Z‘ I El' A International Information and

Engineering Technology Association

International Journal of Heat and Technology
Vol. 39, No. 6, December, 2021, pp. 1957-1965

Journal homepage: http://iieta.org/journals/ijht

Thermal Comfort Optimization in an Electric Vehicle A

Sherin Sam Jose”, Ramesh Kumar Chidambaram

Check for
updates

Automotive Research Centre, School of Mechanical Engineering VIT Vellore, Vellore 632014, India

Corresponding Author Email: sherin.samjosej2014@uvit.ac.in

https://doi.org/10.18280/ijht.390634

ABSTRACT

Received: 16 December 2020
Accepted: 22 July 2021

Keywords:
thermal comfort, optimisation,
vehicle, CFD simulation, PMV, PPD

electric

In automobiles, the demand for HVAC has been rising for decades and the key variables
that affect the thermal comfort in a car were identified as air velocity, temperature, radiant
temperature, and relative humidity. Thermal comfort estimation in a vehicle depends on
the transient behavior of the cabin space and boundaries. The predicted mean vote (PMV)
and predicted percentage of dissatisfied (PPD) are the available methods to describe and
optimize thermal comfort in cabin space. In this paper, the cabin thermal comfort of a
minivan was analyzed for reduction of energy consumption with the help of experimental
and numerical simulation. Using CFD simulation and validation with experimental data,
the flow dynamics inside a vehicle cabin is evaluated based on air velocity, temperature,
and comfort indices. With some error for the extreme planes, a strong agreement was
reached between the experimental values and the CFD model. With the reduction in the air
velocity from 2.3 m/s to 1.3 m/s, the average power required to run the blower can be
reduced by 43%, providing an advantage of reducing the capacity of the compressor. The
higher PPD values were observed on the walls of the cabin and at the outlet of the AC

vents.

1. INTRODUCTION

The global automotive sector witnessed a major shift from
IC engine technology to electric vehicle technology to tackle
global warming, vehicle exhaust emission, and depleting fossil
fuel reserves. Electric vehicles were identified to be 75 to 80%
efficient when compared with conventional IC engines which
are around 25 to 30% efficient. A major investment in research
had been diverted to EV-based research in the automobile
industry. The majority of the research in the electric vehicle
domain focuses on energy storage (Battery) and powertrain
technology (Motors and Drive Electronics) for improving the
performance of EVs. Passengers give predominant importance
to comfort and safety which require additional electrical
accessories [1]. Thermal comfort is observed to be playing a
major role in the comfort of passengers. In conventional IC
engine-powered vehicles, the required energy for heating or
cooling of the passenger cabin is provided by the engine,
whereas in EV, battery power is being used for heating and
cooling, which consumes 30 to 50% of battery power [2-6]. It
was observed that heating consumes more power when
compared to cooling. There is a noticeable drop in the range
of the EV due to consumption energy by the HVAC system.
Therefore, electric and hybrid vehicles require an energy-
efficient approach in the design of air conditioning systems [7].
Current systems control the temperature of the vehicle cabin
alone, while thermal comfort depends on other factors such as
radiant heat and airflow [8-10].

Thermal comfort is the condition of the mind that expresses
satisfaction with the surrounding environmental conditions [8,
11, 12]. Thermal comfort in an EV can be achieved by
optimizing the heating, ventilation, and air conditioning
(HVAC) components. Thermal load reduction and the design
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of climate control will create a positive impact on occupant
comfort [13]. The main factors affecting thermal comfort are
ambient temperature, air velocity, relative humidity, and
radiant temperature. The relative humidity is directly
connected to the air temperature, which is one of the key
factors influencing thermal comfort. Comfort can be ensured
by the proper control of relative humidity within a stipulated
range. Relative humidity in the cabin space is the major
contributing factor for heat loss from the human body. The
comfortable range of relative humidity for a passenger was
observed as 30-70%. At high temperatures, if the relative
humidity is more than 70%, the condition creates sweat
evaporation in the body, decreasing the comfort level. If the
relative humidity falls below 30%, it leads to a dry sensation
on the skin, which badly affects mucous membranes [11].
Currently, the thermal comfort in vehicles is evaluated based
on EN ISO 14505 [11, 14, 15] specification which is classified
into three parts:

1. Methods for assessment of thermal stress;

2. Determining equivalent temperature;

3. Evaluating thermal comfort using human subjects.

Three internal indicators were recommended in the standard

to assess the thermal comfort:
1. PMYV (Predicted Mean Vote);
2. PPD (Predicted Percentage of Dissatisfied);
3. TSV (Thermal Sensation Vote), Teq (Equivalent
Temperature).

