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What is TPA?
• Three Pressure Analysis

• A simulation based method to analyze test cell data 
to determine quantities that are difficult or 
impossible to measure directly:
– Apparent burn rate

– Residual fraction

– Trapping ratio

– Valve mass flow profiles

• Similar to methods used in the industry, e.g. by 
BMW, PSA and others

• Step towards integration of GT-SUITE with test cell 
data acquisition system



TPA Operation 
• Focuses on a cylinder, cuts-off rest of system, 

replacing it by measured port pressures

• Input cylinder pressure to get combustion rate

• Valid only for steady state operating points

• Single cylinder model (typically)



• Build 1-cyl engine model (or start from a full engine 
model and reduce it to isolate one cylinder + ports)

• Impose measured port pressures
• Special ‘TPAEndEnvironments’ have been provided, 

accounting for back flows (temp. and composition)
• Run simulation in the usual fashion
• Pause at IVC to generate the burn profile….

1. Impose Port Pressures



• Impose measured cylinder pressure
• IVC conditions obtained from prediction of step 1 

(trapped mass, residuals)
• Run reverse cycle analysis to calculate fuel burn rate

– ‘EngCylCombPressure’ – new combustion template
– Exactly the same thermodynamic model as predictive runs
– Heat transfer from previous cycle

2. Calc. Burn Rate



• Store the computed burn rate at IVC
• Apply the burn rate during combustion in this cycle
• Run to cycle end
• Repeat the three steps 5-7 cycles until convergence
• Output combustion object for use in predictive 

calculations

3. Continue the cycle



Comparison of TPA
to Use of ‘EngHeatRel’

• TPA removes uncertainty about cylinder contents at 
IVC inherent in ‘EngHeatRel’:
– Residual fraction

– Trapping Ratio

• Allows use of various cylinder heat transfer options 
which are not possible in ‘EngHeatRel’:
– Flow, User, Hg-profile

– TWallDetail, TWallSoln

• Provides immediate check on validity of results by 
applying the generated burn rate to predict Pcyl

• Particularly useful for part-load data analysis



Model Set-Up



Damping of Spurious Waves



Intake Port Pressure



Exhaust Port Pressure



Burn Rate



Cylinder Pressure Match



Cylinder Mass Fractions



Cylinder and Port Pressures



Valve Lift and Flows



Tables



Input Options



TPA Ties Together
Test and Simulation

• TPA can be used by test engineers to extract more 
information from test data:
– Mass trapped
– Residual fraction trapped
– Trapping ratio (blow-through of intake into exhaust)
– Details of valve mass flows
– Execution of emissions models

• More reliable combustion information can be 
provided from the tests to simulation engineers:
– Burn rate profiles, rather than heat release profiles

– These profiles are self-validated by the procedure

– Same methodology is used consistently by both teams



Setting up Link to Test Cell Data



Setting up Link to Test Cell Data



Setting up Link to Test Cell Data


