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Abstract- For the design and performance of vehicle, accurate calculation of drag and lift coefficient is a significant process 
step. Higher value of aerodynamic coefficients results in more fuel consumption. This phenomenon is predominantly 
significant, when the speed of vehicle is above 60 kmph. Moreover, with higher velocity, vehicle stability becomes a major 
issue especially due to under-steering or over-steering. Hence, quantification of the aerodynamic loads during windy 
conditions becomes important to evaluate the risks associated with them. It is always recommended to validate wind tunnel 
experiment with numerical simulation to ensure safety and performance of the vehicle. In the present study, an attempt is 
made to analyze the aerodynamic loads on Tractor-Trailer. This study was conducted at an average speed (54kmph) of 
vehicle at different wind flow angles. The flow considered here is turbulent flow. The Lift, Drag and side forces, moments 
for Tractor-Trailer vehicle are computed numerically using CFD analysis. The modeling of the Tractor-Trailer was 
performed using SolidWorks-14 modeling software and the model was then imported to Ansys (CFD-Fluent)-15 for 
analysis. The various test cases were simulated in Ansys-Fluent to obtain the data for further review, analysis and 
optimization. The trends of aerodynamic forces were plotted with respect to test condition’s, which includes wind flow 
angles and nature of wind flow. The results of the numerical simulations were compared and validated with experimental 
conclusions as available in the literature. Design modifications to the Tractor-Trailer are further undertaken in order to 
ascertain and capture the changes in the aerodynamic coefficients. 
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I. INTRODUCTION 
 
In the era of fast growing economy and development, 
increased traffic volume is a common effect. The 
safety and stability of vehicle, therefore, has become 
issue of prime importance. Instability of vehicle leads 
to fatal road accidents as well as improper vehicle 
design may lead to poor fuel economy. Aerodynamic 
load is one of the essential aspect to carry out 
evaluation of accidental risk and stability on the road. 
Due to expensive wind tunnel testing, it is needed to 
validate numerical simulation with output of wind 
tunnel testing. So the modification in the design or 
parameters can be checked easily through numerical 
simulation rather than performing expensive and 
laborious wind tunnel testing. However, there are 
always minor differences between a Wind tunnel 
testing and CFD simulation because of truncation 
errors, round off errors etc. 
 
II. LITERATURE SURVEY 
 
Coleman and Baker [1] studied the load coefficients 
of an articulated lorry positioned on the bridge deck 
model. They concluded that turbulent air affects 
significantly on aerodynamic properties of vehicle. In 
Further studies, Coleman and Baker [2] performed 
wind tunnel test to analyze the fluctuating as well as 
mean aerodynamic coefficients of force on an 
articulated model of lorry and revealed the involved 
flow mechanism. E. Guilmineau et al [3] carried out 
computational studies over an Ahmed body. They 
found that drag increases when the slits are attached 
and all the turbulence models predicted the same flow 

topology. D. Soper et al [4] made a study on the cross 
wind effect on container freight train, they observed 
that higher values of aerodynamics coefficients when 
container loading efficiency is lowered. When the 
vehicle is moving over the bridge, large amount of 
cross winds are expected. Those high velocity wind 
endanger the stability of vehicle, even if the vehicle 
speed is less. Han et al. [5, 6] studied aerodynamic 
characteristics of vehicle on bridge with the help of 
CFD method and series of wind tunnel testing 
regarding aerodynamic force interaction between 
vehicles and bridge. Xianzhi Liu et al [7] made a 
research on wind tunnel tests for different wind loads 
at different wind angles. Their study concluded that 
drag force coefficient follows sinusoidal trend also 
lift force coefficient is zero when yaw angle is 0° or 
90°. In this paper, numerical simulation over tractor – 
trailer is done with different wind angles 0°, 30°, 60° 
by using Ansys – Fluent 15. 
 
III. SIMULATION SETUP 
 
Based on the selected reference paper [7], the four 
vehicle bodies were modeled in Solid Works - 14 and 
imported in ANSYS fluent - 15 using parasolid file 
format. Numerical analysis was done for wind angles 
of 0°, 30°, 60°. Validation for each model was done 
and results were compared with wind tunnel data. 
Tractor-trailer was further selected for suitable 
modification. 
For Tractor-Trailer two design modifications were 
simulated for analysis. These included the 
smoothening of outer edges and closing the gap 
between tractor and trailer front face. Enclosure is 
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created with dimensions approximately 10L 
×35L×18L of vehicle body, where ‘L’ denotes length 
of vehicle body. Then Boolean operation of 
subtraction was performed by subtracting the target 
body (Enclosure) and tool body (vehicle body). 
In meshing, mesh was generated with suitable mesh 
sizing. Coarse mesh of 0.01 was undertaken for 
enclosure body. Bounding box was created in the 
region of interest that includes vehicle body and fine 
mesh of 0.001 was provided for the bounding box 
zone. Inflation was done in the periphery of the 
vehicle body with 5 layered structure. This helps in 
capturing the boundary layer near the surface. Input 
and output zones were selected suitably.  
In model set up, k-omega turbulence model with SST 
type was selected. SST model is a combination of the 
k-epsilon in the free stream zone and the k-omega 
model that applies near the walls. Material for fluid 
selected as air with standard properties. In boundary 
conditions, inlet flow given as 15m/sec, at outlet 
pressure as atmospheric pressure. Then solution is 
initialized with hybrid initialization and simulation 
was performed. Drag and lift for the modified body 
with different flow conditions were calculated. 
Maximum aspect ratio obtained was around 1.5. 
Mesh was fine around the region of interest and a five 
layered boundary inflation was applied. The turbulent 
intensity considered is 5 % and turbulent viscosity 
ratio considered around 10% for analysis. 
 
