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ABSTRACT 

This paper is dealing with an experimental study to show the influence of the 

geometric characteristics of the vortex generators VG son the thickness of the boundary 

layer (∂) and drag coefficients (CD) of the flat plate. Vortex generators work effectively on 

medium and high angles of attack, since they are "hidden" under the boundary layer and 

practically ineffective at low angles. 

 The height of VGs relative to the thickness of the boundary layer enables us to 

study the efficacy of VGs in delaying boundary layer separation. The distance between 

two VGs also has an effect on the boundary layer if we take into account the interference 

between two pairs of VGs. The effect of the changing in (h- the height of vortex 

generator, d- the average distance between tow vortex generators) on the thickness of the 

flat plate boundary layer and the drag coefficients has been studied for triangular vortex 

generator. The measurements of the vortex generator have been changed to determine 

the optimum boundary layer thickness and the change in drag coefficients. An 

experiment was done at an average free stream velocity, (U∞,) of 28 m/s. The experiment 

was conducted in the wind tunnel UTAD-2 University (NAU) Kiev, Ukraine. 
Keywords: Drag coefficients, geometric characteristics, laminar flow, stream velocity, turbulent flow; vortex generator. 
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 دساست حجشيبيت نخأريش يىنذ انذوايت عهً انطبقت انحذوديت نهىحت يسطحت
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 انخلاصت

)∂( نًىنذاث انذواياث عهً سًك انطبقت انحذوديت  يخُاول هزا انبحذ دساست حجشيبيت حبيٍ حأريش انخصائص انهُذسيت

حعًم يىنذاث انذواياث بشكم فعال في صوايا انهجىو انًخىسطت وانعانيت لأَها حكىٌ "يخفيت" ، و( نهىحت يسطحتCD) كبحويعايلاث ان

انً سًك انطبقت انًحذدة يًكُُا يٍ دساست  تَسب VGsاسحفاع اٌ ، وعُذ انضوايا انًُخفضتا انطبقت انحذوديت وغيش فعانت عًهيححج 

أيضًا عهً انطبقت انحذوديت إرا أخزَا في الاعخباس  VGsت بيٍ ارُيٍ يٍ انًساف، وفي حاخيش اَفصال انطبقت انًحذدة VGsيذي فعانيت 

 .VGsانخذاخم بيٍ صوجيٍ يٍ 

يخىسط انًسافت بيٍ يىنذاث دوايت انقطش( عهً سًك انطبقت  -اسحفاع يىنذ انذوايت، د -hحًج دساست حأريش انخغيش في )

حى حغييش قياساث يىنذ انذوايت نخحذيذ سًك انطبقت انحذوديت ، وانشكمانحذوديت نهىحت انًسطحت ويعايلاث انكبح نًىنذ دوايت يزهذ 

جايعت في  UTAD-2انخجشبت في انُفق انهىائي ، وَفزث و/ د 82( حبهغ U)∞انخجشبت بًخىسط سشعت حياس حش ، واجشيج انًزهً.

(NAUكييف )اوكشاَيا ،. 
 .مىلذ دوامة ،جريان مضطرب، سرعة التذفققي، ،  انسياب طبالخصائص الهنذسيةمعامل الكبح، انكهًاث انًفخاحيت: 

 

INTRODUCTION 

Vortex generators (VGs) are used as flow control devices to provide a certain amount 

of delay separation of the boundary layer as well as weaken the harmful effects of strong local 

secondary flows. Most of the previous scientific research used a VG as a passive flow control 

device that modifies the boundary layer fluid motion, which brings momentum from the outer 

flow region into the inner flow region of the wall-bounded flows (Storms et al.,1994), thus 

delaying the separation of the boundary layer (Manolesos et al., 2015). But their implementation 

may produce overload drag at the body where they are placed. In this work, the VG is used as a 

device to reduce the thickness of the boundary layer on the flat plate which will lead to 

decrease drag coefficients. The designs of various types of vortex generators have been given 

in (Gao et al., 2015). 

