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ABSTRACT

The windshield of a vehicle plays an important role in ensuring driver safety and maintaining visibility. To

prevent issues such as frost and mist from occurring inside and outside the vehicle, research related to the

defrosting performance of the windshield is being conducted. Evaluating defrosting performance requires

accurate thermal flow analyses. Therefore, in this study, a defrosting duct was constructed within a chamber

at an actual vehicle scale to evaluate its performance, and a finite element model was developed and verified.

To evaluate defrosting performance, the temperature of the windshield was measured under condition with a

mass flow rate of 0.1 kg/s, which corresponds to that of a typical midsize vehicle. A total of 45 thermocouples

were arranged at equal intervals of 9 widths and 5 lengths on the windshield to measure the temperature

and compare it with the temperature predicted through finite element analysis. A volume grid was created

in the main flow area to ensure accurate thermal flow analyses, and a prism layer was added at the interface

between the windshield and fluid. In total, 6 million grid systems were formed. Comparing the temperature

fields of the experimental results and the finite element analysis results confirmed a similar defrosting pattern,

with an average temperature difference of 0.64K.
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Fig. 1 Schematic of experimental apparatus
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Table 1 Conditions for calculating differential pressure

Condition Value

Maximum rotation frequency (Hz) 60
Pipe diameter(m) 0.125
Orifice diameter (m) 0.075
Orifice coefficient C 0.6490
Air density (kg/m’) 1.127

Line 5

Line 4
Line 3
Line 2

Line 1

[T [T

Fig. 3 Thermocouple locations on the windshield
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Table 3 Air density according to temperature

Material: air (fluid)

Temperature (K) Air density (kg/m®)
273.15 1.292
278.15 1.269
283.15 1.246
288.15 1.225
293.15 1.204
298.15 1.184
303.15 1.164
308.15 1.145
313.15 1.127

Table 4 Boundary conditions applied in this study

Conditions
Mass flow rate (kg/s) 0.1
Inlet
Temperature (K) 313
Outlet Gauge pressure (Pa) 0
Fluid Temperature (K) 293
Fluid—Solid | Convective coefficient (W/m*-K) 10

Table 5 Average temperature differences based on turbulence

Table 2 Material properties of windshield models
Material: glass (solid) Turbulence model | Line 1 |Line 2 |Line 3 |Line 4 | Line 5
Property Value SST k-w 1.69 | 0.09 | 0.15 | 0.37 | 0.78
Density (kg/m’) 2,511 Standard k—w 1.60 | 0.03 | 0.43 | 0.36 | 0.79
Thermal conductivity (W/m'K) 0.785 RNG k—e¢ 175 | 0.11 | 0.39 | 0.32 | 0.55
Specific heat (J/kg'K) 790.6 Standard k—¢ 459 | 846 | 7.60 | 6.57 | 5.04
Thickness (m) 0.005 Realizable k—¢ 194 | 0.61 | 0.36 | 0.31 | 0.70
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Table 6 Temperature and velocity distributions at different

vision area
Vision area A B C D
Average 304.89 | 30491 | 307.81 | 304.84
temperature (K)
Average
velocity (m/s) 1.595 1.590 2.341 1.553
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