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A Numerical Study of a Vehicle Windshield Defrosting Mechanism
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Abstract — Adequate visibility through a vehicle windshield and frost melting period are critical aspects of major
design parameters. To make progress in this area, a good understanding of the flow behavior and heat transfer
characteristics produced by the HVAC module is required. The computational study was used to perform the
parametric investigation into the defroster nozzle’s performance with a full-scale model. The study highlights
the drawbacks of current designs and points the way to improve passive defrosting mechanism. The results show
that the current design of the defroster nozzles deliver the maximum airflow in the vicinity of the lower part
of the windshield, which yields unsatisfactory visibility. Defrosting performance was excellent when the injection
angle of the defrost nozzle was 45 degree. The numerical analysis satisfies the criteria provided by NHTSA.
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Fig. 1. Vision area through the windshield.

Ol4X|=s M193 HM3= 2010

AA A-g AZE o) CATIA(Computer Aided
Three-dimensional Interactive Application)S ©]-83
o] Fig. 3(a)¢} o] 32 RS siglon, A5
Zke] Adl, dwfe], AZl(Es) 99, Fd9e=
242y Wrol ey sigirk AAmesh)= HIAE A
Z}ol EH|Eg}t ARl(tetrahedral)@} Z2]Z o] oj(prism
layer)= -d5to] & A= of 2441 7|2 513l e
o, sj49] AU=E Fol7] sl Adfeiet A= g
Jolx o] AR A FH4J5H3H: Fig. 3(b)ollAl
AR AR TS HojFear i} 2 AtofA]
L AR 2ZEY0I¢] SC/Tetra V.7-& AMESIAT

& WA, oA AL HE Aok
i 1
o~ (1)
opu;  Oupu;

ap k) ou; Buj
- -— + —pg,B(T— T,
ox;  om; ( ox; oz, P90 )

Fig. 2. The automobile used in numerical analysis and
experiment.

(b) Unstructured mesh(2.4 million)

Fig. 3. Overall computational model.
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Fig. 4. Schematics of a windshield vicinity including the
injection angle.

Table 1. Material properties.

Material Air Car Glass| Frost
(kg/m’) | 1317 2190 917

1) (Pa-s) 1.83 0.00553
Cp J/kg-K) 1007 740 2027
K (W/m-K)| 0.0256 1.38 2.25
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Fig. 5. Effect of injection angle on the volume of frost.
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Fig. 6. Effect of injection angle on the average windshield
temperature.
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Fig. 7. Temperature distribution on the windshield outside
surface after 30 minute.
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Fig. 8. Frost melting characteristic with respect to time.
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Fig. 10. Deviation analysis between the numerical and
experimental temperature distributions.
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