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Abstract

Increase in air temperature inside a parked car cabin causes negative impacts such as low thermal comfort, health risk for
the passengers/pets inside the cabin, increased fuel consumption due to higher air-conditioning requirements. The present
project focuses on methods to reduce the cabin temperatures for a car parked in unshaded condition. CFD analyses along
with experimental validation have been performed with the use of different proposed cabin temperature control methods
such as use of electrochromic tint on windshield, use of inlet and outlet vents, lowering of windows and combinations of
these. Commercial CFD package ANSYS Fluent has been utilized to develop a numerical model for car cabin temperature
distribution assessment when a parked car is subjected to solar load at different locations inside the cabin such as dashboard,
seats and boot. A solar surface to surface radiation model is used in conjunction with solar calculator to capture the solar
radiation that included change in position of the sun. A 5:1 scale down model of car cabin has been used for experimental
validation with the help of help of PT-100 resistance thermometers. Good reduction in cabin temperatures has been observed

for all the proposed cooling methods with 14 °C reduction for the combined tint, vents and lowered windows case.

Keywords Car cabin - Solar load - Heat removal system - Tint - Vents - Numerical

Introduction

Regulation of the cabin temperature in automobiles is a
major factor in determining the overall comfort of a pas-
senger. The air-conditioning systems presently in use are not
very efficient and add a significant load on the vehicle power
source. The temperature inside the vehicle cabin will be
higher than the outside environment temperature in parked
conditions due to solar radiative effects. The increased air
temperatures inside car cabins, especially when parked
under intense solar radiation, poses several threats such
as: health risk for the passengers and low thermal comfort,
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impact on the quality and durability of cabin materials like
plastics, foams or artificial leather, rubber, synthetic fibre,
etc., and increased fuel consumption. [1]

Booth et al. [2] have carried out a study on the circum-
stances of child fatalities due to children left in parked cars,
known as Motor vehicle-related child hyperthermia fatali-
ties (MVRCHF). Two hundred and thirty one fatalities in
the USA were analysed in their study between 1999 and
2007. These are considered avoidable deaths which can be
prevented through proper cooling methods and caution from
users. Johnson [3] has conducted a study to determine the
average amount of fuel used by a vehicle’s air-conditioning
system. He has carried out a detailed analysis of different
USA states to observe the trends in fuel consumption due to
thermal management needs. These studies emphasize on the
need of effective thermal management systems for a vehicle
in order to reduce the negative impacts of cabin heating.
Reduction of the heat soaked by vehicles and improved or
alternative cabin cooling systems can prove useful in the
purpose.

Sen and Selokar [4] study the cabin cooling effective-
ness and the cabin airflow patterns using CFD. They have
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accounted for solar heat loads on the car and cabin soaking
for the heat sources. They have modelled the air flow pat-
terns inside the cabin in presence of passengers and tried to
identify the regions of low and high circulation. The load
on the cooling system was monitored and compared through
both steady state and transient simulations. Khatoon and
Kim [5] have used Fluent to study three different ventila-
tion systems with the effectiveness and efficiency of each
along with the comfort of the passengers when the car is
parked under direct sunlight. The modified Fanger’s model
was observed to give 20% improvement in thermal comfort
of passengers. They have also attempted at predicting the
most comfortable seating location for a child in the car under
given conditions.

Jha et al. [6] have created a simplified model for predict-
ing the cooling loads inside the cabin of a car parked in the
sun. They have included from solar radiation load, load from
electrical fittings and occupants, and air leakage; they have
also included the effect of ground-reflected radiation and air
mass. They have attempted to reduce the computational time
and resource demand for complex 3-D simulations through
their model and verified their results from wind tunnel tests
for the same. They have found their model to be in accept-
able range of the experimental results. On similar grounds
Patil et al. [7] have developed a 1-D mathematical model
for thermal assessment of an automobile cabin using Mod-
elica language. They have carried out simulations for a car
parked in the sun for 2 h with a solar radiation model along
with changing sun position. They have validated their results
with available 3-D simulation results and found very low
deviations.

