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ABSTRACT 

The continuous demand and fuel depletion in the automobile industries cause a 

reduction in fuel consumption, especially in a car which is a classic problem to 

focus on vehicle body design. The formation of drag force in the car body 

demands tractive force and significantly affects the engine performance and fuel 

consumption rate which is not advisable for enhancing aerodynamic efficiency. 

This paper discusses the methodology to reduce the fuel consumption rate in 

hatchback cars using a ‘basebleed method’. The hatchback car model with and 

without basebleed is numerically simulated for the various speed to study the 

aerodynamic coefficients. The numerical simulation is performed with the k-ε 

turbulence model for predicting the wake region of both car models with and 

without basebleed. The numerical study witnessed the hatchback car model with 

basebleed arrived 6% reduction in the coefficient of drag (CD) compared to 

without basebleed, which results in a reduction of fuel consumption rate of up 

to 4.33 %.  The research evidence that the stability of the car is not affected while 

using this basebleed drag reduction method and it is studied from the resultant 

parameters such as coefficient of lift (CL) and coefficient of side force (CS) and 

for the varying yaw angle (φ). Further, the research recommends the integration 

of basebleed at the underbody structure in Hatchback cars to improve the engine 

fuel consumption without affecting its stability.  
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1. INTRODUCTION 

 The world economy is widely affected by the hike in 

fuel prices in recent years. The impact of fluctuation in 

worldwide oil prices is often reflected in the Automobile 

sector. Hence, a small step toward a reduction in fuel 

consumption will be an extraordinary accomplishment in 

the field of automobiles. Automobile design is one such 

field where airflow behaviour has its application to 

designing a most streamlined vehicle to draw an efficient 

vehicle performance with reduced drag. The drag created 

by the vehicle due to its shape is directly related to the 

power and hence the fuel consumption. Hence, automobile 

aerodynamics design – a field of investigation of airflow 

and, forces and moments acting on the body of an 

automobile, gained attention during the early 20th century. 

It resulted in an ample amount of research studies focusing 

on automobile aerodynamics design, both internally and 

externally, and aerodynamics-based design optimization 

of automobiles (Rakibul et al., 2014). As a result of design 

evolution, the co-efficient of drag (CD) – a non-

dimensional parameter representing drag, has reduced 

from 0.5 to 0.3 for a wide range of automobiles (Hucho & 

Sovran, 1993), whereas some automobile industries still 

produce cars with CD of 0.45 (Ex: Jeep Wrangler (JL) 

produced in 2018).  

 Since some researchers have been concentrating on the 

reduction of drag in vehicles for better fuel consumption 

and comfortable riding. At present, drag reduction is 

achieved either by shape optimization or by incorporating 

drag reduction devices that also lead to higher stability of 

the car (Siddiqui & Chaab, 2021). Aerodynamic drag 

reduction devices such as vortex generators, diffusers, 

front spoilers, rear spoilers, splitters, and guide vanes, etc. 

research is being conducted all over the world as well as 

Matthew & Simon (2014) investigated the wake regions 

of the aerodynamic structure of Formula 1 Car. This work 

addressed the wake region and its impact on airflow on the 

far field from the vehicle. The raised ground plane 

technique was practically utilized to examine the far-field 

flow dynamics. The study reported the formation of more 

turbulent regions due to merging the low-speed stream 

from the diffuser with counter-rotating vortices. 

http://www.jafmonline.net/
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Nomenclature 

Af frontal area  𝑓𝑦 body force in y direction 

Bf 
the distance between the basebleed 

inlets at the front end    
 𝑓𝑧 body force in z direction 

Br 
the distance between the basebleed at 

the rear end 
 Hf the height of the basebleed at the front end 

CD co-efficient of Drag  Hr the height of the basebleed at the rear end 

CL co-efficient of Lift  L lift force 

CP co-efficient of Pressure  S side force 

CS co-efficient of Side force  U vehicle speed 

D drag force  φ slant angle 

FC fuel consumption  𝜓 yaw angle 

𝑓𝑥 body force in x direction    
 

 Gregoire et al. (2011) conducted experimental studies 

on a bluff body with a deflector for drag reduction. The 

deflector was installed in the model at the top of the rear 

window to remove the wake region around the rear side. 

The drag force was reduced up to 9% by adding a deflector 

on the model. The Wake analyses show that the deflector 

improves the streamlined flow around the bluff body. 

