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Abstract 

Vortex generators (VG) are widely used in enhancing the heat transfer coefficients in heat 

exchangers due to the development of longitudinal and transverse vortices. Therefore, 

understanding the development of these vortices has a high importance for the design and 

optimization of heat exchangers.  When using numerical simulations, the choice of an 

appropriate turbulence model that can better predict the flow structure downstream a VG is 

fundamental. In the present study, three-dimensional numerical simulations, with two 

different commonly used eddy viscosity turbulence models, are performed for channel flow 

fitted with rectangular-winglet pairs (RWP) vortex generators. The numerical results are 

compared to experimental data obtained by stereoscopic particle image velocimetry (SPIV). 

The shear-stress transport (SST) κ-ω model and the re-normalization-group (RNG) κ-ε model 
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are used for modeling turbulence. Validation is conducted by comparing the flow structure 

topology and velocity field obtained from numerical simulations to those obtained using the 

SPIV method. It is found that the SST κ-ω model is better than the RNG κ-ε turbulence 

model in predicting the flow characteristics downstream the RWP. 

 

Keywords: 

Rectangular winglet pair; vortex generator; longitudinal vortices; turbulence model; 

stereoscopic particle image velocimetry.  
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Nomenclature 

B Channel width, m  Abbreviations 

Dh Hydraulic diameter, m CFD Computational Fluid Dynamics 

Re Reynolds number LDA Laser Doppler Anemometer 

H Channel height, m LVG Longitudinal Vortex Generator 

L Channel length, m PIV Particle Image Velocimetry 

x Streamwise distance, m RWP Rectangular Winglet Pair 

y Spanwise distance, m RNG Re-normalization Group 

z Normal distance from bottom wall, m SST Shear-Stress Transport 

U Mean flow velocity, m s-1 TKE  Turbulent Kinetic Energy 

u Flow velocity in x direction, m s-1 TVG Transverse Vortex Generator 

v Flow velocity in y direction, m s-1 VG Vortex Generator 

w Flow velocity in z direction, m s-1  

  

Greek letters  

μ Dynamic viscosity, Pa s  

ν Kinematic viscosity, m2 s-1  

ρ Fluid density, kg m-3  

�� Gamma-2 function  

κ Turbulence kinetic energy, m2 s-2  

ε Dissipation rate, m2 s-3  

ω Specific dissipation rate, s-1  

� Modulus of the mean strain rate tensor, s-1  
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1. Introduction 

Heat exchangers are involved in various applications starting from small household 

radiators to large chillers and condensers in power plants. Several active, passive and 

compound techniques were used in order to increase the thermal performance of heat 

exchangers while keeping relatively low pumping power [1, 2, 3, 4, 5, 6]. In particular, 

passive technique, and especially vortex generators (VG), is the most commonly studied 

method in enhancing heat exchangers due to many reasons such as their efficiency, easy 

manufacturing and maintenance [6, 7]. Passive VG exist in various  shapes [8, 9], and they 

produce mainly two type of vortices, namely longitudinal vortices (LV) and transverse 

vortices (TV). TV are two-dimensional swirling flows with axes normal to the main flow 

direction, while LV rotate about an axis in the streamwise direction, implying a three-

dimensional helicoid swirling motion. LV are found to have an advantage over TV in terms of 

scalar mixing and heat transfer performances [10, 11, 12]. 

In order to investigate the flow structure induced by these vortex generators, three 

methods are commonly used in the open literature: experimental measurements, theoretical 

developments and numerical simulations. While theoretical analysis is limited to very specific 

academic flow configurations, experiments in fluid mechanics are considered a very 

important part for investigating flow structure characteristics by using for instance laser 

Doppler velocimetry and particle image velocimetry (PIV) [13, 14, 15]. They can supplement 

and validate theoretical studies and numerical modelling of flow field downstream VG. 

