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Abstract 

This study presents a numerical investigation of the flow characteristics around a single and 

double-slotted cylinder using computational fluid dynamics (CFD). The simulations were 

conducted using CFD software OpenFOAM on a structured grid. The governing equations for 

incompressible, laminar flow were solved using the SIMPLE FOAM solver. A mesh-independent 

study led to a structured grid with 0.7m cells which was sufficient to capture the flow features 

accurately. The results show that the addition of double slits to the cylinder significantly reduces 

the drag coefficient as compared to a normal cylinder. The reduction in drag coefficient was 

observed to be more significant for wider slits, with a maximum reduction of 22% observed for a 

gap between slits and a width-to-diameter ratio of 0.1. The streamlines and pressure contours for 

the double-slotted cylinder show a distinct change in the flow pattern due to the presence of the 

slits. The flow around the slotted cylinder is observed to be more streamlined with less vortex 

shedding as compared to the no-slit cylinder. Additionally, the slits help in reducing the size of the 

wake region behind the cylinder, resulting in a reduction of pressure drag. The effect of the 

Reynolds number on the flow characteristics was also studied. It was observed that the increase in 

Reynolds number resulted in a decrease in drag coefficient for each set of cases, similar to that of 

a no-slit and single-slotted cylinder. The results of this study suggest that the presence of double 

slits can significantly alter the flow characteristics of a cylinder and improve its aerodynamic 

performance, especially in laminar conditions. The findings of this study can have potential 

applications in various fields, including aerospace, wind energy, and marine engineering. 

 

 

Key Words: Slotted Cylinders, Drag Coefficient, Passive Control, Flow characteristics, Force 

Characteristics
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CHAPTER 1: INTRODUCTION 

Extensive engineering research has been focused on the flow around cylinders because of its 

potential to improve performance in various applications, including aerospace, hydrodynamics, 

power generation, and heat exchangers. The complex flow dynamics of these structures are 

governed by changing geometry and operating conditions, making them an intriguing subject for 

scientists and engineers. The knowledge gained from this research is applicable to improving the 

design of tall buildings and underwater structures, as there are similarities in the physical 

characteristics of the flow around cylinders and these structures. 

1.1 Background and Motivation 

Flow over a bluff body is a topic of interest among the researchers pursuing CFD related studies. 

Flow over cylinder being an example to flow over a bluff body is extensively studied. 

Unfortunately, being a topic of vast practical presence, there is minimum literature that can help 

us predict flow over the cylinder with multiple slits. So, the topic being novel as no previous work 

has been done was chosen.  

In addition, Computational Fluid Dynamics (CFD) is an important area not only in research but of 

vast practical applications. Unfortunately to perform numerical and computational solutions for 

complex problems requires licensing of commercial solvers such as ANSYS, COMSOL etc. This 

restricts researchers from pursuing this field as licensing can cost them a fortune. This project aims 

to conduct a study based on open-source software such as OpenFoam. This would include the 

development of code specific to this topic, which can be openly used improved based on the 

problem. It would help the researchers and developers in future to benefit from an already existing 

literature and code and could improve it for a vast number of practical uses. Apart from a research 

perspective, the results could be applied to various engineering systems around the country and 

aerodynamic improvements could be made.  

1.2 Objectives of the Research 

The objectives of this research are as follows: 

 

1. To study the reduction of drag in a multiple slotted cylinder. 
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2. To evaluate the effect of the gap between slits and the slits-to-diameter ratio on the drag 

of the cylinder. 

3. To identify the optimal combination of slits-to-diameter ratio and gap between slits for 

double slotted cylinders. 

1.3 Scope and Applications of this research 

Flow over a bluff body is conducted for several purposes such as to, 

i. Reduce the drag force 

ii. Study the flow-induced vibrations 

iii. Control the lift force 

iv. Enhance Heat Transfer 

 

All these factors are well understood and researched so that flow-induced problems may be 

reduced, and an engineering design can be optimized, resulting in considerable improvements in 

public safety/comfort. 

