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Thermal Management
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Human Thermal Comfort Empirical Model 
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Modeled U.S. Mobile AC Fuel Use
7.0 billion gallons used for air conditioning annually

Equivalent to 5.5% of the national fuel use, 
or ~9.5% of the total imported crude oil!
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• Increase national energy security by 
reducing fuel use for vehicle climate 
control systems

• Show/demonstrate technology that 
can reduce the fuel used by LD 
vehicles’ ancillary systems

• Develop tools to evaluate the 
effectiveness of energy-efficient 
systems including:
– comfort, cost, practicality, ease-of-use, 

reliability . . .

Objectives
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modeling help you?modeling help you?
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Using ANSA Software for CAD Clean-Up



Getting ADAM in the Drivers Seat



Integrated Modeling
CAD

Thermal
ComfortVehicle

GlazingSolar
Radiation

Cabin 
Thermal/Fluid

Air
Conditioning

Fuel
Economy

Tailpipe
Emissions

Occupant
Thermal 
Comfort

Find the solar radiation Find the solar radiation 
in your cityin your city













Integrated Modeling
CAD

Thermal
ComfortVehicle

GlazingSolar
Radiation

Cabin 
Thermal/Fluid

Air
Conditioning

Fuel
Economy

Tailpipe
Emissions

Occupant
Thermal 
Comfort

Determine the solar Determine the solar 
load into your vehicleload into your vehicle



















CAD

Thermal
ComfortVehicle

GlazingSolar
Radiation

Cabin 
Thermal/Fluid

Air
Conditioning

Fuel
Economy

Tailpipe
Emissions

Occupant
Thermal 
Comfort

Integrated Modeling Model temperatures Model temperatures 
and airflow in the cabinand airflow in the cabin
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Thermal Comfort Assessment Tools 
Predicting the comfort of vehicle occupants

Human Thermal 
Physiological 

Model

Human Thermal 
Comfort Empirical 

Model

ADvanced 
Automotive 

Manikin



ADvanced Automotive Manikin (ADAM)

• On-board power, water, communications 
• Designed to respond to a transient, non-

uniform thermal environment like a human:
– Sweating
– Breathing

• Wears clothes
• 175 cm tall, 61 kg
• 126 segments (~120 cm2), 120 zones



Surface Segment Details



ADAM’s Carbon Fiber Skeletal System



Ready for a 
Brain!



Human Thermal Physiological Model
A Numerical Person

• Predicts transient thermal response of the body

• Receives data from and provides data to ADAM

• ANSYS model (40,000 elements, transient, 3D) 

• Fully parametric for size and position of the 
human

• Body mass (tissues, bones, organs)



Human Thermal Physiological Model
Thermoregulatory System

• Circulatory system (network of circular 
tubes of variable cross sections for 
arteries & veins)

• Respiratory system (series of tubes 
between the mouth and lungs)

• Published control equations used for heat 
generation, sweat rate, shivering rate, 
vaso-dilation/constriction



Mesh



Section View of Upper Right Leg

Skin

Fat 
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Bone 



Circulation Network



Body Section 
Temperatures

Body Skin Temperatures



The Human Thermal Comfort Empirical 
Model

How You Feel Thermally

• Determines local thermal sensation

• Determines local and global thermal comfort 
(thermal perception) from local sensations

• Accounts for non-uniform and transient thermal 
environment of vehicle cabin 
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• Individual segments (plus breathing temperature) 
were heated and cooled.

• 110 separate were tests performed at U.C. Berkeley.

• 64 tests were performed in Delphi wind tunnel.

Human Subject Testing



Model Overview
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Validation Test – UCB Data

• Compare to skin temperature, 
sensation, and perception 
(comfort) data from literature
– ADAM in leotard
– Standing
– Single subject
– Tair=28.6°C
– Ref. Zhang (2004)



Skin and Core Temperatures
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Human & Manikin Comparison
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CFD simulates 
interaction with 

environment

Linking the Physiological Model with a 
Swift Vehicle Model

120 surface heat  
fluxes transmitted

Transmits 120 skin 
temperatures and sweat 

rates

Surface and core 
temperatures 
transmitted

Is the 
environment 
comfortable?

CFD Model Enhancements:

• Sweat evaporation

• Clothing microenvironment



Conclusions

NREL has developed leading-edge cabin 
thermal management modeling tools in 
our effort to reduce vehicle fuel use
• Vehicle Solar Load Estimator
• Physiologically model with human-like skin 

temperature variations
• Thermal comfort model output using local 

thermal comfort sensitivity coefficients



Future Work
• Continue validation testing
• Use validated manikin/model to 

assess advanced reduced fuel use 
HVAC concepts

• DOE is planning the 6th International 
Manikin & Modeling Meeting (6I3M)
– April 2006

www.thermalmanikins.org

• Continue collaboration with AVL to 
assemble an improved cabin 
thermal management modeling 
process
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