Computational fluid dynamics (CFD) simulation is widely used in studying the formation and 

development of TV and LV downstream VG. Since experimental methods are very expensive, 

time consuming and involve too much labor, numerical simulation has become more and 

more popular with the advances in computational power [16, 17, 18]. CFD simulations are 

flexible; since adjusting computerized model is much easier and cheaper than real prototypes. 
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Moreover, CFD simulations can provide profound analysis; because one can analyze 

physically unreachable zones, in addition to shape optimization for heat transfer and mixing 

enhancement  [12, 19, 20]. 

Consequently, numerous studies using numerical simulations have been carried in order 

to analyze the thermal and hydraulic performances of vortex generators in heat exchangers. 

These studies have an important industrial impact since the intensification of heat transfer 

using VGs allows significant performance increases. But most often the choice of the 

turbulence model is made by comparison on the overall performance of the exchanger which 

does not allow to precisely quantify the capacity of the computer code to accurately predict 

detailed features of the turbulent wake downstream VGs [21, 2]. 

Various turbulence models were used by the authors to model transverse and 

longitudinal vortices in turbulent flows. Two of the most commonly used turbulence models 

are the re-normalization-group (RNG) κ-ε model [22, 23, 24] and the shear-stress transport 

(SST) κ-ω model [25, 26]. The RNG κ-ε model is well known to improve the accuracy of the 

result in rapidly strained and swirling or rotating flows. The SST κ-ω model is known to be 

accurate for wide range of flows such as transonic shock waves and adverse pressure 

gradients and it performs very well in the near-wall region as well as in the flow core [27]. 

In simulating turbulent flows downstream VG, the selection of appropriate turbulence 

model plays a massive role in the prediction of the hydraulic performance and thus convective 

heat transfer. For this reason, and since the most used models for modeling turbulent flows 

downstream VG are the RNG κ-ε and SST κ-ω models, this paper focuses on comparing 

these two models with an experimental study using stereoscopic PIV (SPIV).  

In this study, we investigate longitudinal vortices generated by rectangular-winglet pairs 

in parallel plate turbulent channel flow to examine the flow structure characteristics. A row of 

rectangular winglet pairs is fixed in a parallel plate test bench channel. SPIV is used to harvest 
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three dimensional (3D) instantaneous velocity fields in the flow configuration for a Reynolds 

number �� = 4000 (based on the channel’s hydraulic diameter) which is a typical value in 

the range of those commonly studied in the open literature. The dimensions of the test section 

and VG as well as the Reynolds number used here are commonly used in studies from the 

open literature [28]. 

The numerical method, computational domain and mesh sensitivity analysis are 

presented in Section 2. Section 3 is devoted for the experimental setup. Comparison between 

experimental and CFD simulations of flow topologies in horizontal and vertical planes are 

presented in Section 4. Section 5 is devoted to the concluding remarks. 

 

2. Numerical Procedure 

2.1 Governing equations and turbulence models 

The flow is governed by the 3D steady-state Reynolds-averaged Navier-Stokes (RANS) 

equations computed using ANSYS Fluent 15 which is based on a cell-centered finite volume 

discretization method [24]. RANS turbulence modelling approach allows the calculation of 

the mean flow without first calculating the full time-dependent flow field. Two turbulence 

models are particularly detailed and used in this study. 

First, the re-normalization-group (RNG) κ-ε model was developed by Yakhot et al. [29, 

30] using RNG method to renormalize the Navier-Stokes equations in order to capture the 

effects of small scale motion in a turbulent flow. In standard κ-ε model, the turbulent 

diffusion is accounted only at a specific scale, since eddy viscosity is resolved from a single 

length scale. This trend is not realistic since all turbulence scales will contribute to the 

turbulent diffusion. The modified κ-ε model solves this problem and involves different scales 

to the production term. The RNG κ-ε model shows fundamental improvements over the 
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standard κ-ε model and enhances the final solution [31], where the effects of turbulence of 

strong streamline curvature, vortices and swirl effects are taken in account [32].  