Several experiments have been carried out with actual
cars placed in real-life conditions for monitoring cabin heat
and its removal. Arya [8] studied cabin temperature con-
trol of a parked car through forced ventilation. Tseng et al.
[9] have attempted to reduce the load on the car’s cooling
system, hence increase the range of an electric car. A 5:1
scale model was used and the effect of different methods
to reduce cooling load were studied such as window-film
installations, sun-screens, cabin external colour and cabin
ceiling insulation. Hamdan et al. [10] modified a car’s air-
conditioning vent into a dual direction blower powered by
a solar panel placed on the roof of the car. Different cases
with conventional temperature control measures and with the
modified blower were studied and it was found that the use
of the modified blower gave 10° reduction in cabin tempera-
ture in comparison to the base case with no air circulation.
Similarly, Ciocanea and Buretea [1] developed cross flow
fans with two pairs placed under the car roof and under the
rear seat shelf with a flow rate of 0.02 m>/s, which could
provide sufficient air flow to reduce the cabin temperatures
to a satisfactory level.
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Aljubury et al. [11] also carried out experiments with a
full-size car parked without shade in six different parking
orientations and monitored the cabin temperature at different
locations inside the cabin. The air temperature was found to
reach a maximum of 70° and dashboard temperature reached
100°. A cardboard shade with windows shut and windows
down by 1 cm was also tested. The cardboard shade with
closed windows did not reduce air temperature inside the
cabin but reduced dashboard temperature by 40%, whereas
with windows down by 1 cm, a 70% reduction in tempera-
ture inside the cabin was observed.

Vishveshwara and Dhali [12] developed a ventilation sys-
tem consisting of two fans for removing the hot trapped air
in the cabin and supplying ambient air from outside. It was
found that the ventilation system almost halved the tempera-
ture difference between the cabin air and ambient air. It also
reduced the cooling time for the vehicle air-conditioning
system after being switched on from a parked state. The
system utilized solar power from a PV cell placed on the
roof and did not cause any strain on the vehicle battery. Yan
et al. [13] have also tested a PV cell powered four axial fan
module through CFD simulations for cabin heat removal
from a UXV electric vehicle.

Senthilkumar et al. [14] have carried out a numerical
analysis of the heat accumulation inside a truck cabin and
predicted the hot spots generated due to solar radiation. They
have accounted for the various materials used inside an auto-
mobile cabin and predicted the thermal hot spots based on
solar radiation incident at different angles and intensities.
Leong et al. [15] have carried out CFD simulations for the
cabin heat removal from an electric car. They have con-
cluded that the solar radiation entering from the windshield
and window glass contribute to the maximum heat accumu-
lation inside the cabin and then used a ventilation system
with different inlet velocities, identifying an optimal flow
rate for effective heat removal from the cabin and reduction
of cabin and seat temperatures. Giri et al. [16] have also
carried out a similar 2-D analysis of using different inlet
velocities.

Several studies [16-20] have been performed on increas-
ing the efficiency and managing the environmental impact
of mobile air-conditioning systems. New developments for
increasing heat transfer effectiveness for these systems sug-
gest use of phase change materials [21-23]. Studies focus-
ing on the enhancement of solar power output using cur-
rent technology also provide alternative energy sources to
manage the ventilation and air-conditioning systems in a
car cabin [24]. Some of the technologies were invented for
climate control of parked cars [25-27] with some focus-
ing on use of solar power for automobile air-conditioning
systems [28, 29].

CFD simulations have proved useful in the design and
evaluation of various heat transfer devices such as gas
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coolers, absorption refrigeration systems, heat exchangers,
thermosyphons, etc. [30-35]. These studies substantiate the
usability of CFD in evaluation of heat transfer effects in a
system.

From the literature review, it is found that cabin heat man-
agement has been studied either by experimental method
or numerical analysis with 1D/2D assumptions. Most of
the studies with numerical and experimental techniques
have used fixed solar heat flux values or artificially creating
the solar thermal irradiation environment with an infrared
light source which may not be completely mimicking the
solar thermal environment. Up to authors’ knowledge, there
have not been any studies involving both experimental and
numerical techniques with real solar thermal irradiation
along with consideration of the orientation of vehicle.