Flow around bluff bodies is of important practical significance in various fields such as  

i.   Aerodynamic Forces of Cooling Towers and Stack.  

ii.  Dispersion around high-rise buildings. 

iii. Forces on underwater structures. 

iv. Flow in a Heat Exchanger 

v.  Electronic Cooling 
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CHAPTER 2: LITERATURE REVIEW 

2.1. Overview 

Flow around cylinders has been the focus of extensive research in engineering due to its potential 

to enhance performance in various engineering applications such as power generation, aerospace, 

hydrodynamics, and heat exchangers. The flow dynamics around these structures are complex and 

governed by changing geometry and operating conditions, making them a fascinating subject for 

engineers and scientists [1].  The research is used in improving engineering designs of skyscrapers 

[2] and underwater structures [3], [4] due to the similarity of the physical characteristics between 

flow around cylinder and buildings. An important physical parameter for these structures is the 

cylindrical drag force which is related to the vortex shedding at the wake region of the cylinder. 

The Vortex-Induced Vibrations (VIVs) resulting from the drag have the potential to cause 

significant structural damage in engineering systems with cylindrical cross-sections, such as wired 

bridges and overpasses, towers, onshore and offshore structures, and heat-dissipating devices [5]. 

The risk accompanying the VIVs induced by drag has led researchers to find active and passive 

techniques to reduce or eliminate them. The objective of developing such techniques is to reduce 

drag and prevent variations in the lift by altering the way a bluff body sheds its wake vortex. 

 

2.2 Types of drag control methods 

The two main methods to control drag coefficient in flow around cylinder are, Active control and 

Passive control methods.  

 

2.2.1 Active Control Methods 

Active control methods previously developed include suction control [6], synthetic jet [7], rotating 

cylinders [8], heated cylinders [9], and electromagnetic force control [10], [11]. These methods 

required an external energy source to control the process and eventually alter the drag-around 

cylinders. Koutmos et al.[12] used both computational and experimental methods of planer jet 

injection at Reynolds number (Re) of 8400 and discovered that at an injection rate of 0.75, the jet 

does not separate the wake zone which results in four circulation sections it's downstream. Close 
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to the wake region, a square cylinder experiences two wakes due to the jet's separation of the wake 

zone at injection rate 1.54. Huai-long et al.[13] approximated a flow field around a slotted cylinder 

at Reynolds Number (Re) 200. Constant suction and blowing at the slit orifice acted as a 

disturbance, the study found, decreasing the time it took for the boundary layer flow to divide 

along the back surface of the slotted cylinder and speeding up the time it took for the vortex to 

form. The effect of Re, slits' location and inclination in a slotted cylinder were studied by Zhu et 

al [14]. using PIV experiments. According to the results of the experiments, the boundary layer 

may be strongly impacted by blowing and suction if the slit vent is in front of the flow separation 

point for the base cylinder. 

 

2.2.2 Passive Control Method 

A few examples of passive control techniques discussed by Choi et al. [15] are dimpled surfaces, 

surface protrusion, grooves, the slotted cylinder, and splitter plates which work without an external 

energy source and are usually modifications to the cylinder surface. 

For square cylinders researchers have used various geometric configurations for drag reduction, 

Aydin et al. [16] used modified square cylinders, i.e., square cylinders with holes and resulted that 

the holes in the cylinders stretched the vortex formation. He et al. [17] used square cylinders with 

rounded edges and reported that with increase of the round cut, reduction in drag coefficient was 

observed. A square cylinder with varied angle of orientation was tried by Deepak et al. [18] and 

concluded that the maximum drag reduction was observed at 45 degrees tilt angle. For circular 

cylinder without slits, Wu et al. [19] carried out simulations with a hinge plate and resulted that 

the addition of the hinge plate resulted in decrease in drag coefficient. Donglai et al. [20] used a 

circular cylinder with splitter plate reported the splitter plates decreased the drag coefficient by 

51.5 %. 3D flow around cylinder with various aspect ratios was investigated by Prashant et al. [21]  

and reported three flow regimes with decreased drag coefficient. and Shi and Feng [22] modified 

the normal cylinder with narrow cuts at upper and lower stagnation points. This modification 

resulted in reduction of the vortices and decrease in drag coefficient.   