In scientific research (Li et al., 2014) was used four different shapes of VGs: delta, 

cropped-delta, rectangle, and trapezium, among the four VGs, rectangular vane has the 

maximum drag while deltaic vane gives the best drag performance. The deltaic VG has the 

lowest vortex strength because its leading edge is close to the wall surface and most of its 

surface is submerged in the boundary layer when the vehicles fly at slow velocity (Lin et al., 

1990). Accordingly, has been selected as the deltaic type of VG. A lot of research has been 

done on the VGs by several researchers (Stilffried et al., 2010; Griffm 1960). Li et al, (2019) 

got the results of the effect of VG height in the boundary layer. 

The objective of this research is an experimental study of the dependence of the drag 

coefficients and the boundary layer thickness of a flat plate on many geometric characteristics 

of the VGs. 32 models of VGs configured in different geometric dimensions to get the 

optimum geometric measurements, which is equivalent to the lowest value of drag coefficients. 
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DESCRIPTION OF A FLAT PLATE AND VORTEX GENERATORS FOR EXPERIMENTAL 

RESEARCH 

An experimental study was carried out on a wind tunnel UTAD-2 (NAU). On its basis, an 

experimental setup for investigating the characteristics of the boundary layer on a plate (Figure 1). 

UTAD-2 is an atmospheric low-speed wind tunnel of closed-return type with an open elliptical test 

section. It is used for educational purposes in aerodynamics and flight dynamics as well as for scientific 

investigations, and commercial purposes such as certification of wind velocity and wind direction meters.  

Methodological works like working through new types of experimental rigs, data acquisition, and 

processing approaches, etc. are performed, which are then implemented in the large TAD-2 wind tunnel. 

The speed and the static pressure installations along the flat plate were measured respectively using a 

Pitot tube and a differential manometer connected via capillary tubes. 
 

 

 

  

 

 

 

 

Figure (1): Experimental setup. 

1. Coordinate device along the x-axis; 2. Wind tunnel; 3. Flat plate; 4. Vortex generators; 5.  

Total pressure sensor; 6. Coordinate device along the y axis 

 

A flat plate with dimensions (7 mm thickness, 270 mm width, and 400 mm Length), as shown 

in (Figure 2). The position of (VG) fixed on a flat plate at a distance from the front edge 40 mm. 

 

 

 

 

 

 

 

Figure (2): Coordinate device and sensor unit. 
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An experiment was carried out to determine the velocity profile in a turbulent 

boundary layer after the corresponding vortex generator. Using a coordinate device, 

the total pressure sensor was located at a certain distance from the plate surface and 

measured the instantaneous values of the velocity in this section. The first point was 

always 0.25 mm from the plate surface. 

 The location of the generators on the plate is shown in (Figure 3.b), while the general 

view and geometric parameters are shown in (Figure 4), the experimental parameters are shown 

in the (Table 1). Preliminary studies have enabled us to choose the type and size of vortex 

generators, which allowed getting the minimum thickness of the plate boundary layer. The next 

stage of experimental research is to account for the frontal drag mutual effect of its 

modifications in the thickness of the boundary layer while depending on the combination of 

geometric parameters vortex generators. 

 

 

 

 

 

 

    a                                                                                                b 

Figure (3): The geometrical dimensions of a flat plate and the layout of vortex generators. 

 

 

 

 

 

 

Figure (4): Types and geometric parameters of vortex generators used in experimental 

research a: shape of VG b: The main dimensions of VG. 

 

Vortex generators can be described by the following geometrical dimensions: h - wall 

height; b- is the length of the working part; β- wall tilt angle; d - is the distance between the walls 

of the vortex generator. Analysis of works (Gissen et al., 2011; Lin 1999; Li et al., 2011) 

showed that the values of these parameters are defined by clear boundaries and there are certain 

relationships between them. 

  



72 

 
 

Mahmood. 

(2021) 13(2): 68-78 

 
 

Iraqi Journal of Market Research and Consumer Protection 

 

 وحماية المستهلكالمجلة العراقية لبحىث السىق 

Table (1): Geometric parameters of the study vortex generators. 