Hence, the present study aims at predicting the transient
temperature evolution inside a car cabin placed in a realis-
tic solar thermal conditions through both experimental and
numerical techniques and solving the issue of excessive heat
removal from car cabins through the use of individual and
combinations of conventional cabin cooling methods and
suggest the most effective method based on experimental
and computational results. Numerical solar calculator model
available in ANSYS Fluent [36] is also assessed with the
experimental results of the baseline model and then, differ-
ent methods of cabin heat management such as tinted win-
dows, rolled down windows and a ventilation system with
different mass flow rates have been analysed numerically
along with combinations of the same to get a better under-
standing of the phenomenon and determine the most effec-
tive and efficient method employable.

Fig. 1 Physical model used

Experimental

A 5:1 scale down model of a car cabin is setup for solar
load experiment as shown in Fig. 1. The interior of the
cabin model consists of a dashboard, two front seats and
one rear seat. The four pieces of glass are attached using
Silicone adhesive. The wooden parts are nailed and the glass
is attached to it using transparent duct tape to ensure proper
sealing. Six holes are drilled through the bottom for place-
ment of thermocouples to measure the temperature. The six
locations are dashboard, two front seats, two in rear seat
and one behind the rear seat in the luggage area as shown in
Fig. 2. A temperature sensing meter having six channels is
used to read the temperature. PT-100 resistance thermom-
eters, also called resistance temperature detectors (RTDs),
have been employed which use Platinum as the sensing
material due to its inert nature. The range of PT-100 is from
0 to 100 °C with an accuracy of 0.1 °C.

The dimensions are taken as 50 cm (length) X 24.4 cm
(width) X 14.4 cm (height) [9]. The front and rear tilted
angles are 35° and 45°, respectively. Figure 3 shows the
design and dimensions for each component. The mate-
rial properties are presented in Table 1 for plywood and
fibreglass.

The material used for the frame (the dashboard and side
panels) of the experimental model is wood. The material
selection can be attributed by the facts that the heat trans-
fer between the frame body and the interior is very limited
according to the work of Alexandrov et al. [37], and that
modern cars have a double layer structure to provide insula-
tion inside the cabin, a similar insulation can be provided
through the use of wood in a scaled down model. And also
as this study is performed for soaking condition of a vehicle

in experiment. a Side view. b
Isometric view

iﬁE Meter
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Fig.2 Locations of PT-100 430 mm
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so heat penetration from engine side is also neglected. The
material definition has been kept consistent in the simula-
tions as well. Hence the material selection is justified for
realistic condition.

The model has been kept facing South on 20 February
2019 at 10:00 am in the morning. Using the temperature
meter, temperature values from all six locations are noted
at 1-min intervals.

Numerical modelling

The experiment has been recreated for numerical analysis
through ANSYS Fluent where a 3D model of the car cabin
has been tested using appropriate boundary conditions [36].
Figure 4 shows different views for the model used with
dimensions consistent with the experiment. Figure 5 shows
the mesh structure for the model.

Grid independence study-validation

A grid independence study has been performed to establish
that the mesh does not influence the accuracy of the results.
Several grid densities have been tested as shown in Table 2.
It is observed that a grid density of 0.9 million is sufficient
to remove the influence of grid and increasing the density
further does not change the results.

A pressure-based solver has been used for solving vis-
cous laminar cases with energy equation. The properties of
all the materials have been defined and a surface to sur-
face radiation model has been employed. Solar loads have
been defined using solar load calculator [36] with Chennai’s
latitude and longitude. The solar load calculator ensures the
similar sun conditions in the computational case as that of
the experimental. Hence, the influence of time and date and
the corresponding sun conditions have been eliminated in
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the comparison. The time has been kept consistent with the
experiment and clear weather conditions are defined. The
temperature observations are made for the same time and
date in both experimental and computational cases. The
duration of temperature observation used here has been lim-
ited to 30 min as the computational time is very expensive.
Different numbers of faces per cluster have been tested and
finally it has been kept at 10 as shown in Fig. 6. The bound-
ary conditions have been presented in Table 3.