In slotted cylinders, parallel and inclined slits were primarily used in the literature, as the 

parameters to reduce the drag coefficient. Tahir Durhasan [23] experimentally investigated slotted 

square cylinders at Re 6000 and concluded that the self-issuing jet due to the slot resulted in 
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reduction of drag coefficient by 42%.  Hangan and Kim [24] also used slotted square cylinders and 

reported 10% drag reduction due to penetration of near wake region and decrease in pressure 

fluctuations. Circular slotted cylinders with parallel slits are equally famous among researchers 

[25]–[28] and results shows that the increase in the width of the slits decreases the drag coefficient 

and suppress the vortex shedding. Alshareef et al. [29] explored the fluid dynamic performance of 

slotted cylinders and concluded that the due to the addition of slots in the the drag coefficient 

decreased by 45%. The slit’s effectiveness was over low speed laminar flows was explored by 

Goodarzi and Asadi [30] at Re 150 and reported that the slits induced additional stagnation points 

and decreased the drag coefficient by 5%. Verma et al. [31]and Sharma et al. [32], [33] used 

parallel converging and diverging slits for flow around cylinder for Re 500 and 60-180 

respectively. It was concluded that the modifications in the cylinder led to a decreased pressure 

drag and low Strouhal number.  

Slits orientation in flow around cylinder are also prevalent in literature to improve flow 

aerodynamics. Peng et al. [34] and Hsu et al. [35] used slits perpendicular to the flow and reported 

that normal slits result in increase in drag.  The later performed simulations on Re 100 to 500 and 

reported that increase in the slits width resulted in the increase in the drag coefficient. Bao et al. 

[36] studied inclined slits and found that for a slit’s width of 0.3 a decrease of 28% is observed, 

while Olsen and Rajagopalan [37] used a combination of six cylinders with slits and resulted in 

reduced drag and improved aerodynamics parameters.  

Table. 1: Summary of Passive Control Method 
 

S. No 
Slits 

Information 

Cylinder 

Geometry 
Reference Findings 

1. 
No Slits 

 

Square 

cylinder 

Aydin et al. 

Study was carried out on square cylinder with 

holes. The holes on the cylinder stretched the 

vortex formation.  

He et al. 

The geometry chosen for the study was square 

cylinder with rounded edges. The increase in the 

round cut decreases the drag coefficient.  

Deepak et al 
At 45% tilt angle, the drag coefficient was 

reduced with increase in Re.  
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Circular 

cylinder 

Wu et al. 

The study was carried out on a circular cylinder 

with a hinge plate. It was found that, Addition of 

the hinge plate reduced the drag coefficient.  

Donglai et 

al 

A circular cylinder with splitter plate was used 

and it was found that the Addition of splitter 

plates decreased the drag coefficient of 51.5 %.  

Prashant et 

al 

3D flow around circular cylinder with various 

aspect ratio was investigated, which resulted in 

three flow regimes at decrease in drag 

coefficient observed.  

Shi and 

Feng 

Narrow cuts at cylinder’s upper and lower 

stagnant points were made to decrease the 

vortices and reduction in drag was observed.  

2. 
Parallel Slits 

 

Square 

Slotted 

Cylinder 

Tahir 

Durhasan 

Experimental investigations were performed on 

a slotted square cylinder at Re 6000 and it was 

concluded that the self-issuing jet impacts the 

vortex shedding and drag coefficient by 42%.  

Hangan and 

Kim 

The slot in the square penetrates the near wake 

region and contributes in drag reduction and 

decrease in pressure fluctuations. The reduction 

in drag is up to 10%.  

Circular 

slotted 

cylinder 

Jian sheng 

et al. 

The increase in the slits width decreased the drag 

coefficient.  

Wang et al 
The suitable gap ratio for reduced heat transfer 

was identified as 2.0.  

Ordia et al 
The increase in width of the cylinder has effect 

on vortex shedding.  

Gao et al 
With increase of slits width from 0.05 to 1.15D 

decrease drag coefficient by 0.025.  
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Parallel, 

Converging 

and Diverging 

Slits 

Verma et al 

Effects of shape, size and position of slit at 

Re500 and resulted that addition of slits 

suppresses VIV and drag.  

Sharma et al 

 

Simulations were carried out at Re 60-180, on 

cylinder with parallel, converging and diverging 

slits. The modified cylinders were able to 

decrease the pressure drag and resulted in a low 

Strouhal number.  

3. 

Perpendicular 

and inclined 

Slits 

Perpendicular 

Slits 

Peng et al 
The optimum slit to width ratio found for drag 

coefficient was 0.1 to 0.5.  

Hsu et al 

 

At Re 100 to 500 the drag for the cylinder with 

normal slit increases with the increase in slit’s 

width. The drag also increases with the increase 

in slit’s width.  

Slotted 

Cylinder with 

Parallel, 

Inclined and 

Perpendicular 

Slits 

Bao et al 

The highest decrease in drag coefficient was 

observed to be 28% with slit to dia ration of 0.3.  

