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= Spray Dynamics

*  Spray behavior *  Wall film model
* Sandia-A (heptane) * Shedd exp. (urea), AIAA 2009-998

Fluid-Solid Heat Transfer
Spray Part

Spark plug

Pressure E :3 |
o/ vaseal i Eg T
MMH /B i )
1 1 Eé 4@ 4
I E +
NTO Impulse : B
Window retainer Distance along filmer [mm]

Sapphire window

2 287s

= GUI Configuration

[Section view of spp-k10]

HESA-v1.87 -1 home/foames/Desktop/ Test ]
w7t

Problem

Setup / Meshing
atatale Materiat: 1 3| Explosive Name: | Dx0-32 | add || pel || save

Boundary Condition

Unreacted explosive Mechanical constant

Characteristics design (5 step, 11 species) m AR O] =

< (ms)
Method: o

MMH Decomposition CH3(NH)NH2 > CH4+H2+N2 e | I
NTO Decomposition N204 - 2N02 Ambiguous !

Reaction Model  KYP

item Value

CH4 — NO2 reaction CH4+2.3NO2+H2 > Arrhenius
3H20+1.15N2+0.4CO+0.6C02 parameter )
CH4+0.5C02+0.5H20 = 1.5C0+2.5H2
H20 Decomposition H20 €<~ H+OH » OB (New/Load/Save/Exit) '
[Design focus, Xu (2006)] . ZEHEES MA/Y/MEST| A Uk

» M7 & (Problem/Solution/View)
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* ROCFLAM

— Compressible -sub, trans and supersonic
« 2D axisymmetric finite volume, SIMPLE algorithm
- standard k-g with wall function, 2 layer model

— Multi-gaseous species chemistry

* Arrhenius, EDC, global chemistry

« standard jannaf property data Ti Y
— Lagrangian ‘

« droplet-to-wall interaction model
secondary droplet break-up
annular film cooling model
viscous heating species diffusion
heat conduction in solid wall
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rocFlamFoam

* ROCFLAM * PCNFoam(PISOCentralNFoam)
— Compressible -sub, trans and supersonic — Compressible -sub, trans and supersonic
« 2D axisymmetric finite volume, SIMPLE algorithm + 3D finite volume, PIMPLE algorithm
« standard k-¢ with wall function, 2 layer model *  Kurganov-Tadmor flux scheme
— Mum_gaseous species Chemistry U RANS/LES, wall function, 2 Iayer model

- Arrhenius, EDC, global chemistry « farField, Reimann boundary condition

« standard jannaf property data

— Lagrangian
« droplet-to-wall interaction model
« secondary droplet break-up
« annular film cooling model
« viscous heating species diffusion
* heat conduction in solid wall

Mach: 03 08 L7 25 34 42 50

+ chtMultiRegionFoam
Conjugate heat transfer between regions
Incompressible

= 3D finite volume, PIMPLE algorithm

*  RANSJ/LES, wall function, 2 layer model
*  Buoyancy effect

* SprayFoam
Compressible -sub, transonic
« 3D finite volume, PIMPLE algorithm
«  RANS/LES, wall function
Multi-species chemistry
«  Arrhenius, EDC, EDM, PaSR
¢ jannaf, CHEMKIN Multi-species chemistry
Lagrangian Arrhenius, EDC, EDM, PaSR
« droplet-to-wall Patch Interaction Model * jannaf, CHEMKIN
* E/TAB, KHRT 2nd break-up Radiation
* wall film model +  P1, fvDOM, viewFactor
— Radiation
*  P1, fvDOM, viewFactor

[

“
|
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« Spray Dynamics
- honreacting spray
- reacting spray

-wall film formation

MY =y NEXTfoam N\
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Spray Dynamics

 Spray modeling

* SANDIA spray H n-heptane

Ol -—1- O EHGIMNE COMBUSTION METWORK

Spark plug

Fan Pressure

vessel

Fuel
injector

Window retainer
Sapphire window

SANDIA heptane spray experiment
[ P pray exp ! source: https://ecn.sandia.gov/ecn-data-search/

[Experiment condition]

Nozzle Dia. | Fueltemp. | Fuel Pres. | Total fuel mass | Injection duration | Amb. pres. [ Amb. temp. | Amb. dens.

