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Abstract - Energy efficiency of a road vehicle is highly attributed to its aerodynamic performance. Over some past decades, 

several  improvement has been made and reduced significantly the aerodynamic drag; but, beyond the current achievement, 

improvement become difficult and challenging for car industry and professionals working in the area. In this regard, this 

paper focuses on new approach to further find aerodynamic performance improvement particularly for electric vehicles. 

Therefore, a preliminary numerical study on ducting and concept of energy harvesting from aerodynamic resistance is 

introduced in this paper. In this numerical study, ducted and slightly modified Ahmed model is used to study aerodynamic 

characteristics of ducted models and how ducting would contribute to the reduction of energy consumption due to 

aerodynamic resistance. Furthermore, energy harvesting concept is also introduced as an alternative to improve energy 

efficiency. Three-dimensional, incompressible, and steady flow governing equations were solved by CFD code (PHOENICS 

ver.2018) with extended turbulent model proposed by Chen-Kim (1987). From the study, it was found that the total drag was 

reduced over 15% on the opened front body than the closed one and the kinetic energy harvested in the flow duct is about 

15% of the energy consumed due to aerodynamic resistance with M4 model compared to the original blocked model at 

higher speeds. 
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I. INTRODUCTION  

 

Energy efficient vehicles are required to meet future 

emission and fuel consumption requirements. 

Environmental issues and public health security 

concerns have forced car industries and the public to 

look for alternatives to petroleum based means of 

transportation. In recent decades, the research and 

development activities related to transportation have 

emphasized the development of high-efficiency, clean 

and safe transportation. Electric vehicles, hybrid 

vehicles and fuel cell vehicles have been typically 

proposed to replace conventional vehicles in the 

future [1], [2].  

 

Currently attention given to electric vehicle 

development is motivating and it is deemed to be a 

future car as it is energy efficient, no direct carbon 

emission, and low noise pollution. On the other hand, 

the limited driving range per charge is the challenge 

of current electric vehicles due to low energy density 

of the battery. To improve the driving range, the first 

thing which comes to once mind is obviously 

improving the battery technology. The second 

alternative is reducing the energy consumption of the 

moving vehicle that would contribute to increased 

driving range. In this regard, aerodynamic resistance 

is the one which have a big share. Therefore, 

identifying the energy consumption attributes of the  

 

moving vehicle and conducting a research on how to 

reduce consumption of energy would enhance the 

driving range of the vehicle. The largest portion of 

power driving the vehicle is consumed to overcome 

the air resistance [2], [3], [4], [5]. Aerodynamic 

resistance force typically accounts for 65% of the 

total resistance for medium sized car at 100 km/hr 

[2], [4], [5], [6]. Hence, reducing drag force 

contributes significantly to the energy efficiency of 

battery electric vehicles [7], [8].  

 

The idea under consideration is harvesting energy 

from the air resistance without affecting the base 

drag. As the vehicle is moving in a sea of air, the 

kinetic energy of the fluid relative to the vehicle is 

significant particularly at higher vehicle speed. As a 

first step for a feasibility study, ducting and its 

aerodynamic effect on a moving vehicle is discussed 

using simple body. A numerical simulation was made 

as a preliminary study to either reduce or use 

aerodynamic resistance of road vehicle  

 

II. ANALYTICAL THEORY  

 

Theoretical background on road-load power of a 

moving vehicle, ducting and energy harvesting 

concept from the aerodynamic resistance is described 

here in short.  

 

A. Road Load Power and Aerodynamic Drag  

The total power required to overcome resistance 

forces for an electric vehicle cruising at a speed V, 

can be expressed as: 
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The terms in the bracket represent rolling resistance, 

aerodynamic resistance, grade resistance and inertial 

resistance to the vehicle motion from left to right 

respectively. In a high speed driving situation, the 

power required to overcome the aerodynamic 

resistance is extremely significant consuming energy 

to keep its speed. This force is a function of the 

frontal projected area of the vehicle, drag coefficient 

and the speed of the vehicle. 