6 modified 

cylinders with 

slits at 

different 

angles 

Olsen and 

Rajagopalen 

Six modified cylinders with slits were used at 

different angles. It Resulted in constant vortex 

shedding and reduced drag.  

 

2.3 Focus of current study 

The current study focuses on reducing the drag coefficient with a passive control method i.e., 

multiple slits parallel to the flow. It is hypothesized that the use of multiple slits parallel to the 

flow in the form of double slits would further reduce the drag coefficient for flow around a 
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cylinder, compared to the use of a single slit. This is because the double slits provide multiple 

passages for flow through the cylinder, leading to a split wake region and reduced drag. This 

hypothesis is supported by previous studies on flow control using multiple slits and will be 

investigated in the current study through numerical simulations. The paper is organized in such a 

way that section 2 presents the methodology of the paper including the governing equations and 

mesh independent study performed. In Section 3 results and outcomes are discussed followed by 

the Conclusion and Future work. 
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CHAPTER 3: METHODOLOGY 

3.1 Governing Equations 

The governing equations for our problem were the incompressible Momentum and continuity 

equations written in the vector form are as,   

 

Continuity Equation 

∇ . �̅� = 0       (1) 

 

Momentum equation 

𝜕 �̅�

𝜕𝑡
+  �̅� . ∇�̅� =  −∇𝑝 + 𝑅𝑒−1∇2�̅�     (2) 

 

Where, v represents the velocity, t time, p density and Re Reynold’s number. 

 

3.2 Numerical Details 

In this paper, we utilized the open-source CFD software OpenFOAM to solve the fluid flow 

equations. We employed the incompressible solver SimpleFOAM for the pressure-velocity 

coupling of the fluid flow in the domain of interest. The cylinder domain is illustrated in Fig. 1. 

The cylinder’s center in the computational domain was chosen as the origin of the coordinate 

system with a downstream direction indicating the positive x-axis. The top, bottom, inlet, and 

outlet boundaries of the domain were placed at y=20D, y=-20D, x=-20D and x=30 respectively. 

The boundary conditions at inlet, outlet, top and bottom were specified as a uniform flow, Neuman 

boundary condition and wall respectively. On the cylinder surface, a no-slip boundary condition 

was applied. The computational domain and boundary conditions adopted in this study are 

consistent with those presented in the author's previously published work [35], [36]. 
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    (a)     (b) 

 

(c) 

Figure. 1: Computational Domain, (a) For No Slits, (b) For Single Slit, (c) For Double 
Slits 

 

 

3.3 Mesh Independent Study 

The mesh independent study is presented in Table 2 which was conducted on a no-slit cylinder at 

Re 200 using five different grid types: Grid A, B, C, D, and E. The mean drag coefficient was 

employed to assess the sensitivity of the grid independence study, with Grid D and E exhibiting 

similar results up to two decimal points and no significant differences. To illustrate the mesh 

used for these simulations, Fig. 3 displays the resulting structured mesh. 
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Table. 2: Mesh Independent Study 
 

Mesh Number of Elements Cd 

A 47,500 1.1503 

B 190,000 1.2 

C 545,000 1.22 

D 760,000 1.2515 

E 1,200,000 1.256 

 

 
In Fig. 2, the results obtained from Grid D were compared with those published in the literature [13], [40]–[46], 

demonstrating close agreement between the computational data and previously reported findings. Based on these 

results, Grid D was selected for further detailed simulations. 

 

Figure. 2: Comparison of Present Study with published literature 
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Figure 3 Final Mesh after Mesh Independent Study 
 

3.4 Simulation parameters 

 

This study involved conducting two-dimensional simulations on no, single, and double-slit 

cylinders with slits aligned in the flow direction. The study was limited to the laminar range of 

Reynolds numbers ranging from 50-200. Other parameters used were the width to dia ratio (W/D) 

and the gap between the slits (L) and were set to 0.1 and 0.15, respectively. In total, 28 simulations 

were performed, comprising four for no slit, eight for a single slit, and 16 for a double-slotted 

cylinder. A summary of the simulation parameters used in our study is listed in Table 

Table. 3: Simulation parameters and variations 
 

Parameters Variations 

Geometry 

No Slit 

Single Slit 

Double Slit 

Width to Dia Ratio (W/D) 
0.1 

0.15 

Gap between slits (L) 
0.1 

0.15 

Reynolds Number (Re) 

50 

100 

150 

200 
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CHAPTER 4: Results and Discussion 

4.1 No Slit and Single Slit Cylinder 

4.1.1 Force Statistics 

Fig. 4 and 5 depict the variation of the coefficient of drag over time for the no slit and single slit 

cylinder cases, respectively. The graphs display a steady-state behavior of the coefficient of drag, 

indicating that the flow field has reached a stable state. This observation is supported by the 

literature and shows a low level of fluctuation in the coefficient of drag value over time which is 

consistent with this behavior. 

