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Abstract

Crosswind stability is a critical safety factor that needs to be addressed for all types of
road vehicles. However, it is especially crucial for trucks and buses due to their large lat-
eral areas. As a result, this makes the vehicles more vulnerable to high side forces caused
by incoming side winds. This is because of the fact that, the greater the lateral area, the
greater the sensitivity to side winds. In the absence of any shielding, the magnitude of
the resulting side force on the vehicles commuting across the bridge will be exacerbated.
In addition to side force, the yaw moment acting on the truck is also an important factor
that needs to be addressed. The lateral stability of the vehicle is mainly affected by yaw
moments. When side winds blow, the presence of a bridge structure, such as a pylon,
causes huge turbulent wake flows due to flow separation. Furthermore, when the vehicle
rides across the pylon wake, the sudden shielding effect in the wake flow region causes a
steep change in the vehicle’s side force. The pressure distribution on the surface of the
vehicles as well have continuous variation and thus result in fluctuating yaw moments.
These disturbances have an impact on the drivability and maneuverability of the vehicle.
Handling stability is extremely important for road safety. If these side wind sensitive
vehicles are traveling at high speeds, it may even cause them to roll over in severe cases.
So, it is pivotal to analyze the side wind induced aerodynamic forces and moments on
road vehicles in order to understand their impact and to provide guidance to drivers on
how to maintain the vehicle’s stability when driving in this scenario.

The road vehicle taken for this study is a truck. 3D Computational Fluid Dynamics
(CFD) simulations are performed to investigate the aerodynamic forces and moments
on the truck at different side-wind conditions. The commercial code used to simulate
the model is the StarCCM+. Initially, a steady state case is developed and solved using
Reynolds Averaged Navier Stokes(RAN.S) transport equations and a realizable k—epsilon
turbulence model with all necessary boundary conditions. The aerodynamic coefficients
of the truck are computed at different positions on the bridge. Individual and combined
effects of bridge structures such as deck, windshield, and pylon are investigated. Unsteady
simulations are also performed, and the results are compared to the steady-state model.
The steady state results are used as an initial solution for the unsteady model. The
unsteady model is built to simulate the motion of a truck across the bridge by using overset
mesh methodology. The simulations are run for 30, 60 and 90 degree yaw conditions. The
CFD investigations showed that the presence of deck and windshield(non-porous and
solid) reduces the side force acting on the truck by diverting the flow above with a local
re-circulation wake region beside the exposed windward surface, and thus reduces the
static pressure on the truck. On the other hand, the porous windshields increase the side
force on truck when compared against the windshields with no cut-outs. The study on
porous windshields revealed an intriguing scenario in which the presence of windshields
with more than 80% porosity increases the side force on the truck when compared to the
case with no shields.
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1. Introduction

1.2 Objective Statement

The thesis is centered on side wind investigations, with a primary emphasis on:

e To perform CFD simulations and to investigate the effects of bridge structures
(Deck, Pylon and Windshields) on the aerodynamic forces and moments acting on
the truck.

o To compare and differentiate the individual effect of bridge structures versus the
combined effect on aerodynamic forces.

« To simulate, investigate and to compare the effect of solid (non-porous) versus
porous windshields or wind-barriers on the bridge deck.

o To study the effect of windshield height and wind guides on resulting forces on
trucks.

e To conduct unsteady C'F'D investigations for truck movement across the wake of
the bridge pylon using a moving mesh strategy and compare it to steady state
simulations.

1.3 Limitations

It is a well-known fact that the simulations models are always a simplification from the ac-
tual physics. The C'F'D models have few limitations in terms of mimicking the real-world
scenarios. One of the main concerns is, for high side-wind case of 90yaw, the velocity
inlet magnitude in the direction of truck motion is zero. This is because, as with 90 yaw
side wind, the cosine component in the i direction (x) is zero when resolved. As a result,
there is only the jcomponent (y). In this case, the main velocity inlet will be from the
side (perpendicular to the truck). This scenario has the effect of causing the vehicle to
have a negative drag coefficient when it is in the wake region. This is physical, but with
the only exception that the truck’s movement is not captured.

As the CFD simulations are performed with bridge structures, it needs to be evalu-
ated with the experimental results from wind tunnel tests for the purpose of estimating
the accuracy and as well to calibrate the C'F'D model. But to carry out such physical
tests, construction and mounting of the bridge deck, pylon and windshields along with the
truck inside the wind tunnel needs to be done. This process is quite complex in terms of
having an appropriate physical model size of bridge structures, mounting and accessibility
parameters in the wind tunnels.

As the domain is quite big for this study, the best mesh configuration is composed of
100 million cells as this is a 3D simulation. Hence, the model is computationally expen-
sive as well as time consuming to solve the case.