 

 
 

Therefore, the drag force is expressed as 
 

 
 

Two main components of the drag force are pressure 

and skin friction force. Aerodynamic resistance of a 

ground vehicle is dominated by pressure drag whilst 

skin-friction drag is dominant on aircraft and marine 

ship[9], [10], [11].  

 

B. Ducting  

The frontal area of internal combustion engine 

powered vehicles is opened with the meshed grill to 

induct incoming air into the engine room for engine 

cooling. To the contrary the frontal panel of electric 

vehicles is closed by design and made up of single 

panel (fig.1). But the closed frontal panel of electric 

vehicle would have considerable effect on the 

increment of aerodynamic resistance of the vehicle 

 

 
 

Ducting is not common in ground vehicle as a drag 

reduction technology. Here in this paper a deliberate 

duct for either drag reduction or energy harvesting 

system is made for feasibility study. This kind of 

approach is believed to be applicable in electric 

vehicles as mostly their front panel is closed by 

design and the engine compartment is used as a 

luggage compartment instead.  

C. Aerodynamic Energy Harvest  

When a vehicle moves at higher speed, serious air 

resistance which is called as drag exerts on the 

moving vehicle due to the relative wind. If this 

opposing aerodynamic force acting on a vehicle body 

due to the momentum loss is ceased by any means, 

two very positive effects will be expected; fuel 

savings and emission reduction. If the momentum 

energy can be recovered, energy efficiency of road 

vehicle will increase. The energy harvesting concept 

can be modeled with a radial type power turbine as 

shown in fig 2. 

 

 
Fig. 2 Schematic drawing of the wind energy harvesting system 

in an air duct 
 

General conservation of momentum for this model 

can be stated as the linear momentum equation and it 

is equal to external forces acting on the control 

volume 

 

 
 

The force exerts on the power turbine due to the 

change in momentum at inlet and outlet will be used 

to calculate the torque of the turbine (𝑑𝑇 = 𝐹𝑡 × 𝑑𝑟). 

The torque multiplied by the angular velocity of the 

turbine will give the power harvested from the 

aerodynamic resistance. 

 

 
 

Where N is the rotational speed and T is the torque of 

the power turbine. 

 

III. DESCRIPTION OF THE TEST MODEL 

  

Ahmed model is used for this fundamental study with 

some modifications. A (4:1) scale model is used with 

the dimension 4.176m x 1.556m x 1.152m (L x W x 

H). Five different models are defined with the 

different size of the duct as specified in table I. 
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Table I Specifications Of The Model Body 

 

 
Fig. 3 2-D view of the original (M0)and ducted model body 

 

 

IV. NUMERICAL SCHEME AND ITS 

CONDITIONS 

 

In this study, Finite Volume Method (FVM) was used 

to perform the numerical simulation. The general-

purpose CFD code, PHOENICS (ver.2018) was used 

for a numerical calculation of the turbulent 

incompressible flow field. 3- dimensional Naiver-

Stokes equations were solved with KECHEN 

turbulent model (Chen-Kim κ-ε model) which is a 

modified standard - turbulent model. The 

turbulent no slip condition near solid boundary was 

modeled by log law. Chen-Kim κ-ε model believed to 

improve the dynamic response of the Epsilon 

equation by introducing an additional time scale and 

source term. In addition, several of the standard-

model coefficients are adjusted so that the model 

maintains good agreement with experimental data on 

classical turbulent shear layers [13]. 

 

A. Numerical Domain and its Numerical Grid  

The numerical domain size is defined as shown in fig 

4. Especially 8L is given at the rear side of the model 

to have a stable convergence on the simulation result. 

The initial and boundary conditions are defined as 

given at the table II. 