IV. RESULTS AND DISCUSSION 
 
There is a good enough literature available on the 
smooth flow condition of a vehicle as compared to a 
turbulent flow. Xianzhi Liu et al [7] conducted wind 
tunnel experiments on the Tractor-trailer in different 
flow conditions in order to capture the differences 
due to different flow conditions. To compare with the 
wind tunnel data, Tractor-trailer is modelled and 
simulated under turbulent flow condition.  
Comparison of Drag and lift coefficient with respect 
to Wind tunnel data from the published paper and the 
numerical simulation performed herewith is plotted in 
Fig. 1 
 

 
Fig. 1- CFD vs Ref (Wind Tunnel) 

 
The forces tend to show similar trend with minor 
deviations. There are significant deviations in terms 
of the rolling, pitching and yawing moments due to 

uncertainties in simulation and wind tunnel 
experimentation. This deviation could also be due to 
numerical approximations, wind tunnel size, wind 
tunnel measurement errors, CFD grid limitation etc.   
Aerodynamic drag is found to be most sensitive at an 
angle of 60°. Lift coefficient is found to be close to 
zero. 
Suitable modifications are done to the design to 
notify the differences in the aerodynamic coefficients. 
Design optimization 1 included smoothening of the 
edges to streamline the flow and reduce the flow 
separation.  Fig. 2 indicates the plot of drag 
coefficient for a zero degree wind angle for Design 
optimization 1.  Contours of Velocity and Pressure 
magnitude are plotted for the 0° as shown in Fig 3 
and 4. It indicates the stagnation pressure at the front 
end of the vehicle due to shock. 
 

 
Fig. 2- Drag Coefficient for 0° - Design optimization 1 

 

 
Fig. 3- Pressure contour for 0° - Design optimization 1 

 

 
Fig. 4- Velocity Contour for 0° - Design optimization 1 

 
Contours with 30° flow are presented here for 
reference. As the cross wind angle increases, trend is 
observed for a vortex generation at the rear side as 
observed in Fig. 5. As before, high pressure of up to 
14.3 Pa is observed at the front end bumper and 
windshield zone of the tractor trailer.  As can be seen 
from the Fig. 6, there are low pressures zone created 
on the bottom of the bumper and the trailer front face 
gap. 
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Design optimization 2 is considered further with a 
closing of the gap between the tractor and the trailer 
front face. This is a significant drag hotspot and 
accounts for up to 30 % of the total drag. As shown in 
the Fig 7, this gap creates a Vortex trap and increases 
drag significantly. 
 

 
Fig. 5- Velocity Contour for 30° - Design optimization 1 

 

 
Fig. 6- Pressure Contour for 30° - Design optimization 1 

 

 
Fig. 7- Drag Hotspot - Design optimization 2 

 
As can be seen from the Fig 8, for a fully closed 
tractor trailer , the drag coeffecient  is reduced 
significantly.  However, Lift coeffecient oscillates 
about a mean before converging.  Fig 9 shows the 
contour of the pressure indicating high pressure at the 
front face of the body for a 30° womd angle. The two 
sides faces of the model are represented in Fig 10 and 
Fig 11 indicating the impact of side wind forces 
acting at 60° creating a pressure difference of upto 
120 Pa.  

 
Fig. 8- Drag Coefficient - Design optimization 2 

 
Fig. 9- Pressure Contour - Design optimization 2 

 
Overall, we see that the numerical and the wind 
tunnel data go hand in hand to a certain extent and 
there is appreciable decrease in drag due to 
modifications done to the model. As plotted in Fig 
12, we see that design optimisation bring about a 
significant reduction in drag at almost all the cross 
wind angle. However, there is a increase in lift at 
certain wind angles especially due to smoothening of 
the model as shown in the Fig 13. 

 
Fig. 10- Pressure Contour – Side Face-Design optimization 2 

 

 
Fig. 11- Pressure Contour – Side Face-Design optimization 2 

 

 
Fig. 12- Drag Coefficient comparison 

 
Fig. 13- Lift Coefficient comparison 
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CONCLUSIONS 
 
In this study, tractor trailer is simulated under 
turbulent flow conditions at varying cross wind 
angles and compared with the present literature. The 
results are analyzed, interpreted and optimised 
further. Some of the major conclusions include:  
1. Side Force has a clear-cut effect on the 

aerodynamic coefficients.  Its impact is found to 
be maximum at 90°. 

2. Drag force increases with increase in Yaw angle 
up to a certain limit and further reduces towards 
90°.  

3. Numerical validation results are coherent, to a 
major extent, with Wind tunnel data and 
therefore, it is a further affirmation that the 
numerical analysis is reliable and safe.    

4. The lift force coefficient is found to be generally 
negative and close to zero except at few wind 
angles. The lift coefficient begins to decrease in 
value as it reaches 90°. 
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