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Abstract

The objective of this paper is to find out the most effective injection angle for the purpose of 
deicing through SC/Tetra, a commonly used CFD software. 

Nowadays, vehicles are developed giving priority to an improved interior which emphasizes a 
pleasant environment and thermal comfort without decreasing the basic performance. Clear visibility is 
one of the most important phenomenon.

The primary factors which affect the efficiency of deicing are 3D geometry of Defrost Nozzle, the 
inlet velocity and temperature of the flow and the injection angle. However in this paper, all these 
parameters are optimized by changing the injection angle. A wide range of injection angle from 5 
degree to 50 degree have been considered for analysis. A very good defrosting performance has been 
achieved with 45 degree injection angle which can satisfy the condition of NHTSA.

Nomenclature

Ɵ : Degree (°)
k : Turbulent energy (m²/s²)
Ɛ : Turbulent dissipation rate (m²/s³)
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1. Introduction

 Today’s vehicle industry has grown throughout a 
lot of efforts and the advance of technology. People 
used to consider vehicles as just transportations but 
they have spent with the vehicles as if they think 
those are the 2nd dwelling house. Thus many 
concerns and studies have been going on not only 
the basic performance but also the improvement of 
the vehicle's interior environment. Among the 
researches, the role of HVAC that controls 
environment of the activity area for passengers is 
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becoming important. Of these roles, frost and 
dampness appearing on the windshield of the 
vehicles during the winter may cause the risks of 
car accidents by disrupting the driver's eyesight. 
Therefore, the research that can improve the 
function of defrosting system securing the driver's 
eyesight is being formed actively through CFD. 

Control factors that have influence on the 
performance of defrosting system are various such 
as the shape of Defrost Nozzle, the design of the 
exit, air temperature, the angle of spray and so on.

This treatise has dealt with the research on the 
influence of the angle of spray affecting the 
performance of defrosting and dehumidification on 
the windshield. 

When developing vehicles as well, the research of 
performance of defrosting and dehumidification can 
contribute to the development of Defrost Nozzle. 
The numerical value has been interpreted for the 
research by using SC/Tetra, the common code.

2. Numerical analysis

 2.1 Basic Equations

It is the 3 - dimensional shape which is used for 
the copying numerical value of defrosting on the 
windshield and a layer of frost is removed by the 
flow of the fluid that makes a heat transfer. The 
flow of the fluid satisfies the basic equations such 
as an equation of conservation of mass, an equation 
of conservation of momentum and an equation of 
conservation of energy. The required equation when 
the fluid and the movement phenomenon of energy 
are interpreted is the non-linear partial 
differentiation equation that is acquired by applying 
the mass, the momentum, the law of conservation 
of energy to microscopic volume in the fluid. Let's 
say the current of interior vehicles is the 
incompressible fluid.

(1) Mass conservation equation







 

(2) Momentum conservation equation
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(3) Energy conservation equation
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On this research, the standard k-d turbulence 
model is used to interpret the fluid of the turbulent 
flow

 - Turbulent flow energy equation
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 - Turbulent flow energy dissipation equation
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 2.2 Performance test provision

The function of defrosting and dehumidification 
on the windshield is essential and the regulated 
object. 

Figure 1. Vision areas on the windshield classified 
by A, B and C.

In major developed countries, the function of 
defrosting is mandatory to defrost the defined 
section on the windshield within a few minutes 
after starting an engine by law regulating, for 
example, NHTSA & MVSS103, the U.S 
authorization, ECC, Europe authorization

Fig.1 shows the visibility on the windshield. In 
the authorization, MVSS103, after sprinkling some 
water on the windshield and leaving 30 through 40 
minutes in -20℃ to generate frosts, the Vision area 
C is regulated to remove it's 80% or more within 
20 minutes and the Vision area A is regulated to 
remove 95% or more with in 45 minutes.

2.3 Control factor

In order to evaluate the effect of control factors 
on defrosting and dehumidification functions, ten 
different models (from 5 to 50 degrees) shown in 
fig.2 are used to figure out the efficiency and the 
ideal angles of air blown to the windshield for 
defrosting and dehumidification.

the Ɵ is from sprinkled angle of the air from the 
nozzle.

Figure 2. Schematics of the injection angel (Ɵ).

2.4 Interpretation model and lattice

On this research, Fig.3 and Fig.4 show 
CATIA-used lattice and 3 dimension model.