Kang et al. (2012) carried out research to develop various 

types of diffusers for the reduction of drag on sedan cars.  

 They designed round and arc-shaped diffusers to 

create a streamline flow under the body and mounted them 

on the rear side. The rear side pressure is rising due to the 

reduction of the wake region by attaching a diffuser which 

restricts the recirculation of air coming under the body to 

the rear side of the car. The vehicle drag was diminished 

by 4%, which improves the fuel efficiency by roughly 2% 

when the speed of the vehicle exceeds 19 m/s. 

 The researchers began researching concentrate on 

reducing the wake region at the rear side of the vehicle and 

maintaining the streamline around the vehicle. Mahmoud 

et al. (2012). focused on the aerodynamic design of the 

vehicle to enhance the vehicle performance by reducing 

drag and lift. Experiments were performed on a simplified 

car with an attachment of a flexible air inlet and different 

types of air outlets. Charalampos et al. (2016) investigated 

the rear-end flow structure of a sedan car. They focused 

on improving the flow region at the car’s rear side to get 

better drag reduction. Experimental and computational 

studies were done with two car models – a 1:4 scaled 

Volvo s60 and a full-scale model of a 2010MY vehicle.  
Renan and Francisco (2015) conducted a computational 

analysis of a fastback car for the reduction of drag at high-

speed using suction and blowing jets toward the rear side 

of the car. While the vehicle is moving at high speed, the 

airflow goes through the jets and injects the flow towards 

the rear side wake region thus reducing the drag force. The 

authors have done another consecutive work of analyzing 

the same phenomenon in a three-dimensional car. Wake 

formation and turbulent kinetic energy were analyzed in 

that study.  

 Andrew et al. (2009) have reduced the drag on bluff 

two-box SUVs using basebleed. This research 

significantly reduces the drag force for increasing the mass 

flow rate of air at the rear side of the region by outlet on 

the upper and side sections of the vehicle. Marklund et al. 

(2013) reported the aerodynamic performance of a sedan 

car model and a square back car model installed with a 

smooth underbody diffuser at the rear end of the car. The 

studies were done with and without covering the 

underbody. The aerodynamic underbody diffuser with an 

underbody cover reduced the CD value by 0.035 from the 

base vehicle, but without covering the underbody the 

coefficient of drag (CD) value increased by 0.006 from the 

base vehicle. The same study was repeated for wagon 

vehicles equipped with underbody diffusers using 

experimental and computational methods and observed 

the drag reduction ranges of 3%. 

 Since hatchback cars provide sufficient comfort in an 

affordable price range, people from lower- and middle-

income countries like India prefer those cars. However, 

the drag generated by this type of car is significant enough 

to affect fuel consumption and burden the economy. 

Though the drag reduction devices are found to reduce 

overall drag force to an extent, the penalty on stability and 

related engine performance doesn’t contribute much to the 

overall vehicle performance (Yang et al., 2022). This 

restricts the usage of such drag-reduction devices in 

passenger cars. Most of the researchers concentrate only 

on reducing the drag and lift coefficient but neglect to 

analyze the effect of stability on the vehicle. Hence, it is 

highly essential to design a drag reduction technique for 

hatchback cars without affecting stability so that the 

vehicle performance can be improved.  

 Based on such a necessity, the objectives of the present 

study are to numerically evaluate the drag reduction 

performance of the chosen configuration compared with a 

base model and evaluate the side force effects for stability 

analysis. In order to meet the above objectives a drag 

reduction technique - “basebleed method” was introduced 

in this study. The wake profiles of hatchback car with and 

without basebleed is carried out with the help of 

streamline pattern in the numerical simulation. The 

coefficient of pressure CL distribution of the base model 

and with and without basebleed technique is compared. 

Further, the velocity and turbulent intensity are also 

obtained for the models with and without the basebleed in 

the hatchback car model. A negligible effect of the 

basebleed technique on CL and CS is observed for stability 

analysis. 

1.1 Flow Processes 

 The flow field of a car is contributed by airflow  

over  and  inside  the car,  and  airflow  is produced  by the  
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Fig. 1. Schematic of flow around a car.  

 

components such as the engine exhaust. Among all these, 

flow over the surface of the car is significant to analyze, 

as it majorly contributes to the aerodynamic forces and 

moments acting on the car. When the car is moving, the 

flow region between the top surface of the vehicle to the 

outer streamline also known as the free streamline can be 

considered to create a venturi effect as shown in Fig. 1. 

