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Abstract : Design of experiments (DOE) technique has been used to design an exhaust heat exchanger to reduce the
exhaust gas temperature under high load conditions in a spark-ignition engine. The DOE evaluates the influence and the
interaction of a selected eight design parameters of the heat exchanger affecting the cooling performance of the exhaust
gas through a limited number of experiments. The heat exchanger was installed between the exhaust manifold and the
inlet of the close-coupled catalytic converter (CCC) to reduce thermal aging. To maximize the heat transfer between
exhaust gas and coolant, fins were implemented at the inner surface of the heat exchanger. The design parameters
consist of the fin geometry (length, thickness, arrangement, and number of fin), coolant direction, heat exchanger wall
thickness, and the length of the heat exchanger. The acceptable range of each design parameter is discussed by

analyzing the DOE results.
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Fig. 1 Schematic diagram of heat exchanger and heat ex-
change phenomena
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Noise Factors
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— Amblent air temp

o) ~ Vehicle speed Y
Pk ~ Inlet coolant temp I H

Output
AQ = Heat flux
Signal Heat Exchanger rate (W}

System

Factor Side effects

Engine - Lengthen
load Control Factors Catalyst LOT
- Coolant flow direction ~ Increasing

- Fin Length

- Fin thickness

- Number of fins

= Inner wall thickness
~ Length of H/E

- Upper/Lower wall t
- Fin arrangement

Fig. 2 Parameter diagram (P-diagram) for cooling system

back pressure

Failure modes
~ Thermal fatigue
- H.E corrosion

- Coolant boiling
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Table 1 Signal factors
Signal factor | M1 M2 M3 M4 M3
Relative load | 20% 30% 40% 50% 60%
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Table 2 Noise factors

. Engine | Engine room { Vehicle
Noise
speed temp speed
N1 Low Q 2000 rpm 90 °C 0 km/h
N2 High Q 4500 rpm 50 °C 130 km/h
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Fig. 3 Schematic diagram of control factors
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Table 3 Control factors

Levell Level2 Level3
A Coglant.ﬂow Clockwise Countcltr i
direction clockwise
B Fin length 10mm 15mm 20mm
C Fin thickness 1.5mm 2mm 2.5mm
D Number of fin 10 15 20
E | Inner wall thickness 2mm 3mm 4mm
F Length of heat 18mm 20mm 22mm
exchanger
G Upper/.Lower wall 3mm Amm Smm
thickness
H | Finarrangement 1:1 1:13 1:1.6
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each control factor
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Table 5 Engine specifications

Specifications Resources
Cylinder 4
Bore(mm) 66
Stroke(mm) 73

Bore pitch(mm) 72.5
Displacement(cc) 999
Compression ratio 9.8
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Table 6 The DOE statistic matrix and response table of 8 and S/N ratio
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Table 7 Relative contribution of each level of the control
factors to the 3 and S/N ratio

Factor, S/N = B  Factor , _S/N _ B .
Al 12,616, 4367.1_ E1 | 12.792 4811.15
A2 13,262 5199.3 . E2 _13.067 4828.34.

... . . FE3 12957 47101

...B1__ 12,979 41759 F1__ 12916, 4619.34_

.. B2 12,79 L 4870.8 __F2 _ 12,962 4900.53,
.B3_ _13.047_5302.8 F3 _ 12.938 4829.72

.. 12,865 4766.72,
.. 13.135 4865.16
. 12.816  4717.71

C1 12,835 4401.3 _ Gi__
C2 ,13.008, 4943 . G2
~ C3 _12.974 5005.3, G3
D1 12.93  4277.5. H1__ 12.987 4758.58_
D2 | 12,94  4816.8  H2 . 13.068 4743.26
D3 . 12-,94,6,. 52565.3. H3 | 12,762, 4847.74,
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