The temperature contours predicted through numeri-
cal simulations at different locations inside the cabin show
proper consistency with the direct sunlight patterns observed
in the experiment as shown in Fig. 7.

Figure 8 shows the comparison of temperatures obtained
from both the experimental and numerical methods meas-
ured at various locations such dashboard, right front seat,
right back seat, left front seat, left back seat and luggage
compartment. It can be noticed that the dashboard has the
highest temperature and the left back seat has the lowest
temperature among all the sides at the end of testing dura-
tion. This could be attributed by the fact the solar irradia-
tion can easily transmitted through windshield and windows,
and however, in this case as the vehicle is oriented towards
south, transmission of radiation is less on the left-side seats
due to shadowing effect which can be clearly seen from
both the experimental and numerical temperature contours
in Fig. 7. And also the window glasses are fixed vertically
as compared with dashboard and luggage compartment
glasses which are inclined with some angles. Because of
these reasons, temperature increment due to solar transmit-
ted radiation contribution is more in the dashboard, luggage
compartment sides as compared to that in the right-hand side
windows which is evident from Fig. 7. The temperature val-
ues for the left hand front and back seats are lower than those
of right-hand side seats because of the orientation effect.
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Fig.3 Cabin dimensions in mm. a Interior. b Walls. ¢ Windshield and windows

The average percentage deviation is calculated by com-
paring the temperature values at each time interval from both
the experimental and numerical results. The average percent-

Table 1 Properties of materials

age deviations are 10.57%, 3.10%, 1.96%, 1.98%, 3.62%,

Property Plywood Fibreglass 9.88% for the dashboard, right front seat, right back seat,

Density/kg m™~> 900 2800
Specific heat capacity/J kg™! K 1215 840
Thermal conductivity/W m~ K 0.12 0.8
Emissivity 0.8 0.8
Absorptivity 0.8 0.2
Transmissivity 0 0.5
Reflectivity 0 0.1

left front seat, left back seat, luggage compartment locations,
respectively. It can be noticed that the maximum average
percentage deviation is 10.57% in the dashboard readings
and the minimum average percentage deviation is 1.96% in
the right front seat readings. These deviations may be due the
numerical accuracy of the solar model available in ANSYS
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(b) (c)

Fig.4 Cabin assembly views

Fig.5 Mesh structure. a Sliced mesh. b Full domain mesh

Table 2 Grid independence study

Mesh size Dashboard Left front/  Right front/ Luggage
temperature  back seat back seat temperature
/°C /°C /°C /°C

6 lakhs 15 12 14 15

9 lakhs 32 30 31 31

12 lakhs 32 30 31 31

15 lakhs 32 30 31 31

Fluent which uses a clear weather condition in which all the
local environmental effects cannot be considered.

Results and discussion
Further analyses have been carried out using a similar grid

structure as used for validation. Different cabin temperature
reduction techniques have been tested individually and in
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combination to obtain the best possible case for effect cabin
temperature control.

Use of new tint technology (TYPE 1)

Electrochromic tinting technology uses a small potential dif-
ference supplied across a material causing a redox reaction
which changes the colour or opacity of the material. Energy
supply is only required to cause a change and the changed
colour or opacity is persistent, enabling the user to determine
the amount of heat and light allowed to pass. Using this for a
car windshield, the amount of heat entering the car through
the windshield can be greatly reduced by making it opaque
when the car is parked.

In the numerical model, only the front windshield is con-
sidered to be of electrochromic material. Side window pan-
els and rear windshield are considered to be having tint films
as per regulations. The visible light transmission (VLT) for
front windshield is taken to be 10%, for rear windshield 75%
and for the side window panels it is taken as 50%. So, the
transmissivity value of fiberglass has been changed accord-
ingly at these locations. Figure 9 shows the difference in
temperature for baseline model vs the model with above-
mentioned tints. The plots for left front and back seats are
found to be identical. The right front and back seats also
follow the same pattern.

