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Verification of in-cylinder engine flow analysis using Cartesian grid
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In conventional method for In-cylinder analysis, grid generation and moving wall control have been the bottleneck on
the workflow in the analysis. CONVERGE is a new CFD code for In-cylinder analysis to overcome the bottlenecks.
CONVERGE generates mesh in runtime by using the modified Cut-cell Cartesian method. Also, adaptive mesh
refinement (AMR) is implemented. This paper presents the illustration of new techniques in CONVERGE and
validations. The validations include cold-flow analysis, spray analysis and Diesel engine analysis including spray and
combustion. These validations show good agreement with the results of experiments.
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Fig. Sllustration of the modified Cut-cell
(a)Geometry (b)Cut-cell near the wall  (c) and (d) Pick up the cut-cell
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Rotation angle

Fig. 7 Rotation angle of the analytical system
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Fig. 9 Refined mesh(angle=0)

Table 1 Comparison result
Rotation angle[deg] Mass flow [kg/s] Error] %]
0 0.0270 04
45 0.0266 -1.1
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Table 2 Experimental condition
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Casel Case2 Case3

Nozzle diameter] mm] 0.1-0.498 0.246 0.246
Injection Pressure[MPa] 163 86-163 136

Ambient gas density[kg/m3] 302 14.8 7.3-60

Ambient gas temperature[K] 1,300 1,000 1,000

Fig. 12 Effect of injection pressure on liquid length
(Top:86MPa, middle:136MPa, bottom:163MPa)

Fig. 10  Grid for modified KH-RT breakup model
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Fig. 13 Effect of ambient dencity on liquid length
(from the top, 7.3kg/m3, 14.8kg/m3, 30.2kg/m3 and 60kg/m3, respectively)

Fig. 11  Effect of nozzle diameter on liquid length
(Top:0.1mm, middle:0.246mm, bottom:0.498mm)
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Table3 Specifications for the Caterpillar 3401
Parameter Value
Bore[cm] 13.716
Stroke[cm] 16.51
Connecting rod length[cm] 26.16
Displacement|[L] 244
Compression ratio[-] 15.1:1
Nozzle hole diameter{cm] 0.026
Table4 Operating conditions
Parameter Value
Intake surger tank pressure[kPa] 183
Intake Surge Tank temperature[K] 309
Intake valve closure[deg ATDC] -147
Swirl ratio[-] 1.0
Engine speed[rev/min] 1,600
Injection Pressure[MPa] 90
Mass of fuel injected[g/cycle] 0.1625
Injection duration[deg] 215
Table 5 Mesh control
Casel Case2 Case3 Case4
Base mesh size 2.5mm 2.5mm 2.5mm 0.625mm
Min. mesh size 2.5mm 125mm | 0.625mm | 0.625mm
Embedding Off On On Off
AMR Off Off On Off

Figl4.  AMR used to resolve turbulent flame thickness.
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Fig.15 Casel, Temerature and spray contour for 5 deg. ATDC
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