبئع ٔاَزقبل انحشاسح ثبسزخذاو انجشايج ( دسجخ يئٌٕخ 45,35,25,15)

رى اسزخذاو حم يعبدلاد الاسزًشاسٌخ ٔانضخى ٔانطبقخ نزحهٍم انجشٌبٌ خلال انًجبدل ( (ANSYS, FLUENT15 انًزخصص

ثٍخ انحشاسي.يقبسَخ اَزقبل انحشاسح نلاَجٕة الايهس ٔانًضعُف رى اجشائٓب.حبنخ الاسزقشاسٌخ,انسهٕك انٍُٕرًُ,انلااَضغبطٍخ ٔالاثعبد انثلا

 .اَزقبل انحشاسح خلال انًجبدل انحشاسي رى افزشاضّ. انُزبئج ثٍُذ ثبٌ اضبفخ انضعبَف ٌحسٍ
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 1. Introduction 
      

     Heat exchangers are used in various processes ranging from utilization, conversion 

and recovery of thermal energy in various industrial, household and commercial uses. 

Some examples implicate condensation in power, cogeneration plants, cooling in 

thermal processing of chemical, agricultural products, sensible heating, steam 

generation, pharmaceutical, squandering heat recovery and liquid warming in industry 

ionization. improve in heat exchanger’s performance can make more frugal design of 

heat exchanger which can assist to Use of heat transfer enhancement techniques leads to 

increase in heat transfer coefficient but at the cost of increase in pressure drop.  

So, while designing a heat exchanger using any of these techniques, analysis of pressure 

drop and heat transfer rate has to be done. 

      Apart from these issues like long term performance and detailed economic analysis 

of heat exchanger, it should to be studied. To probe high heat transfer rate in an existing 

or new heat exchanger while taking care of the increased several  techniques, pumping 

power have been suggested in modern years and are talk over [1,2] Tube-fins heat 

exchangers have been used to exchange heat between liquids and gases, which are one 

or two phases.  

     The improvement of the tube fins heat exchangers are delimited by the air side heat 

transfer resistance. This is because the air side heat transfer coefficient is highly little 

than the liquid side heat transfer coefficient [6]. Hence, to have balanced thermal 

conductance’s on both sides for a reduction size heat exchanger, fins are used on the gas 

side to increment surface area. 

      In a tube–fin exchanger, rectangular and round tubes are most public, even though 

elliptical tubes are as well hired. Fins are mostly hired on the outside but they may be 

used on the inner of the tubes in some applications [3].  

                                                            
2. Literature Survey 
  

      Ayad 2011[4] Investigated the heat transfer characteristics of cross flow air cooled 

single tube multi passes (smooth and integral low finned tube) and its effect on heat 

transfer enhancement. Two test sections from Perspex duct were designated. Each test 

section has a test tube (single aluminum tube multi passes) with eight or four passes. 

The experimental results showed that the air side heat transfer coefficient of the integral 

low finned tube was higher than that of the smooth tube. The enhancement ratio when 

using the integral low finned tube was (1.86 to 2.38) for eight and four passes.   

      Ali et. al. (2014) [5] examined the enhancement of heat transfer over external 

surface of copper pipe with circular fins attached on the outer surface heat exchanger in 

rectangular channel with air cross-flow. the experiments included using four types of 

circular fins with (32 mm) inner diameter, (92 mm) outer diameter and (1 mm) thick 

attached on copper pipe. Each type has (5) circular fins. The first type has five fins 

without slanted blades, second type has five slanted blades per one fin, third type has 

seven slanted blades per one fin and fourth type has nine slanted blades per one fin. 

From results, Nusselt number for second  type is about (11.8 %), third type is about 

(20.25 %) and with fourth type is about (27.5 %) higher than those for the first type. In 
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addition, experimental results showed that the fourth type has a good enhancement of 

heat transfer and fin performance. Moreover, it caused significant reduction in thermal 

resistance by comparison with first . 