 

 
Table 2. Initial And Boundary Conditions 

 

 
Fig. 4 Numerical domain size for calculation (L=4.176m, 

W=1.556m) 

 

 

 
Fig. 5 Optimized grid in the numerical domain (162x94x60) 

 

With the aforementioned set up, numerical simulation 

has been done to study the duct on drag force, rear 

flow and related flow property variations. The 

calculation was conducted at optimized grid 

distribution with different iterations ranging and very 

nicely converged with an error cut off less than 

0.01%.  

 

B. Governing Equations  

For steady incompressible turbulent flows, the flow 

field is characterized by the conservation laws (since 

the flow is steady the time derivative component 

removed). Hence the governing equation for turbulent 

flow field is written: 
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V. RESULTS AND DISCUSSION 

 

The force distribution over the model is evaluated 

under „integrated forces‟ indicating pressure force 

and friction forces. Based on this integrated force 

results, evaluation of the duct flow effect on each and 

every side is made possible. Special attention is given 

to the drag force being contributed from pressure 

force and skin friction force. The frontal pressure 

force and rear side drag force due to strong and 

counter rotating trailing vortex.  

 

A.Aerodynamic Flow Characteristics of the Model  

Aero dynamic characteristics  of the flow around the 

model is demonstrated using the static pressure 

contour plot as depicted in fig.6. The pressure 

distribution at front and rear of the un ducted and 

ducted model are different due to the duct effect. M1 

with the opened front panel has lower the front 

stagnation pressure than the fully blocked body and 

higher the rear induced pressure due to the flow wake 

resulting in reduced pressure drag. 

 

 
Fig. 6 Pressure distribution on M0 and M1 at 100km/h 

 

B. Pressure Drag Force  

Effect of the opened front panel on pressure drag 

force is evaluated in detail. The total pressure drag 

curve versus models with different duct size is shown 

in the fig. 7. 

 

 
Fig. 7 Variation of the pressure drag with the duct size at 

different speed 

The highest pressure force is observed on the model 

M0. As the duct size increases the pressure force 

magnitude is decreasing. quantitatively, for M1 

model at a speed of 80km/h about 20.5% reduction of 

total pressure drag in reference to the base model. 

This shows that the duct has a very significant effect 

on a pressure drag reduction of the bluff body under 

consideration.  

 

C. Skin Friction Drag  

The friction drag generated due to boundary layer 

effect and turbulent flow is relatively small. During 

this study, contrary to the pressure force, the friction 

drag force of the ducted models revealed an 

increasing trend as duct size increases. The model 

with no duct (base model) experienced the smallest 

friction drag. This could be due to increased surface 

area and flow separation created in each inner sharp 

corners of the duct. 

 

 
Fig. 8 Variation of fiction drag with the duct size at different 

speed 

 

Considering one of the ducted models with smallest 

duct size (M1) at speed of 100km/h a net total drag 

reduction of about 16.3% is observed quantitatively. 

The pressure drag force is reduced by 19.5% while 

the skin friction drag is increased by 3.2% of the total 

drag. As the duct size increases, the friction force 

increases as shown in fig. 8. This can be considered 

as side effect of ducting as far as drag reduction is 

concerned while the pressure force which is the 

dominant drag force in ground vehicle exhibit a 

decreasing trend. Since the contribution of skin 

friction to the total drag is very low, its increase with 

duct size didn‟t affect much the decreasing trend of 

the total drag force  

 

D. Drag Coefficient  

The coefficient of drag of the models also showed a 

reduction trend even though coefficient of drag is 

directly proportional to drag force and inversely 

proportional to reference area (Af), reduction of both 

area and drag force by ducting does not assure a 

reduction in CD. The relative change rate of area and 

change rate of drag force is a determining factor for 

reduction of the CD of ducted model. As shown in 

fig. 9, about 15.3% of CD was reduced in Model 4 

body comparing to the original Ahmed model(M0) in 

speed range. It should be noticed that an opened front 
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panel on a moving body should have energy saving 

effect than the closed one and will contribute to 

driving range extension. 

