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Cellular Automata Model to Calculate Combustion Process of
Water Emulsified Fuel Used with Marine Diesel Engine

Takeshi Ishida'

Abstract : Previous models concerning diesel spray are impossible to calculate micro-explosion
process and combustion process of water emulsified fuel. My study constructed mesoscale discrete
particle models to simulate complex motion of emulsified fuel particles. Two models were constructed;
micro-explosion process model and combustion process model of fuel droplet. These models based on
cellular automata model which has a feature of both time and space discretization. Micro-explosion
model simulates the microparticulated motion of vapor explosion. Furthermore combustion model can
trace the combustion process of each microparticulated fuel droplet. My results show that emulsified
fuel droplets burned rapidly rather than normal fuel droplets. Although these are simple models,
it is thought that my models will be the base model to consider water emulsified fuel combustion

theoretically.
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Macro model

Flow of air and gas— [Discretization simulation of NS equations] + [Turbulence model|

Fuel injectjon
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Mesoscale model

N\ Motion of oil droplets— |Discrete Droplet Model (DDM)|+ Droplet breakup model

Motion of oil droplets— |Discrete particle model (cellular automata model, Lattice Boltzmann method)l
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Emulsified oil droplet

Micro-explosion

Nano-scale model

Combustion {':: %::?

Motion of fuel molecules — [Molecular dynamics method |

Combustion reaction process — |Quantum chemical calculation |

Fig. 1.

Relations of my models of this study and other models.
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Fig. 2. Modeling of the micro-explosion process by the two dimensional grid and setting method of

numerical grid state.
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Fig. 3. Domain division of the micro-explosion model in the transition rules
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Fig. 6. Initial states of combustion process.
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Table 1 Calculation cases of micro-explosion model.

Case Water content The ratio 9f number of cells; oil cell
number : water vapor cell number
Case A | 30% (water particle: 2 X 2 cells) 164 1 76
Case B | 15% (water particle: 2 X 2 cells) 204 : 36
Case C 5% (water particle: 2 X 2 cells) 228 1 12
Case D 30% (water particle: 1 X 1 cell) 168 - 72
Case E 15% (water particle: 1 X 1 cell) 204 : 36
Case F 5% (water particle: 1 X 1 cell) 228 1 12

Table 2 Calculation cases of combustion process model

Friction of oil

Case Water content Number of oil cell droplet
Case | 0% 100 !
Case 2 0% 100 2
Case 3 0% 100 4
Case 4 0% 100 8

Case 5 30% (water particle: 2 X 2 cells) 110 (Relslgl(l)td(élf'nclg:;g-jgiplosion —

Case 6 15% (water particle: 2 X 2 cells) 87 (Result of micro-explosion model: _

Case B)
Case 7 5% (water particle: 2 X 2 cells) 65 (Result of m(ij(;rs(é—%p losion model: -
Case 8 30% (water particle: 1 X 1 cell) 164 (Result of micro-explosion -

model: Case D)

Case 9 15% (water particle: 1 X 1 cell) 161 (Re;;l(l)t(jgfn&ﬁ:;g-g;{plosion —

106 (Result of micro-explosion
model: Case F)

Case 10 5% (water particle: 1 X 1 cell)

In case 5-10, the initial number of the oil cells differs each case because these cases used the result of the micro-explosion model.
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Fig. 7. Simulation results of micro-explosion model (Case E).
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Fig. 8. Simulation results of micro-explosion model (Case D, E, F).
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Fig. 9. Simulation results of micro-explosion model (Case A, B, C).
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Fig. 10. Simulation results of combustion process model (Case 1-4, Comparison of the combustion process

by the difference in oil droplet size)(1).
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Fig. 10.  Simulation results of combustion process model (Case 1-4, Comparison of the combustion process
by the difference in oil droplet size) (2).
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Table 3 Number of the cells of flame state (Case 1-4).

Case 1 Case 2 Case 3 Case 4
Oil droplet( |Oil droplet( |Oil droplet( |Qil droplet(
one particle) |two friction |[four friction |eight friction
particles) particles) particles)

Step 0 0 0 0 0
Step 1 0 0 0 0
Step 2 180 284 432 672
Step 3 124 220 292 428
Step 4 128 180 252 364
Step 5 128 140 200 100
Step 6 96 100 100 0
Step 7 76 60 0 0
Step 8 56 0 0 0
Step 9 36 0 0 0
Step 10 0 0 0 0
Step 11 0 0 0 0
Step 12 0 0 0 0
Step 13 0 0 0 0
Step 14 0 0 0 0
Step 15 0 0 0 0
Step 16 0 0 0 0
Total 824 984 1276 1564
(The ratio for case 1) 1.19 1.55 1.90
Total from 0 to

5 steps. 560 824 1176 1564
(The ratio for case 1) 1.47 2.10 2.79
Total from 0 to

10 steps. 824 984 1276 1564
(The ratio for case 1) 1.19 1.55 1.90

Table 3 Number of the cells of flame state (Case 1-4).

Case 1 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10

Qil droplet( micro— micro— micro— micro— micro— micro—

one particle) explosion explosion explosion explosion explosion explosion

(Water (Water (Water (Water (Water (Water
content 30%) [content 15%) | content 5%) |[content 30%) [content 15%) | content 5%)
Step 0 0 0 0 0 0 0 0
Step 1 0 0 0 0 0 0 0
Step 2 180 470 742 695 316 425 753
Step 3 124 320 434 358 222 303 519
Step 4 128 182 170 57 183 201 235
Step 5 128 140 0 0 201 160 85
Step 6 96 118 0 0 161 160 61
Step 7 76 96 0 0 160 119 30
Step 8 56 74 0 0 129 146 0
Step 9 36 54 0 0 148 103 0
Step 10 0 34 0 0 114 125 0
Step 11 0 0 0 0 103 94 0
Step 12 0 0 0 0 90 75 0
Step 13 0 0 0 0 65 55 0
Step 14 0 0 0 0 45 35 0
Step 15 0 0 0 0 25 0 0
Step 16 0 0 0 0 0 0 0
Total 824 1488 1346 1110 1962 2001 1683
(The ratio for case 1) 1.81 1.63 1.35 2.38 243 2.04

Total from 0 to
5 steps. 560 1112 1346 1110 922 1089 1592
(The ratio for case 1) 1.99 2.40 1.98 1.65 1.94 2.84
Total from 0 to

10 steps. 824 1488 1346 1110 1634 1742 1683
(The ratio for case 1) 1.81 1.63 1.35 1.98 2.11 2.04
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Fig. 12. Number of the cells of flame state (Case 1-4).
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Fig. 13.  Number of the cells of flame state (Case 1 and 5-7).
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Fig. 14. Number of the cells of flame state (Case 1 and 8-10).
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