This effect leads to various pressure regions along with the 

profile of the car body due to surface changes. If the speed 

of the vehicle increases, the pressure in the front of the car 

will increase, and that in the back will decrease (Wassen 

& Thiele, 2009).  

 Flow separation and wake regions take place at various 

locations on the car surface. The flow separation is 

witnessed in two locations on the car surface as shown in 

Fig. 2. The flow separation (S1) occurs between the bonnet 

and windshield due to the sudden change in the car profile 

and flow attachment (A1) happens near the front roof. The 

second flow separation (S2) happens near the rear 

windshield region due to a slant angle (φ) - the angle 

between the windshield and free streamline, and the 

separated flow leaves the car surface creating a wake 

region at the backside of the car (Peng et al., 2023). Such 

a flow phenomenon along with the varying pressure levels 

on the surface of the car creates the resisting force known 

as pressure drag contributing to 80% of the total drag of 

the car (Inchul & Hualei, 2010). 

 The drag of the passenger car is almost 80% of its total 

resistance when it moves above 20 m/s              (70 km/h). 

At higher speeds, the drag impacts about half of the fuel 

utilization. The tractive power of the vehicle is directly 

proportional to the cubic velocity of the vehicle. The 

connection between fuel consumption and coefficient of 

drag is (Himeno & Fujitani, 1993) 

3
D f

D f

FC C A U

FC C A U


    
=  + + 

 

                                           (1)  

 Where are FC - fuel consumption, Af - frontal area of 

the car, η - the property of driving a car (approximately 0.5 

to 0.7 for highway speed), and      U – car speed. 

2. BASEBLEED DESIGN 

 The pressure drag contributes to around 80% of the 

total drag of a car (Browand, 2007). Hence, it is highly 

important to reduce the wake region, in the rear end of the 

car, that contributes to the pressure drag. Thus, a drag 

reduction method to eliminate this wake region must be 

either by delaying the flow separation and hence the 

reduction in the wake or by supplying high momentum  

 
Fig. 2. Schematic of flow separation and attachment 

over the car surface. 

 

 
Fig. 3. Basebleed configuration proposed for drag 

reduction.  

 

airflow to the wake region.  

 The Basebleed method is a fully aerodynamics-based 

technique adopted from rocket technology for thrust 

vectoring. In this method, two converging hollow tubes 

having a cross-sectional area of the front side greater than 

that of the rear side are configured as shown in Fig. 3.  

 The Inlet of the basebleed tube sucks the upstream air 

in the front region of the car while moving and reduces the 

total pressure in that region. The air sucked in the tube gets 

accelerated, as the cross-sectional area of the tube 

gradually decreases, making it tapered towards 

downstream. Hence, a higher momentum jet comes out of 

the tubes that are focused on the center of the wake region. 

These higher momentum jets interact with each other 

where the conversion of kinetic energy to pressure energy 

takes place. This collided jet fills the wake region and 

energizes it. Thus, the total pressure in the rear end of the 

car gets increases. This reduction in pressure at the front 

and increase in pressure at the rear leads to the change in 

differential pressure that contributes to pressure drag and 

reduces it.  

 For this study, the basebleed configuration is chosen 

based on the size of the car. The detailed specification of 

the basebleed configuration for this study is given in Table 

1. 

 The basebleed tubes can be installed under the floor of 

the car and it does not affect any internal parts of the car 

as shown in Fig. 4. For this study, the basebleed tube’s 

cross-section was chosen as circular for better flow 

distribution.  

 A 3-Dimensional model and schematic of a hatchback 

car with basebleed are shown in Fig. 4. The basebleed inlet 

and outlet tubes are located at the same distance from the 

central axis of the car. The distance between the basebleed 

inlets at the front end of the car is denoted as Bf whereas 

the distance  between  basebleed  outlets  at the rear end is  
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Table 1 Various dimensions of basebleed 

configuration. 

Specification Dimension 

Length of basebleed tube 412 mm 

Diameter of the frontal cross-section 

of basebleed (Φ) 
9 mm 

Area of the frontal cross-section of 

basebleed 
63.6 mm2 

Diameter of the rear cross-section of 

basebleed (Φ) 
4 mm 

Area of the rear cross-section of 

basebleed 
12.56 mm2 

Total number of tubes 2 (Numbers) 

 

 
 

Fig. 4. Schematic of hatchback car with basebleed (a) 

isometric view (b) side view. 