The initial part of EN 1SO 14505 was linked with EN 1SO
7730 which introduces the use of PMV and PPD. The PMV
index provides a value that indicates the ASHRAE thermal
sensation scale and gives the average thermal sensation felt by
a group of people [16, 17]. It was measured at a scale of 7 with
-3 indicating being cold to +3 being hot [9, 10] as shown in
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Figure 1. This scale is effective for indoor conditions since the
steady-state condition of airflow will be prevailing. The PMV
has been proposed and implemented only for steady-state
conditions but an unsteady state of airflow was identified in
the cabin of an automobile [8].

The thermal comfort of the passengers was influenced by
internal airflow, cabin temperature distribution, solar heat flux,
and radiative heat flux from interior parts of the cabin [18].
The cabin atmosphere of the vehicle is controlled by
intermittent thermal conditions, unlike the in-door air
conditioning systems. Heat conduction, convection, and
radiation have major effects on the thermal comfort of
passengers. Effect of thermal soak, when passengers were
exposed to environmental conditions may create instant
thermal impact or thermal blow [10]. Fanger [19] noted that
the values of PMV is not sufficient to define the level of
discomfort. Hence the concept of Predicted Percentage of
Dissatisfied (PPD) was added by Fanger to estimate PMV
which is depicted in Figure 2. The PPD predicts the number of
thermally uncomfortable persons. The value of 10% of the
PPD index corresponds to the scale between -0.5 and + 0.5 for
PMYV on the Fanger scale. If the value of PMV is zero, around
5% of the occupants are in discomfort.

Another major concern for the design of the AC system
includes the psychological and physiological variations
between passengers. Figure 3 shows various thermal comfort
contributors for humans.
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Experimental studies show that there were major
differences between the thermal state expressed by real
passengers and the expected comfort offered by the indices
proposed by standards. A large number of experiments are
required to test the relationship between the response and the
independent design variables. On the other side, empirical
investigations carried out by Computational Fluid Dynamics
(CFD) have gained enormous prominence in the automotive
industry in recent decades [20, 21].

Lim et al. [22] used the hybrid air-conditioning system to
evaluate the performance of airflow inside the office cabin
using CFD analysis. The work conducted a study on openings
for the ventilation, velocity, wind direction, and outside
temperature on the inside of the air distribution. Thermal
displacement ventilation (TDV), presented evidence for
mechanical components, air velocity, and position of airflow
needs to be considered. They used the 3-D model CFD
analysis to evaluate thermal comfort. Results proved that a
good flow of air inside the room except for the identification
of discomfort in the feet/ankle region [23]. Huang et al. [24],
conducted a similar CFD-based study satisfying continuity
equations and efficient flow of air by providing different
contours at different areas of study. The work concluded that
the combined system consisting of ceiling cooling and
evaporative cooling systems consumes less energy and
occupies less space when compared to a conventional system.
Chow et al. [25] discovered a method to tackle the problem of
heat rejection by optimizing the spacing between condensing
units through simulation. Research works in EV air-
conditioning have been concentrating on reducing the heat
absorption for lowering heat load and enhancing the cooling
system’s performance [26]. The electric compressor was
carefully chosen to provide adequate cabin cooling [27]. The
thermal load comes from different sources, which includes,

a) The heat transmitted from vehicle surroundings;
b) The heat generated by the passengers;
¢) Solar radiation.

Studies show that 10°C cabin temperature reduction can
lead to the reduction of up to 45% of the range in an EV. A
positive temperature coefficient (PTC) heater is a common
method used for providing heat inside the EV cabin which
converts electricity into direct heat. The cabin heating can be
directly related to the positive temperature coefficient (PTC).
The increased PTC contributes to the reduction in the range of
EV [28, 29]. A unified thermal management system that
satisfies diverse thermal and design needs of the auxiliary
loads in EV's needs to be evolved. Recently automotive
industries were experimenting with different exposure
conditions of the vehicle with air, coolant or refrigerant cooled
batteries and heat pump for recycling the waste heat.