      Bashar 2016 [6] In this work, the augmentation of convective heat transfer in a 

single -phase turbulent flow by using triangular fins has been experimentally and 

numerically investigated. In experimental work, the effect of space (22, 27 and 32 mm) 

distance between every two fins shaped and the volumetric flow rate on the heat transfer 

coefficient are examined Many of triangular fins are manufactured from copper. They 

are installed to the external surface of tube. Having (10mm) length of base, (10mm) 

height, (1mm) thickness, (22, 27, and 32) mm distance between two fins successive and 

(15mm) pitch between each two of fins. Thermometers and pressure gauges are 

connected to the tubes and annular sections. The results obtained from the tubes with 

triangular fins are compared with the smooth tube heat exchanger. It is found that the 

triangular fins have a significant effect on the heat transfer augmentations. The result 

showed that the enhancement of heat dissipation for triangular finned tube is (3.8 to 5.4) 

times than that of smooth tube at space (22 mm) distance between each two successive 

fins. While, for space 27 and 32 mm will be (3.5 to 4.9) and (3.2 to 4.5) 

      Ajay and Subrata 1990 [7] obtained numerically laminar flow and heat transfer 

magnitudes in a finned tube annulus. External circular fins on the inner tube are 

periodic. Pressure drop and heat transfer characteristics of the fins are obtained in the 

periodically fully developed region by varying geometric and flow parameters. 

Geometric parameters are annulus radius ratio (0.3 to 0.5), fin height / annular gap (0.33 

to 0.67) and fin spacing / annular gap (2 to 5). Flow parameters are Reynolds number 

(100 to 1000) and Prandtl number (1 to 5). Comparisons are made with a plain tube 

annulus having the same length, heat transfer surface area, volume flow rate, and 

Reynolds number. The entire inter-fin space was found to be occupied by recirculating 

flow except at Reynolds numbers less than 500. A major contribution to heat transfer is 

made from the fin side at the downstream end. At Prandtl numbers less than 2, the use 

of fins may not be justified because the increase in pressure drop is more pronounced 

than the increase in heat transfer. At a Reynolds number of 1000 and a Prandtl number 

of 5, the heat transfer increases by a factor of 3.1, while the pressure drop increases by a 

factor of 2.3.   

      Torikoshi et al.1995 [8] investigated numerically the tube diameter effect on heat 

transfer and flow behaviour for a two-row staggered arrangement of plate finned-tubes. 

In contrast to the circular finned-tubes, the plate fin surface is decreased when the tube 

diameter increases. It is apparent that the tube diameter effect may be largely ignored 

for the cases where the diameter is changed only slightly. 

      Syed et al. 2007 [9] Performed numerical simulation of finned annulus in the steady 

and laminar convection in the thermal entry region, fully developed flow at uniform 

heat flux. Finite difference based marching procedure was used to compute the 

numerical solution of the energy equation. Their results presented Nusselt's number, as 

a function of dimensionless axial length and thermal entrance length for various 

configuration of the finned double-pipe. The numerical results showed the Nusselt's 
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number has complex depending on the geometric variables like ratio of radii, fin height, 

and number of fins. The validation of the simulation was performed by comparison with 

open literature. 

     lqbal et al. 2013 [10] Investigated  the optimal longitudinal fins on the outer surface 

of the inner pipe enclosed within a concentric outer pipe in laminar and fully developed 

flow at uniform heat flux. The fin–shape was triangular as the initial profile. The results 

showed that the optimum fin– shape is dependent on the number of fins, the ration of 

radii, the number of control points and characteristic length. The enhancement in 

Nusselt's  number was up to 138%,312% and 263% for trapezoidal, triangular and 

parabolic shapes for equivalent diameter while 212%,59% and 90% respectively for 

hydraulic diameter. From the historical introduction we observe the study of cross flow 

air cooled single tube multi passes (smooth and integral low finned tube) and 

enhancement of heat transfer over external surface its effect on heat transfer 

enhancement and the effect of space distance between every two fins shaped and the 

volumetric flow rate on the heat transfer coefficient In the course of these studies and 

what we have concluded with regard to many effects on heat transfer, we worked on the 

effect of the distance between the two fins of the same metal along the tube and 

different fins as well as study the effect in the case of the difference of fins more than a 

case of more than a distance between the fins and the calculation of form and location 

The distance on the heat transfer for the air side and the use of more than the value of 

the contour temperatures.  

>. 
3. Physical Model of System 
ta f 

     The system geometry in the present work consists of an integral-finned tube, where the 

working fluid flows. Different cases have been student in this work, these cases are listed in 

table (1) .  

