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Approaches

Institution/Code

Liquid fuel n-dodecane

Equation of State Non-linear
function of p,T,
perfect gas

Cavitation No
Enabled?

Cavitation Model -

Inclusion of N
turbulent viscous
energy generation?

Turbulence None
Spatial Cell-integrated
Discretization semi-Lagrangian

2



Computational Domain

Institution/Cod

e

Dimensionality

Cell Type

Cell count (total
interior and
exterior)

Needle motion?

Geometry

3

Embedded
boundary

74M

Yes

Based on
description




Boundary Conditions

Institution/Code Sandia
CLSVOF

Time Accurate ROI Yes

Profile?

Inlet Fixed static
pressure
(150 MPa)

Wall BCs No-slip

Needle motion? Yes

* Also: adiabatic boundary conditions at the injector’s walls
e Gas phase at rest: 2 MPa / 303 K (no evaporation model)



Pressure, density and temperature distribution of the
liquid phase at SOl t =0.339 ms

Fuel Fuel Fuel
pressure . density temperature
0.3 0.3 0.3f -
- - 150 MPa k ' 0.79 g/cm3 ! ! 350 K
0.2 ﬂ 0.2 0.2f
PN 75 MPa 0.74 g/cm? 343K
L | ".I i
01t ‘/; IIH 0.1 0.1 \\
I / - 0 MPa . 0.69 g/cm?3 ' \ . 336K
A
1 1 L | j L L A
0 a1 0 0.1 o1 0 o1 01 § o1

e Start of Ignition (SOI) from half-filled sac
* Adiabatic expansion of the liquid near the exit
e Limited range of density and temperature variation




Temperature, transverse (X=y)

Sandia

(at 5 us ASOI)

Temperature (K)

)
350 Temperature [K]

404 350
335

331

320
312
305
290

275

ANL UMass CMT IFPEN

(at 0.75 ms ASOl)

e Note: the current simulation does not
have a heat transfer model between
liquid and gas phase




Temperature distribution at the orifice exit

ANL UMass
Sandi
d 3507T(K)
%340
- 350 5320
éSOO
335 275E280
320
- Temperature (K)
305 275 290 305 320 335 350
290
I IFPEN CMT
275 .

t=0.341195 ms

350
b3z

=320
 §
300
[280
275

* Cross-section taken
immediately before
orifice exit




Density, transverse

SLL

Sandia
at 5 us ASOI)

(kglm® ] §
750 £
57 ;
40
22 3
5

C
a

3)
5
0
5
0
ANL M g
Density (kg/cu.m) > (at 0.75 ms A§OI)

amuI S N

—775

Em * Note: Only the liquid phase is shown
s here (in the simulation there are two
'mE distinct density fields)
H 5 - SR




Velocity distribution at the orifice exit

UMass

Velocity (m/s)

0 100 200 300 400 500 600 700

t=0.339021 ms

U Magni
700

Le00
400
200

e Re=31,500
e Evidence of gas inclusion
near the orifice exit

0




Mass flow rate — opening transient

Fuel mass flow rate [g/s]

25
2 N
, 15 — | z |
1 I ROl (CMT's Virtual ROI Generator)
- 0.5 /‘ Note: enlarged time scale — —Argomne
1 . | | | | | ——CMT
0 2 4 6 8 10 —IFPEN
0.5 ——Sandia
. —o—-UMASS
’ 0 2 10 60 80 100 120 140 0_65 0f1 0_'1 5
Time after start of injection (us) Time after start of injection (ASOI) (ms)

* Rapidincrease in fuel flow, followed by oscillatory behavior (at higher

frequency than the needle’s motion)




Discharge coefficient and momentum flow

Discharge coefficient* Momentum flow (N)
9.00E-01 1.40E+00
8.00E-01 1.20E+00
7.00E-01
1.00E+00
6.00E-01
5.00E-01 - 8.00E-01
4.00E-01 6.00E-01 -
3.00E-01
4.00E-01
2.00E-01
1 00E.01 2.00E-01
0.00E+00 - T T T T T 1 0.00E+00 - T T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time after start of injection (us) Time after start of injection (us)

*The discharge coefficient is calculated based on density at 0.1 MPa, 343 K
conditions and for a pressure jump of 248 MPa



Jet development

Zero level set value at 0.006 ms ASOI

-0'0S
0'0s

Projected mass density at 0.1 ms ASOI
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* Jet penetration (length of contiguous liquid) seems to follow

Argonne’s experiment more closely




Path forward

* The current adiabatic simulation will continue to 30 us from
SOl to collect data on primary atomization

- With more than 80M cells (3um resolution) and with the current
resources, a 2us advancement per week is expected (at best)

* Asecond case with isothermal walls (at 383 K) is being
explored




New case: isothermal walls Baseline: Adiabatic walls

T01 TO1
330 330
385 385
380 380
375 375
370 370
385 365
380 360
355 355
350 350
345 345
340 340
T, = 343K T, = 343K
0.1 0.1




Back-up




time [ms]

0.00255753
0.1587736
0.1732709

0.187601
0.19837
0.235546
0.280205
0.315518687
0.317500687
0.319629
0.324989
0.329654
0.3326556
0.334792
0.3361497
0.33717
0.33806
0.339021
0.3397494

Mass flow — opening transient

mass flow —
AR [g/s]

2.40E-06
-1.23E-03
-3.82E-03
1.08E-03
2.05E-03
1.42E-03
-2.83E-03
9.29E-07
-6.54E-06
-8.46E-04
1.12E-03
7.11E-03
2.71E-02
4.90E-02
1.41E-01
2.00E-01
1.69E-01
1.34E-01
3.73E-03

mass flow —
FUEL [g/s]

O OO0 OO0 O0ODO0O000O0OO0OO0OO0oOOoOOoOOo

1.37E-01
1.442248

2.50E-01

2.00E-01

1.50E-01

1.00E-01

5.00E-02

0.00E+00

-5.00E-02

Air mass flow [g/s]

=4

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

time [ms]

* The flows are calculated by integration of the axial flux over a cross-section of

the orifice located just before the exit



Trapped gas at t =

* Estimated gas volume ~3 107 cm3=0.0015 V.
* The average density of the gas inside the bubble is ~ 0.2 g/cm?
* The estimated residual gas mass is therefore 6 108 g




t=2.6 s t=765pus  t=158.8us t=173.3pus
s A D A D,
t=3155pus  t=317.5pus t=320.0pus  t=325.0ps
o} o3}
0.2f 0,2:_
oaf !
el Do Ll

t=187.6us t=2355ups
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oty Do oA N

t=330.0us  axial velocity

0.4

. 40 m/s

Oom/s

. -40 m/s




Axial velocity — ope

04 t=332.7 pus 04 t=334.8 us 04 1=336.2 us 04 t=337.2 ps
I I under-expanded
0.3k A
0.2:—
0.1:—
0T 0 01
0.4k

t=338.6 us 0.4 t=339.0ps o4 t=339.7 us

Axial velocity

. 520 m/s
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