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ABSTRACT-As an automobile tends to be high grade, the needs for more luxurious interior and comfortable HVAC
system are emerged. The defrosting ability is another major factor of the performances of HVAC system. The present work
is to simulate the flow and the temperature field of cabin interior during the defrost mode. The three-dimensional
incompressible Navier-Stokes equations and energy equation were solved on the multiblocked grid system by the iterative
time marching method and AF scheme, respectively. The present computations were validated by the comparison of the
temperature field of a driven cavity and velocity field of 1/5 model scale of an automobile. Generally good agreements
were obtained. By the present computation, the complicated features of flow and temperature within the automotive cabin

interior could be well understood.

KEY WORDS : Automobile cabin, Flow field, Temperature field, Navier-stokes equation, Energy equation

1. INTRODUCTION

As an automobile tends to be high grade, the demands for
more luxurious interior and comfortable HVAC system
are emerged. To satisfy these demands, the flow field
analysis of a cabin interior should be preceded and, also,
temperature field by hot air discharged from defrost
nozzle should be accurately analyzed. Besides the com-
fortableness of HVAC system, the defrosting ability is
another major factor of the performances of HVAC
system. The safety regulation (SAE Standards, 1999)
requires that, in the circumstances of —18°C of ambient
temperature, the frost should be melted in 30 minutes in
the defrosting mode by amount of more than 80% in
zone-A and 100% in zone-C of Figure 1 after the engine
starts. To test whether the defrosting system satisfies this
safety regulation, a designer has been commonly accounting
on experiments. However, as the computer and numerical
algorithms make progress, the design has been gradually
relying on CFD. Lee ef al. (1994) used the commercial
code, ICEM-CFD. Brewster et al. (1997) and AbdulNour
(1998) used STAR-CD. Aroussi et al. (2001) used
FLUENT to simulate velocity and temperature field on
the wind glass. Komoriya ez al. (1991) and Hur and Cho
(1993) solved the flow field of vehicle passenger
compartment.
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Figure 1. Indication of zones for safety regulation.

The objective of the present work is to simulate the
flow and temperature field of the interior of an automobile
cabin when the hot air is discharged from the defrost
nozzle to melt the frost on the windshield glass.

2. GOVERNING EQUATIONS AND
NUMERICAL METHODS

To obtain the flow field of a cabin interior, the 3-D
incompressible Navier-Stokes equations are solved using the
iterative time marching method (Park and Sankar, 1993;
Park et al, 2001).
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where c,, 17, and k are constant-volume specific heat,
flux terms. £, , £, and G, are viscous flux terms. In the velocity vector, and coefficient of thermal conductivity,
iterative time marching method, the continuity equation respectively. Since the energy equation is uncoupled with
is solved by MAC method (Viecelli, 1969) and the Navier-Stokes equations, the temperature field could be
momentum equation is solved by time marching scheme. easily obtained by the time marching AF scheme, after is
The spatial derivatives of convective flux terms are V obtained from equation (1).
differenced with QUICK scheme (Leonard, 1979). The
spatial derivatives of viscous terms and continuity equation 3. RESULTS AND DISCUSSION
are differenced by the central differencing. To capture the
turbulent flows, low Reynolds number k-g model (Chien,
1982) was implemented. The detail description of numerical
method is recommended to refer the paper of Park ef al.

(2001).
The temperature field is obtained from the incompres-

sible energy equation.

where ¢ =[0,u, v, w)/J. £, F, and & are the convective

3.1. Code Validation
Since the iterative time marching method for solving
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Figure 2. Grid of the driven cavity.
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Figure 3. Isotherms at Peclet number of 50.
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Figure 4. Isotherms at Peclet number of 1,000. Figure 6. Velocity profiles of the cabin interior.
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equation (1) has been thoroughly examined its validation
for numerous internal and external flows (Park and
Sanker, 1993; Park et al., 2001; Jung et al., 1998), the
validation of numerical subroutine for energy equation is
carried out in the present work. For this purpose, the
driven cavity of Figure 2 was performed at Peclet number
of 50 and 1,000 on the grid of 41 x 41. Figure 3 and 4
show the isotherms, compared with other numerical
results (Leonard, 1979). Fairly good agreements are
shown in these figures.

The interior flow of a cabin has been solved by the
present method and compared with other numerical
result. Figure 5 shows the grid for 1/5 scale model of an
automobile, previously simulated by Komoriya et al.
(1991). Total grid points are 730,000 with 13 multiblocks.

