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Abstract- This paper presents a numerical three dimensional CFD modeling of the air swirl flow characteristics generated in 
a circular tube using swirler vane blades. The purpose is to achieve a numerical solution that can offer a powerful insight into 
the performance characteristics of the swirl flow generator on a scale and level of details not always possible with 
conventional experimental methods. The modeling was extended to study the key design parameters of swirler angular 
velocity, relative position of swirler vanes inside the tube, and air flow velocity on the thermo-fluid characteristics with the 
particular reference to traditional plain tube. Finite volume discretization method using body-fitted coordinates and a 
SIMPLEC-based solution algorithm were applied with a segregated solver. The momentum and energy equations were 
solved by the second order upwind scheme. The fluid flow and heat transfer through the tube was treated using k-  
Realizable turbulence model with enhanced wall treatment. The local distributions of the flow velocity and pathline of the 
swirl vanes were presented. The performance criteria of heat transfer per unit pumping power and enhancement efficiency 
index were discussed. Better values of enhancement efficiency index were obtained at lower values of both Reynolds 
number and angular velocity. 
 
 
I. INTRODUCTION 
 
Heat transfer enhancement technology plays an 
important role in many industry such as power 
engineering, chemical industry, air conditioning 
technology, especially in the applications of energy 
saving and waste heat recovery. In general, Swirling 
flow techniques have been used for heat transfer 
enhancement for many applications. Swirling flow in 
the pipe is considered as combination of vortex 
motion with fluid flow motion in pipe axis. Many 
researchers have studied swirling flows in the past 
since such flows have practical applications in many 
heat exchange systems. An experimental and 
computational study on three dimensional turbulent 
swirling flows in a cylinder was investigated by 
Gupta et al. [1] the three-dimensional flow in a 
cyclone with tangential inlet and tangential exit were 
studied using particle tracking velocimetry and a 
three-dimensional computational model. Combustion 
performance of a non-premixed combustor with a 
slotted swirler was experimentally and numerically 
investigated by Li et al. [2]. The velocity and 
temperature profiles in the downstream of the swirler 
were measured in both cold-flow and combustion 
experiments. Characteristics of ventilating flow 
generated by a rotating swirler in a vortex vent was 
studied by Lim et al. [3]. The swirling flow field in 
the vortex vent was tested, and a number of peculiar 
flow characteristics were observed. Lee and Lee [4] 
developed a new type of vortex ventilation system. A 
powerful vortex flow could be generated by a rotating 
annular disk with high fins. The swirler system 

showed the characteristic features of vortex instability 
and hysteresis. Zheng et al. [5] conducted an analysis 
of the thermo hydraulic characteristics of a heat 
exchanger tube fitted with a novel vortex rod insert 
under uniform heat flux conditions. The results 
indicate that the presence of the vortex rods elicits a 
considerable heat transfer enhancement in the tube 
with an increase in pressure drop. Liu et al. [6-8] 
pointed out that longitudinal swirling flow with single 
vortex or multi-vortexes could lead to heat transfer 
enhancement without much increase in the pressure 
drop, from the viewpoint of heat transfer 
optimization. These prior research studies have 
provided the authors a hint, in that, it is possible to 
design a simple structure to generate longitudinal 
swirling flow to mix fluids.  
Convective heat transfer on the top and bottom 
surfaces of a plain plate with a pair of delta winglet 
longitudinal vortex generator at attack angles of 15o, 
30o, 45o and 60o respectively, was experimentally 
and numerically studied by Wu and Tao [9]. The 
experimental and numerical results reveal that the 
transverse flow of air stream through the punched 
holes disturbs the airflow in the lower channel, 
enhancing the heat transfer on the under surface of 
fin. Zohir et al. [10] investigate the heat transfer 
characteristics and pressure drop for turbulent airflow 
in a sudden expansion pipe equipped with propeller 
type swirl generator with several pitch ratios under a 
uniform heat flux condition. The swirl generator and 
spiral spring were used to create a swirl in the tube 
flow. Nusselt numbers were determined and 
compared with those obtained from other similar 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,        Volume- 5, Issue-6, Jun.-2017 
http://iraj.in 

Three Dimensional CFD Modeling of Turbulent Flow Through Circular Tube Using Swirl Generator Vanes at Different Positions 
 