2. Theory and Background

regimes i.e; viscous sub-layer, log layer and the buffer region. Viscous sub-layer is the
region closer to the wall, where the viscous effects are most prominent. Log-layer will be
found far away in the boundary layer. The buffer region exists between viscous sub-layer
and log-law region. The viscous regime, where the wall unit y* is found to be in the range
yT <50, describes the large domination of viscous stresses. Moving more and more closer
to the wall within this range, makes the viscous effects more significant. Resolving the
boundary layer requires mesh points down to the viscous sublayer for a better accuracy.
This is an important parameter to be considered in the computational mesh-grid design.

However, for any given case, the desired y* value depends on the turbulence model and
suitable wall y* treatment models. In this study, it was decided to have the wall y*
between 30 to 300 with few cells having y™ <30 and few having y* >300 as per the
recommendations on Simcenter Steve-portal guide.

2.5 Aerodynamics

Aerodynamics is the study of interaction of the fluid flow with the moving or stationary
bodies. Aerodynamics is primarily concerned with the forces and moments caused by air
passing over and around the interacting bodies. Three prime important forces that acts on
a moving vehicle are the drag force, lift force and the side force. The drag force component
acts in the opposite direction of vehicle’s motion and acts as the resistance to desired
vehicle speed and affects the vehicle’s performance. Drag components are categorized as
pressure drag and skin friction drag, where the former is the most dominant one in the
case of typical road vehicles. Pressure drag is mainly observed in the bluff bodies while the
viscous drag is associated with the streamlined bodies. The lift force acts in the direction
perpendicular to the direction of vehicle motion. The pressure difference between the roof
and underneath of the truck mainly influences this lift force. The non-dimensionalized
drag and lift properties to represent their respective influence for a particular geometrical
attribute of a vehicle under given ambient flow-field conditions are given as,

2% F,

Ci= A 219
2% F,

= i (220
2% I,

Co= v A (221)

Where F,; and F; denotes the drag and lift force, p is the density of the fluid (air in gen-
eral), v is the free-stream velocity and A denotes the frontal area of the vehicle. The C,
C4 and C) denotes the side force, lift force and the drag force coefficients. The frontal area
and the velocity are retained to be same for all the yaw angles. All the above-mentioned
aerodynamic coefficients are mainly dependent on and influenced by the shape and design
of the vehicle.

In a similar manner, the equations for the moment coefficients are given as,






2. Theory and Background

2.5.2 Crosswind Aerodynamics

A crosswind is characterized by the presence of perpendicular or inclined component
of the flow to the direction of travel. The presence of this crosswind component will
have significant effects on lateral displacement, lateral acceleration, yaw moment and the
handling stability. However, the effects from the crosswinds are as well highly influenced
by the incoming flow angle or the yaw angle, the relative speed and the crosswind strength.
The worst case of high crosswind scenario would be the rollover of the vehicle which is more
likely to be wind-induced. The crosswinds are generally non-uniform as the atmospheric
boundary layer of the wind causes a sheared crosswind and as well transient /unsteady due
to the presence of wind gusts and obstacles along the road side. The eqn.2.27 represents
the transient effects on the resulting flow,

duresultant - aUvehicle + auwind auwind

, lwind 9.9
dt ot gy Uvehicle™ g - (2.25)

The first term on the RHS of the equation corresponds to vehicle acceleration, the second
term corresponds to the variations of incoming wind in time(transient) and the last term
corresponds to the influence of different wind conditions on driving. All these parameters
will have the transient effects on the resulting flow.

Figure 2.2: Transient effects on resulting flow.

The transient crosswinds are common sources of discomfort in the ground vehicles. Added
to this, in order to reduce the fuel consumption, automobile manufacturers tend to develop
lighter vehicles with drag reducing designs. As a consequence, the center of pressure is of-
ten moved forward and thus increasing the tendency to yaw when exposed to crosswinds.
As well, increasing the power of the engines, allows the vehicle to travel at high speeds
and causing it to be more sensitive to the unsteady crosswinds. Crosswind stability is the
result of complex interactions between aerodynamics, vehicle dynamics and the driver.
For trucks, the large lateral surface area of the trailer and variable road conditions, the
handling stability of the vehicle under intense crosswind is very crucial for the road safety.

The unsteady effect of crosswind can play a role in the motion of vehicle itself. This
can have two effects. The lateral velocity or the yaw rate of the vehicle can result in
relative wind that influences the aerodynamics. Secondly, if the vehicle takes a large yaw
motion, the crosswind will affect the vehicle with a modified angle 1, and thus changes
the aerodynamics around the vehicle. This is illustrated by the fig 2.3.

In this study, the aerodynamic effect of crosswinds on the vehicles moving over the bridges
provided with deck and pylon, is studied and analyzed for different cases through CF D



