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Abstract : The present research is based upon the numerical analysis of a car windshield in order to represent the
optimum design guide to improve the overall defrosting performance of the system. First, the control factors that highly
affect the defrosting performance of a car windshield are chosen and afterwards, the optimum variables of each control
factor are extracted out to analyze its performance. The main control factors for this research are respectively, the air
injection angle of a defroster nozzle, the height of a nozzle outlet, and the ratio of the width to the height of a nozzle
outlet. For such case when the air inlet angle is relatively small, the flow near the vicinity of the inner face of a
windshield tends to expand. As a consequence, the heat transfer rate through the windshield decreases. Also, the height
of a nozzle outlet is recommended to maintain its size to minimum. However, when the ratio mentioned before is
designed less than unity, the defrosting performance decreases.
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Nomenclature turbulent kinetic energy
. L : latent heat, J
p : constant-pressure specific heat, I’kg - K atent hiea 5
p : pressure, N/m
E : energy, J K
: t
F : body force, N T tc’empera ure,
o . 2 t : time, sec
g : gravitational acceleration, m/s oci ,
: ty,
H : height of defroster nozzle exit, mm Y velocily, ms )
w : width of defroster nozzle exit, mm
enthalpy, J iauid fracti
! t
h  :enthalpy, J/kg ? I;q“‘ f‘c j"; -
- : t t
k : thermal conductivity, W/m - K I ronecker defta tunction
: dissipation rate
0 : angle of injection, degree
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: density, kg/m’

: dynamic viscosity, kg/m - s
: kinematic viscosity, m¥/s

: turbulent Prandtl number

: stress, N/m’
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Fig. 1 Vision area of windshield glass

Windshield Glass,

Defroster Nozzie

Fig. 2 Schematic of windshield glass and defroster nozzle
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Fig. 3 Grid system of defroster nozzle

Fig. 4 Grid system of car body
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Fig. 5 Air temperature injecting from defroster nozzle

Table 1 Properties of frost, air, and glass

Frost Air Glass
Densit
ensiy 920 14 2500
(kg/m’)
Specific heat
(kg - K) 2040 1006 800
Thermal conductivity
(Wi - K) 1.88 - 0.785
Dynamic viscosity
(ke/m - 5) 0.00553 0.0276
Melting latent heat
(K/kg) 334.96
Solidus temp. (K) 271
Liquidus temp. (K) 273
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g. 6 Melting pattern of frost on windshield glass by
numerical analysis

Fig. 7 Melting pattern of frost on windshield glass by
experiment
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Fig. 8 Melting pattern of frost on windshield glass according to injection angle of nozzle
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Fig. 9 Melting pattern of frost on windshield glass according to height of nozzle outlet
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Fig. 10 Melting pattern of frost on windshield glass according to ratio of the width to the height of a nozzle outlet
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