Figure 6 shows the velocity profiles, compared with
numerical result of Komoriya er al. This figure also
shows good agreement with each other. The cpu time was
taken about 75 hours on the workstation that has Alpha-
21264A processor (clock speed = 667 MHz). The general
teatures of flow filed will be explained in section 3.2.

3.2. Flow and Temperature Analysis of Cabin Interior
Figure 7 shows the interior grid system of the automobile,
which has been presently manufacturing and selling by

Figure 7. Grid system within the cabin of automobile.
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Figure 8. Time variation of temperature of discharged air.

an automobile company of Korea. The total grid points
are about 4.8 x 10°, consisted of 20 structured multiblocks.

Figure 8 shows the time history of the discharged air
temperature measured at the exit of defrost nozzle after
the engine starts up. The temperature of discharged air,
initially at ambient temperature of —18°C, increases quite
rapidly up to 50°C after 20 minutes.

Figure 9 shows velocity vectors on the windshield

(¢) Streamlines

Figure 9. Flow field near the windshield glass.
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(b) In the plane of mid-height

Figure 10. Velocity vectors of the cabin interior.

glass and streamlines emanating from the defrost nozzle.
Figure 9(a) shows the velocity vectors in the symmetry
plane of the glass. In Figure 9(b), two significant strong
flows are shown along the vertical direction near the
center and diagonal direction. These strong flows dominantly
affect the pattern of the defrosting propagation. Figure
9(c) gives the streamlines, showing strong diagonal flow
and strong recirculating corner flow just above the
instrument panel.

Figure 10 shows velocity vectors in the plane of
symmetry and in the plane of mid-height of the cabin. In
Figure 10(a), the strongly discharged air from the defrost
nozzle flows along the windshield glass and, then, deflects
its direction at the ceiling. Then, this flow expands its
strength to the rear seat and also makes the recirculating
flow in the upper region of front and rear seat. In the
lower region of rear seat, the air flows downward and
moves forward through the gap of the front seat. In
the front seat region, the strong entrainment into the
discharged air-jet is also shown. In Figure 10(b), it is
shown that the diagonally discharged air, as shown in
Figure 9(a), deflects its direction at the side wall of the
cabin and, then, forms the recirculating flows after hitting
the front and rear seat.

Figure 11 shows the streamlines that could explain the
complicated flow features within the cabin. Figure 12
shows temperature contours in Kelvin (K) at 10 minutes
in the defrost mode after the engine started. As expected,
high temperature gradients occur near the glass in Figure
12(a). These high temperature gradients result in high
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(b) In the plane of mid-height

Figure 12. Temperature contours of the cabin interior.

heat transfer across the windshield glass and provide
thermal energy to the frost for melting. Since, as shown
in Figure 10(a), the discharged hot air mainly flows along
the ceiling during the defrost mode, the temperature of
upper region is high than that of lower region. Also, the
region of the rear seat is warmer than that of the front seat
during the defrost mode because the discharged air
dominantly flows first toward rear seat and, then flows
forward to the front seat through the beneath of the front
seat, as shown in Figure 10(a). From Figure 12(a), it is
found that the lowest temperature region in the defrost
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Figure 13. Temperature field on the windshield glass.

mode is the foot location of the driver. In Figure 12(b),
besides high temperature field near the glass, another
high temperature region is shown in the fore part of side
wall. This is due to the discharged hot air which comes
from the side exit of defrost nozzle to melt the frost of
side window.

Figure 13 shows the temperature field on the windshield
glass at 20 minutes. The strong diagonal flow, as shown
in Figure 9(b), generates the high temperature field along
the diagonal direction. From this figure, it is expected
that the defrosting pattern will be propagated alog this
diagonal direction.

4. CONCLUSION

To simulate the flow and the temperature field of cabin
interior when the hot air is discharged from defrost
nozzle, the three-dimensional incompressible Navier-Stokes
equations and energy equation were solved on the
multiblocked grid system. The present code was validated
by the comparison of the temperature field of a driven cavity
and velocity field of 1/5 model scale of an automobile.
Generally good agreements were obtained. From the
calculation of real automobile, the strong discharged air
from the defrost nozzle flows along the windshield glass
and deflects backward at the ceiling. Then, this flow
makes the recirculating flow in the upper region of front
and rear seat. In the rear seat, the air flows downward and
moves forward through the gap of the front seat and,
then, entrains into nozzle jet. The temperature field in the
defrost mode indicates that high temperature gradient
occurs near the windshield glass and relatively high
temperature near the ceiling. The lowest temperature was
found at foot location of the driver. The high temperature
was shown along the diagonal direction of the glass. By
the present simulation, the complicated flow and temperature
features of automotive cabin interior could be well
understood.
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