Second, the shear-stress transport (SST) κ-ω model developed by Menter [33] is also 

used in this study. This model solves two partial differential equations: one for the turbulence 

kinetic energy equation κ and the other for its specific dissipation rate ω. Also, the shear-

stress transport combines the use of κ-ω formulation in the inner parts of the boundary layer 

and the switching to a κ-ε behavior in the free-stream thus avoiding the κ-ω sensitivity to the 

inlet free-stream turbulence properties. In addition, it is characterized by its good behavior in 

adverse pressure gradients and separating flows while attaining accuracy and reliability [34].  

The preceding attributes give the SST κ-ω model additional accuracy and reliability thus 

providing it an advantage over the standard κ-ω model.The SST κ-ω model was used by 

many researchers in previous works proving a fair match with experimental results [35, 25].  

This approach necessitates assessment of the wall adjacent cell size analogous to the 

dimensionless wall distance y+ lower than 4, ensuring that the viscous sublayer is meshed. 

Low Reynolds correction and near-wall treatment are adopted for the SST κ-ω and 

RNG κ-ε turbulence models, respectively. Double precision and second order upwind 

numerical schemes are used for spatial discretization of the convective terms [36]. Central-

difference and second order accuracy are used for the diffusion terms. The Coupled algorithm 

is used for the pressure-velocity coupling with the pseudo-transient option which is a form of 

implicit under-relaxation for steady-state cases. Pseudo-transient option allows the user to 

obtain solutions faster and more robustly. For detailed description of the different methods 

and model equations, the reader could refer to [34]. 

2.2 Computational domain and boundary conditions 

The test section consists of one row of rectangular winglet pair vortex generators that 

produce pairs of main longitudinal vortices (see next section). This configuration allows to 
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assume two planes of symmetry; the first is at the channel midplane and the other at one side 

of the middle winglet pair. The channel streamwise direction is defined as x, spanwise 

direction as y and z for the vertical direction. 

Figure 1 presents an isometric view showing the computational domain and boundary 

conditions. The channel height is H=37.8 mm with breadth B=1.6H and length L=11H. Each 

rectangular winglet is 1.5H in length, H/2 in height and thickness equals to 0.05H. The 

winglets are set normal to the channel bottom wall with an angle of attack of 30° from the 

incident flow, and the distance separating the leading edges of VG is 0.2H.  

 

 
Figure 1 Computational domain and boundary conditions. 

 

The Reynolds number is calculated based on the channel hydraulic diameter 	
 = 2� 

and it is equal to Re=4400. To ensure the same incoming flow conditions, the inlet velocity 

profile function is extracted from the experimental measurement and then fitted with an 

analytical solution by means of a user defined function (UDF). 

The analytical velocity profile used to fit the experimental inlet velocity is based on the 

model developed by Štigler [37] based on vorticity distribution between two parallel plates. 
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Štigler velocity profile fits realistic results better than the power law velocity profiles that was 

derived for pipe flows, since the derivative of the function does not tend to infinity at the 

boundaries, thus no infinite shear stress at the walls. In addition, Štigler analytical solution 

solves the Munson power law in which the derivative of the function at the middle of the 

channel does not tend to zero. Štigler’s analytical profile is defined as [37]: 


��� = 1 − �|2� − �|

� �
���

 (1) 

� = ��(�� − ��)4��� �� − 2 (2) 

where  is the longitudinal velocity (m.s-1), ��� is the maximum velocity (m.s-1), � is the 

channel height (m), � is the vertical distance from the bottom wall (m), 0 ≤ z ≤ H, � = 3.4 is a 

pressure drop depending constant, � �� is the mean flow velocity (m.s-1), �� − �� is the 

pressure drop (Pa) obtained from the friction factor inside an empty duct flow. This 

expression can be used for both laminar and turbulent velocity profiles.  

2.3 Mesh sensitivity analysis 

The mesh used in this work is similar to a previous study done by Oneissi et al. [28] in 

which a non-uniform mesh with polyhedral cells is adopted for the computational domain. All 

walls in the channel are treated with 10 inflation layers with 40 µm first layer thickness for 

attaining y+ values less than 1. Table 1 presents the channel mesh characteristics used in this 

work. The mesh sensitivity analysis is done according to the method proposed by Celik et al. 