 

 
Fig. 9 Variation of drag coefficient with the duct size at 

different speed 

 

E. Aerodynamic Energy  

The velocity profile just before the entry, at the entry, 

inside duct, at the exit and just after the exit of the 

duct gives some insight about the flow dynamics and 

energy level at the duct. To have a big picture of the 

flow domain along duct a wider range velocity profile 

is plotted as dipicted on fig. 10. The profile is 

captured with in a 10m long distance in the doman 

passing through the middle of the duct length to see 

the pattern of the flow speed.  At about 3m in front of 

the duct, the velocity assumes a free stream velocity 

(27.78m/s). This velocity declines as it approaches 

the object (model) front side and sharply drop to 

about 65% of the free stream velocity near the entry 

edge of the duct and then raise back to about 86% at 

the entry. Just after entry it slightly decelerates until it 

attain smooth flow inside the duct where it gradually 

accelerate. At the exit, it drastically decelerate again 

as it is exposed to a chaotic tubulent flow at the rear 

of the object until it mix with and maintain the 

outside rear flow structure about 3m behind the rear 

end. 
 

 
Fig. 10 Longitudinal velocity distribution in the model duct 

center of M1 

 

Hadn‟t been a duct, the kinetic energy of the whole 

bulk flow is stagnated at the front exerting a 

resistance to the object. But now it can be seen in the 

profile plot that some amount of the flow kinetics is 

maintained and channeled to the rear through duct 

reducing the aero dynamic resistance. This kinetic 

energy of the air can be harvested using the principle 

discussed in section II subsection C of this article. 

Considering the typical scenario power to be 

harvested is estimated for model M1.The calculation 

is performed with the following assumption. Air 

density is uniform throughout the duct. As the flow is 

guided to the turbine by duct, the turbine converts 

major portion of the kinetic energy in the air to 

mechanical energy turning the generator. Turbine is 

directly connected to the alternator mechanically. 

Therefore, the potential aerodynamic kinetic energy 

by the air flowing through a duct is estimated by, 

 
 The average air velocity �̅� inside the duct is 

expressed as, 

 
The available power harvested could be calculated 
as, 
 

 
 

Table III shows the electric energy harvested by the 

kinetic energy of air passing through the duct of the 

model(M4) under the reasonable assumptions. 

 

 
Table iii. Estimation of The Electric Power Harvested In M4 

 

As shown in table Ⅲ, the harvested electric energy 

proportionally increases with the model speed. As the 

speed reaches to 120km/h, the power harvested is up 

to 1.567kW. With Model M4, the usable energy 

harvested is calculated to be over 15% of the energy 

consumed due to aerodynamic resistance of the 

model without duct at higher speeds. For the 

estimation of total driving range extension with this 

air duct installed at the front side of the model 

vehicle, both the aerodynamic drag reduction and the 

electric energy harvested should be considered. In the 

following analytical study the detailed theoretical 

approach and method will be discussed.  



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 

Volume-8, Issue-1, Jan.-2020, http://iraj.in 

A Numerical Study on Aerodynamic Energy Harvest for Electric Vehicle A Concept to Extend Driving Range 

  

6 

VI. CONCLUSION AND FUTURE WORK 

 

In this numerical study, it was found that the air flow 

duct installed at the frontal surface of the model 

vehicle show the positive effects on the total drag 

force. It was also confirmed that pressure drag force 

accounts for more than 90% of the total drag. The 

pressure drag shows a decreasing trend as duct inlet 

size increases but the skin friction drag increases with 

the duct inlet size. Velocity profiles indicate the 

ducted flow characteristics particularly the fluid 

acceleration and deceleration before, at the duct 

entry, exit, and after exit respectively. The level of 

kinetic energy preserved through ducting is also 

observed. The electric energy harvested from this 

kinetic energy of the flow in the duct would 

contribute to driving range extension of electric 

vehicle. Effect of ducting on the stability of the 

model, feasibility of energy harvesting through 

ducting and rear flow control for better duct flow 

acceleration is part of the future work. 
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