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ABSTRACT 
 Wind tunnel tests have been conducted on a realistic hatch back car model, to investigate drag reduction opportunities 

from injecting low velocity air into the base region. Various techniques to reduce the aerodynamic drag of bluff bodies through 

the mechanism of base pressure recovery have been investigated. The investigation is conducted in free stream and in ground 

proximity. It is shown that, with a base bleed hose, the overall body drag is reduced. The paper shows the method used in 

creating the scaled model of the car and conducting the analysis, and presents the findings to date. The paper shows that the 

reduction in drag increases as the mass flow rate of air is increased when the flow is deflected at the outlet. By controlling the 

turbulent wake to the rear of the vehicle. It has been shown that base bleed can significantly decrease drag when applied to the 

geometry of a real hatch back model car, For the geometry studied, a bleed outlet applied to the lower portion is most effective 

in reducing drag. Thus the reduction in drag improves the fuel economy. The paper also discusses the feasibility of base bleed 

being applied to a production vehicle. 
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INTRODUCTION 

The influence of aerodynamics on the demand-supply relationship is through the drag force, which affects the 

propulsive part of the demand side. Commercial aircraft, trains, ships, and highway trucks typically operate at a relatively 

constant cruising speed. In typical automobile driving, however, vehicle speed varies with time or distance. An analysis of the 

factors affecting automobile fuel economy can best be made if the driving pattern is prescribed. (W H Hucho 1993).At any 

instant, the tractive force required at the tire/road interface of acar’s driving wheels is (Sovran & Bohn 1981) 

 
Where FTR  is the tractive force , R is the tyre rolling resistance, D is the aerodynamic drag, M is the vehicle mass g the 

acceleration of gravity and θ is the inclination of the angle of the road. The corresponding tractive power is 

PTR= FTR V 

and the tractive energy required for propulsion during any given driving period is 

ETR=∫ PTR dt
𝑇

0
. 

for positive values of the integrand. The main reason that fuel is consumed in an automobile is to provide this tractiveenergy. 

Writing an equation for instantaneous fuel consumption, integrating it over a total driving duration, and using the mean-value 

theorem to introduceappropriate averages for some of the integrands, the followingfundamental equation for the average fuel-

consumed-per-unit-distance traveledĝcan be obtained (Sovran 1983): 

 
where k is a fuel-dependent constant, ηb is the average engine efficiency during propulsion, ηdis the average drive train 

efficiency, S is the total distance traveled, EAcc is the energy required by vehicle accessories, and gu is the fuel consumption 

during idling and braking. The impact of drag on total vehicle fuel consumption therefore depends on the relative magnitudes 

of these contributions. 

Ingeneral, this coefficient is vehicle as well as driving-schedule dependent (Sovran 1983), but for the midsize car 

being considered they are ≈ 0.14and ≈0.46 for Urban and Highway, respectively. For the Euro mix cycle, a typical influence 

coefficient for cars powered by spark-ignition enginesis ≈0.3, while for diesel engines it is ≈0.4 (Emmelmann 1987b). In 

allcases, these values presume that the drive train gearing is rematches so that the road load power-requirement curve runs 

through the engine’sbrake-specific-fuel-consumption map in the same manner at the lower dragas at the higher drag. 

If no other changes are made in a vehicle, the benefits of reduced drag are actually threefold: reduced fuel 

consumption, increased acceleration capability, and increased top speed. When maximum fuel-economy benefit is the 

objective the increased acceleration and top-speed capabilities can be converted to additional reductions in fuel consumption. 

Conversion of the increased acceleration capability is accomplished by regearing the drivetrain, as discussed above. 

Conversion of the increased top speed requires a reduction in installed engine power, and a corresponding percentage reduction 

in vehicle mass so that the acceleration capability of thevehicle is not diminished. The preceding discussions have presumed 

the absence of ambient wind while driving. In the presence of wind a vehicle’s wind speed is generally different than its 

ground speed, and its yaw angle is generally not zero. This affects the operating drag force, and therefore vehicle fuel economy 

(Sovran 1984). On the average, the result is a reduction in fuel economy. 

Methodology and Experimental Set up 

BASE BLEED 
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Base bleed can be defined as the reduction of drag via the introduction of air or some other gas to the rearward low 

pressure region. Drag reduction can be achieved through repressurisation of the base region, or the air or gas may be used to 

control the turbulent wake of the vehicle or the trailing vortices that cause drag. Although this may still result in 

repressurisation within the base region, repressurisation may not be the primary influence on the change in drag. [Lamond, 

Andrew et. al 2009]. However, consideration was given to bleed air being obtained through ducting from a high pressure 

region on the vehicle as this may be a more practical approach to a real system.The point at which air is expelled into the base 

region will be known as the ‘bleed outlet’, positioned on the rear surface of the vehicle. 

Experimental Testing of Scaled Model 
The experimental study was conducted in a subsonic closed-loop suction type wind tunnel located in the Aerospace 

Engineering Department of MIT Anna University Chennai. The tunnel has a test section of 3x4 ft (0.9144 m x 1.2192 m) in 

cross section with optically transparent walls. The wind tunnel has a contraction section upstream of the test section with a set 

of honeycombs, screen structures, and a cooling system installed ahead of thecontraction section to provide uniform low 

turbulent airflow into the test section. Based on the integration of the measured surface pres-sure distributions around the test 

model, the resultant wind loads (i.e., the lift and drag forces) acting on the test model can be determined by neglecting the 

small friction force acting on the test model. 