  

                                                Table 1. symbols definition  

 

3.1 Physical Model of External Finned Tube 
  

     Geometry of computational domain with dimensions is illustrated schematically in 

Fig.(1), internal tube dimensions denoted for inner diameter as (di) and for outer 

geometry Case 

Smooth tube G04 

External fins tube with pitch (2.5mm) G01-P1 

External fins tube with pitch (3mm) G01-P2 

External fins tube with pitch (3.5mm) G01-P3 

Internal fins tube with pitch (2.5mm) G02-P1 

Internal fins tube with pitch (3mm) G02-P2 

Internal fins tube with pitch (3.5mm) G02-P3 

Internal and external fins with pitch (2.5mm) G03-P1 

Internal and external fins with pitch (3mm) G03-P2 

Internal and external fins with pitch (3.5mm) G03-P3 
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diameter as (do). The number of external triangular fins welded on outer surface for 

internal diameter determined by using the expression; 

 

No. of Fins = 
                                 

              
  

    

 
                        

                       

Where (P) is the pitch which represent distance from center to center between  the 

neighboring fins, total number of fins in this case is (40 fins).However, the 3D view of 

the internal tube was presented which in figure (3) has a length of (1000mm), the 

internal tube designed to carry water flow from inside and imposed to air flow from its 

outside. Both internal and external tubes have the same length, the external tube 

modeled to be insulated from the outer side. Fig(1)shows the overall computational 

domain.  

   

 
 

Figure (1). Schematic view of inlet section for domain of G01-P1. 

16 

3.2 Physical Model of Internal finned Tube  
  

     Geometry of computational domain with dimensions is illustrated schematically in 

Fig.(2). Internal tube, external tube and fins (which is equal to 27 fins) all have the same 

length of (1m) where the triangular fins welded on the inner surface of internal tube. 

 

 
                     hFigure (2). Schematic view of inlet section for domain of G02-P1 a 
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3.3 Physical Model of Internal and External Finned Tube 
  

The numerical simulated domain is illustrated in Fig. (3) . It’s a combination between 

the two cases (G01-P1 , G02-P1). The external tube has a length of (1000mm) and inner 

diameter of (50.8mm), it is smooth and insulated from outside. Internal tube also have 

the same length of external one with inner and outer diameters of (22mm) and (32mm) 

respectively. The both surfaces are welded to triangular fins with (2mm) high and base 

width. The distance between each couple of fins is approximately (0.5mm). Therefore, 

the number of fins on the inner and outer surfaces are (27) and (40) respectively.  

  

 S  

Figure (3). Isometric view of case G03-P1 

   
4. Numerical Simulation 
 

Numerical simulation by using ANSYS, FLUENT15 computational fluid 

dynamic (CFD) package model has been conducted for performing numerical 

simulation across the heat exchanger using three–dimensional model. The 

solution of conservation continuity, momentum and energy equations are used 

to analyze the flow field inside the heat exchanger. A comparison of heat 

transfer for (smooth, triangular) finned tube, of this work with and without 

consist integral finned tube heat exchanger with inlet and outlet portions, 

shown in Figures (4). 
 

 

 

 

 

 

 

 

 

 

 

 

 

                                            Figure (4). Computational domain G01-P1.    
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5. Governing Equations 
  

The governing differential equation for the fluid flow is given by continuity equation 

or mass conservation equation, Navier Stokes equation or momentum conservation 

equation and energy conservation equation. [11] 

Space with a font size 6  
5.1. Continuity Equation  

   

     

  
 

     

  
 

     

  
                             

    
5.2 Navier Stokes Equation 
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5.3 Energy Equation 
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+                                                                                                         (7)         

  

     
6. Validation 
  

The comparison for Nusselt number between experimental data and Dittus–Boelter 

correlation. It is noted that the Nusselt number differs by up 5% from the Dittus– 

Boelter correlation, as show in figure (5). 

    

            
 

 ⁄                                         
  

n = 0.3                   the process is cooling  

where Nu is the Nusselt number, Re is the Reynolds number and Pr is the Prandial 

number. 
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    Figure (5). Comparisons experimental data and empirical correlations of the plain tube for Nu. 

     

7. Numerical Results Analysis 
   

In this study, the numerical results obtained by ANSYS, FLUENT15  package are 

presented to show both the flow and heat transfer characteristic in form of temperature 

and velocity profile for the present models. The results are discussed in the following 

section. 