 

denoted as Bf. Likewise, the height of the basebleed 

centerline is located at the height Hf in the front end and 

Hr in the rear end. Since, the drag reduction method can be 

applied to vehicles of any size and the specifications of 

basebleed technique such as distance (Bf, Br) and height 

(Hf, Hr) can be followed as the ratio in reference to the 

breadth and ground clearance of the vehicle, respectively. 

The ratios are defined as  

• Distance ratio of Bf - Ratio of the distance 

between basebleed inlets and breadth of the car 

at the front side. 

• Distance ratio of Br - Ratio of the distance 

between basebleed outlets and breadth of the car 

at the rear side. 

• Distance ratio of Hf - Ratio between the height of 

basebleed inlets from the ground and ground 

clearance at the front side. 

• Distance ratio of Hr - Ratio between the height of 

basebleed outlets from the ground and ground 

clearance at the rear side. 

 Based on the previous experimental study (Sivaraj et 

al., 2018), the optimal position of the basebleed of the 

hatchback car model is fixed to analyse the numerical  

Table 2 Dimensions of hatchback car model followed 

for the numerical study  

Specification Dimension (mm) 

Length (L) 402 

Breadth (B) 176 

Height (H) 156 

Ground Clearance (G C) 16 

 

 
(a)                                               (b) 

 
(c)                                              (d) 

Fig. 5. Different views of hatchback car model with 

basebleed (a) side view, (b) isometric view, (c) bottom 

view, (d) back view.  

 

simulation in terms of distance and height ratios as Bf =0.7, 

Br =0.2, Hf =3.5, Hr =4.5. 

3. NUMERICAL STUDY  

 In order to overcome the limitations of the 

experimental study such as the lack of a 3-dimensional 

flow picture, the numerical analysis of flow dynamics of 

the hatchback car model with and without basebleed 

technique using ANSYS-Fluent was done for the same 

flow conditions. 

3.1 Geometry Construction  

 The hatchback car models with and without 

attachment of basebleed were chosen for computational 

studies. 1:10 scaled models followed for the previous 

experimental study were designed for the numerical study 

in CATIA V6. The dimensions of the car models are given 

in Table 2. Figure 5 shows three different views of the 

solid model of the hatchback car with a basebleed design. 

The length, height, and breadth axes of the car models 

were aligned with the x, y, and z axes of the computational 

domain. 

 The computational domain is created in a cuboid shape 

of 4000 mm × 2000 mm × 2000 mm (length (l) × height 

(h) × breadth (b)). The dimensions of the computational 

domain in length, height, and width are normalized with 

car length (L) such as 10L, 5L, and 5L respectively as 

shown in Fig 6. The computational domain surfaces are 

named inlet, outlet, ceiling wall, and road wall.  

 The car models are positioned at a distance of 3L of the 

car from the inlet of the computational domain where the 

7L distance at the rear end will be significant enough for 

analysing the rear field flow. The car models were placed  

(a) 

(b) 



G. Sivaraj et al. / JAFM, Vol. 16, No. 9, pp. 1806-1817, 2023.  

 

1810 

.  

Fig. 6. Computational domain with dimension 

specifications.   

 

at the road wall in the y-direction and the center point of 

breadth in the z-direction  

3.2 Grid Generation   

 Grid for the numerical study in the defined 

computational domain was done using the inbuilt meshing 

module of ANSYS-Fluent 15.0. An unstructured 

tetrahedral mesh with prism layers near the hatchback car 

model was generated. The prism layer growth rate was set 

to 1.2 with a Y+ value of 30. The numerical simulation is 

studied using the k-ε turbulence model and analyzed the 

wake regions over the surface of the hatchback car model 

with and without basebleed. However, the basebleed is 

significantly not influencing the flow separation and 

attachment of flow fields on the boundary layer of the car 

surface. Hence, Y+ values are not affecting the overall 

result and the flexibility of Y+ values is maintained 30 to 

carry out the simulation process very smoothly (Connor et 

al., 2006). Near the car surface, the mesh was maintained 

as a fine structure, and towards the edges of the 

computational domain, the mesh tends to be coarsely 

structured (Wang et al., 2014).  