[38]. According to this method a grid convergence index (#$%) is calculated for several flow 

parameters. In our study, we consider local velocity distribution in the wake of the VG as well 

as the pressure drop across the flow domain. Four mesh densities were studied as follows: 

500,000 – 860,000 – 1,600,000 – 2,500,000. It is found that for a mesh size of around 2.5 

million cells, the #$% for local velocity did not exceed 1.2 % and the #$% for the pressure 
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drop was lower than 0.7 %, for both eddy viscosity turbulence models. Thus, this mesh is 

adopted for the present numerical simulations. 

To ensure good convergence of the results, the criteria are based on the continuity, 

linear momentum, and energy equations with residuals of at least 10&'. 

Table 1 Mesh characteristics 

Maximum element size (mm) 1.30 

Type of mesh Polyhedral 

Number of elements 2.5x106 

Inflation (μm) 40 

Inflation layers 10 

Maximum y+ 0.40 

 

3. Experimental Method 

The experimental studies are performed in a close-loop air channel shown in Figure 2. 

The same experimental setup has been used in a previous study where more details are given 

on the benchmark and measurement method in Ref. [39]. In this paper we give a brief 

description of the experimental benchmark and method adopted.  

The test section is 1200 mm in length, 500 mm in width and of height equal to 37.8 mm. 

The flow rate is controlled by varying the rotational speed of the fan. In the seeding room, 

seeding particles are generated through a controlled combustion process of which produces 

about 1 µm mean diameter smoke particles with a density around 1.06 kg/m3 [40, 41] used as 

flow tracers. A row of rectangular winglet pair VG is mounted on the bottom wall and used to 

generate longitudinal vortices in the test channel. The test section consists of four rectangular 

winglet pairs. Only one pair of rectangular winglets at the middle of the test section is 

investigated in this study due to symmetric boundary conditions as explained in the previous 

section for the CFD study. The VG are manufactured by means of an Objet Alaris 30 Desktop 

3D Printer using photopolymer jetting technology. 
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Stereoscopic PIV technique is used in this work and it consists of a laser light source, 

two digital cameras and image-based processing software. The three velocity field 

components are measured in two plane orientations:  

•  xy measurement planes, where the laser sheet is placed horizontally above the 

winglets row parallel to the bottom wall.  

• yz measurement planes, where the laser sheet is placed vertically in cross-sections 

normal to the main flow direction at distinct locations.   

In each measurement plane, 3000 images were captured with a sampling frequency of 2 

Hz. 

 

Figure 2 Close-loop air channel setup: (1) Seeding room; (2) Particle generator; (3) 

Honeycomb; (4) Convergent section; (5) Upstream channel; (6) Test section (lateral and 

upper glazed windows); (7) Convergent 90°-elbow; (8) Absolute pressure transducer; (9) 

Laminar flowmeter; (10) Temperature probe; (11) PVC suction pipe; (12) Centrifugal fan; 

(13) Wirings and cables; (14) Micro-manometer and temperature recorder ; (15) Normal 

camera; (16) Inclined camera. 
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4. Results and discussion 

4.1 Streamwise velocity profile 

Before comparing the experimental and numerical findings, the mean flow velocity 

profile at the inlet cross section is presented in along with the analytical velocity profile 

obtained from Eq. (2) for �� = 4400. The experimental and analytical velocity profiles show 

a great agreement and can be used as an inlet boundary conditions for the CFD simulations. 

The average error between experimental and analytical velocities is less than 2%. 

 

Figure 3 Mean flow velocity at the inlet cross section from experimental and analytical 

methods.  