 
7.1 Velocity Contours 
 

The velocity contours for shell side As seen in the figure (7-b), the flow over 

longitudinal finned tube with pitch (3.5mm) which is case [G01-P3] increases velocity 

to 6.314% higher than that in case of smooth tube [G04]( figure (7-a). This increment 

occurs due to reduction in hydraulic diameter which leads to increase velocity at 

constant volumetric flow rate. The reduction in hydraulic diameter causes decreasing  

     in cross sectional area of fluid flow which is resulted in an increase in mean 

velocity value to satisfy mass conservation equation (which defined as the rate at which 

mass enters a system is equal to the rate at which mass leaves the system).However, in 

the case of G01-P2, flow over longitudinal finned tube with pitch (3mm), figure (7-c), 

the velocity is 7.24% higher than in flow over smooth tube and by 0.93% higher than in 

flow over finned tube with pith (3.5mm)                                                                             

Also in the flow over longitudinal finned tube with pitch (2.5mm)[G01-P1], figure 

(7-d]), the velocity is 9.24%, 2.89% and 1.968% higher than in cases of G04, G01-P3 

and G01-P2 respectively. 

      explained the mean velocity propagation along the shell side at different axial 

locations. The velocity magnitudes satisfy continuity and momentum conservation as 

the solution converged in ANSYS solver, the differentiations between cases return to the 

fact that as pitch decreases between fins lead to increase fins number and as a result, a 

reduction In air cross sectional area with increasing velocity and decreasing of hydraulic 

diameter. The different velocity values at inlet and outlet cross sectional areas (locations 

0.025m & 0.975m), occur due to the impact of air flow with the tube if the impact 

region on fin tip or between two fins or over a smooth curvature (as in smooth tube 

0.02
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case), this effect on the stream lines directions and the velocity vectors came from dead 

zone as appear clearly in figure (7). 

 
Table (2). Velocity magnitudes for different axial locations within shell side with air flow over smooth 

and finned tubes. 
 

Case Velocity magnitude 

  (m/s) 

 0.025m 

(Air Outlet) 

0.25m 0.5m 0.75m 0.975m 

(Air inlet) 

Smooth tube 

(G04) 

1.7632 0.7429 0.7438   0.7405 1.1490 

Finned tube 
with pitch 
(3.5mm) 
(G01-P3) 

1.7880 0.7930 0.7923 0.7897 1.7604 

Finned tube 
with pitch 

(3mm) 
(G01-P2) 

1.8270 0.8003 0.7997 0.8001 1.7682 

Finned tube 
with pitch 
(2.5mm) 
(G01-P1) 

 

1.7837 0.8117 0.8156 0.8130 1.8413 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (6); axial locations within shell side 
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(a) (b) 

 

 

 

 

 

 

 

 

 
 
   

                      (c)      (d) 

 

 

Figure (7); Velocity contours for shell side with air flow over; (a) smooth tube, (b) finned tube with pitch 

(3.5mm), (c) finned tube with pitch (3mm), (d) finned tube with pitch(2.5mm) 
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(a) (b) 

 

 

 

 

 

 

 

 

 

 

 (c)        

 

  

              (c) (d) 

Figure (8); Streamlines for shell side entrance region with air flow over; (a) smooth tube, (b) finned tube 

with pitch (3.5mm), (c) finned tube with pitch (3mm), (d) finned tube with pitch (2.5mm). 
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The velocity contours for tube side   in internal    finned tube computational models 

(G02) and smooth tube (G04) were shown in figure (10). All these contours were taken 

for the same water volumetric flow rate (Q=10 litter/min.) and at the axial distance 

(0.5m) which is located at the middle of tube at fully developed region.    

As seen in the figure (10-b), the flow within longitudinal finned tube with pitch 

(3.5mm) which is case [G02-P3] increases velocity to 110.731% higher than that in case 

of smooth tube [G04] figure (10-a). This increment occurs as previously due to 

reduction in hydraulic diameter which leads to increase velocity at constant volumetric 

flow rate. In the case of G02-P2, flow within longitudinal finned tube with pitch (3mm), 

figure (10–c), the velocity is 124.508% higher than in flow within smooth tube and by 

20.97% higher than in flow within finned tube with pith (3.5mm). Also in the flow 

within longitudinal finned tube with pitch (2.5mm)[G02-P1], figure (10-d), the velocity 

is 136.05%, 40.52% and 19.928% higher than in cases of G04, G02-P3 and G02-P2 

respectively. 

explained the mean velocity propagation along the tube side at different axial 

locations. The velocity magnitudes satisfy continuity and momentum conservation as 

the solution converged in ANSYS solver, the differentiations between cases return to the  

fact that as pitch decreases between fins lead to increase fins number and as a result, a 

reduction in water cross sectional area with increasing velocity and decreasing of 

hydraulic diameter for a constant Reynolds number. 

