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Combustion and Emission Characteristics of CO; Gas Dissolved Fuel

in Diesel Engine
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We have proposed the application of Exhaust Gas Recirculation (EGR) gas dissolved fuel which might improve spray

atomization through effervescent atomization instead of high injection pressure. Since EGR gas effervesces from the inside of the

spray, it directly contributes to combustion, and the further reduction of NOx emissions is expected rather than the conventional

external EGR. In our research, CO2 was selected as the dissolved gas because it is contained in a large amount in the exhaust gas

and gas high solubility in the fuel. In this paper, the purpose is to evaluate the influence of the application of CO2 gas dissolved

fuel on the combustion characteristics and emission characteristics inside the single cylinder, direct injection diesel engine. As a

result, by use of the fuel, smoke was reduced by about 50 to 70%. Using CO: gas dissolved fuel without EGR did not have enough

effect on NOx reduction. However, NOx emissions is reduced with external EGR, and the effect of NOx reduction is effective by

combined the EGR and the CO2 gas dissolved fuel.
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Fig. 1. Concept of EGR gas dissolved fuel injection system.
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Fig. 2. COz gas dissolved fuel injection system.
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Fig. 3. COz gas dissolved fuel injection system.
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Table 1. Experimental condition.

Test fuel n-Cy3Hyg
Ambient gas N,
Ambient temperature T, K] 293
Ambient pressure P, [MPa] 0.1
Dissolved pressure P, [MPa] 0.0, 1.0, 2.0, 3.0, 4.0
Injection pressure Py [MPa] 40, 60, 80
Nozzle hole diameter d, [mm] 0.20
Nozzle hole length I, [mm] 0.80
Number of holes [-1 4
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Table 2. Specifications of the diesel engine.

Engine type DI Diesel, single cylinder,
9 P Water cooled, 4 stroke cycle, 2 valves
Bore X Stroke [mm] 92 X 96
Displacement [cm3] 638
Swirl ratio [-] 213
Compression ratio [-] 17.7
Combustion chamber shape Toroidal
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Fig. 4. Experimental setup of diesel engine.
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Table 3. Experimental condition.
Test fuel n-C,3Hyg
Engine speed Ne [rpm] 1,500
EGR ratio [%] 0.0 | 8.8-9.8
Dissolved pressure P4 [MPa] 0.0,4.0
IMEP [MPa] 0.3, 0.6, 09
Injection pressure P IMPa] 40, 60, 80 | 60
Injection timing 6, [deg.CAATDC] -3.0
Nozzle hole diameter d, [mm] 0.20
Nozzle hole length I, [mm] 0.80
Number of holes [-1] 4
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" . C,=(A+B-T+C-T*+D-T’ +e-T*)-R (3)
PREFE W, 7rds, FEERRIRELCH 2 imHEIAEH X P ( )
HEHINC P=0.0 MPa & L7=. &&MHIZBWT, K , \ ,
R Ve 13 1,500 rpm, KREFEEE 4 133 C,=(A+B-T+C-T*+D-T"+e:T7)-R  (4)
deg. CAATDC [E7E & L, BRBHEST &34 IMEP, & 725
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EGR ratio = —2% 24100 (1)
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Table 4. Coefficients of specific heat equation.
Gas Temp. [K] A B C D e
N 1000-5000 2.896 1.516E-03 -5.724E-07 9.981E-11 -6.522E-15
2 300-1000 3.675 -1.208E-03 2.324E-06 -6.322E-10 -2.258E-13
o 1000-5000 3622 7.362E-04 -1.965E-07 3.620E-11 -2.895E-15
2 300-1000 3626 -1.878E-03 7.056E-06 -6.764E-09 2.156E-12
O 1000-5000 2.717 2.945E-03 -8.022E-07 1.023E-10 -4.847E-15
z 300-1000 4.070 -1.108E-03 4.152E-06 -2.964E-09 8.070E-13
co 1000-5000 2.984 1.489E-03 -5.790E-07 1.037E-10 -6.935E-15
300-1000 3.710 -1.619E-03 3.692E-06 -2.032E-09 2.395E-13
co 1000-5000 4.461 3.098E-03 -1.239E-06 2.274E-10 -1.553E-14
2 300-1000 2401 8.735E-03 -6.607E-06 2.002E-09 6.327E-16
NO 298-2000 3.387 6.290E-04 0 0 1.400E+03
CsHs 298-1500 1.213 2.879E-02 -8.824E-06 0 0
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Fig. 11. Normalized NOx emission amount (NOx / NOx™®).
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Fig. 12. Concentrations of Smoke, THC, CO and NOx.
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