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Abstract As the residence time in the vehicle increases, the passenger desires a pleasant and stable riding
environment in addition to the high driving performance of the vehicle. The windshield defrosting
performance is one of the performance requirements that is essential for driver's safe driving. In order
to improve the defrosting performance of the windshield of a vehicle, relevant elements such as the
shape of the defrost nozzle should be appropriately designed. In this paper, CFD based numerical
analysis is conducted to improve defrost performance of small electric vehicles. The defrost performance
analysis was performed by changing the angle of the defrost nozzle and the guide vane that spray hot
air to the windshield of the vehicle. Numerical simulation results show that the defrosting performance
is best when the defrost nozzle angle is 70 ° and the guide vane installation angle is 60 °. Based on the
analytical results, the defrosting experiment was performed by fabricating the defrost nozzle and the
guide vane. As a result of the experiment, it is confirmed that the frost of windshield is removed by 80%
within 20 minutes, and it is judged that the defrost performance satisfying the FVMSS 103 specification

is secured.
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Fig. 1. The electric vehicle used in numerical analysis
and experiment
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Fig. 2. Defrost nozzle analysis model
(a) Frost , glass and defrost nozzle (b) Defrost
nozzle angle
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Defrost Nozzle:

(b)
Fig. 3. Analysis model for Defrost nozzle with guide
vane
(a) Guide vane (b) Guide vane angle
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Table 1. Initial and boundary condition

Inlet Inlet cond. - Initial
Area Velocity Temp. cond. cond.
@) (m/s) © (©)
001188 5 30 static 20
pressure

Table 2. Air density according to temperature

Temperature Air density
(K) (kg/m?®)
253 1.395
273 1.292
278 1.269
283 1.247
288 1.225
293 1.204
303 1.165

Table 3. Material property of windshield

Property Glass

Density (kg/m’) 2500
Specific heat (J/kg'K) 800
Thermal conductivity (W/m-K) 0.785
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Table 4. Material property of frost

Property Glass Frost
Density(kg/m’) 2500 920
Specific heat(J/kgK) 800 2040
Thermal conductivity(W/m-K) 0.785 1088
Dynamic viscosity(kg/m-s) - 0.00553
Melting latent heat(k]/kg) - 334.96
Solidus temp.(K) - 271.15
Liquidus temp.(K) - 273.15
3. SfMAm o ;A
3.1 & ZT HA shM ZAnt
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Table 5. Summary of average temperature and
velocity according to the nozzle angle

Nozzle

100°
angle

70° 80° 90° 110° 120°

Average
Temp.
(K)

279.84 1 280.03 | 280.14 | 279.74 | 277.06 | 273.69

Average
velocity

(m/s)

8290500
7876400
7460400
704es0
6636400
622080
506400
530640
497040
e
41tes0
373650
32400
2506500
2490400
207640
1650400
1250400
831601

417001

261603

303402
301652
208042
256622
2080402

2916402
268002
268002
26302
281002
2780402
2780402
27342
2710402
2680402
2680402
2630402
2610402
2880402
2650402
2832

(b)
Fig. 4. Analysis result of the defrost nozzle angle (70°)
(a) Velocity vector (b) Temperature distribution
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Table 6. Summary of average temperature and
velocity according to the nozzle and guide

vane angle

Nozzle

70°
angle

80°

Vane

60°
angle

50° 70° 50° 60° 70°

Average
Temp.
)

276.96 | 279.06 | 278.20 | 277.50 | 280.19 | 279.14

Average
velocity

(m/s)

2.15 233 2.29 2.14
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1.00e401
103001
9790400
9250400
8708400
8160400
7620400
7.07e400
6530100
5980400
5440400
4900400
4350400
3816400
3270400
2720400
2186400
1.63+00
1.09e+00
547001

301603

V\ix
(a)

3230402
3200002
3160302
3136202
3.09e402
3060402
3026402
209e402
2050402
2020402
2880402
2850402
2816502
2780002
2740402
2716502
267e002
2640402
2600402
257es02
2530402

(b)

Fig. 5. Analysis result of defrost nozzle angle(70°) and
guide vane angle(50°)
(a) Velocity vector (b) Temperature distribution
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(a)

3088402
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2860402
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2810002
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2738402
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2680402
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L

(b)

Fig. 6. Analysis result of defrost nozzle angle(70°) and
guide vane angle(60°)

(a) Velocity vector (b) Temperature distribution
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Fig. 7. Experimental defrost nozzle

goll7t A== old-8(Two-phases flow) 2 4
(phase) ®glo] Bt £AIE A ST FARHA 314
2 $H517] Y8 VOF(volume of fraction) 71H< A
&5t AdeES 5T UH 75 € HAHRTE 494
o o] QRO] o7t AAEE @E T 1ot
4 At Fig.8 AlZtol| w2 At a4 Azt
o A9 ATE H|wste] HojFn Qitk TR0 & 5=
Uzo] Aghol e AR A A HiEt siAa
et AFATT} v FARES SIS 4= ST

Time Defrost analysis Defrost Experiment

10

min

20
min

30

min

Fig. 8. Comparison of defrost analysis and experiment
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Fig. 9. FMVSS 103 specification and defrost experiment
(a) Typical location of vision area as viewed

(b) Defrost

from interior of vehicle
experiment result of Area C
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