In Fig. 4, the drag force coefficient variations for no slit cylinder were analyzed and plotted against 

the Reynolds number in Fig. 4. The results showed that the drag coefficient reduced significantly 

with an increase in Reynolds number. With an increase of Reynolds number from 50 to 100, then 

150 and 200 a reduction in drag coefficient of be 9%, 2%, and 7%respectively was observed. The 

reduction of in drag coefficient can be attributed to the increased turbulence intensity at higher 

Reynolds numbers that promotes momentum transfer, leading to reduced drag. The observed 

reduction in drag coefficient agrees with previously published literature. 

 

Figure. 4: Force statistics of flow around no slit cylinder 
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The variations of the drag coefficient for a single slit cylinder are presented in Fig. 5(A) and (B). 

Fig. 5(A) shows the drag coefficient variations for a width ratio of 0.1, while Fig. 5(B) shows the 

variations for a width ratio of 0.15 at the specified range of Reynolds numbers. It was observed 

from the results that the addition of a slit to the cylinder significantly reduced the drag coefficient. 

At a Reynolds number of 200, the drag coefficient for a single slit cylinder decreased from 1.25 to 

1.24 for a width ratio of 0.1 and from 1.25 to 1.18 for a width ratio of 0.15, which corresponds to 

a 5% reduction. The maximum reduction in the drag coefficient was observed for a Reynolds 

number of 150 and a width ratio of 0.15, where the drag coefficient decreased by 7%. The trend 

of the drag coefficient was like that of the no-slit cylinder, i.e., an increase in the Reynolds number 

from 50 to 200 resulted in a significant decrease in the drag coefficient for both width ratios.  “The 

results obtained from the single slit cylinder were in comparison to the previously published 

literature and were in good agreement [33],[38]”. 

 

(a) 
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(b) 

Figure. 5: Drag coefficients for flow around single slit cylinder, (a): Width to dia ratio = 
0.1, (b): Width to dia ratio = 0.15. 

 

4.1.2 Flow Statistics 

The computational results for pressure and velocity contours along with streamlines, for no slit 

and single slits at the range of Reynolds numbers, are given in Fig. 6 and 7. The results for the no-

slit cylinder indicate that at low Reynolds numbers, the flow is smooth and symmetric, with 

streamlines remaining parallel to the axis of the cylinder. As the Reynolds number increases, 

however, the flow becomes more complex, and the streamlines start to deviate from their original 

parallel paths, eventually separating from the surface of the cylinder and forming vortices in the 

wake region. These vortices cause a decrease in pressure behind the cylinder, resulting in a drag 

force. The velocity contours show that the maximum velocity occurs at the top and bottom of the 

cylinder, while the minimum velocity occurs at the surface of the cylinder due to the no-slip 

boundary condition.  

The addition of slits to the cylinder leads to a more uniform and less turbulent flow as compared 

to the no-slit cylinder. The results indicate that the presence of slits causes a significant change in 

the flow pattern, which can be attributed to the jet injection effect created by the slits. The reduction 

in turbulence is observed to be more significant for wider slits. The streamlines also show a distinct 

change in the flow pattern due to the presence of the slits. The flow around the slotted cylinder is 
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observed to be more streamlined with less vortex shedding as compared to the no-slit cylinder. 

Additionally, the slits help in reducing the size of the wake region behind the cylinder, resulting 

in a reduction of pressure drag. The results presented in this study highlight the importance of the 

presence of slits in altering the flow characteristics of a cylinder and improving its aerodynamic 

performance, especially in laminar conditions. 