In order to analyze the eddy viscosity turbulence models in predicting the generation 

and dissipation of longitudinal vortices generated by rectangular winglet pair, local 

comparison of the velocity field from CFD and SPIV measurements is conducted in this 

section. Measurements of longitudinal velocity profiles at a distance ( = � downstream the 

VG trailing edge and vertical distance z=24 mm from the bottom wall are compared for 

instance in Figure 3. This figure shows a comparison between longitudinal mean velocity 

profiles ()*) normalized by the bulk velocity () extracted from experimental results with a 
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7% error and from the two numerical simulations results. This error on experimental results is 

estimated from repeatability study performed on several days and various flow conditions. 

The normalized velocity profile ()*/) obtained by numerical simulation using SST κ-ω 

turbulence model is in good agreement with experimental results. The average error between 

these simulation results and experimental results is less than 5% with a maximum error at the 

channel center line of about 12%. 

Similar qualitative behavior of velocity profile is obtained for RNG κ-ε turbulence 

model however it is quantitatively farther from the data obtained using SPIV and SST κ-ω 

model. Hence, the RNG κ-ε turbulence model could not accurately predict the longitudinal 

velocity profile.  

This type of comparison is not enough to judge or even validate the use of the SST κ-ω  

turbulence models. Further detailed comparison of the flow structure characterization and 

flow topologies are conducted in the next paragraphs by comparing the velocity field and 

turbulence kinetic energy at different cross-sectional positions.  
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Figure 3 Comparison between normalized mean velocity profiles extracted from 

experimental results (with 7% error) and numerical simulations, at x/H=1 downstream the VG 

trailing edge and vertical distance z=24 mm.  

 

4.2 Horizontal velocity components 

Flow structure in horizontal plane of both turbulence models are compared with SPIV 

experimental results in this section. In order to investigate the flow topology in the horizontal 

plane xy (z=24 mm from bottom wall), first, the three mean velocity components )*, ,̅ and ./  

are compared with experimental results. Second, to investigate the turbulent characteristics of 

the flow, turbulent kinetic energy is also compared. 

4.2.1 Comparison between SPIV and RNG κ-ε turbulence model 

Results obtained by numerical simulation and experimental method are post-processed 

using Matlab adopting similar image filtering and colormaps. Figure 4 presents comparison of 

mean velocity components ()*, ,̅, ./) in horizontal plane from experimental data and 

numerical results obtained using RNG κ-ε turbulence model at Re=4400 and at a position 

z=24 mm from bottom wall. 

For the mean longitudinal velocity ()*), different velocity topologies are observed 

between experiment and simulation. The topologies of the mean transverse velocity 

component (,̅) obtained from experimental and numerical results are not in good agreement 

with SPIV results. Figure 4 (b) shows that the transverse velocity component (,̅) is totally 

trapped in region directly in the wake of the winglet pair in which it dissipates rapidly after a 

distance x/H=4. This means that the main vortex is quickly dissipated which is not the case 

shown by SPIV results. The vertical component (./) obtained by CFD is shown in Figure 4 (c) 

and do not show good correspondence with experimental results. It can be observed that the 

RNG κ-ε turbulence model could not predict the induced vortices and only one stagnation 



14 

zone line is predicted in the lower half unlike experimental data. Only the main vortex is 

predicted by the RNG κ-ε turbulence model produced due to flow separation over the winglet 

and rotates in a clockwise (CW) direction. This main vortex vanishes quickly in the CFD 

simulations while SPIV results show that it persists to longer distance downstream the VG.  

 

 
(a) 

  
(b)  

 
(c) 

Figure 4 Comparison of mean flow velocity components in the horizontal plane at Re=4400 

and z=24 mm from bottom wall: (a) 0/, (b) 1/, (c) 2/ , upper section from experimental results 

and lower section from numerical simulations using RNG κ-ε turbulence model. 

 

SPIV 

CFD 

SPIV 

CFD 

SPIV 

CFD 
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Figure 5 presents a comparison of the normalized turbulent kinetic energy between 

experimental results and numerical simulation using RNG κ-ε turbulence model at Re=4400 

and z=24 mm from bottom wall. Both figures are totally unsymmetrical with no good 

correspondence between CFD and SPIV results. Hence, the RNG κ-ε turbulence model could 

not predict the turbulent kinetic energy even in an approximate manner. 