Researchers have been concentrating on new technologies to
increase efficiency and to reduces the cost and complexity of
implementation.  Cabin air-conditional loop, Battery
heating/cooling loop, power electronics, and electric motor
(PEEM) cooling loop, Unitary Thermal Energy Management
for Propulsion Range Augmentation (UTEMPRA)are a few
examples for waste energy harvesting and thermal energy
distribution.

The heat balance method and Weighting Factor Method
(WFM) popularly known as HBM have been used for
calculating thermal load. The benefit of HBM method is that
the thermal calculations can integrate several fundamental
models and this method is preferred to the WFM. Alexandrov
et al. [30] used numerical solutions and CFD simulations to
estimate the accurate thermal load by considering airflow,
temperature, and humidity. Figure 4 replicates different
thermal load conditions experienced by an electric vehicle
cabin.
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Figure 4. Heat balance cycle

2. METHODOLOGY AND EXPERIMENTAL
PROCEDURE

Despite the rapid development of battery technology and
recharging infrastructure, the growth of electric vehicles (EVs)
in road transport continues to be challenged by their limited
driving range. Most of the research works have been
concentrating on battery technology. The range of the EV can
be enhanced using optimization of the energy by evaluating
temperature and velocity at various locations of the vehicle
which will enhance the thermal comfort of the passengers.

The experimental setup consists of a Maruti Omni car with
a roof-mounted air conditioning system, with all major
components placed at the top of the vehicle, as shown in
Figure 5. Initially, the evaporator was placed parallel to the
passenger seating, and the parameters like pressure, velocity,
and temperature were manually determined by using the
hotwire anemometer and temperature sensors respectively.
Table 1 gives the details of the instrument used in this study.
The entire passenger space was divided into a virtual grid of
50*50 mm and at each node point, the above-mentioned
parameters were evaluated.

Table 1. Tools used for measurement, range, and precision

Equipment Parameter Measurement Precision
Range
LUTRON AM Flow +(5%+1d)
4204 Hotwire Velocity 0.2-20.0m/s Reading
Anemometer Temperature 0 to 50°C +0.8°C
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Figure 5. Experimental setup built inside the vehicle

3. CFD SIMULATION
3.1 Geometry and Simulation conditions

The vehicle was modeled with seats, whereas interior
components like dashboard consoles and other equipment
were neglected for the simplification of the analysis. The
wheelbase was taken as X-axis, track as Z-axis, and height as
Y-axis. The numerical grid presented in Figure 8 has 0.49
million numbered elements. The elements in the grid consist
of hybrid mesh with tetrahedral and hexahedral elements. The
boundary conditions were assigned to the CAD model. Figure
8 shows the meshed model of the selected vehicle. The inlet
condition given to the model was of velocity type and the
output was of pressure type. For analyzing the flow
characteristics were finalized ignoring the temperature. The
turbulence model used for simulation was RNG k-g, which
was suited for indoor environmental modeling. The second-
order upwind momentum equation was selected and the
SIMPLE algorithm was used for pressure velocity type
coupling. For the flow simulation, the internal volume of the
whole cabin was considered. The materials like metal and
glass are considered for the simulation neglecting the radiation
heat flow. The simulations were carried out by considering the
outdoor conditions with ambient temperatures as 30°C, 40°C,
45°C.

Initially, the parameters obtained from the experiment were
used to simulate the flow inside the cabin. Then both the data
were compared. First, the evaporator is placed such that the
outlet is right above the passenger seat as shown in Figure 6
and Figure 7 shows the areas of the vehicle, which is exposed
to sunlight. As per the standards, the operating limit of the
velocity inside the vehicles should not exceed 5 m/s for the
roof mount AC unit. The air velocity was set to 2.3 m/s, which
is approximately half of the standard limit, and the temperature
was 23°C. The position of the AC unit is moved in the x-
direction towards the rear of the vehicle. The positions were
categorized into three cases viz 150 mm, 300 mm, and 450 mm
from the initial position as shown in Figure 8, and Table 2.
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The experimental results were tabulated into a matrix
through which contours were constructed for determining the
actual flow of the air. In this case, the boundary conditions
used in the model and the data were obtained through
measurements that relate to the discharge and volumetric flow
of air.
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Figure 7. External surfaces-3D sketch
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Figure 8. CAD models- case- 1, 2, 3 and mesh model

Table 2. Categorization of the position of AC units

Different Cases  Distance (mm) from the actual position

Case 1 150
Case 2 300
Case 3 450

3.2 Thermal comfort simulation

The boundary conditions for simulating thermal comfort
indices are similar to that of experimental flow analysis, and
overall cabin temperature was included as an additional
boundary condition. The observed temperature of 23°C was
applied to the boundary condition and thermal comfort indices
were calculated by the Thermal Comfort plugin in Ansys
Fluent. The parameters, assessing for comfort indices are
listed in the Table 3.

