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Abstract : Close-coupled catalyst (CCC) can reduce the engine cold-start emissions by utilizing the energy in the
exhaust gas. However, in case the engine is operated at high engine speed and load condition, the catalytic converter
may be damaged and eventually deactivated by thermal aging. Excess fuel is sometimes supplied intentionally to lower
the exhaust gas temperature avoiding the thermal aging. This sacrifices the fuel economy and exhaust emissions.

This paper describes the results of an exhaust heat exchanger to lower the exhaust gas temperature mainly under high
load conditions. The heat exchanger was installed between the exhaust manifold and the inlet of close-coupled catalytic
converter. The exhaust heat exchanger successfully decreased the exhaust gas temperature, which eliminated the
requirement of fuel enrichment under high load conditions. However, the cooling of the exhaust gas through the heat
exchanger may cause the deterioration of exhaust emissions at cold start due to the increment of catalyst light-off time.

Key words : Heat exchanger( 1. 8+7]), Close-coupled catalyst(=-73 %+ ZF&wl), Cold start(\B7FA]15), Light-off
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Table 1 Engine specifications

Specification Resources
Number of cylinders 4
Bore(mm) 66
Stroke(mm) 73
Bore pitch(mm) 72.5
Displacement(cc) 999
Compression ratio 9.8

10 sIZXSASsE =28 H12A H25, 2004

2FFL o]
OOOkmO] =3

3
4

gagom, gl H FYA

_Z_'
“:;

2.2 A&7 |(Heat exchanger)
HZ 7)Ao L2 AN A Zao] L5227
Al717] %fﬂ N =g @E}H oﬂﬂﬁm

%ﬂﬂﬂﬂﬁ]&ﬂ@ﬂﬂﬂi%7
ﬁﬂ%ﬂi%ciﬂ
BE RISISISER
1%h4ﬂaﬂ*ﬂ“ﬂ 71 AbolelA ol

% azhel w7) My E=el Amay) 8 Aol
Mol QA Aoy AR mahsh Wizl
Z41%10] f), & Aol = 47k 5o Awa

& A7} 2t2re) W25 S ot

eat convection

Zooled exhaust gas

Fig. 1 Schematic diagram of heat exchanger and heat
exchange phenomena
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Fig. 3 A photograph of the four different heat exchan-
gers(Typet, Type2, Type3, Typed)
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Fig. 4 Catalyst temperature reduction according to four heat
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Table 2 EC mode emission test results

CASE Exhaust emission(g/km) Light-off
HC co NOx time
0.055 | 0380 | 0012
BASE (552) | (38%) | (15.0%) | 345sec
0076 | 0444 | 0030 | 725sec
HIE+COOLANT | o5 o) | (a.4%) | (37.5%) | 18.0 sec
0.062 | 0400 | 0012 | 65.7sec
HEONLY | eo4%) | (40%) | (15.0%) | 11.8sec
EURO-IV 010 1.00 0.08
( ) - Percentage of Euro-IV legislation
REMARK D.F 1.2 applied.
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Table 3 Chassis dynamometer results of fuel economy

(km/L)
Vehicle speed BASE Heat exchanger
115 kph 11.97 12.23 (2.10%1)
135kph(Max) 7.05 7.59 (7.64%1)

Table 4 Comparison of exhaust gas temperature, catalyst
temperature, and lambda value

115kph 135kph(Max)
BASE H/E BASE H/E
rpm 3400 3400 5800 5760
Throttle
angle(%) 28 28 75 78
Measured exh. 760 740 835 855
gas temp(TC)
Measured cat.
temp() 875 805 895 885
. . 0.990 0.869 0.928
Excess air ratio (CIP) 1.000 (CIP) (wor)
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