A significant 13 °C reduction in dashboard temperature
is observed in this case as the primary source of heat for the
dashboard is the front windshield. However, the other cabin
locations see minor temperature reductions with 1 °C reduc-
tion for left front and back seats and 3 °C reduction for right
front and back seat. The luggage compartment temperature
reduced by 5 °C. This signification reduction in dashboard
temperature may be due to the fact that front windshield
allows less solar radiation as its transmissivity is 0.1, while
right-hand side seats (transmissivity is 0.25) and luggage
compartment (transmissivity is 0.35) allow more radiation
to the cabin. Minor temperature reduction in left hand side
seats can be justified by the fact that solar radiation trans-
mission is very less due to the vehicle orientation effect and
that the influence of tint glass is also minimal in temperature
reduction.

Use of inlet and outlet vents (TYPE 2)

Inlet and outlet vents can be employed to refresh the air
inside a parked car cabin removing the hot accumulated air.
For the present case, inlet vents (diameter 10 mm) are posi-
tioned near the rear seat and floor region and outlet vents
(diameter 15 mm) are present on the car dashboard as shown
in Fig. 10. The vents are powered by the car battery which
can be recharged using solar panels positioned on the roof.
The inlet blower volume flow rates are taken as 30 cfm, 60
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cfm and 100 cfm and the corresponding outlet mass flow
rates are calculated as 0.016 kg/s, 0.033 kg/s and 0.055 kg/s,
respectively. Figure 11 shows the plots for temperature vari-

. :
‘ I
(b) (c)

Using tints with inlet and outlet vents (TYPE 3)

The previous two cases are then combined to observe the

Table 3 Boundary conditions

Physics Boundary conditions Types/values
wood (frame) Glass (windshield, windows)
Momentum Wall motion Stationary wall ~ Stationary wall
Shear condition No slip No slip
Thermal Material Plywood Fibreglass
(r‘n.ixed €on- Heat transfer coefficient 10 10
dition) Free Stream Temperature 303 303
External emissivity 0.8 0.8
Internal emissivity 0.8 0.8
Wall thickness 12 mm 5 mm
Shell conduction ON ON
Radiation BC Type Opaque Semi-transparent
Participates in solar ray tracing ON ON
Absorptivity 0.8 0.2
Transmissivity 0.0 0.5
Faces per cluster 10 10
Participates in view factor calculation =~ ON ON

ation inside the cabin for all three mentioned mass flow rates
compared with the baseline case.

It is observed that low mass flow rate gives 6 °C reduction
for dashboard temperature, whereas medium and high mass
flow rates gave 7 °C reduction. The left- and right-side seats
undergo 1 °C and 3 °C reduction, respectively, for all mass
flow rates. The luggage compartment temperature reduced in
1 °C steps from 3 °C to 5 °C for low to high mass flow rates.
Hence, increasing the mass flow rate is observed to give
better reduction in cabin temperatures. The effect is more
significant at dashboard side since in the present study, the
outlet vents are located on the dashboard which help to bring
more air flow in that region as compared to other locations.
However, effect of inlet and outlet vent locations can be stud-
ied further by modifying these locations in the future work.

effect on cabin temperatures. The VLT for all glasses and
the vent locations and diameters are same as the previous
cases. A mass flow rate of 0.033 kg/s is selected for the vents
as it gives better cooling than 0.016 kg/s and comparable
cooling to 0.055 kg/s. Figure 12 shows the plots for this case
compared with the baseline case.