 

(i) 

 

(ii) 

 
 

(iii) 

 

(iv) 

 

(v) 

 
 

(vi) 

 



17 
 

(vii) 

 
 

(viii) 

 

(ix) 

 
 

(x) 

 

(xi) 

 
 

(xii) 

 

 
Figure. 6: Pressure contours and Streamlines for no slit and single slit: (i) c0r1 (ii) c0r2 
(iii) c0r3 (iv) c0r4 (v) c1w1r1 (vi) c1w1r2 (vii) c1w1r3 (viii) c1w1r4 (ix) c1w2r1 (x) c1w2r2 

(xi) c1w2r3 (xii) c1w2r4 
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(ix) 

 
 

(x) 

 

(xi) 

 
 

(xii) 

 

 
Figure. 7: Velocity contours and streamlines for no slit and single slit (i) c0r1 (ii) c0r2 

(iii) c0r3 (iv) c0r4 (v) c1w1r1 (vi) c1w1r2 (vii) c1w1r3 (viii) c1w1r4 (ix) c1w2r1 (x) c1w2r2 
(xi) c1w2r3 (xii) c1w2r4 

 

4.2 Double Slits 

4.2.1 Force statistics for double slits cylinder 

In Fig. 7, we present the force characteristics of the double-slotted cylinder, where the effect of 

two main parameters - the gap between the slits and the width-to-diameter ratio - on the drag 

coefficient is investigated. The drag coefficient results are shown in Fig. 7(A-D), where Fig. 7(A) 

depicts the drag coefficient at width ratio and slits spacing of 0.1, Fig. 7(B) shows the drag 

coefficient at width ratio 0.1 and spacing of 0.15, Fig. 7(C) shows the drag coefficient at width 

ratio 0.15 and spacing of 0.1, and Fig. 7(D) shows the drag coefficient at width ratio and slits 

spacing of 0.1. It is observed that the presence of double slits remarkably reduces the drag 

coefficient compared to that of a normal cylinder. For instance, at a Reynolds number of 200, the 

drag coefficient of the double-slotted cylinder with a width ratio and gap of 0.1 was reduced by 

22% compared to the normal cylinder. When compared to a single-slotted cylinder, the reduction 
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in drag coefficient was observed to be 21%. While, for the same geometric parameters, at Re 50 

the reduction in the drag coefficient for a double-slotted cylinder was recorded as 28%. 

Furthermore, the minimum value of the drag coefficient, 0.92, was obtained for the double-slotted 

cylinder with a width ratio and gap between slits of 0.15 for Reynolds number 200. On the other 

hand, the maximum drag coefficient value for a double-slotted cylinder, 1.1, was obtained for the 

width ratio and gap between slits of 0.1. Notably, both the width ratio and gap between the slits 

significantly impacted the drag coefficient, and an increase in either parameter resulted in a 

decrease in the drag coefficient. Moreover, the Reynolds number effect on the double-slotted 

cylinder was similar to that of the single-slotted and no-slit cylinders, where an increase in the 

Reynolds number decreased the drag coefficient. For instance, by increasing the Reynolds number 

from 50 to 200, the drag coefficient for each set of cases decreased by 10%, 11%, 12%, and 13%, 

respectively. Overall, the results suggest that the addition of double slits to a cylinder can 

effectively reduce the drag coefficient, and the width ratio and gap between the slits are significant 

parameters that impact the drag coefficient. 

 

 

(a) 
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(b) 

 

(c) 
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(d) 

Figure. 8: Drag coefficients for of flow around a double-slotted cylinder, (a) For a width 
to dia ratio and gap between slits = 0.1, (b) For a width to dia ratio = 0.1 and gap 

between slits = 0.1, (c) For a  width to dia ratio = 0.15 and gap between slits = 0.1, (d) 
For a  width to dia ratio and gap between slits = 0.15 

 

4.2.3 Flow Characteristics for double slits cylinder 

The addition of double slits to the cylinder also significantly impacted the flow characteristics 

compared to the normal and single-slotted cylinders. As shown in Fig. 7, the drag coefficient for 

the double-slotted cylinder was remarkably reduced compared to the normal cylinder, with 

reductions of up to 22% observed at Re 200 for the width ratio and gap between slits of 0.1. The 

simulations as shown in Fig. 8, also revealed that the double-slotted cylinder had a similar effect 

on the flow pattern to the single-slotted cylinder. The flow was more uniform and less turbulent, 

with a distinct change in flow pattern due to the jet injection effect created by the slits. The wake 

region behind the double-slotted cylinder exhibits a distinct change in flow characteristics 

compared to the no-slit and single-slotted cylinders. The results indicate that the presence of double 

slits helps in reducing the size of the wake region behind the cylinder, resulting in a reduction of 