The researched 

VG 

Parameters 

х, мм h, мм l, мм D, мм d, мм B, мм b, мм , ,  

VG№ 1 60 4 13.6 46 14 19 10 20 16.4 

VG № 2 60 4 21 41 15 23 7 20 20 

VG № 3 60 6 18 48 14 19 12 15  

VG № 4 60 3.5 18 48 12 19 12 15  

 

THE METHODOLOGY OF THE EXPERIMENTAL RESEARCH 

 From the beginning of the experiment, it was calculated the change in the 

thickness of the boundary layer starting from the front edge of the flat plate. A speed 

of flow in the working part of the installation in this experiment was V = 33 м/с, 

which corresponded to a Reynolds number Re = 0.89810
6
. The results of the 

experiment were compared with the obtained that of analytically for a flat plate, 

where the following relations were used in calculating the thickness of the boundary 

layer.  

 The results of the experiment were compared with the obtained that 

analytically for a flat plate, where the following relations were used in calculating 

the thickness of the boundary layer. 

 

 For a laminar boundary layer 

,
Re

64.4
64.4

x

л

x

V

x 








                    (1) 

 For a turbulent boundary layer 
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                        (2) 

 Based on the geometric characteristics of the vortex generator № 3 parametric studies 

were carried out a series of vortex generators, in which for the same values of the parameters (

constD  , ,  = const,  = 0) the height of the generator was changed   , 

parameter ,
pl

i




  , Where hi, dii absolute current values of the indicated values, b – 

chord of plate  pl  thickness of the boundary layer of an isolated flat plate. 

Geometric parameters data of vortex generator are given in the (Table 2). 

  

constL 
b

h
h i

b

d
d i
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Table (2):Geometric parameters of the tested samples of vortex generators. 

№п/п h d L  

VG 0 0 0 0 

1 0.0075 0.035 0.045 15 

2 0.0150 0.045 0.045 15 

3 0.0175 0.055 0.045 15 

4 0.0225 0.070 0.045 15 

 

 As a result of this research was obtained the relation between drag coefficients and the 

thickness of the boundary layer from above 32 combinations of vortex generators barometers. 
 

RESULTS 

 The influence of the geometric characteristics of the vortex generators on the drag of a flat 

plate and the thickness of its boundary layer is given in the (Table 3 and 4) and also presented in the 

form of graphical methods (Figures 5, 6, 7 and 8). 
 

Table (3):Characteristics of Vortex Generators ,  = 15 

№ п/п   CD    ̅ 

VG 0 0 0.00918 1.00 1.000 

1 0.0075 0.035 0.00957 0.48 1.043 

2 0.0075 0.045 0.00947 0.67 1.032 

3 0.0075 0.055 0.00985 0.77 1.073 

4 0.0075 0.070 0.01026 0.82 1.118 

5 0.0150 0.035 0.01017 0.43 1.108 

6 0.0150 0.045 0.00994 0.60 1.083 

7 0.0150 0.055 0.01022 0.68 1.113 

8 0.0150 0.070 0.01042 0.73 1.135 

9 0.0175 0.035 0.01035 0.38 1.127 

10 0.0175 0.045 0.01015 0.57 1.106 

11 0.0175 0.055 0.01042 0.62 1.135 

12 0.0175 0.070 0.01074 0.66 1.167 

13 0.0225 0.035 0.01055 0.36 1.149 

14 0.0225 0.045 0.01153 0.52 1.256 

15 0.0225 0.055 0.01188 0.58 1.294 

16 0.0225 0.070 0.01131 0.62 1.232 

17 0.0075 0.035 0.00947 0.49 1.032 

18 0.0150 0.035 0.00958 0.60 1.044 

19 0.0175 0.035 0.00978 0.48 1.065 

20 0.0225 0.035 0.01050 0.49 1.144 

21 0.0075 0.045 0.00999 0.53 1.088 

22 0.0150 0.045 0.00984 0.64 1.072 

23 0.0175 0.045 0.00992 0.52 1.081 

24 0.0225 0.045 0.01083 0.54 1.179 

25 0.0075 0.055 0.01017 0.58 1.108 

26 0.0150 0.055 0.01016 0.70 1.107 

27 0.0175 0.055 0.01027 0.58 1.119 

28 0.0225 0.055 0.01118 0.59 1.218 

29 0.0075 0.070 0.01046 0.64 1.139 

30 0.0150 0.070 0.01042 0.76 1.135 

31 0.0175 0.070 0.01074 0.64 1.170 

32 0.0225 0.070 0.01154 0.65 1.257 

 