 The fine region near the car surface is shown in Fig. 7 

whereas the mesh structure is clearly observed close to the 

car surface to capture the boundary layer. Four different 

mesh sizes were followed in order to complete the grid 

independence test before choosing the grid size for the 

numerical study. Four different mesh sizes with 3.21×106, 

9.84×106, 1.82×107, and 2.91×107 cells named Mesh 1, 

Mesh 2, Mesh 3, and Mesh 4, respectively, were chosen to 

generate coarse to fine mesh. The basebleed method 

introduced in a car is especially to reduce the wake region 

at the rear side of the vehicle by adding energy to the flow. 

k-ε turbulence model was found to be better suitable for 

studying the wake regions and far from the boundaries. 

Hence, the k-ε turbulence model has opted and the 

hatchback car is subjected to the numerical simulation 

process ranging to 20 m/s to study the turbulence behavior 

with and without basebleed.  

 In the flow field over the surface of a car, flow 

separation and attachment are not affected by the 

implementation of the basebleed. Hence, this research is 

significantly not influenced by the boundary layer factor. 

However, the k-ω model is very efficient to predict the 

turbulence parameters which are very close to the 

boundary. The SST model is also an improved version of 

the k-ω model. Previous research indicates that the wake 

regions studied by the k-ε model are more accurate 

compared to other models (Connor et al., 2006). Hence k-

ε turbulence model has opted for numerical simulation. 

 As drag was the main parameter of focus for the study, 

the CD was obtained from simulations of different mesh 

sizes for comparison. CD values for different mesh sizes 

have been plotted and shown in Fig. 8. From the Grid 

Independence Study (GIS), it can be found that the 

reduction in CD was about 11% when the mesh was made 

finer (Mesh 4) from coarser (Mesh 1). Mesh 3 and Mesh4 

despite a different number of cells in the computational 

volume results in the same CD value of about 0.33. Hence, 

the coarser mesh (Mesh 3) with 18264412 cells was 

chosen for the numerical study to reduce the 

computational time (Renan & Francisco, 2015). 

 

 
Fig. 7. Unstructured grid generated in the computational domain for numerical study.  
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Fig. 8. CD trend for various mesh sizes followed for 

grid independence study 

 

3.3 Numerical Solver  

 Based on GIS, the fine mesh (mesh 3) with 18264412 

elements was chosen for the numerical study using 

ANSYS Fluent 15. The boundary condition at the inlet 

was set to a steady flow velocity of 20 m/s whereas the 

outlet pressure was left the same as the operating pressure. 

Ceiling, road, sidewalls, and car surfaces were defined as 

wall boundaries for the simulations where the road was 

assumed as a moving wall. A computational study was 

done in a pressure-based solver using the k-ε turbulence 

model. The reliable k-ε turbulence model (Altaf et al., 

2014; Andrew et al., 2009) was found to be better for 

boundary layer separation, flow attachment, wake 

formation, and turbulent flow. Turbulence intensity was 

set at 4% (Aleksander & Milan 2017, Giacomo et al., 

2017) and the turbulent viscosity ratio was set to eight for 

the walls with no-slip conditions. The finite volume CFD 

code of the desired model was used to solve the following 

continuity and momentum equations (2) to (5) of the 

desired domain (Bert et al., 2023). 

 Continuity equation  

𝛻 ∙ (𝜌 ∙ 𝑈) = 0                                                           (2)  

x-momentum equation  

𝛻 ∙ (𝜌 ∙ 𝑢 ∙ 𝑈) = −
𝜕𝑃

𝜕𝑥
+

𝜕𝜏xx

𝜕𝑥
+

𝜕𝜏yx

𝜕𝑦
+

𝜕𝜏zx

𝜕𝑧
+ 𝜌𝑓x             (3)  

y-momentum equation  

𝛻 ∙ (𝜌 ∙ 𝑣 ∙ 𝑈) = −
𝜕𝑃

𝜕𝑦
+

𝜕𝜏xy

𝜕𝑥
+

𝜕𝜏yy

𝜕𝑦
+

𝜕𝜏zy

𝜕𝑧
+ 𝜌𝑓y          (4) 

z-momentum equation  

𝛻 ∙ (𝜌 ∙ 𝑤 ∙ 𝑈) = −
𝜕𝑃

𝜕𝑧
+

𝜕𝜏xz

𝜕𝑥
+

𝜕𝜏yz

𝜕𝑦
+

𝜕𝜏zz

𝜕𝑧
+ 𝜌𝑓z          (5) 

 Convergence of the governing equation was achieved 

in the order of 10-6. During post-processing of the 

numerical results, flow visualization was done to 

understand the detailed flow profiles at various cross 

sections as well as in the 3D domain. Velocity profiles, 

lift, and drag was obtained based on the numerical 

simulation to compare previous experimental study. 