The velocity and temperature of air were directly taken from
the experiment. The PMV and PPD values are calculated at the
two extreme planes (left & right) and central plane in the Z -
direction.

Table 3. Thermal comfort indices

Parameter Value
Humidity 35%

Metabolism 2 MET
Clothing factor 0.8

4. RESULTS AND DISCUSSION

4.1 Comparison of velocity data of Experiment and
Simulation

All data were collected from indoor space and results of
simulation conducted in the CFD package were compared. The
velocity profiles, temperature distribution, and comfort indices
were extracted from the simulation in the planes at right, left,
and at the center plane of the car cabin. These data were
compared with the experimental values. To avoid confusion
and complexity, the data on the other planes were not
considered.

4.2 Left plane

Figure 9(a) shows the velocity profile on the left plane of
the vehicle. The image was plotted using the experimental data,
which reveals the distribution of the air velocity in the extreme
left plane of the vehicle cabin. The velocity ranges from 0 m/s
to 0.35 m/s. The flow of air from the blower is mainly directed
to the front side. The velocity plot shows the zero value at
some positions, it is due to the intricate and non-uniform
geometry of the cabin wall. The left end of the blower is 250
mm away from the cabin wall.

In Figure 9(b) the velocity contours were plotted based on
the experimental values. The uniform velocity of 0.7 m/s is
observed on the other regions of the plane. The velocity
contours were compared in both simulation and experimental
values. The maximum velocity obtained in the simulation was
0.8 m/s, whereas the maximum flow rate obtained in the
experimental evaluation was 0.79 m/s.
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Figure 9. Distribution of velocity magnitude in left plane
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Figure 10. Distribution of temperature in the left plane

Figure 10 depicts the temperature distribution in the left
plane. The lowest temperature of 297 K was observed around
the passenger seating zone and driver head position, whereas
temperature at the other regions was in the range of 308 K. The
bouncing effect of air can be observed from the temperature
plot at the rear bottom part of the vehicle. This temperature
difference was mainly due to the interactions between the
surroundings through the metal surface of 1.45 m? and glass
surface of 0.58 m? at this plane.

Figure 11(a) shows the PMV plot on the left plane of the
vehicle. PMV of 0.5 in the passenger area and -0.7 in the major
portions of the cabin is observed. Even after keeping the equal
temperature in the plane, passenger clothing factor and MET
assumptions were the reasons for the variation of PMV. Figure
11(b) represents the dissatisfaction percentage (PPD), where

19% dissatisfaction was observed in the passenger seating area.

The remaining part of the cabin was having only 5%. The
reason for this abrupt change in the values was due to the direct
impact of flow on the passenger body as the position of the
evaporator unit is directly above the passenger's head.
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Figure 11. Comfort indices in the left plane
4.3 Central plane

Figure 12(a) reveals the equal distribution of the air velocity
in the central plane of the vehicle cabin plotted using
experimental data. The flow with a velocity of 2.3 m/s can be
observed near the outlet of the AC unit and it gradually
reduced as it reaches the far end of the cabin.
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Figure 12. The distribution of velocity magnitude in the
central plane

The plotted velocity ranges from 0 m/s to 1.475 m/s. There
is no much drop in the velocity was observed in the central
plane as of the left plane.