 

 

Figure 5 Comparison of the normalized turbulent kinetic energy topologies at Re=4400 and 

z=24 mm from bottom wall, between experimental results (upper section) and numerical 

simulation using RNG κ-ε turbulence model (lower section). 

 

4.2.2 Comparison between SPIV and SST κ-ω model 

A similar strategy is followed in this section for comparing CFD using SST κ-ω 

turbulence model and experimental results. Figure 6 compares the contours of velocity 

components in the horizontal plane. On each figure, the upper half of the image represents the 

experimental results obtained by SPIV, while the bottom half presents contours obtained from 

numerical simulation, indicated by CFD. 

From the CFD contours of the mean longitudinal velocity )*, the maximum values occur 

above the rectangular winglet pair and different areas of velocity variation are observed in the 

wake. The main two areas of velocity deficit are associated to the evolution of longitudinal 

vortices in the wake region of each rectangular winglet. The same phenomenon can be 

observed near the symmetric axis after a distance x/H=2 corresponding to the development of 

SPIV 

CFD 
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the induced vortices. The CFD results are in very good agreement with contours depicted 

from the SPIV method. The topologies of the mean transverse velocity component ,̅ obtained 

from experimental and numerical results are also compared in Figure 6 (b). It is observed that 

the transversal velocity component ,̅ is embedded in region behind the winglet pair in the 

wake due to flow separation and dissipates along the channel in a manner similar to 

experimental data. Figure 6 (c) shows the vertical component ./  obtained by CFD and 

experiments and show a great correspondence between both methods. It can be observed that 

the flow is directed downward in the symmetry plane and then splits into two regions: two 

main longitudinal vortices in the two regions separated by y/H=0 axis. In each region, the up-

wash flow is colored in red, the downwash effect is colored in blue and zero velocity is 

colored in green. A main vortex is produced due to flow separation over the winglet and 

rotates in a clockwise (CW) direction and an induced vortex rotating counterclockwise 

(CCW) is beginning to develop after a distance x/H=2 from winglet trailing edge. Both, 

experimental and numerical results are in excellent correspondence with each other and show 

almost non-distinguishable flow topologies. 

 

 
(a) 

SPIV 

CFD 
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(b) 

 
(c) 

Figure 6 Comparison of mean flow velocity components in the horizontal plane at Re = 4400 

and z=24 mm from bottom wall: (a) 0/, (b) 1/, (c) 2/ , upper section from experimental results 

and lower section from numerical simulations using SST κ-ω turbulence model. 

 

Figure 7 shows a comparison of the turbulent kinetic energy profiles, normalized with 

the square of mean flow velocity (�), between experimental results (denoted by SPIV) and 

numerical simulation using SST κ-ω turbulence model at Re=4400. Both figures are not 

perfectly superposing, but they are in relatively good agreement. SST κ-ω turbulence model 

seems to have good agreement with experimental results for the turbulence kinetic energy of 

the primary vortex however, it does not reproduce fairly that for secondary vortex, especially 

from x/H higher than 3. Meanwhile, the effectiveness of the SST κ-ω is much better than the 

RNG κ-ε model as concluded from these two last sections. 

 

SPIV 

CFD 

SPIV 

CFD 
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Figure 7 Comparison of the normalized turbulent kinetic energy topologies at Re=4400 and 

z=24 mm from bottom wall, between experimental results (upper section) and numerical 

simulation using SST κ-ω turbulence model (lower section). 

 

4.3 Secondary flow structure 

In addition to the flow field comparison in horizontal plane, flow topologies in vertical 

planes are extracted for further examination of the turbulence models prediction of 

longitudinal vortices at several locations in the wake region. In this section, Γ� criterion 

proposed by Favelier et al. [42] and employed previously by Oneissi et al. [39] to identify and 

track the main and induced vortices in cross sections downstream the winglet pair, is also 

used here to validate turbulence model predictions. Comparing topologies of the Γ� criterion 

with SST κ-ω turbulence model and RNG κ-ε turbulence model at different locations (x= H, 

3H, 5H, 9H and 10.5H) are respectively illustrated in Figure 8 and Figure 9. The results are 

presented in a symmetrical manner for better visibility. 