MEASUREMENT RESULTS AND DISCUSSIONS 

The following graph shows the comparison of pressure distribution on passenger car model with and without base bleed 

attachment. 

3.1. Pressure distribution study with and without Base-Bleed attachment: 

Fig.1. shows representation of pressure distribution trend, from the above graph it is clearly visible, at different range of 

velocities (4m/s, 8m/s, 12mm/s, 16m/s, 20m/s) pressure on front bumper (Stagnation point) area is very high such as nearly -

0.1 N/mm2  (except 4m/s due to low stream). From the bumper pressure reduces towards bonnet nose area.Then again 

increasing slowly in front hood, pressure will again get peak at the meeting point of front hood and windscreen. Then pressure 

will drastically drops to lowest point at the starting point of roof. From this graph it is clearly visible that there is a negative 

pressure difference between the frontal area and rear area of the car model. Due to this the drag force will be more in this car 

model without base-bleed attachment. 

Fig.2. represents the graphical representation of pressure distribution with base-bleed attachment. Here, pressure on bumper 

reduced by 20% and pressure has been increased by 6% at rear side of the car. Even at the higher velocities (12m/s, 16m/s, 

20m/s) pressure at rear side increased considerably. Due to this pressure variation between frontal area and rear side of the car 

model will reduced considerably. From the stagnation point at the front of the vehicle, the pressure drops swiftly as the flow 

accelerates over the radiator grill and gainssteadily over the bonnet of the car. As the flow is backed up at the junction between 

bonnet and windshield, the pressure coefficient reaches a local maximum after which the pressure decreases again over the 

windshield.  

Drag force Comparison 

It is clearly evident from the Fig.3 that the value of drag force decreases due to the addition of base-bleed setup.This 

can be attributed due to the escaping of air flow with the help of base-bleed attachment. For varying velocities Fdwill be 

considerably lesser compared to without base bleed attachment. Even in high velocity also the drag co-efficient will be lesser 

compared to without base-bleed attachment. Hence, it is observed that base-bleed attachment will be useful at lower velocity to 

reduce drag force. 

Co-efficient of Drag Comparison (Cd): 

 It is clearly evident from the Fig.4 graphical representations that the value of Cd decreases due to the addition of base-

bleed setup. This can be attributed due to the avoidance of flow separation with the help of base-bleed attachment. For varying 

velocities Cd will be considerably lesser compared with without base-bleed attachment. Hence, it is observed that base-bleed 

attachment will be useful at lower velocity to reduce drag co-efficient. Finally, from the above graphical representations it 

clearly shows that the base-bleed attachment will reduces the drag forces acting on car model on various velocities.  

Correlation between the drag coefficient and the Reynolds number: 

From the Fig.5 graph shows the drag co-efficient Vs Reynolds’s number its shows that when Reynolds number 

increases the drag co-efficient value will decreases. The drag coefficient Cd converges with increasing Reynolds numbers 

towards the value Cd=0.20 (with base-bleed attachment) and Cd=0.20 (without base-bleed attachment). The drag coefficient 

without base bleed is by trend higher than with base bleed, although the difference lessens with growing Reynolds numbers. 

 

Table: 1 Comparison of Drag Force Cd and Reynolds Number 

Velocity (m/s) 
Drag Coefficient (Cd) Drag Force (N) 

Reynolds number 
Without Base Bleed With Base Bleed Without Base Bleed With Base Bleed 

4 0.40 0.30 8.50 6.43 95707.54 

8 0.24 0.24 20.48 20.24 191415.07 

12 0.23 0.22 43.62 42.03 287122.61 

16 0.21 0.21 72.12 70.22 382830.15 

20 0.20 0.20 106.73 104.70 478537.69 
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Fig.1Pressure distribution in 

longitudinal axis without Base 

bleed 

Fig.2Pressure distribution in 

longitudinal axis with Base 

bleed 

Fig.3 (Drag Co-efficient comparison with 

and without Base bleed attachment) 

 

 

  
Fig.4 (Drag force comparison with and 

without Base bleed attachment) 

Fig.5 (Reynolds number effect comparison with and 

without Base bleed attachment) 

CONCLUSIONS 

In this paper, the influence of base bleed attached   on under body of the realistic hatch back model car was 

investigated for five free stream velocities (U∞ = 4, 8, 12, 16, and 20m/s). It has been shown that base bleed can significantly 

decrease drag when applied to the geometry of a real hatchback model car. It has also been demonstrated that the influence of 

the Reynolds number on the drag coefficient lessens with augmenting Reynolds numbers and that the investigation of the 

realistic hatchback model car at the reduced Reynolds number of Re=4.787E+6 is therefore feasible.. The distributions of the 

pressure coefficient in different velocities were discussed. Again, the realistic hatch back model car geometry shows very 

similar behavior, while the distribution at the both configurations shows different results. Ground simulation does not change 

the pressure distribution at the top of the vehicles. Furthermore, the pressure distribution on different parts of the vehicle 

surface was evaluated. It has been shown that the base bleed attachment does not influence the distribution of the pressure 

coefficient at the top of the vehicle significantly. For the geometry studied, a bleed outlet applied to the lower portion is most 

effective in reducing drag. Thus the reduction in drag improves the fuel economy 
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