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Effect of LNT adsorption fraction on NOx conversion efficiency
in 2.2 L direct-injection diesel engine
Bongsu Chun' - Manbae Han'
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Abstract: Diesel engines have higher thermal efficiency and lower CO, emissions than gasoline engines, as well excellent
low-to-medium speed torque characteristics. However, diesel engines produce higher levels of nitrogen oxides owing to the local
high temperature reactions and the higher amount of particulate matter produced by diffusive combustion. To reduce NOx emis-
sions, a lean NOx trap (LNT) maximizes its effectiveness to minimize NOx emissions from the diesel engine when used with
exhaust gas recirculation and selective catalytic reaction technologies owing to its ease to mount on the actual vehicle. In this
study, NOx conversion efficiency of an LNT catalyst was analyzed via the LNT regeneration according to the NOx adsorption
fraction in a 2.2 L direct-injection common-rail diesel engine. The lambda values of the exhaust gas during the regeneration of
the LNT were within the range of 0.92 ~ 0.97, the CO concentration was approximately 1.6 ~ 2.6%, and the O2 concentration
was approximately 1.1 ~ 1.4%. Regardless of the engine operating conditions, the NOx conversion efficiency decreased as the
NOx adsorption fraction increased. When the LNT was regenerated at less than 50% of the NOx adsorption fraction, the NOx
conversion efficiency was observed to be more than 60%, regardless of the operating conditions. Because the LNT regeneration
at the lower NOx adsorption fraction leads to an increase in the fuel consumption, the LNT regeneration strategy should con-
sider the simultancous minimization of the fuel consumption rate and the maximization of the NOx conversion efficiency.
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Table 1: Specifications of experiment engine

Parameters Value
Number of cylinder [-] 4
Displace volume [cc] 2,199
Bore [mm)] 85.4
Stroke [mm] 96.0
Compression ratio 16.0:1
Injection system Common Rail Direct Injection
Turbo charger Variable Geometry Turbocharger

Table 2: Specifications of LNT catalyst

Parameters Value
Diameter/Length [inch] 5.66/6.0
Volume [cc] 2,474

Formulati
ormulation /Barium/ALO;

Platinum/Rhodium/Cerium
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Figure 1: Experimental engine and LNT catalyst
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Table 3: Experimental conditions at a lean phase
RPM[rpm]/ LNT_jn SV N
BMEP[bar] temp.[ C] [1/hr]
1500/4 270 28,000 2.16
1500/6 320 30,000 1.65
1750/6 290 41,000 1.90
1750/8 330 46,000 1.80
2000/6 280 51,000 2.09
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Figure 2: Various space velocity according to engine operat-
ing conditions for lean combustion phase and rich phase

(regeneration phase)

Figure 3: Various exhaust lambda according to engine oper-
ating conditions for lean combustion phase and rich phase

(regeneration phase)
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Figure 4: CO,, O,, CO, H,O and H, behaviors during the
regeneration phase at 1500 rpm 6 bar BMEP
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Figure 5: Catalyst-in (NOx _IN) and catalyst-out (NOx OUT)
NOx emissions at the adsorption fraction of 25 %: 1500
rpm 6 bar BMEP
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Figure 6: Catalyst-in (NOx IN) and catalyst-out (NOx_OUT)
NOx emissions at the adsorption fraction of 50 %: 1500
rpm 6 bar BMEP

Figure 7: Catalyst-in (NOx IN) and catalyst-out (NOx OUT)
NOx emissions at the adsorption fraction of 75 %: 1500
rpm 6 bar BMEP

Figure 8: Catalyst-in (NOx_IN) and catalyst-out (NOx_OUT)
NOx emissions at the adsorption fraction of 100 %: 1500
rpm 6 bar BMEP
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Figure 13: NOx conversion efficiency and exhaust gas tem-
perature at the inlet of the LNT catalyst with regards to
NOx adsorption fraction at 2000 rpm 6 bar BMEP
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