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EGR (Exhaust Gas Recirculation) cooler



EGR cooler: Conjugate Heat Transfer Model

Å 148 tubes

Å 3.5 million cells model

Steel

570,000 cells

Tube-side:

EGR Gas

1.8 million cells

Shell-side: 

Coolant

1.2 million cells



Computed Mass Flux Through the EGR Tubes

0.509    0.521   0.531    0.507

0.540    0.545   0.519    0.514    0.522   0.505    0.480

0.558    0.571    0.558    0.587   0.575    0.554    0.526    0.478    0.478   0.461

0.560     0.594    0.568    0.681    0.722   0.732    0.686    0.595   0.503    0.456    0.449

0.601    0.636    0.692                0.857    0.876    0.854    0.794   0.656    0.504    0.439    0.445

0.567   0.659    0.773    0.883   0.916    0.926    0.915    0.892    0.816   0.674    0.433    0.428    0.435

0.641    0.782   0.886    0.940    0.941    0.940    0.928   0.896    0.819                 0.396    0.433

0.608    0.711    0.868    0.920    0.943   0.951    0.935    0.921    0.881    0.786   0.597    0.444    0.440

0.648    0.795   0.896    0.935    0.945   0.935    0.928    0.904     0.848   0.703    0.525    0.439

0.566    0.687    0.826    0.910    0.928    0.935   0.927    0.907    0.867   0.764    0.594    0.453   0.443

0.578    0.687    0.827    0.887   0.901    0.911   0.901    0.863    0.780    0.628    0.474    0.442

0.569    0.648    0.779   0.836                 0.860    0.827    0.771    0.632    0.493   0.450

0.512     0.596    0.688   0.705    0.723    0.748   0.702    0.572    0.478    0.437

0.527    0.604   0.638    0.622    0.580    0.509    0.454

0.509    0.510   0.496    0.476

Total Mass Flow: 0.244944 kg/sec
Percent of Total Flow



Coolant Pressure & Temperature Contours

Pressure

Temperature



Coolant Temperature & Heat Transfer Coefficient

Heat transfer coefficient

Temperature



Coolant Boiling Areas



Exhaust Gas Pressure & Temperature Contours

Pressure

Temperature



Metal Temperature Contours



Key Results: Coolant Boiling

Å Two regions where boiling of 

the coolant might occur 

(Shown as red regions).

1. Close to the fire plate, due 

to high metal temperatures 

and lack of circulation. 

2. Behind the first baffle, due 

to lack of circulation.



Design Assessment of an EGR Cooler 

Integrated CFD/FEA Methodology

Å CFD Analysis Used to Determine:

Å Heat Transfer Coefficients

Å Core Pressure Drop Characteristics

Å Flow Distributions in Manifolds and Core

Å FEA Analysis Used To Determine:

Å Transient Temperatures

Å Transient Thermal Stresses

Å Vibratory Stress

Å CFD Analyses performed using STAR-CD

Å FEA Analyses performed using ANSYS



CFD Coolant Flow Model

Coolant model used to

develop heat transfer

boundary conditions.



CFD Exhaust Gas Models

Exhaust Gas model used to 

develop manifold heat transfer 

boundary conditions, and 

develop mass flow split in 

core. Detailed tube model 

captures local effects.



FEA Thermal Analysis ïGas Boundary Conditions

Start of Spiral

End of Spiral

Entrance Effect

CFD

FEA

Gas BCôs mapped from CFD to FEA. 

Detailed pipe model results used for 

tube surfaces. Mass flow  split 

obtained from CFD as well. Core 

gas temperatures developed through 

use of pipe flow network



FEA Thermal Analysis 
Coolant Boundary Conditions

Coolant BCôs mapped from CFD to FEA. 

Boiling effects considered in FEA.

FEACFD



FEA Model

Overall Model

Detailed Tube Model


