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3-D, unsteady, turbulent, 2-phase reactive flow

Intake flow Fuel injection

KimiEl-spray and CCV

Exhaust flow
Fluid mechanics Spark,
Turbulence self-ignition
Wall heat transfer ¥
‘ S p ray Crevice flows

RS Combustion
(premixed & diffusion)

1 (breakup, drag, collision, B Emissions Production
‘ COmbUStI on vaporization, spray/wall . (Soot, NOXx

Spray dynamics

impingement ) & unburned HC)

Combustion process simulations in ICE
Large eddy simulation (LES) for gasoline and diesel fuel spray
Combustion with detailed chemistry mechanisms(ISAT,DAC)

Multi-scale simulation coupling a Eulerian interface-tracking
method and a Lagrangian particle tracking method

Turbulent combustion
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R&D Platform @ State Key Laboratory of Engines

Numerical Simulation + Optical Measurement >Research of spray/combustion mechanisms
Single/Multi Cylinder Engine Experiment > Development of combustion systems

=== Spray and Laser diagnostics | — Optical Engines r—

< * ‘ ot s '38
I j o . 3.0

1 Evaporation
2 Stratification

- 3 Wall-wetting
Bl e 4 Flow field analysis
I9 5 Combustion
/i 800K

1 Spray and combustion models

2 Arrangement of fuel, flow and
chamber

3 Optimization of intake systems and
combustion chamber

| Single-cylinder engine test |

Multi-cylinder engine test |

1 Performance test and

- parameter optimization

2 Practical application of
~ & combustion control strategies
3 Emission control

1 Performance and
emission test2

Combustion system
design
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Fig. 8. The ratio of simulated and experiment measure for different combustion
models and alternative fuels.

Fig. 5. The comparison of pressure for the different combustion models and

alternative fuels.
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1. CO, reaction paths: the blue lines represent paths of HO, in the reaction; red lines represent paths of OH in the reaction.
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Sun,et al. energy and fuel ,2016 @
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Fig. 5. Evolutions of flame propagation and end-gas auto-ignition at spark-ignition timing of ST = -8 CAD. Fig. 7. Correlations between octane number and knor_‘king onset and knocking
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Pan,et al. Applied energy, 2017

Copyright@Lei Zhou Tianjin Univ.




I MR Y- proces rnstonation |CSC 2017
KIEDEN IR

Os 0s
2500
0. 3ms 0. 3ms
< g 2000
—. 1500
= X
0.58ms 7 0.58ms "% =
{'\- ‘ 1000
0. 861:{ ,—\-_*-_.‘ 0. 856ms 0. 86ms 500
'\.:- 0
0. 9ms ;‘{ 0. 9ms { 180
:4/ : 150
0. 98§1s /’ﬁ’ 0. 98ms -’\ 120
e - @
3 3 :
¥ A S 9
1. 06ms - 1. 06ms
7 i : 60
=
1.22ms 74 W 1. 22ms,
ey sh - ok H )
,:. = :--;.r . 0 20 40 60 80 100 120 140
. { ]J o

Distance (mm)

Copyright@Lei Zhou Tianjin Univ. Wei,et al. Combustion and Flame, 2017




_ﬁm and Process Transformation Icsc 20]7

NGIARIZIE

Inlet Boundary Orifice

>; Cylinder Volume

Boundary Condition
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Figure 1. Diagram of gas injection model with one injector hole
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Figure 2. 1/6 engine sector domain and typical cell distribution in the NG

injection process

Y
|
1

pilot fuel spray

Figure 10. Injection directions of Natural gas jet and diesel spray
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Figure 12. Equivalent ratio and velocity distributions of NG/Air in the mixing
process (only cut-plane O-O is used)
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= Exhaust port b A" Exhaust valve = —&— 2cm AMR=1 FIX=1 ! 160 A -
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ylinder liner _g i _ 120 4 ;
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Scavenging box 1
40
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Cl’ank angle [°CA] Crank ang'e [°CA]
Figure 1. Mesh sensitivity analysis Figure 2.Cylinder pressure of simulation
Bore 350 mm and experiment (20mm basic cell size with
Stroke 1550 mm . . AMR=2 FIX=2
. The simulation are performed by Converge version 2.3. The turbulence
Connecting rod 1550 mm ) i . . R
, . ) model is RNG k-¢ with PISO algorithm. The computing resource is TH-1A
Compression ratio 21:1 .
Cylinders 5 supercomputer system with 8 nodes of 96 cores.
Exhaust Valve Open | 117° CA @ 45 mm As tohe Fig.1 sho:/vs, the results show that there is not much difference form
(EVO) lift 110° CAto 300° CA. The main difference is embodied in compression
Exhaust Valve Close | 275° CA @ 45 mm pressure at TDC. Two mesh strategies (20mm basic cell size with AMR=2
(EVC) lift FIX=2, 20 mm basic cell size with AMR=3 and FIX=3) are in good
Scavenge Ports 0 0 . .
Open/Close 1‘}2 CA /215 agreement with experiment data.
(SPO/SPC) ¢ As the Fig.2 shows, under the condition of 20mm with AMR=2 and FIX=2,
Max engine speed 142 rpm the simulation results are already in good agreement with the experiment.
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By adjusting the swirl orientation angle(SOA) from SOA=10° to SOA=30° ,

- different swirl ratios are generated and have obvious difference in flow
characteristics. The scavenging efficiency ,retaining and charging efficiency are
also improved with a larger SOA.

0=422mm

D=350mm

£
E
0
2
1
SOA=10° f
a
N (@
Single port
cross-section Cross-section
100%
2715° EVC \
95% - /_——_—‘ W
90% g R S |
SOA 20°
-~ 85%
)
Q
W 80%+
14 Mass fmcuon
g --,ﬂ
w ) Al z 095
[}
( §§
70% 4 5 ,
/' ) hii
~&~ Scavenging effiency(SE) |0
65% | —& Delivery ratio (OR) i ‘ : SO0A=30° o
—A— Retaining efficiency(RE) (C) i s (c) 048
~4¥- Charging efficiency(CE) (| B 0 o
60% T ' T : , O Y B 4
10 20 30 -g 02
35 Y

Swirl orientation angle (SOA)[°]

145° 157°  180° 203° 215° 145 157 180° 2037 215°
SPO  SPO50% BDC SPC50% SPC SPO  SPO50% BDC  SPC50% SPC
Figure 3. Effect of EVC on SE, DR, RE and CE at ond Figure 4. In—cylinder distribution of Figure 5. In—cylinder distribution of exhaust gas

of scavenging process. tangential velocity.
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Fig. 4. Comparison of the spray configuration under different spray orientations.
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