In order to make the most significant windshield 
modeling, the accuracy of the model is improved 
by setting the center and measuring the length from 
the center to windshield at every height of the 
regular interval.

The lattice of the windshield, Defrost Nozzle and 
Output that requires the accuracy by use of 1.28 
million Meshs is composed densely.

Figure 3. The numerical model of an automobile 
compartment.

Figure 4. Computational mesh of windshield.
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Clause Boundary condition

Entrance cond, 14m/s

Exit cond, The standard atmospheric

Air temp, unsteady

Outside temp, -6℃

Wall cond, Adiabatic / No slip wall

Table 1. Boundary condition 

2.5 Boundary condition

Among the first requirements, the speed and the 
temperature of the sprinkled air from the nozzle as 
the experience of the experiment is timely given he 
change of the temperature and the speed, 14m/s is 
given regularly. The external temperature of the 
vehicles is set up to the average temperature in 
February. It's also assumed that on the windshield, 
the frost is spread uniformly and the defrosting is 
only affected by the heat transfer of the air

3. Interpretation result

  On this research, the efficiency of defrosting 
and dehumidification is examined depending on the 
change of the air stricken incidence angle from the 
Defrost Nozzle on the windshield. The 
environmental requirement of every 10 angle is 
identical and CFD is made experiment by changing 
the angle of the Defrost Nozzle

For the appropriateness of the research, as the 
result of comparison between the 3 - dimensional 
numerical value analysis by Abdulnour and the 
thermographic camera taken data from the 
temperature change on the windshield of SM3, the 
defrosting pattern on the windshield looked similar.

Figure 5. Experimental evolution of temperature on 
the windshield.

Figure 6. Temperature distribution in the vicinity of 
windshield

Fig.5 is what the thermographic camera took the 
experiment of the windshield of SM3, which is 
similar to the defrosting pattern of Fig.6 and Fig.7 
proves the speed on the windshield. The pattern 
shows the speed of defrosting which is set on the 
basis of the center on the windshield is the fastest 
and the farther from the center, the slower.

Figure 7. Velocity distribution in the vicinity of 
windshield
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(A) 0 Minutes (B) 5 Minutes

(C) 7 Minutes (D) 12 Minutes

figure 8. The melting pattern of Frost with respect 
to time.

(A) in Fig.8, is the picture that shows uniformly 
spread Frost on the windshield when vehicles start 
an engine and the air temperature from the 
Injection Nozzle is -5℃ (B) is the picture that 
shows the process of the defrosting when in 5 
minutes after starting the experiment. (B) also 
shows the progress of the sections both Vision area 
B and Vision area C when the temperature became 
11. The picture, (C) shows the process of the 
defrosting when in 7 minutes. The sections both 
Vision area B and Vision area C have been almost 
defrosted but Vision area A has still remained 
much more Frost. The picture (D), when in 12 
minutes shows that every section has been defrosted 
except the heat transfer untouched area so that it 
meets the authorization, 

Figure 9. Effect of injection angle on the volume of frost.

Figure 10. Effect of injection angle on the average 
temperature of windshield

The graph, Fig.10 is about how fast the Frost 
can be defrosted in a certain angle. Relatively, the 
efficiency of the models that have the wide angle 
when the air from the Injection nozzle strikes the 
windshield is better. Most of them, the 45 degree 
is the most efficient model.

The graph, Fig.9 shows the average surface 
temperature of the windshield. When analyzing the 
temperature, the fluid of the 45 degree was spread 
equally the surface of the windshield so it was the 
most efficient elevating the temperature faster, 
compared with the others.

The reason why the degress, 5 and 10 were not 
efficient as you see in the graph is that the air 
from the Injection Nozzle didn't affect well to the 
windshield.

4. Conclusion

On this research, 10 different angle models, from 
5 deg to 50 deg, were practiced so as to do the 
research on which angle of the air from the 
Injection Nozzle was the most efficient. CATIA and 
the vehicle, SM3 were used as the models. Also 
there is a conclusion with heat, fluid analyzing 
simulation, SC/Tetra V7

It shows the fastest function of defrosting when 
the air from the Injection Nozzle stroke to the 
windshield with 45 degree to remove the 0.5mm 
frost on the windshield in winter
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The pattern of defrosting is mostly corresponded 
to the actual experiment, but there is a little 
difference since it's hard to design the Defrost 
Nozzle of the vehicle, SM3 accurately
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