In this case, a 14 °C reduction is observed at the dash-
board, 1 °C at left-side seats, 4 °C at right-side seats and
6 °C reduction is seen in the luggage compartment. The
combination of the two methods gave best temperature
reduction for the dashboard. The trend in temperature reduc-
tion in this case is almost the same as they appear in the
TYPE 1 and TYPE 2 cases. However, the benefits from this
combined technique are not directly equal to the summation
of benefits achieved by those two individual techniques. So,
a trade-off concept can be followed when it comes to real-
time applications based on the power requirement for achiev-
ing air flows through inlet and outlet vents.
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Fig.7 Comparison of temperature contours from numerical analysis
with experiment. a Dashboard. b Side view with dashboard on left
and luggage compartment on right. ¢ Luggage compartment

Using tints with outlet vents and lowered windows
(TYPE 4)

Further a new case is tested where the inlet vents are
replaced by lowered windows. The windows are lowered by
2 mm and the outlet vents are again positioned as before at
the dashboard. Tints are present as in the previous case, and
a mass flow rate of 0.033 kg/s is selected again. Figure 13
shows the plots for temperature variation inside the cabin
compared with the baseline.

Here again a 14 °C reduction is observed at the dash-
board, 1 °C and 5 °C reductions for left- and right-side seats,
respectively, and 6 °C reduction for the luggage compart-
ment. This case is comparable in effectiveness to the previ-
ous and better reduction is observed only in the right-side
seat temperatures. The reason for this marginal improvement
when combined with tint case (TYPE 1) could be attributed

@ Springer

by the flow of air coming in through open windows instead
of inlet vents. However, keeping the windows open is not
advisable for safety aspects even though the gap is only
2 mm.

Comparison of different systems

One baseline and four different cooling configurations have
been studied in the present study. A comparison of tem-
perature plots for all these cases is presented in Fig. 14. It
is observed that the use of tints in any case gives a very
good reduction in dashboard temperatures. Further vents and
lowered windows give mostly comparable results although
lowering windows gives better results for seat temperatures.
Combined cooling methods are the most useful and can give
good control of cabin temperatures in real-life applications.

Cooling load calculations

The heat loads for the baseline and for the different heat
removal systems are calculated using one dimensional heat
transfer approach including conduction, convection and
radiation modes through the thermal resistance concept.
The total heat load accumulation inside the car cabin is cal-
culated by adding the heat transfer through both wood and
glass materials and can be expressed as follows:

0 =0, +0,(W) M

where, Q,, denotes the rate of heat transfer through opaque
material (i.e. plywood) and Q, stands for the rate of heat
transfer through transparent material (i.e. fiberglass).

In heat transfer calculation for the opaque material, both
the conduction and convection heat transfers are considered
and the radiation is neglected as the transmissivity is zero.
The rate of heat transfer (Q,, can be expressed as follows:

0, =U, XAT X AW) 2)

where, A is the total surface area of opaque material which
is equal to 0.1968 m?2, and AT is the difference between the
outer cabin surface temperature and the average cabin inside
temperature.

The overall heat transfer coefficient (U,,) due to opaque
material is given by

1 2 -1
U,= —L1  (Wm2K
T ®

i

where, h; is the internal heat transfer coefficient, ¢ is the
thickness, n is the number of surfaces (=4) and k is the ther-
mal conductivity of wood. It is to be noted that the outside
heat transfer coefficient is assumed to be negligible as the
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Fig. 8 Comparison of temperature with time for experimental and CFD results at. a Dashboard. b Right front seat. ¢ Right back seat. d Left front

seat. e Left back seat. f Luggage compartment

variation of outside temperature is not significant during the
30 min time period. Hence, Eq. (2) gives the heat penetration
through the opaque material (Q,,) as 3.73 W.

In heat transfer calculation for the transparent material,
all the heat transfer modes, namely conduction, convection
and radiation are considered. Hence the heat transfer through
transparent material (Q,) can be expressed as follows:

0, = U, XA, X AT + (Diffused radiation)cpp X A, X 7

+ (Direct radiation)cgp X cos(i) X A Xt

“

where U, is the heat transfer coefficient for glass and calcu-
lated using the same procedure used for U,, with respect to
the glass wall thickness and thermal conductivity values, A,
is the area of glass, i is the incident angle, 7 is the transmis-
sivity value of glass which is considered as 0.5 for the base-
line case and for the other cases with tint technology, the val-
ues taken as 0.1, 0.25, 0.35 for front windshield, windows,
rear windshield, respectively. The diffused and direct solar
radiation values are 116.86 W m~2 and 1022.5 W m™2, taken
from CFD results which are calculated based on the location,
date and time conditions specified in the solar calculator.
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Outlet
Vents