Figure 13 shows the temperature distribution in the central
plane of the vehicle. The temperature of the passenger cabin
area is observed to be at 297 K. This is due to the proper
recirculation of the air, which can be observed from the
simulated velocity data. The comfort indices in the central
plane of the vehicle cabin are shown in Figure 14, where PMV
of 0.7 was obtained in the passenger area and 0.06 in the other
portions of the cabin. Figure 14(b) represents the
dissatisfaction percentage (PPD). 11% dissatisfaction in the
passenger seating area was obtained, due to the arrangement
of a seat at the flow path of air. The remaining part of the cabin
was at 5%.
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Figure 13. Distribution of temperature in the central plane
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Figure 14. Comfort indices in the central plane
4.4 Right plane

The equivalent distribution of air velocity in the extreme
right plane of the vehicle cabin is shown in Figure 15(a), which
was plotted with the experimental data. The velocity flow
pattern in this plane is similar to the left plane. Velocity values
in most of the cabin space were observed to be 0.66 m/s. The
flow was negligible in the region due to the walls, irregularities
of the cabin, distance between the wall and blower, and size of



the AC unit. Most of the areas like the vehicle rear end and
area under the evaporator outlet have the velocity of range 0
m/s — 0.2 m/s. There is no much air circulation observed in this
plane.
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Figure 15. Distribution of velocity magnitude in the right
plane
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Figure 16. Distribution of temperature in the right plane
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Figure 17. Comfort indices in the right plane

The temperature distribution in the right plane is shown in
Figure 16 and it is clear that temperature is not uniformly
distributed. This plane is not in the reach of the AC vent, which
leads to the non-uniform temperature distribution. Only the
passenger area was cooled, whereas other areas are at the
temperature of 308 K. As in the left plane thermal interaction
between the surroundings through the metal and glass surfaces
affected the temperature distribution. Figure 17 represents
PMV and PPD values respectively on the right plane. The
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higher PPD values around. 21.5% was observed just like in the
left plane as the phenomena are the same because of extreme
planes and PMV value observed at the passenger area was
close to 0.8 but outside the passenger area, a value of -0.03
was observed which indicates the much coolness as compared.

In all the reference planes higher PPD values were observed
at the suction inlet and blower outlet of the evaporator unit.
This indicates that not only temperature, the higher velocities
also contribute to discomfort levels.

Moreover, if we observe from the above results, the
evaluation parameters like velocity, temperature, and comfort
indices are slightly deviating from the actual requirement.
Hence the optimization is required to achieve the comfort zone
by altering the position of the evaporator vent and change in
the operating parameters. The position of the evaporator unit
is changed and only thermal indices are evaluated but not
velocity and temperature. This is only to avoid complexity and
from the above results, it is observed that these indices are
dependent on velocity and temperature.

5. OPTIMIZATION OF COMFORT INDICES

The PMV and PPD values are simulated and tabulated for
right, left, and central planes. For the optimization of the
thermal comfort indices based on the position of the AC unit,
we considered the entire cabin with maximum PMV and PPD
values for three different cases. The comfort indices at an air
velocity of 2.3 m/s and the original position of the AC outlet
were obtained through simulation are tabulated in Table 4. The
comfort indices at an air velocity of 2.3 m/s and evaporator
outlet positions based on Table 2 were obtained through
simulation and the results were tabulated in Table 5.

Table 4. Consolidated PMV and PPD values of right, left,
and central planes

Plane Parameter Minimum Maximum
PMV -0.5 1.5
Left PPD 5 53
Centre PMV -0.57 1.27
PPD 5 38
. PMV -0.54 1.52
Right — pppy 5 52

Table 5. Comfort indices at the velocity of 2.3 m/s

Case Minimum  Maximum Minimum Maximum
PMV PMV PPD PPD
1150 -3.00 -2.99 94.99 95.00
mm)
2 (300 -1.5 -0.64 13.73 50.98
mm)
3@, 0.88 215 84.5
mm)

From Table 5, the level of comfort indices was directed
slightly towards the discomfort zone, which is not preferable
as per ASHRAE standards. Even when the blower is working
to deliver the quantity of air at considered velocity, it
consumes battery power which leads to the reduction of range
and other operations of the vehicle. So, the velocity was
reduced by 43% i.e., 1.3 m/s, and analysis was carried out to
observe the comfort indices inside the cabin. For reduced air
velocity of 1.3 m/s with different ambient conditions, comfort



indices were mentioned in Table 6.

From Table 6, the PMV values are well within the range of
the ASHRAE requirements i.e. -1 to +1, for the case 3
conditions. The PPD values were comparatively low to other
cases. This may be due to the arrangement of the AC unit far

from the original configuration, which resulted in the uniform
distribution of the temperature in the entire cabin rather than
the concentration of cooling effect at a particular position. This
can be observed from the PMV values for case 1 and case 2,
where the temperatures were very low.