 

constL 

h d 

https://www.linguee.com/english-russian/translation/tested+samples.html


74 

 
 

Mahmood. 

(2021) 13(2): 68-78 

 
 

Iraqi Journal of Market Research and Consumer Protection 

 

 وحماية المستهلكالمجلة العراقية لبحىث السىق 

0.03 0.04 0.05 0.06 0.07 0.08
d

0.0

0.4

0.8

1.2

_



h = 0.0075

h = 0.0150

h = 0.0175

h = 0.0225

_

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure(5): Dependences of the coefficient cx0 on the parameter . 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(6): Dependences of the relative thickness of the boundary layer on the parameter . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(7): Dependences of the coefficient cx0 on the parameter . 
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Figure (8):. Dependences of the relative thickness of the boundary layer on the parameter . 

 

In case of the constancy of the parameter value  and an increase in the relative 

parameter observed a reverse picture (Figure 8). Have also been built three-dimensional 

graphic dependencies of the above parameters, which are shown in (Figure 9). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(9): Change in the plate drag coefficient with the vortex generators depending on the   

parameters   and . 

 

 

 

 

 

 

h

d

h

d h



76 

 
 

Mahmood. 

(2021) 13(2): 68-78 

 
 

Iraqi Journal of Market Research and Consumer Protection 

 

 وحماية المستهلكالمجلة العراقية لبحىث السىق 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (10): Change in the thickness of the plate boundary layer with vortex generators as a 

function of the parameters and . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (11): The change in the drag coefficient and the thickness of the plate boundary layer 

with the vortex generators as a function of the parameters and . 

 

 The analysis of the figures shown is quite complex. So the result in (Figure 10), clearly 

shows the region in which advisable to choose the geometric characteristics of the vortex 

generators. In this range, drag not high enough, but decreasing the thickness of the boundary 

layer will allow improved aerodynamic stall characteristics of the aircraft and its parts. 

 Drag coefficients CD are increased with the increasing of the height of the generators in 

all cases, and the minimum thickness of the boundary layer in the range of 0.018  0.022h  . 

An analysis of the research results showed in (Figure 11) that the smallest thickness of the 

boundary layer is observed with the value of the parameters 0.035d   and 0.018h  While the 

smallest drag is observed at 0.0075h  ,  0.035d  . As the thickness of the boundary layer is 

decreased, this will give more an additional drag, which is performed by vortex 

d h

d h
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generators. This is because then less thickness of the boundary layer by that, the vortex 

generator takes up more energy from the external stream flowing around the plate. 

 

CONCLUSIONS 

 Using the «MATLAB-9.6» program a relationship between drag 

coefficients and the relative thickness of the boundary layer has obtained the 

results of the analysis may give a very complex relationship. At the same time, 

there is a region in which it is useful to choose the geometric characteristics of the 

vortex generators. In this region, the drag not high, and the relative decrease in the 

thickness of the boundary layer due to the interaction of the vortex generators with 

the boundary layer of the plate allows them to be used for stalling aerodynamic 

characteristics of the parts of the aircraft and the aircraft generally. 

 

RECOMMENDATIONS 

i. An experimental setup has been created that makes it possible to study the effect 

of VGs characteristics of the boundary layer on a flat plate. These results can be 

used and applied to wing profile modelsto study the effect of VGs 

measurements onseparation points. 

ii. Has been studied triangle shapeVGs it is possible to change the shape of VGs to 

a rectangleand make a comparison between them. 
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