Fig. 10 Location of inlet and outlet vents

Eq (4) gives the heat penetration through the glass (Q,) as
21.94W for the baseline case. The total heat load (Q) for the
baseline can then be calculated based on Eq. (1) and which
is equal to 25.67 W. The similar procedure is followed for
calculating the total heat loads for other cases also are pre-
sented in Table 4.
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Table 4 shows also heat load reductions and percentage
of reduction for different techniques used as compared with
the baseline. It is well known that use of air conditioner
causes a significant increase in fuel consumption in real-life
scenarios. At full speed an AC unit consumes 3 kW power
reducing the fuel economy by 24% [29]. For a stationary car
this load amounts to 1.26 kW. With application of the sug-
gested cooling techniques, this load can be reduced by 61.9%
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Table 4 The percentage of cooling load reduction for various heat removal systems

Case Average surface temperature 7s(avg)/°C

Average cabin temper-

Temperature dif- Cooling load  Reduction % reduction

ature Tcabin(avg) /°C  ference AT/ °C from baseline
Baseline  30.0 39.50 9.5 25.67TW - -
TYPE 1 34.25 4.25 11.93 W 13.74 W 53.5
TYPE 2 3475 4.75 21.12 W 4.55W 17.7
TYPE 3 32.0 2.0 9.717T W 159w 61.9
TYPE 4 32.0 2.0 9.77TW 159 W 61.9

to 0.48 kW. This reduced load on engine improves mileage
by 6.9% from 16.18 kmpl to 17.3 kmpl.

Conclusions
In the present study, numerical analyses have been per-

formed to suggest an effective technique for control of cabin
temperatures of a car parked in direct sunlight. Validation
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has been performed through an experimental model which
validates the baseline analysis. A 5:1 scale model of a car
cabin has been tested in direct sunlight placed facing South
on 20 February 2019 in Chennai at 10:00 am. Similar con-
ditions have been recreated in the baseline analysis using
solar load calculator. The model is subjected to sunlight
for a period of 30 min, and the temperature plots at differ-
ent cabin locations are plotted. The deviation between the
numerical and experiments results could be attributed to the
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accuracy of the clear weather condition solar model avail-
able in ANSYS Fluent.

Different cooling techniques have then been proposed
to control the cabin temperatures for a parked car in given
conditions, such as use of electrochromic tint on windshield,
inlet and outlet vents for air circulation and combinations of
these with windows lowered. It is observed that a combina-
tion of the techniques provided better temperature reductions
with minimal energy requirement. The front windshield is
observed to be the major contributor in heating of the cabin,
hence, tinting the windshield gives significant reduction in
dashboard temperature of 13 °C. Circulation of air inside
the cabin through ventilation ensures that the hot air inside
the cabin is removed further reducing the temperature of
the cabin. Three different mass flow rates for the ventila-
tion system have been tested. Lowered windows also give
comparable results as that with inlet vents with lower energy
consumption, both giving a maximum reduction of 14 °C.

The comfort level inside a car cabin is thus, greatly influ-
enced by the temperature of the cabin. Use of air conditioner
to regulate cabin temperature from a parked state posessess
huge stress on the engine and consumes more fuel. Based
on the 1-D thermal resistance concept, it is found that cabin
temperature control through the proposed techniques can
greatly reduce the cooling load on the engine and ensure
better fuel economy with 61.9% reduction in cooling load
and 6.9% improvement in fuel economy. However, the final
selection among these techniques could be made with con-
sideration of safety regulations.

Finally, it has been found that the orientation of the vehi-
cle, the transmissivity of the windows and windshield mate-
rials, and the augmented air circulation through vents have
huge impact on the cooling load reduction of the vehicle.
Hence, further analysis can be performed with a variety of
these parameters and can be extended to other vehicles’ heat
load prediction due to solar radiation by changing geometri-
cal parameters under different tropical conditions.
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