 

Table (3). Velocity magnitudes for different axial locations within tube side with water flow inside 
smooth and finned tubes. 

 

Case Velocity magnitude 

(m/s) 

 0.0m 

(Water Inlet) 

0.25m 0.5m 0.75m 1.0m 

(Water 

Outlet) 

Smooth tube  

(G04) 

0.4384 0.4384 0.4384 0.4384 0.4384 

Finned tube 
with pitch 
(3.5mm) 
(G02-P3) 

1.5268 1.5268 1.5268 1.5268 1.5268 

Finned tube 
with pitch 

(3mm) 
(G02-P2) 

1.8845 1.8845 1.8845 1.8845 1.8845 

Finned tube 
with pitch 
(2.5mm) 
(G02-P1) 

2.3016 2.3016 2.3016 2.3016 2.3016 
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Figure (9). axial locations within tube side 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 (a)        (b) 

 

 

                    (a)                                                                                (b) 
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(c)        (d) 

 

Figure (10). Velocity contours for tube side with water flow within; (a) smooth tube, (b) internal finned 

tube with pitch (3.5mm), (c) internal finned tube with pitch (3mm), (d) internal finned tube with pitch 

(2.5mm). 

 

7.2 Temperature Distribution 
 

The variations in temperature difference for the computational domains are 

examined. The results are reported in the form of temperature contours at along whole 

the axial direction.  

Temperature contours are shown in figures(9,10,11,12) for the shell side in all 

computational domains considered at same inlet air velocity (4 m/s) and along whole 

the axial direction. 
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(a) Flow over smooth tube [G04]. 

 

 

(b) Flow over external finned tube with pitch 2.5mm [G01-P1]. 

 

Figure (11); Temperature contours for shell side with air flow at (4 m/s inlet). 

 

 

 
(a) Flow over external finned tube with pitch 3.0mm [G01-P2]. 
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(b) Flow over external finned tube with pitch 3.5mm [G01-P3]. 

 

 

(c) Flow over internal finned tube with pitch 2.5mm [G02-P1]. 

 

Figure (21); Temperature contours for shell side with air flow at (4 m/s inlet). 

 

 

(a) Flow over internal finned tube with pitch 3.0mm [G02-P2]. 
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(b) Flow over internal finned tube with pitch 3.5mm [G02-P3]. 

 

 

(c) Flow over finned surfaces tube with pitch 2.5mm [G03-P1]. 

 

Figure (21); Temperature contours for shell side with air flow at (4 m/s inlet). 

 

 

 

 

(a) Flow over finned surfaces tube with pitch 3.0mm [G03-P2]. 
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(b) Flow over finned surfaces tube with pitch 3.5mm [G03-P3]. 

 

Figure (21); Temperature contours for shell side with air flow at (4 m/s inlet). 

  

8. Conclusions 
 

     This work presented both experimental and numerical investigation of heat transfer 

performance of longitudinal fins with and without high integral find tubes. Also, using 

two type of fluid in inner tube is cold water and annular tube is hot air in the present 

heat exchanger. The main concluded points of this study may be summarized as 

follows: 

1. Results of numerical simulation showed that adding fins would enhance heat 

dissipation through heat exchanger. It is noted that heat transfer behavior 

increases within present model as air mass flow rates and water Reynold's 

numbers increases. Heat transfer enhancement by adding triangular fins to mixed 

(outer and inner) surface tube has been found during numerical simulation. Is 

successful for predicting both heat transfer and fluid flow in the present heat 

exchanger. The heat transfer augmentation is apparent when adopting fins on 

(outer and inner) surface of inner tube in present heat exchanger.  

2. The finned tubes provide higher Nusselt numbers than the smooth tube. In the less 

pitch (p=2.5mm) compared with other pitch . 

3.  The numerical results were compared with results obtained from Dittus-Boelter. 

Good agreements were obtained with a maximum deviation of (10)%. 

4. The results obtained from the tubes with triangular finned are compared with the 

smooth tube heat exchanger. It is found that the triangular finned have a 

significant effect on the heat transfer augmentations (47.5%, 60.5% and67.5 %). 
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