Table 6. Comfort indices at the velocity of 1.3 m/s

Case Ambient Temperature (°C) Minimum PMV  Maximum PMV  Mini-mum PPD Maximum PPD

30 -1.17 -0.15 5.46 34.16

1 (150 mm) 40 -1.17 0.515 5 34.11
45 -1.17 0.94 5 34.11
30 -1.63 -0.72 16 58

2 (300 mm) 40 -0.42 -0.148 545 8.81
45 0.4 0.6 8.48 13.1
30 -0.414 0.649 5 13.8

3 (450 mm) 40 -0.78 0.66 5 18
45 -0.38 0.76 5 44.76

6. OPTIMIZATION FOR POWER CONSUMPTION

Based on the calculations, the average work done by the
compressor to condition the space can be reduced by 43%, in
case III compared to its original position. The refrigerating
effect was calculated based on the following data:

Velocity at the original position - 2.3 m/s.

Velocity at case 1,2 and 3 - 1.3 m/s.

Area of the outlet duct - 0.09 m?.

Air outlet temperature (evaporator) - 292 K.

Evaporator inlet temperature — Table 7.

Table 7. Input temperature to the evaporator in K

Ambient Temperature (K) 303 313 318
Position
Original 300 300.8 302.7
150 300 300.8 302.7
300 300.6 301.5 303
450 301 301 302.5

In case III better comfort was produced with 41% reduced
(2.2 m/s to 1.3 m/s) air flow-rate through the blower, which
reduces the power consumption. In case III heat load has been
reduced due to reduced aging of conditioned air. The suitable
downsizing of compressor is possible for the reduced heat load,
which will be reflected through considerable savings of total
power consumption (blower + compressor power) from
battery.

7. CONCLUSIONS

This paper has presented a simple method of calibrating and
validating a CFD model that replicates the dynamic flow
inside a vehicle cabin. The CAD model was designed to assess
various cabin ventilation techniques from a thermal comfort
perspective. The simulation results were compared with the
experimental data on air velocities. A good agreement was
observed between the calculated experimental values and the
CFD model with some errors at the extreme planes. The errors
can be attributed to the various profiles and the presence of
window glass, which disturbs the flow during the experiment.
The higher PPD values were observed on the walls of the cabin
and at the outlet of the AC vents. The observed values are in
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the range of the ASHRAE standards i.e. neutral range of PMV
scale (+1 and -1) at the central plane.

For the different positions of the AC unit for optimizing the
position, the indices were tabulated initially with a velocity of
2.3 m/s. The comfort parameters were identified to be reduced
with the increase in the distance of the AC unit from its actual
position, but the indices were not satisfying the standards.
With the reduction of velocity to 1.3 m/s from 2.3 m/s, the
indices were identified to be within the range of ASHRAE
Standards (-1 to +1) at different ambient conditions. The PPD
values were observed to be lowest for the outlet position of
450 mm from the actual position. The comfort indices for the
position of 450 mm were within range compared to other cases.
With the reduction in the air velocity from 2.3 m/s to 1.3 m/s,
the average power required to run the blower can be reduced
by 43%. Therefore, a smaller compressor can be employed,
improving the range of the vehicle.
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NOMENCLATURE

2D
3D
AC

ASHRAE

BEV
CAD
CFC
CFD

EV

HCFC
HFC

Two dimensional

Three dimensional

Air conditioning
American Society
Refrigerating  and
Engineers

Battery electric vehicles
Computer-aided design
Chlorofluorocarbon
Computational fluid dynamics
Electric vehicle

Hydro chlorofluorocarbon
hydrofluorocarbon

of Heating,
Air-Conditioning



HVAC
COP
IC

kW
MET
CFD
mm
m/s

kg/s

Heat ventilation and air-conditioning
Coefficient of Performance
Internal Combustion

Kelvin

Kilowatt

Metabolic equivalent
Computational fluid dynamics
Millimeter

Meter per second

Meter square

Kilogram per second

1965

ki/kg K
PEEM
PMV

PPD

PTC

TSV
UTEMPRA

WFM
°C
%

Kilojoule per kilogram Kelvin
Power electronics and electric motor
Predicted mean vote

Predicted percentage of dissatisfied
Positive temperature coefficient
Thermal Sensation Vote

Unitary Thermal Energy Management for
Propulsion Range Augmentation
Weighting Factor Method

Degree Celsius

Percentage





