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Thermal Comfort : Key Parameters & Mechanisms 

Le confort thermique est défini comme "un état de satisfaction du 

corps vis-à-vis de l'environnement thermique". 
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Le confort thermique est défini comme "un état de satisfaction du 

corps vis-à-vis de l'environnement thermique". 

Thermal Comfort : Do not confuse Thermal Sensation & Thermal 

Comfort 

Thermal Sensation :  Physiological 

Thermal Comfort :  Psycho-physiological 

 

Thermal Neutrality :  No sensation - Global 

Thermal Stimulis : Local sensation 
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Hot day 

Cooling 
cabin 

Rainy day 

Demisting 
window 

Pollution 

Air 
purification 

Cold day 

Heating 
cabin 

Thermal Comfort : Main functions inside a vehicle 
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Convection… Gradients 

 Air vents closeness : 

Quick variation of air Speed & T°  

 Variable Vehicle speed 

Radiation… Anisotropy 

 Cold surfaces in winter :  

windows, doors… 

 Hot surfaces in summer :  

dashboard, steering wheel 

 Sun on head & chest 

Conduction… Contacts 

 Seat effusivity  

 Steering wheel  & 

Gear shift lever 

Small cabin volume 

 Variation of Hygrometry  

Soaking & Inertia 

 Cool down / Warm-up 

Cabin Thermal Power Balance : Many exchanges are involved 

Sun radiation 

IR Radiation  

Convection 

HVAC 

Outside Air 

Air extraction 

Recirc.  

Air 

 Power calculation  Typical values @ +45°C @ -20°C 

 External Exchanges HS .  (T°cab – T°ext) HS   ~   60 W/°C ~ 1.5 kW ~ 2.5 kW 

 Outside Air Renewing  QCp .(T°cab – T°ext) QCp ~> 100 W/°C     0  ~ 4    kW 

 Sun load s . SN  s    ~ Up to  1 kW/m2 ~ 1.5 kW 0 

      Steady Needs: ~ 3    kW ~ 6.5 kW 

+  Inertia @ Start MCp . dT°/dt on 10 mn + Transient  Needs :                + 3    kW         + 3    kW 

Peak Thermal Power needed for cabin power balance is in a range of 5 to 10 kW - Much higher in winter - 

Contacts 

Conduction 
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Body Thermal Power balance : Thermo-Physiological Needs 

PMV =  k . [  Metabolism – Respiration Losses – Skin water Losses – Convective Heat Exchanges – Radiative Heat Exchanges ] 

 Heat Exchanges =  f1 ( Skin T°, Air Speed & T°, Radiative T°,  Clothing ) 
 Mean Skin T° @ Comfort =  f2 ( Metabolism )     Local Skin T° @ Comfort  

Feet 

Legs 

Back  
&Thigh 

Hands 

Head 
& Neck 

Arms 

Chest 

Contact 

Contact 

  A multi-zonal approach  

is needed in car cabin 

Many models are available, 

but mainly derived from jury tests 

and giving only indicative correlation 

  

Breathing 

Evaporation 
Sweating 

Clothing 

Metabolism 

Radiation 
from Surfaces T° 

Convection 
with Air T° 

According context, Thermal Comfort can be correlated with Thermal Neutrality or Positive Stimulis 

 Fanger Model  Zhang Model 
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Comfort Thermal Needs : Typical comfort profile (1/2) 

Manage Cabin temperature for comfort  

Cabin T° evolution ( Warm up / Cool down ) until comfort T°   Start from outside soaking 

Maintaining  the comfort  ( Steady mode) 
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A short story of A/C systems 

 

First Air Conditioning Systems in 1940ies 

~ 5000 $ in 2015 
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A short story of A/C systems 

 

A/C system as Post-Equipment in USA in 1950ies 

in 1960 : 20 % of US cars have Air Conditioning 

in 1969 : 54 % of new US cars have Air Conditioning  
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A short story of A/C systems 

 

First HVAC module for Ventilation & Heating in 1960ies 
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A short story of A/C systems 

 

First Valeo HVAC with Air Conditioning in 1970ies 
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A short story of A/C systems 

 

First Valeo HVAC with Automatic  A/C in 1980ies  

Ramp-up of A/C systems in Europe from 1990 

In  2003 : 75% of new cars with A/C 
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A short story of A/C systems 

 

Extended ranges of HVAC  along 1990ies and XXIies  

in 2020 : > 90% of European cars with A/C 



Page 17 CONFIDENTIAL March 2017 

Air conditioning  system 

 Compressor 

Condenser 

Evaporator  

AC System control 

 HVAC 

 Blower 

Under the Bonnet 

under the Dashboard 

Front-End 

Cabin 
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Air conditioning  system 

 Compressor 

Condenser 

Evaporator  
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HVAC functions 
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Centered HVAC unit Centered HVAC unit 

with lateral blower 
Half centered HVAC unit 

The final solution will depends on the allocated packaging space, 

the performance level, and the required functionality's 

 HVAC architectures 
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Ozone impact : R12 -> R134a -> 1234yf -> R744 
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Regulation : CO2 emissions levels put pressure on all OEMs 

 

CO2 emissions levels decrease favors xEV penetration 
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A/C System Efficiency 
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http://aqicn.org/map/world/ Jan 22 2017 

Air Pollution is a worldwide issue … 

http://aqicn.org/map/world/
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Air quality: Pollution as the world's largest single environmental health 

risk 

 
The invisible killer: 
According to the World Health Organization, it is now considered "the world's 

largest single environmental health risk," with more than three million people 

dying every year as a result. This is more than twice the number of people that 

die in vehicle accidents each year. 