Additionally, Turbulent Kinetic Energy (TKE) was 

calculated for the simulated condition.  

 
Fig. 9. Streamlines pattern over a hatchback car 

model. (a) without basebleed (b) with basebleed.  

 

4. RESULTS AND DISCUSSION  

 The 3-Dimensional flow details of flow around the 

hatchback car model with basebleed design were obtained 

from numerical results. Figure 9 a shows the streamlines 

over the hatchback car model without basebleed. 

Upstream flow with higher momentum withstands the 

front region of the hatchback car model without flow 

separation until the end of the bonnet on the side surfaces. 

In the rear surface at the end, the flow leaves the car 

surface as a shear layer curls into vortex filaments at both 

edges having straight streamlines in between. Wherein, 

Fig. 9 b shows the streamline pattern over a hatchback car 

model with basebleed. The suction of higher momentum 

upstream flow into the basebleed tubes lead to the 

accumulation of higher momentum flow towards the front 

region resulting in earlier flow separation right at the 

edges of the bonnet. However, a small number of flow 

slides over the side surfaces of the car model till the end. 

This flow merges with the vortex filaments at the rear end 

edges. Due to the supply of higher momentum, the vortex 

filaments in the rear end gain strength with a reduction in 

the wake region between them. At the same time, the 

collision of basebleed jets increases the pressure between 

those vortex filaments and reduces the wake. This can be 

seen in the velocity fields and pressure fields shown in 

Figs 10 and 12, respectively. 

 Figure 10 shows the mid-plane velocity distribution of 

flow over the hatchback car model with and without 

basebleed. A comparison between Fig. 9 a and b reveals 

that the basebleed, though installed near the bottom 

surface, has the ability to influence the overall flow pattern 

around the hatchback car model. In the front region, a 

higher area of high velocity is observed for the hatchback 

car model  with  basebleed.  Higher velocity  regions were  

(a) 

(b) 
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Fig. 10. Mid-plane velocity distribution of flow over 

the hatchback car model. (a)without basebleed (b) 

with basebleed   

 

observed at the bonnet and top surface, whereas lower 

velocity was observed at the bottom surface of the 

hatchback car model with basebleed. It can be inferred that 

the flow velocity at the front side is minimum due to the 

direct collision of the airflow at the front bonnet and the 

maximum velocity is reached near the roof of the car. This 

certainly shows the alteration of the flow field around the 

hatchback car model after the installation of the basebleed. 

Such an alteration will lead to a change in the overall drag 

of the hatchback car model.  

 In the rear end region, an increase in higher velocity 

regions was observed after the installation of the 

basebleed. Additionally, the immediate downstream of the 

rear end shows reduced velocity which leads to increased 

pressure in the hatchback car with basebleed. This 

indicates that the basebleed not only contributes to the 

pressure in the wake region but also the momentum of 

vortex filaments created from the horizontal edges of the 

rear end of the hatchback car model. This phenomenon is 

clearly shown in Fig. 11 where the rear end flow field at 

various planes along the longitudinal axis. However, this 

effect is prominently seen only in the immediate 

downstream up to two planes.  

 Pressure distribution in the rear end of the hatchback 

car model with and without basebleed is shown as 

midplane coefficient of pressure (CP) distribution in Fig. 

12. Figure 12b shows the increase in the high-pressure 

region immediately downstream of the hatchback model 

after the installation of the basebleed. The high-pressure 

region also extends longitudinally for a higher distance 

when compared to the hatchback car model without 

basebleed. This is clearly shown at various planes 

downstream of the hatchback car model in the longitudinal 

direction as shown in Fig. 13.  

 

 

Fig. 11. Rear end flow field at various planes along 

the longitudinal axis of the hatchback car model. (a) 

without basebleed (b) with basebleed   

 

 

Fig. 12. CP distribution at mid-plane of the hatchback 

car model. (a) without basebleed (b) with basebleed 

 

 Similar to the velocity distribution, the pressure 

distribution also shows the prominent change in the 

immediate downstream of the hatchback car model with 

basebleed.  The coefficient of pressure (CP) distribution 

over the hatchback car model with and without basebleed 

given in Fig. 14 shows the increased pressure in the rear 

end surface of the hatchback car model with basebleed.  