107 

cases. The results indicate that the tube with the 
propeller inserts provides considerable improvement 
of the heat transfer rate over the plain tube around 
1.69 times.  
Allison et al. [11] presented the convective heat 
transfer enhancement through a finned heat sink 
using interdigitated impeller blades. The close 
integration of impeller blades with heat transfer 
surfaces results in a decreased thermal resistance per 
unit pumping power. An experimental and 
computational fluid dynamics study on swirl flow 
tube reactor technology was investigated by 
Schietekat et al.[12]. A novel reactor design for steam 
cracking reactors, called Swirl Flow. Three test tubes 
were used: a straight tube, a mild swirl flow tube and 
a high swirl flow tube. The results showed that indeed 
for swirl flow reactors, higher heat transfer rates can 
be obtained compared to conventional straight tubes 
at the cost of a higher pressure drop.  
In the present investigation, a three dimensional 
numerical CFD modeling of the turbulent flow 
characteristics through circular tube involving swirl 

generator vanes has been developed. The purpose is 
to provide a powerful insight into the performance 
characteristics of the swirl flow inside a circular tube 
with swirler. The model is extended to cover a wide 
range of swirler angular velocity, swirler relative 
distance, and airflow velocity. The heat transfer and 
pressure drop of the swirl flow are investigated with 
particular reference to the plain tube without swirler. 
 
II. NUMERICAL MODELLING 
 
The governing equations that describe the airflow 
through the tube as described in Fig. (1) are a set of 
non-linear partial differential equation. Generally, the 
governing equations of the Newtonian, turbulent 
compressible fluid flow can be written as, [13]: 
Mass; 

(1) 
Momentum; 

 

(2) 

 
 

In order to solve these equations, a finite volume 
discretization method using a SIMPLEC-based 
solution algorithm of the velocity-pressure coupling 
was applied with a segregated solver. The numerical 
modeling of the turbulent flow through the tube 
bundle heat exchanger was solved using ANSYS-

FLUENT-15 CFD program. The momentum and 
energy equations were solved by the second order 
upwind scheme. The air flow and heat transfer 
through the tube arrays were treated using k-  
Realizable with enhanced wall treatment. The 
transport equations of the k-  model are given as; 
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Because of the unique geometry of the swirl 
generator vanes inserted inside the circular tube with 
the vane angle as shown in Figs. (1-2), ANSYS 
preprocessor was adopted to generate structured 
grids. Preliminary simulation was carried out with 
different grid numbers in order to get a grid-
independent solution. Considering both accuracy and 
process time, the computations were performed with 
grid-cell size of 0.1mm (1.5 million nodes). The 
convergence criterion for all runs was specified to 
less than 10-4.  
The boundary condition of numerical model was 
specified in which the upstream that located three 
times of the circular tube diameter; a uniform flow 
velocity was defined. At the downstream boundary, 
the pressure was site to zero. At the vane blades and 
its fluid zone, the moving grid with angular velocity 
was specified. The grid interface between vane fluid 
zone with other zones was adapted. While at the solid 
surfaces, no-slip conditions and constant wall heat 
flux were specified. 
 
III. RESULTS AND DISCUSSION 
 
The swirl flow phenomena which induced by using 
turning vane blades inserted through the air flow 

stream is illustrated in Fig. (3). It is clear that, the 
velocity vector go through and revolute with speed 
increase as go to the blade tip. The revolution of the 
fluid particles led to generate a secondary flow of 
some parts of the air flow ponding upon angular 
velocity magnitude. The core of swirl flow induced 
through the air flow main direction of tube axis is 
illustrated in Figs (4, 5) respectively. The swirl flow 
which generated by vane blades led to a good flow 
mixing between the cold streams around pipe axis 
and hot streams near to pipe wall. 

 
Fig. (3) Velocity vector through vane blades 
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Fig. (4) Pathline of the swirl flow inside tube 

 
This flow mixing enhance the heat transfer, however 
a higher pressure drop is expected. 
Figure (6) shows the Nusselt number versus Reynolds 
number of different swirler RPM at relative swirler 
position x/L = 0.2. The Nusselt number increases as 
the angular velocity of the swirler increases. At a 
certain Reynolds number (Re= 10400), the Nusselt 
number with swirler of 500 RPM is higher than that 
plain tube without swirler by 20%. 

