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Basic Study on the Application of a Computational Technique to
Behavior Characteristics Analysis of the Evaporative Diesel Spray
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Abstract : In this study, an analysis of evaporative diesel spray and an usefulness of a general-purpose program,

ANSYS CFX release 11.0, are investigated through the comparison and investigation of the experimental results

carried out under an evaporative field, in which there is phase transition, by an exciplex fluorescence method and
the results analyzed by the CFX program. The diesel fuel called n-Tridecane, Ci3Hzs, is injected from a

single-hole nozzle (//d=1.0mm/0.2mm) into a constant volume chamber under a high temperature and pressure. In

the same condition as the experimental condition, the analysis was carried out. Both results of the spray tip

penetration were almost coincident at cach time. The results have validated the usefulness of this analysis. As a

result, if the ambient pressure is high, the spray tip penetration will be shortened and move toward the nozzle

exit.
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FUtiAl R AFSAHAE

ojty, uet-gr)ddlE #olH ANEHF YAt 2 #
F8 3(F120, t45)0] M ZE Azto] HEE A3
A,

22 AEEAEXR|

FAEAEN AAA o] 944 A BEAAA[Y
£, Denso(#), ECD-U2 system]& A}%?ﬁc}
ECD-U2+ 1% B= AW Y(Common rail), ¢
A 9} o] &g Alfstr] 9% ECU & AXNE :rL
AT B A9 AL BAaxzZe 224
d=0.2mm, £F2°] =1.0mm(AA181//d=5.0)¢ G&

g =Zoln.

23 ME=x=A

Table 19] & Q7o) 2gd Ay z4Y¢ 4
Ehdth EAVI&E T,=700K, B9rigge 39
71Ae "E(p)E 50kg/m’, 82%kg/m’ B
12.3kg/m’s MAs7] 95t 1.04MPa, 1.70MPa
4 255MPaZ 77t AA Y. BAYE p,=72MPa
of thalA EAZIZEE 154msolT, BEAIFSFL
12mgolt}.
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URANS "4 4
(Unsteady Reynolds
equation)

U= Utu

£T(U)= 3 AR (D)3 A
)2 Yerd # 9l

— 1 t+ At
U= A—t‘/; Udt 1)

Averaged Navier-Stokes

of w2} wat

A

rir

GRAEANAN AWML EL FFEFF]
of Aot metx Hzxo FEUAL FHE GE

(averaged quantities)® ThAEo}A  Reynolds-
averaged A EL &3 2o
A4 %4 A (The Continuity Equation)
Do pv)=0 )
at P

18 A7 A g 88 JlE

Table 1 Experimental conditions

o Type : Hole nozzie DLL-p

Injection ;

Diameter of hole d, [mm] 0.2
nozzle

Length of hole L, [mm] 1.0
Ambient gas N, gas
Ambient temperature T, [K] 700
Ambient pressure p« [MPa] | 1.04, 1.70, 2.55
Ambient density p. [kgm'] | 5.0, 8.2, 12.3
Injection pressure iy [MPa] 72
Injection quantity Ow  [mg] 12.0
Injection duration tiy [ms] 1.54

q71A, pE 4HE, pv TE|TH
594 4 (The Momentum Equations)

B(pU)+v

ot V s T—puXutS), 3

o (pUx )=

A7NM, +(MLTT e BEASHAA L, 5,

(ML 277 5 %3 (momentum source)©] T},

A A e HBEFHAR A AT L5F Y

E’Jr 27 SRR EASAFEY FEE
YHFFELGES T8

golex B A WA
(The Reynolds-averaged Energy Equation)

a(tht)
ot o
=V » AVr—puh)+v « (U

0
—SEH VY (pUhyy) (4)

L4 T)+SE

71X, A\EAEA 4 (thermal conductivity)
Sp(ML ™7™ %): oA 8 (energy source)
B % d¥9 (enthalpy, h,,, )T

hoye =h+ = U2+k (5)

olal, $Fo| A (kinetic energy, k)v ©23 7
o},

17
k-—-2a. ®)

uetA, Wegol 718

alpp)
ot

B A7 A ¢F 29 (turbulence model)& EF
‘6»%1, = A}-%‘&}S&E}' PE'@', E}-}‘JE@

B34 e e 2t

Ve (pUg) =V » (IV¢—pud)+S5, (7)
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(multiphase  modeDEolA YRR E o] S(particle
transport theory)<& A 88} 1, Lagrange® ¥l A
o F%o o3t ASEAIAAEE FHS9Y

{Lagrangian particle tracking).

3.2 Reitz & Diwakar #¢ =¥

2 Ao AHgdH 2Y EE2 Reitz and
Diwakar #¢ R¥olt} o] 2d& Bagh¥d ¥
o} Stripping #& el FEH, AU 4
W7t 2345 o] AT

Bag ¥¢
P}T?D 60
(We > We,): 1, = G “og Tstae m (8)
Stripping ¥4
We r Pr
(—=> C): by = Oy — , 9
Vv Re V slip Pp
0_2
T?,H, € =
statt Qpi—' nglip v

o471 M, Gltime factor for Bag breakup) : =
Cy(time factor for Stripping) : 20
Wes(critical Weber number for Bag):6.0
Ca(Weber number factor for Stripping):0.5
o 8 A 7t (characteristic breakup time)
Fetable: 2 2 B2 E-(radius for the stable droplet)
v B A A (specific volume) ©] T},

33 siM=A
Table 2 Computational conditions (for CFX 11.0)

Bore x Stroke [mm)] 92 x 95
E)iameter of hole d,  [mm] 0.2
Length of hole L, [mm] 1.0
Ambient temperature T, K] 700
Ambient pressure pa  [MPa] 1.04, 1.70, 2.55
Ambient gas N, gas
Fuel n-Tridecane
Injection velocity Vig  [m/s] 357.6
injection pressure pw  [MPa] 72
Injection guantity Ow  [mg) 12.0
Injection duration Ly [ms] 1.54
Total number of elements of mesh 60901
Total number of nodes of mesh 17686
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Table 201 % 4 =PE
223 BYHA  Hgon,

49

Uebd T

Mesh statistics

Total number of nodas 17686
Total number of fetrahedra 436N
Total number of pyramids 0
Total number of prisms 17030

o A Ztzbe] 71U S WA A

of W& n-Tridecane(CisHx)®l F3 & & (volume
fraction)& YERATH 2 282 A t=02, 04,
075, 11 2 1.75ms¥ wWel 4& vepdth 43
Ao tEd FAVIALZ(FH)Y F7rek @A
R AardALs} #oAE AL YUY
gt} ol¥3 Ad= AFAAVY & AA i A
ojt},

pU’
2

D= CpA

o 7] A, CprE
coefficient), A¥ FELTFH FAT% HHAOE

A 5994, p= A= B Us
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Fig. 2 Temporal change in the diesel spray at

Vinj=357.6[{m/s]
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(c) Comparison of the computational and experimental
values
Fig. 3 Temporal change in the penetration of the
computational and experimental values
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Fig. 6 Temporal change in the velocity of the diesel spray at each ambient pressure
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(Appendix)
An Analysis on the Effect of the Density
Change in Ambient Gas on the Mixture
Formation Process in Evaporating Diesel
Spray”—
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