 

(b) 

(a) 
(a) 

(b) 

(a) 

(b) 



G. Sivaraj et al. / JAFM, Vol. 16, No. 9, pp. 1806-1817, 2023.  

 

1813 

 

Fig. 13. Rear end CP distribution at various places 

along the longitudinal axis of the hatchback car 

model. (a) without basebleed      (b) with basebleed 

 

 

Fig. 14. CP distribution over the hatchback car model. 

(a)without basebleed (b) with basebleed 

 

this increased pressure effectively contributes to the 

reduction of drag.  

 The coefficient of pressure (CP) on Hatchback cars 

without basebleed and with basebleed is shown in Fig. 15. 

To understand the clarity of results, the co-efficient of 

pressure (CP) values are considered for 40 profile points at 

the mid-plane of the car surface. The comparative study  

 

Fig. 15. CP distribution on hatchback car model (a) 

without and (b) with basebleed. 

 

shown in Fig. 15 (a) & (b) yields the overall trends for the 

coefficient of pressure (CP) distribution is similar for both 

with and without basebleed whereas the magnitude of 

pressure changes at the rear end of the hatchback car. The 

profile points between 29 to 40 are located in the rear end 

region under the CP curve and is hatched for both 

hatchback car with and without basebleed. Figure 15 

shows the summation of the magnitude of CP for the 

hatchback car model with basebleed is noticeably lower 

than that of the hatchback car model without basebleed at 

the rear side. Hence, it is clear that the pressure is 

additionally provided in the wake region of the hatchback 

car model with the help of basebleed. High momentum air 

flow emanated at the basebleed tubes in the rear end 

collide and hence the kinetic energy is converted to 

pressure energy. Further, it was noticed in the 

computational simulation process that the centre line of 

mean CP for the hatchback car model without basebleed 

ranges 0.239, - 0.582, and - 0.624 at the front side, top 

surface, and rear side respectively whereas the coefficient 

of drag (CD) is obtained as 0.338. However, the centre line 

mean coefficient of pressure (CP) for the car model with 

basebleed is 0.217 at the front side, - 0.569 at the top 

surface, and - 0.591 at the rear side, and the coefficient of 

drag (CD) reached 0.313. 

 Turbulent intensity, a conventional way of quantifying 

the  momentum  loss  in  a  flow  field  was  followed  to  

(a) 

(b) 

(a) 

(b) 

(a) 

(b) 
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Fig. 16. Turbulent intensity at the center plane of the 

hatchback car model. (a) without basebleed (b) with 

basebleed. 

 

 
Fig. 17. Turbulent intensity at various planes along 

the longitudinal axis of the hatchback car model. 

(a)without basebleed (b) with basebleed. 

 

understand the drag reduction in this study. Figures 16 & 

17 show the turbulent intensity over the hatchback car 

model with and without basebleed. The variations of 

turbulent intensity of the car models are evident that the 

pressure is additionally provided in the wake region at the 

rear side of the car with the help of basebleed. High 

momentum air flow coming out of basebleed tubes in the 

rear end collided and hence the kinetic energy is converted 

to pressure energy.  

 The benefit of the basebleed attached in the hatchback 

car is clearly explicated at various yaw angles (𝜓)  and 

shown in Figs 18 to 20. When the basebleed is attached to 

the car model the drag and side force coefficients (CD and 

CS) were reduced at all the yaw angles followed for this 

study, compared to the hatchback car model without 

basebleed. Figure 18 shows that the CL value maintains 

negligible variation for all yaw angles (𝜓).  Thus, it is clear 

from Figs 18 and 19 that the lift and side forces that cause 

instability to the car are maintained constant and reduced, 

respectively, with basebleed attachment in the hatchback 

car model. Hence, the stability of the car is not affected by 

installing the basebleed.  

 

 
Fig. 18. Comparison of CL on hatchback car The 

model with and without basebleed for various yaw 

angle. 

 

 
Fig. 19. Comparison of CS for hatchback car model 

with and without basebleed for various yaw angle. 

 

 
Fig. 20. Comparison of CD for hatchback car model 

with and without basebleed for various yaw angle. 

(a) 

(b) 

(a) 

(b) 
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Fig. 21. Experimental setup.  