It is clearly shown from Figure 8 that the SST κ-ω turbulence model accurately predicts 

and identifies the generated vortices location at different vertical planes, while Figure 9 shows 

that the RNG κ-ε turbulence model could not predict the generation of these streamwise 

vortices which are the most responsible for macromixing and heat transfer enhancement [6, 

11].The RNG κ-ε turbulence model only predicts the formation of one main vortex that 

develops along the channel, but it fails in predicting any induced vortices. Whereas, the SST 

κ-ω turbulence model predicts precisely the number of generated vortices and the relative 

SPIV 

CFD 
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position of these vortices. Figure 8 shows that SST κ-ω turbulence model predicts one main 

vortex in addition to two induced vortices near the bottom wall of the channel at a distance 

x=H. Also, for the other planes, the SST κ-ω turbulence model predicts accurately the main 

and induced vortices numbers and locations.  
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 SPIV                                          SST κ-ω 

x=H 

 

x=3H 

 

x=5H 

 

x=9H 

 

x=10.5H 

 
Figure 8 Comparison of Γ� function topologies used for vortex identification downstream the 

winglet pair at Re=4400 between experimental results (left section) and numerical simulation 

using SST κ-ω turbulence model (right section).  
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 SPIV                                          RNG κ-ε 

x=H 

 

x=3H 

 

x=5H 

 

x=9H 

 

x=10.5H 

 
Figure 9 Comparison of 45 function topologies used for vortex identification downstream the 

winglet pair at Re=4400 between experimental results (left section) and numerical simulation 

using RNG κ-ε turbulence model (right section).  
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5. Conclusion 

In this study, a comparison between CFD numerical simulation and SPIV experimental 

data of longitudinal vortices generated downstream rectangular winglet pairs in parallel plate-

fin channel is investigated at a Reynolds number Re=4400. Two eddy viscosity models are 

adopted, namely the RNG 6 − 7 and SST 6 − 8 turbulence models, which are the most 

widely used when dealing with flow and heat transfer downstream vortex generators. 

The aim of this study is to qualify turbulence model in predicting the flow structure of 

longitudinal vortices in a parallel plate channel, since these vortices are the most responsible 

for macromixing and heat transfer enhancement. The obtained results of the velocity profile 

from the simulations are compared locally with experimental data extracted using SPIV 

techniques. Local velocity profile in the wake of the VG obtained from the SST κ-ω 

turbulence model shows a good correspondence with experimental data, while RNG κ-ε 

turbulence model did not predict well the same behavior. 

Velocity fields on a horizontal flow sections in addition to the turbulent kinetic energy 

distribution are inspected. The SST κ-ω turbulence model shows fair agreement with 

experimental results. On the other hand, the RNG κ-ε turbulence model shows no consistency 

at all with experimental results. Meanwhile, the SST κ-ω turbulence model is found to not 

accurately predict the turbulent kinetic energy of the induced secondary vortex. 

The flow topology is also compared on several cross sections downstream the VG to 

show development and number of streamwise vortices by means of Γ� criterion. The SST κ-ω 

turbulence model accurately predicts and identifies the generated vortices location at different 

planes, the number of generated vortices (main and induced) as well as their relative 

positions. The RNG κ-ε turbulence model could only predict the generation of main vortices, 

but it fails at predicting any induced vortices. 



23 

This study highlights the dominance of the SST κ-ω turbulence model over the RNG κ-

ε turbulence model in predicting flow structure characteristics of longitudinal vortices in a 

parallel plate channel downstream vortex generator. Moreover, the SST κ-ω turbulence model 

can capture accurately the main and induced vortices and therefore it is preferable to be used 

in CFD studies dedicated for convective heat transfer enhancement using vortex generators. 
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