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Abstract. Since the actual use of the small windshield in Formula One (F1) cars is still unknown,
the influence of the shape of the windshield edge on the driver's head will be the main research
direction of this paper. In this paper, FLUENT is used to model three different shapes of
windshield and the driver's head. The author analyzes the impact of windshield on the driver's
head from the perspective of aerodynamics, speculates the actual use of different shapes of
windshield, and gives some optimization schemes. Results show that the difference among the
three shapes of windshield on the driver's head comfort is negligible, but the main role of the
windshield is probably to create turbulence, allowing air to flow smoothly into the aerodynamic
components at the rear of the car.
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1. Introduction

In Formula One (F1) cars, a small windshield sits directly in front of the driver's head. There is no
definitive answer as to what the windshield is actually used for. There is little research on the small
windshield used in F1 cars, so it is difficult to know what engineers intended when they designed it [1,2].
This paper fills the gap in this field, verifies whether the outside speculation about the effect of
windshield on the driver's head is true, conducts a classification study on different shapes of windshield,
explores the different effects of different shapes of windshield, and tries to give an optimization scheme.
In this study, FLUENT is used to model the smooth, wavy, and the most common zigzag windshield as
well as the driver's head. In addition, 200km/h air fluid is used to simulate the windshield and the driver's
head. Finally, the force influence of different shapes of windshield on the driver's head is discussed and
a streamline analysis is conducted. This paper first analyzes the force on the windshield and the driver's
head, then analyzes the fluid flow diagram, and finally gives the analysis results and some optimization
schemes for the windshield. This study will help standardize the racing rules and promote similar designs
to other fields [3,4].

2. Research background and outside speculation

2.1. Research background

A small and smooth-edged windshield was designed by F1 racing engineers a long time ago, being right
in front of the cockpit. Unlike many common windshields, the design of the F1 racing car’s windshield
appears out of place on the car, and the actual ability of the windshield has been questioned. With the
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development of the F1 racing car, the design of its windshield has also changed from the original smooth
edges to wavy edges, and finally to the current jagged edges. The unusual design has further increased
the outside world's doubts.

Figure 1. The windshield with zigzag edge (source from F1 fanatic.co.uk/pictures/new).

2.2. Outside speculation on the function of the windshield

Outside the mainstream view is that the function of the windshield is to improve the driver's head
comfort, and protect the driver's head and neck in the race to bear the great weight. Engineers designed
it to improve the rider's head comfort. In subsequent times, the smooth edges were changed to jagged
shapes to better protect the driver's head. This paper also focuses on the influence of three different
shapes of windshield on the driver's head comfort.

3. Modeling for different windshields and the driver's head

This research is based on the FLUENT to conduct simulation experiments on the driver's head and the
windshield. The windshield is placed in front of the driver's head to simulate the real situation. The
experimental model was simulated in a frontal wind tunnel with 200km/h air fluid to simulate the real
state of racing car in the race as much as possible. The modeling effect is shown in Figure 2-5 below.
Through the simulation experiment, the force diagram and fluid flow diagram are obtained. Through the
analysis of the force diagram and flow diagram, the conclusion about the influence of different shapes
of windshields on the driver's head comfort is finally obtained.

Figure 2. Windshield model with smooth edges. Figure 3. Windshield model with wavy edges.

Figure 4. Windshield model with zigzag edge. Figure 5. Model of the driver's head.
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4. Force diagram analysis of different windshields and drivers' heads

Through the simulation experiment of the model, the force diagram of three different shapes of
windshield and the driver's head in the simulated race environment is finally obtained. The force diagram
of all three windshields facing air fluid shows that the force on the bottom is greater than that on the top
edge.

Figure 6. Force diagram of a windshield with Figure 7. Force diagram of a windshield with
smooth edges. wavy edges.

Figure 8. Force diagram of a windshield with zigzag edges.
Through three trials of comparison, an unpredictable result was obtained. This discovery broke the
outside speculation of windshield shape function. Three different shapes of windshield in reducing
pressure on the driver's head are no difference on the function, and the update on the windshield from a
smooth edge to a wavy and zigzag one is not for the comfort of the rider’s head.

