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Current engine development processes in which computations play an important role have sought for numerical models
which can accurately represent phenomena in spray combustion. The authors have developed original sub-models taking
into account the effects of extensive spray combustion phenomena including nozzle cavitation, droplet breakup behavior,
multi-component evaporation process, spray-wall interaction, soot formation and so on. This paper describes authors’
models while accompanied by phenomenological descriptions and focusing on how to model the phenomena. In addition,
the authors’ current work on model development for a model based calibration method is also introduced.
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Table 1 History of the authors’ models

1981 Wall-impingement analysis based on SMAC method

Analysis of cavitation bubbles behavior under

1983 L
oscillation pressure

Diesel fuel injection system analysis with taking into

1 account cavitation effects

1993— | Spray-wall interaction model

Modeling of sprays accompanied by flash boiling

1993 (0-dimensional)

Vapor-liquid equilibrium model for multi-component
1993— . .

fuels (0-dimensional)
1996 Modified TAB droplet breakup model

Multi-component fuel evaporation model (multi-
2000— | . .

dimensional)

Spray-wall interaction model available for multi-
2001

component fuel
2002 | Integrated version of spray-wall interaction model

Kinetic modeling of soot formation with detailed
2002— .

chemistry

KIVA simulation coupled with CHEMKIN and soot
2003—

model
2004— Modeling of sprays accompanied by flash boiling (multi-

dimensional)

2005— | Large eddy simulation of diesel sprays

2006— | Cavitation-induced droplet breakup model
2006—

Phenomenological 1-D multi-component spray model
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cavitation
induced instability
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Figure 1 Conceptual diagram of cavitation-induced breakup model
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Figure 2 Spray images of binary fuel blends consisting of n-C5H12 and
n-C13H28, predicted by cavitation-induced breakup model

r=R;
Eshrz'n/e =1/2 V4 z N(RO) J-7:R HRZ . 47[7’20’7"" (1)

Ry

(i AT, R AJaPE N HHER DR
{250
F72, ST RO R AR prasl 3,

pmax = pngax (Rmax /Rbrk) I — ZJ/Rbrk
(Dermax, Rumax * SIEHIRNEITE L 72& EOKIEN
R ERIBEE, Rowe : EEERROSIPE, o @ %
T3 7))
Ta’f) V) ’ %0)1ﬁ\)bfﬁ\_EcollaﬁseciyﬁﬁT%é ﬂ%o

E(:ollapse =47/3 Z N(R()) . pmax <R0> . Rgbrk (3)
Ry

INSERIADATY TH-)DOERERTHRLT, #h

HORIBA Technical Reports

%\ﬂ@JE@lff\ }l/%‘:‘——kshrink&kshrinkb: %?ﬁgj_%’ }: , %ﬁllﬁ
BLIDGEDN S 2 ZIVIEIOELNEBI 750 252 F 5o

u’ = \/2/3 (kcollapse + kshriﬂk)

7 VAL Z By 1%, Huh and Gosman®-E 7
NI LR, W FETIOKelvin-HelmholtzD AN %5 M %
MET2EMGET %o SOBTOEIMPEDOKRE 0 HIR
HELTMRALDORE S AT — v Lok L, Gl B 12
K9 B ELT OB A 77—V & R OB 2 77— VO]
RALDOB A r— Vv r L35 L, i Er. D%
HEITKATEEN S,

dry/dt = —CL4/7

FHEHERO—FIE LT, n— M) T H ¥ (n- CisHas)lZn—+X
25 v (-GH) ZiIRA L, ZOEEXEEZ 12T 14—
IVIEFE A Figure 212787 o SEFIZE XL DB n-CsHp?
RAEETHMTIIEEILNTOF Y BT — a3 Y &JEMK
&< 7%V, Equation 1, Equation 33,0 4 )L F—H34
KT 5HZET, EILEFED?HARIHAALL, KT
DO D,

FROETFTVIINCH, INFETIZE L OWIHTHRET
WAREEN TS, T2 Y VIRBEOFERH RIS
NAHKIVAIZ— FTIZZo/N—2 3 » TIOR3
ETIVIZO ' Roukeb5DTAB(Taylor Analogy
Breakup) €7V 8% H\ %, TABE T VL % FsH
REMEE L, ZOBAINA - RDET Va2 @Y
HbDTHY, BEEOWHFEITRKUTR T8 —
SRR r D y A T2 50

1 1
Ap=77 MPa, t=1.8 ms

= 8 : c
W -] without coalescence N
SO075 K k=103 £075 1 k=103
g‘ ds*=0.44 um é
7] %]
s 05 g 05
© ©
3 3
€025 €025
> =}
z o !

Ap=77 MPa, t=1.8 ms
without coalescence

d32*:0.88 um

Ap=77 MPa, t=1.8 ms
without coalescence
075 T k=103

d32*21 .31 um

Number density dn/Zn
S o
[6)] (6]

| L

Diameter of particle [um]
(a) Degree of freedom g=2

ok B N A h n N 0 . n
0.15 1.05 1.95 2.85 3.75 4.65 0.15 1.05 1.95 2.85 3.75 4.65
Diameter of particle [um]

(b) Degree of freedom g=4

0.15 1.05 1.95 2.85 3.75 4.65
Diameter of particle [um]

(c) Degree of freedom o=6

Figure 3 Comparison of particle size distribution between the degrees of freedom
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Figure 4 Schematic images of LES of diesel spray
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Figure 5 Change in spray structure calculated by large eddy simulation with breakup models
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Model on fuel film formation on wall
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Model on fuel film breakup due to impinging droplet after
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Tsa : liquid saturated
temperature
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Figure 14 Overview of low/high temperature model
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film formation

- Assumption on breakup droplets diameter and breakup volume
Consider jet model by Naber-Reitz concerning dispersing droplet
velocity

TW ; Tsat

Model on breakup of impinging droplet due to boiling
phenomena at liquid-solid interface

- Assumption on breakup droplets diameter

Model on heat transfer from wall to impinging droplet
-Q=aS1(Ty—T)

- Assumption on droplet contact area S and residence time 7 on wall _|

Consider jet model by Naber-Reitz concerning dispersing droplet
velocity