 

 It is found in Fig. 20 that the CD is reduced by 6 % at 

the yaw angle of the car model 𝜓 = 0°. After that, the CD 

is further reduced up to 4 % at 𝜓 = 6° and the same is 

maintained for the remaining angles. Such a large decrease 

in CD is a result of a modified flow pattern at the rear side 

due to the installation of the basebleed. The coefficient of 

Drag (CD) reduction is maintain the same reduction rate 

for higher yaw angles up to 15°.  

 In order to validate the computational results, a 

comparative study was carried out with existing 

computational and previous experimental results (Sivaraj 

et al., 2018). The existing experimental results were 

obtained using an open circuit subsonic wind tunnel with 

adequate setup of real road conditions for a 1:10 scaled 

hatchback car model with basebleed as shown in the Fig. 

21. The surface pressure of hatchback car models was 

measured from the pressure port at a constant flow 

condition inside the test section. Based on the surface 

pressure measurements, the coefficient of pressure (CP) 

and coefficient of drag (CD) are obtained for various 

velocities ranges 10 m/s to 35 m/s. The position of car 

profile points in the numerical result is replicated from the 

pressure port positions. The coefficient of drag (CD) of the 

hatchback car model with basebleed obtained from the 

numerical studies of the current research and previous 

experimental results are given in Fig. 22. However, only a 

notably small variation in (CD) with velocity was 

observed.  

 The results show the percentage of error in the 

aerodynamic coefficient of drag (CD) in experimental tests 

and computational study ranges to a minimum of 0.23 % 

and a maximum of 0.35 %.  The error percentage of the 

coefficient of drag (CD) obtained from the experimental 

test and numerical studies is less than 1%. Hence the 

numerical approach in this research satisfies the 

calculation requirements. 

 As mentioned in section 1.1, the reduction in drag can 

be related to the fuel consumption of the vehicle. Based on 

equation (1) the fuel consumption of the vehicle will 

reduce by 11% if the ratio of reduction in CD and CD (∆CD/ 

CD) is 0.22 as given by Browand (2007). From this study, 

the ratio of reduction in CD and CD (∆CD/ CD) after the 

installation of basebleed in a hatchback car model is found 

to be CD 0.09. This implies, based on equation (1), that the 

reduction in fuel consumption after the installation of 

basebleed turns out to be around 4.3%.  

 

Fig. 22. Comparison of CD obtained from 

experimental and numerical studies for hatchback 

car model with basebleed. 

 

 Since the basebleed method of drag reduction is done 

through an additional mechanism to a hatchback car. The 

alteration in the rear flow field due to the high-momentum 

air is inevitable. This rear-end flow field will alter the 

upstream flow of the following car and hence it affects the 

drag of the following car. According to Simon and 

Gioacchino (2008), the aerodynamic analysis of the 

interference effect of space between two vehicles shows 

that a leading car doesn’t affect the drag force on the rear 

car until the spacing between the cars reaches X/L = 0.4. 

The vehicle goes more than 70 km/h on the highway 

whereas none of the cars comes closer to the spacing X/L 

= 0.4. Hence basebleed attached to a car not impacting the 

other following cars in any aspect. 

5. CONCLUSION 

 Investigation on the hatchback car model integrated 

with and without the basebleed method was studied using 

a numerical simulation process.  From this research study, 

the following conclusions are made. The flow patterns 

around the hatchback car model with basebleed clearly 

notified the high momentum of airflow emanating from 

basebleed tubes and collided at the rear end of the car.  The 

velocity and pressure distributions around the car models 

were observed from the contour of the coefficient of 

pressure and velocity. It was noted that pressure increased 

at the rear side and that influenced the reduction of the 

wake regions in the car. The variations of turbulent 

intensity of the car models are evident in the reduction of 

drag by increasing the pressure at the rear side of the car 

with the help of basebleed. The research recommended 

that the hatchback car model installed with basebleed 

arrived 6% of reduction in coefficient of drag (CD) and 

suggested implementing it for other rear-end shape car 

models such as sedan, squareback, and fastback car 

models. Further, the numerical results of the coefficient of 

lift (CL) and coefficient of side force (CS) for the varying 

yaw angle (𝜓) analysis prove that the stability of the car 

was not affected while using this basebleed method. The 

main objective of this research was achieved, hence the 

reduction in fuel consumption of the hatchback car model 

after the installation of basebleed is attained at 4.33%.   
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