  

A worldwide issue: 
Air pollution is a major public health problem.  

The World Health Organization (WHO) found that 

 92% of the population breathes air with unhealthy levels of pollutants.  

  

A priority in China: 
Almost 50% of respondents in China rated the quality of the air in the area 

where they live as quite poor/poor/very poor  (Europe 25% - USA 17%) 

3 out 4 Chinese seek access to relevant information within their personal living 

environment 
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Full Air quality system 

 



Page 28 CONFIDENTIAL March 2017 

Automotive Electrification 

 

Comfort and max.range 

Battery life time  
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Electrification : Impact on the EV range 
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Driving Pw : 3.5 kW
Trip Time : 15 mn

Converg. time : 25%

According Reference User Scenario 

Urban / Periurban trips 

 15 mn @ 25 km/h 

 Driving Elec. Pw ~  3.5 kW 

 25% of time in « Convergence » 

Electrified AC system 

 Electrical compressor 

 Electrical Water heater 

Comfort Strategy : 

 No dehumidification 

 T° amb < 30°C :  25%  Recirc rate 

 T° amb  30°C : 40 kg/h Fresh Air 

European Climate occurrence profile 

% of Max Nominal Autonomy  

Additional Electrical Auxiliary Pw : + 100  W  

brings - 5 km in urban cycle (vs. 140 km) 
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NEW CABIN AIR MANAGEMENT 

Dry fresh air is pulsed through the upper zone 

Heated recirculated air is used for lower zone 

Air Renewing Control Air Stratification 

Recirculated Air 

Fresh Air 

 Accurate control of fresh air 

 Adjust air renewing according misting risk 

 High sensitivity to operating profile  

 Decoupling of Cabin T° and Humidity control 

 Down to 20% of renewing air :  
- without impacting front & rear comfort 
- without increasing misting risk 

HVAC with new air inlet and actuator 

Humidity or Mist sensor 
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NEW CABIN TREATMENT & COMFORT STRATEGY 

 

New Glazing Technology Local Comfort 

Electrical Windshield 
 Drop demisting & defrosting power 

Low Emissivity coating 
 Drop inner cabin infrared radiation 

Anti-Mist hydrophilic coating 
 Drop air renewing without misting  

Heating & Cooling seat + Heating steering wheel 
 Drop the power needs during convergence 
 > Up to  - 8°C in Winter    (- 4.0°C measured at 5°C)  

 > Up to + 2°C in Summer  (+0.5°C measured at 30°C) 

Individualization of air distribution 
 Adjust the air flow-rate to passengers  

Added value / Added cost to balance 

1 

2 

3 

1 

2 

3 



Page 32 CONFIDENTIAL March 2017 

Heat Pump Architecture 

3 discussions are still of concern 

to select architecture & technology : 

 Direct or Indirect HP ! 

 Ambient or Recovery HP ! 

 Chemical or CO2 refrigerant ! 

depending on a balance between 

 [ Perfs x Robustness ] / [ Integration x Cost ] 

 Usage profile [ BEV vs PHEV ] 
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R744 / CO2 Heat Pump R1234yf Heat Pump 

Use CO2 as natural refrigerant Use R1234yf as chemical refrigerant  

 GWP = 1 

 High heating power & efficiency  
with quick response on all temperature range 

  COP > 2 for T° amb = - 18°C 

 Higher cooling efficiency below 30° 

 Lower cooling efficiency above 35° 

 High operating pressure & leakage sensitive 
- New component technology  Invest & Cost  
- Reliability & Maintainability of concern 

 GWP = 4 - “R” classified 

 Agreed as new European standard for MAC 

 Easy switch from current technology 

 Poor Heating efficiency at very low temperature 

  COP < 1.5 for T° amb < -10°C 

 Additional high power heater for low T° 

 Flammability & Cost still of concern 

Heat Pump Architecture 

CHEMICAL OR NATURAL REFRIGERANT ? 
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4 Disruptive Automotive Trends impact comfort & well-Being inside 

the cabin 

 

36 

Mobility on Demand 

Car Sharing 

Electrification 

Power Saving 

Lower Emission 

My Car is taking care of Me 

My car is understanding Me 

Connected Car 

Digitalization 

Automated Driving 

New usages, functions & services are emerging along new mobility expectations & experiences 
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Unique Interior Experience 

 

Unique  

Interior experience 

V2X for more safety, better traffic flow 

and better fuel efficiency 

Car as a personal mobile living space 

Differenciation 
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User centric functions 

 
Adaptive ambiance 

Pure air 

Safe drive 

Healthy journey 
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