pressure drag. This reduction in the size of the wake region can be attributed to the jet injection 

effect created by the double slits, which helps in entraining high-velocity fluid from outside the 

boundary layer into the wake region, thus reducing the size of the wake. The pressure distribution 

around the double-slotted cylinder is also affected by the presence of double slits. The 
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computational results show that the pressure distribution behind the double-slotted cylinder is less 

negative as compared to the no-slit and single-slotted cylinders. The pressure coefficient at the 

center of the double-slotted cylinder is observed to be lower than that of the no-slit and single-

slotted cylinders. This reduction in pressure coefficient indicates a reduction in the pressure drags 

for the double-slotted cylinder. Similarly, the velocity contours around the double-slotted cylinder 

exhibit a distinct change in flow pattern compared to the no-slit and single-slotted cylinders. The 

results show that maximum velocity occurs at the top and bottom of the cylinder, while the 

minimum velocity occurs at the surface of the cylinder due to the no-slip boundary condition. The 

velocity contours also indicate the formation of a jet-like flow in the region between the two slits, 

which is responsible for reducing turbulence and entraining high-velocity fluid from outside the 

boundary layer into the wake region. This jet-like flow is observed to be more pronounced for 

wider slits. 

Overall, the computational results suggest that the addition of double slits to a cylinder can 

significantly alter the wake region, pressure distribution, and velocity contours, leading to a 

reduction in drag and an improvement in aerodynamic performance. The results highlight the 

importance of considering the effect of double slits in the design and optimization of aerodynamic 

systems. 
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(xiii) 

 
 

(xiv) 

 

(xv) 

 
 

(xvi) 

 

 
Figure. 9: Pressure contours and streamlines for double slit cylinders 

(i) c2w1l1r1 (ii) c2w1l1r2 (iii) c2w1l1r3 (iv) c2w1l1r4 (v) c2w1l2r1 (vi) c2w1l2r2 (vii) 
c2w1l2r3 (viii) c2w1l2r4 (ix) c2w2l1r1 (x) c2w2l1r2 (xi) c2w2l1r3 (xii) c2w2l1r4 (xiii) 

c2w2l2r1 (xiv) c2l2r2 (xv) c2w2l2r3 (xvi) c2w2l2r4 
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(xi) 
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Figure. 10: Velocity contours and streamlines for double slit cylinders 

(i) c2w1l1r1 (ii) c2w1l1r2 (iii) c2w1l1r3 (iv) c2w1l1r4 (v) c2w1l2r1 (vi) c2w1l2r2 (vii) 
c2w1l2r3 (viii) c2w1l2r4 (ix) c2w2l1r1 (x) c2w2l1r2 (xi) c2w2l1r3 (xii) c2w2l1r4 (xiii) 

c2w2l2r1 (xiv) c2w2l2r2 (xv) c2w2l2r3 (xvi) c2w2l2r4  
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CHAPTER 5: CONCLUSION 

Based on the results and discussions presented in this study, it can be concluded that the addition 

of slits to a cylinder can significantly alter its flow characteristics and improve its aerodynamic 

performance. The present study investigated the effects of single and double slits on the flow 

around a circular cylinder using computational fluid dynamics. The simulations revealed that the 

presence of slits causes a reduction in drag coefficient, turbulence, and a decrease in the size of the 

wake region behind the cylinder, resulting in a reduction of pressure drag. Additionally, the slits 

caused a significant change in the flow pattern, which can be attributed to the jet injection effect 

created by the slits. 

 

The results showed that the reduction in drag coefficient was more significant for double-slotted 

cylinders than for single-slotted cylinders. The drag coefficient was observed to decrease by 22% 

for the double-slotted cylinder with a width-to-gap ratio of 0.1 and Reynolds number of 200, 

compared to a 21% reduction for the single-slotted cylinder. The lowest value of drag coefficient 

was obtained for the double-slotted cylinder with a width-to-gap ratio of 0.15 and a Reynolds 

number of 200, while the maximum drag coefficient was obtained for the width-to-gap ratio of 

0.1. The increase in the width ratio and gap between slits decreased the drag coefficient. 

 

Overall, the findings of this study have important implications for the design of various 

engineering systems such as heat exchangers, turbines, and wind turbines, where reducing drag 

and increasing efficiency is critical. Future studies can further explore the effects of slits on 

cylinders of different shapes and sizes and investigate the flow characteristics at higher Reynolds 

numbers. 
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