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Exhaust Gas Recirculation) cooler
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EGR cooler: Conjugate Heat Transfer Model

A 148 tubes

A 3.5 million cells model

. W Shell-side:
_—— = Coolant
1.2 million cells

Tube-side:
EGR Gas
6 1.8 million cells

—

Steel
570,000 cells
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Total Mass Flow: 0.244944 kg/sec
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Coolant Pressure & Temperature Contours

Pressure

Temperature

Conjugate Heat Transfer CFD Analysis Of An EGR Cooler
Cooclant
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Coolant Temperature & Heat Transfer Coefficient

Heat transfer coefficient

Temperature

et

Conjugate Heat Transfer CFD Analysis Of An EGR Coecler
Cooclant
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Coolant Boiling Areas

Conjugate Heat Transfer CFD Analysis Of An EGR Cooler
Regiong with Predicted Boiling

CD-adapco



Exhaust Gas Pressure & Temperature Contours

Pressure

Temperature

Conjugate Heat Transfer CFD Analysis Of An EGR Ceoler
Exhaust Gas
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Metal Temperature Contours

Conjugate Heat Transfer CFD Analysis Of An EGR Cocler
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Key Results: Coolant Boiling

A 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.
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Design Assessment of an EGR Cooler

Integrated CFD/FEA Methodology

CED Analysis Used to Determine:
A Heat Transfer Coefficients
A Core Pressure Drop Characteristics
A Flow Distributions in Manifolds and Core

FEA Analysis Used To Determine:
A Transient Temperatures

A Transient Thermal Stresses

A Vibratory Stress

CFED Analyses performed using STAR-CD
FEA Analyses performed using ANSYS




CFD Coolant Flow Model

Coolant model used to
develop heat transfer
boundary conditions.
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CFD Exhaust Gas Models

Exhaust Gas model used to
develop manifold heat transfer
boundary conditions, and
develop mass flow spilit in

P A
v p

.........

core. Detailed tube model SHENR Y
captures local effects. R R b
'3 SR EASRERE,
SRR
- GERERREENI RS
L E. g :S E E E ......
i SEE

lllll
‘‘‘‘‘‘
llllll

lllll



FEA Thermal Analysis T Gas Boundary Conditions

Gas BCOs mapped fr
Detailed pipe model results used for
tube surfaces. Mass flow split
obtained from CFD as well. Core o
gas temperatures developed through
use of pipe flow network o

2-LAYER ANALYSIS OF A SPIRAL TUBE
HEAT TRANSFER COEFFICIENTS
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FEA Thermal Analysis

Coolant Boundary Conditions

pro-fe 3.10
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STEADY ANALYSIS OF AN EGR HEAT EXCHANGER
MODEL WITH SUPPORT STRUCTURE(FINGERS)
MAPPED HEAT TRANSFER COFFFICIENT VAL LUES

CFD FEA

Coolant BCOs mapped from CF

Boiling effects considered in FEA.
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FEA Model
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