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The thermal model was developed in e-Thermal.
Refrigerant and transmission thermal modules were not
included in the simulation as their thermal interactions
were expected to be negligible for this test scenario.
Simplified versions of air handling, front end airflow and
cooling system models were selected as vehicle-level
tests had been run to generate the required performance
maps. Vehicle design and development engineers
supplied general plumbing and system information.
HVAC/PTC heat exchanger component data was
generated and submitted by the HVAC/PTC supplier for
the program utilizing GM component data standard
templates *. GM Powertrain supplied the engine thermal
and power generation performance data. The vehicle
driveline model (Matlab/Simulink) was available from the
GM Energy and Drivability engineering function. The
vehicle-level requirements for this test scenario focus on:

e Time to reach heater core coolant in temperature
during warm-up,

o Time to reach lower or “floor” air temperatures during
warm-up and stabilized floor air temperatures (front
and rear seats) at idle

e Time to reach upper (or “breath-level”) air
temperatures during warm-up and stabilized upper
air temperatures (front and rear seats) at idle.

Figures 6-9 show the agreement between coolant,
heater discharge air temperatures, and interior air
temperatures (floor-level and breath-level).

As can be seen the figure 6, e-Thermal does a
reasonably good job of predicting coolant temperatures
throughout the duration of test. At idle the model under
predicts stabilized temperatures; this is thought to be due
to higher under hood air temperatures in the actual
vehicle compared to those used in e-Thermal. Work is
under way to enhance the predications of under hood
boundary conditions at idle.

Figure 7 shows the agreement between heater core
discharge air temperature and measured heater duct air
temperatures. The agreement is reasonably good except
at idle, which can be linked to the under prediction of
coolant temperatures at this condition

As can be seen in figures 8-9, The prediction of interior
air temperatures is reasonably good except for the
prediction of front floor temperatures which in the test
were 5-7°C cooler than e-Thermal’s prediction. This
difference is largely related to the measurement
technique, which utilizes several local air temperatures.
In contrast the model’s prediction is volume-averaged
across the floor well. As would be expected idle interior
air temperatures are lower than interior air temperatures
measured during the vehicle test.

e-Thermal can be similarly applied to compartment
cooling test scenarios (hot weather soak and cooldown
tests, A/C stabilized points) as well as powertrain cooling
test scenarios (vehicle trailering tests, wide open throttle
powertrain cooling tests) with similar success at
predicting key transient thermal behaviors (fluid
pressures, temperatures, and flow rates).

Heater Core Coolant Temperatures
e-Thermal simulation vs. Test
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Figure 6 - coolant temperature comparison

Heater Duct Air Temperature
e-Thermal simulation vs. Test
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Figure 7 - heater core air out temperature comparison




1st Seat Interior Air Temperatures
e-Thermal simulation vs. Test
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Figure 8 - 1st Seat Interior air temperature comparison

2nd Seat Interior Air Temperatures
e-Thermal simulation vs. Test
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Figure 9 - 2nd Seat Interior air temperature comparison

Conclusion

The purpose of this paper was to describe e-Thermal

and demonstrate its ability to simulate full vehicle testing.
e-Thermal has now been in use by the GM HVAC/PTC

engineering community for three years and is being
continually developed to improved model accuracy as

well as the addition of capabilities to match HVAC/PTC

functions and technologies that are being planned (or

explored) for future program use. The following are the

major observations that have come out of the GM’s
experience exercising e-Thermal in our product
development process:

1. GM's e-Thermal tool illustrates that it is possible to
construct simulations models for vehicle-level HVAC

and PTC tests that are reasonable accurate and
highly reflective of performance trends when

compared to physical tests (e.g. instrumented
response from on-road or tunnel-based vehicle
tests). GM is on a path of reducing road and climatic
tunnel testing of "physical" vehicle properties and
speeding the vehicle development process through
the use of this tool.

2. GM has developed HVAC/PTC component data
standards and the HVAC/PTC supplier community
has illustrated that they have the capabilities to
provide component performance data throughout the
vehicle development cycle through the use of both
component tests and component analytical models.
As usage of vehicle-level and subsystem-level
HVAC/PTC performance simulation by OEM and
suppliers grows there is a growing need to develop
industry-wide component performance data
standards and a global repository to minimize the
effort and cost of producing and maintaining this
data. Also, the development of industry accepted
fluid property calculation routines for common
refrigerants, coolants, oils, and air (moist) would help
data issues associated with the usage of component
performance data.

3. While GM’s goal is to replace physical tests with
analytical tests, great care must be taken to balance
model capabilities with test objectives. Given the
complexity of the thermal models and the huge
amount of vehicle and component data that is
required to develop a vehicle-level analytical model,
simulation is not a means to the end for physical
testing. GM's vehicle-level performance prediction
capability is and will continue in the short term to be
best used to quantify the expected amount of change
in performance given a known performance level (A
vs. B analysis). High confidence in absolute
performance prediction (e.g. duct temperature +/-
1°C) is at a minimum a decade away at the level of
resources currently devoted to supporting and
developing this type of model.
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