Under the influence of the three kinds of windshields, the area directly in front of the driver’s head
is the area of maximum pressure, and the backward pressure gradually decreases, which is successively
presented as red, orange, yellow, light green, and green in Figure 8-10. In comparison, the pressure on
the driver’s head of the three types of windshields changed slightly, but on closer inspection, it can still
be found that the serrated edge of the windshield reduces the pressure on the driver’s head slightly better
than the other two types of windshields, but the effect is not as obvious as the wavy edge of the
windshield.

Through the analysis of the force diagram, it is verified that the windshield shape has little effect on
reducing the force on the driver’s head. In the following research, the author will make a guess on the
specific effect of the windshield shape.
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Figure 9. Force diagram of Figure 10. Force diagram of Figure 11. Force diagram of

the driver’s head under the the driver’s head under the the driver’s head under the
influence of a windshield with  influence of a windshield with  influence of a windshield with
smooth edges. wavy edges. zigzag edges.

5. Analysis of three kinds of windshield flow velocity diagram

This study compared the influence of three different shapes of windshield on fluid velocity, and the
influence of windshield shape on fluid velocity was far greater than the influence of the force on the
driver’s head.

The difference among three different shapes of windshield can be obviously seen. Compared to the
smooth and wave edge, the zigzag edge of windshield can easily segment the sharp serrated flow, and
thus produce more turbulent [5]. The vortex for the car tail aerodynamic components has better stability
[6]. It allows the airflow to flow more smoothly into the acrodynamic components, thus increasing the
efficiency of the racing car.

Therefore, the unique design of the windshield does not significantly make the driver’s head
comfortable, Its real purpose is similar to the vortex generator often found in aircraft and cars, and it
creates vortex to make the car more stable [7,8,9].

Figure 12. Flow velocity diagram of a Figure 13. Flow velocity diagram of a
windshield with smooth edges. windshield with wavy edges.
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Figure 14. Flow velocity diagram of a windshield with zigzag edges.

6. Optimization scheme

Base on the analysis above, the author proposes two optimization schemes for the windshield shape of
the F1 racing car. The first optimization scheme is to increase the number of serrations to increase vortex,
without changing the nature of the windshield. The second optimization scheme is to change the basic
shape of the windshield, and apply the eddy current generator on the aircraft wing to the racing car after
the improvement, so as to enhance the airflow stability of the racing car [10]. However, it is worth noting
that the optimization schemes attempted in this study are only based on improving the working
efficiency of the windshield and do not consider whether the optimization scheme violates the FIA (Fédé
ration Internationale del’ Automobile) regulations on car design.

7. Conclusion

The main topic of this research is to study the influence of the shape of F1 windshield on the comfort of
the driver’s head. Through modeling the windshield and the driver’s head, as well as conducting
simulation experiments under the air fluid of 200KM/H, the important experimental data such as the
receiving diagram and fluid velocity diagram are finally obtained. An integration and contrast analysis
is carried out on the experimental data. In the subsequent comparison and analysis of the flow diagram,
the main role of the unique windshield shape design is not for the comfort of the driver’s head but to
improve the vortex, so as to make the car aerodynamic components on the rear become highly efficient.
Besides, this study also gives two optimization suggestions on the future windshield design.

The study also has some limitations. The simulation experiment only considers the driving of the car
on the straight track, and the air fluid in the simulation experiment is very stable. However, in the real
racing environment, there are a lot of corners on the track, and this experiment did not study the working
effect of the windshield on the corners. Additionally, there will be many cars competing at the same
time, so the airflow on the track is not stable. However, the simulation experiment did not take into
account the influence of unsteady airflow on the working effect of the windshield. The study also did
not consider whether the proposed optimization would violate the FIA (Fédé ration Internationale
del’ Automobile) regulations on car design. At the same time, the research on the comfort of the driver's
head only considers the force of the driver's head, but does not consider the impact of airflow on the
driver's head vibration. But the research could still be useful for F1 teams designing cars, as the
zigzagged edges of windshields are not used by all teams at all sessions. This research can help maintain
fairness in the design of F1 cars.
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