 
Fig. (5) Core of pathline for swirl flow 

 
 
The effect of relative swirler position on the Nusselt 
number is illustrated in Fig. (7) at different values of 

Reynolds number. The Nusselt number decreases as 
the relative swirler position increases. This can be 
explained that, a good flow mixing occurs with a 
lower value of relative position x/L which in turn, 
enhances the convective heat transfer coefficient and 
consequently increases the Nusselt number.  
 
The effect of angular velocity of the swirler on the 
friction factor is illustrated in Fig. (8). It is evident 
that, the generation of swirl flow through tube and 
forming vortex shedding which enhances the heat 
transfer coefficient, however higher friction is 
approved. The effect of swirl motion on the friction is 
more pronounced in the case when the angular 
velocity increased. At a certain Reynolds number 
(Re= 10400 corresponding to velocity of 3 m/s), the 
friction factor with swirler angular velocity of 500 
RPM is higher than that plain tube without swirler by 
38%.  
 
IV. PERFORMANCE CRITERIA 
 
It is clear that the use of swirl generator with the flow 
inside tube enhances the heat transfer positively 
however the pressure drop is penalty. So, an 
evaluation criterion is very important aspect, since the 
competing effects of escalating heat transfer as well 
as increasing pressure drop, make it difficult to 
determine the relative goodness of such design. Two 
methods is suggested here for this purpose, the first is 
Scope of possible enhancement of the heat transfer 
per unit pumping power at a fixed mass flow rate 
which is expressed, [14]; 
 

 (10) 
This criterion is more significant when the overall 
performance of heat exchange surfaces is  
needed, while the cost of the heat transfer 
enhancement is in the same order of magnitude as the 
pumping power reduced. 
 
The second method is the enhancement efficiency 
index (n) which express the heat transfer performance 
against the friction loss performance of the swirl flow 
based on the plain tube (without swirler) 
performance, [14]. The efficiency index ( ) is 
defined as the ratio between the Stanton number 
enhancement ratio(St/Sto) to friction factor ratio(f/f0) 
at fixed mass flow rate;  

(11) 
The effect of angular velocity of the swirler blades on 
the heat transfer per unit pumping power is illustrated 
in Fig. (9). Comparing with plain tube performance, 
the use of the swirler inside 
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tube to enhance the heat transfer is preferred at low 
values of Reynolds number (Re ˂ 20000) for all 
values of angular velocity. It also can be seen that the 
increase of angular velocity have not a considerable 
effect on heat transfer per unit pumping power.  
The efficiency index at different angular velocity of 
the swirler blades with relative swirler distance of 
x/L= 0.2 is illustrated in Fig. (10). it can be seen that 
the efficiency index decreases with a higher values of 
Reynolds number for all values of angular velocity. 
At a certain Reynolds number (Re = 10400), the 
efficiency index with angular velocity of 1000 RPM 
was higher than that of efficiency index with angular 
velocity of 500 RPM by 21.3%. A better value of 
efficiency index was obtained at lower both values of 
Reynolds number and angular velocity respectively. 
 
CONCLUSIONS 
 
The present work provides a three dimensional 
numerical investigation of heat transfer enhancement 
due to presence of swirler vane blades inside a 
circular tube. The effects of a swirler angular 
velocity, a swirler relative position and the main air 
stream velocity on the heat transfer and pressure drop 
are carried out. The core and overall distribution of 
swirl flow pathline is considered. The performance 
criteria of heat transfer per unit pumping power and 
enhancement efficiency index are also presented; the 
main conclusions are summarized as:  
 
1. Both Nusselt number and friction factor increases 
with increase of swirler angular velocity.  
 
2. The swirler relative position x/L is a considerable 
factor in enhancement process of heat transfer 
through the air flow inside pipe.  
 
3. At a certain Reynolds number, Re= 10400, the 
Nusselt number with swirler is higher than that of the 
plain tube without swirler by 20%.  
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4. At a certain Reynolds number, Re= 10400, the 
friction factor with swirler is higher than that of the 
plain tube without swirler by 38%.  
 
5. Comparing with plain tube, the use of the swirler 
inside tube enhance the heat transfer positively 
however it is preferred to use the swirler at lower 
values of Reynolds number (Re ˂ 20000) for all 
values of angular velocity.  
 
6. A better value of enhancement efficiency index is 
obtained at lower values of both Reynolds number 
and angular velocity.  
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