0.1 mm 373K 150 Mpa 17.8 mg 6.8 ms 4.33 Mpa 850 K 14.8 kg/m3

MY = NEXT foam
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Spray Dynamics
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« AX} =+t cfMesh (cartesianMesh)

m>
gt

« H|O|A AXFAE 7] 1 mm
* Refinement cell size:
coarse: 1 mm (1.38 M Cells)

medium: 0.5 mm (2.1 M cells)

fine: 0.25 mm (7.8 M cells)

112 m
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Spray Dynamics

. SXBlA Y

« ZH: sprayFoam in OpenFOAM

° P| m p|e El 2"d breakup (KHRT model)
« 2nd breakup: KHRT model

° BO=O.61, Bl=40, C‘t:lr CRT=O'1

Kelvin-Helmholtz wave

back front Q
- Spray injection model , @ e, Q
» Cone nozzle type Q

Rayleigh-Taylor instability

-

 Spray half angle: 12.6°

» Size distribution: Rosin Rammler (min: 1x10-3, max: 9.27x10? [mm], n =2)
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Spray Dynamics

« Zi-AX} ol g =

coarse

[liquid penetration]

Coarse
Medium ——
Fine -
Very Fine
. Ex X
“Fine: 9.32 mm P . 1.86%

Liquid Penetration Distance (mm)

Time (ms)

INEXT foam
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Spray Dynamics

. B NE A Ha

[vapor penetration]

100 T T T T r
Coarse
Medium
Fine
go| FExp .

Vapor Penetration Distance (mm)

0 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3
Time (ms)
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Spray Dynamics

¥
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C7H16 + 1102 => 7C02 + 8H20
* CHEMKIN To Foam Temperatures
950 K ~1600 K ~2700 K
* Mixture fraction 350 K 825 K

 Thermo: JANAF table

 Transport: Sutherland

Cold Rich Fuel/Air N
Fuel Mix phi = 4 . CO2 &
Warm Products of Rich H20

Air Combustion
CO, UHC & Particulates

Chemistry

Y T,
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Spray Dynamics

- HrS sl 21

[n-heptane mass fraction] [Temperature distribution]
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Spray Dynamics

« Wall film formation

- ! 012 1800 — 0.12
I « experimental data) oF o8 ! 1600 < ‘: ’ OF=165 | 1
s ! | =8.079 g/s b M=7.800 gt
or - ; e 21 | 1010 1400} / \ dumzssam | 1010
mm—— 4 ho=50pm [} ; ~ Sra = ]
| g T [l g T T
- 1200 5 ] 0.08 1200 < 008 ¢
S s i / T — E g | / =~ E
® 1000 [ 5 ® 1000} —— 5
s b { « joosz g p 0.06 =
5 800 f a 5 800y, &
- i ! = ' '
% 600f; 0.04 > = 600 0.04 >
= 400 = 400f
400 —
|+ {0.02 _// 10.02
200 / '_]az ?I ‘200 / ] Ezlﬂ_
8.06 002 004 006 008 010 012 6.12'00 &00 0.0z ?04 0.06 008 030 012 (')‘1%00
X - Position [m] X - Pasition [m]
Figure 18: External and internal wall temperature distri- Figure 19: External and internal wall temperature distri-
bution for the load point R2 of the 22 N thruster bution for the reference point R of the 22 N thruster
. TVINEXTfoam
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Spray Dynamics
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[shedd exp. AIAA 2009-998]

4 .
! _j__L 30mm —ﬂ
;’ 0.5mm
il = \ | 1 Channel
“ 5 Gap spanwise width:
‘ Height:  44.5mm
10 mm |

|

=)

Height: )
1.0 mm Plate thickness: ,
1.0mm
Liquid jet injection
Liquid jet-in-crossflow
/ primary atomization
Air
>
Drop splashing Film surface
» atomization
\‘ \‘ "," ’,)'
Film formation Film transport
at the wall under shear Film break-up
2021'd St FEX I eS| FAH =3

Table 1. List of operating conditions with specific cases highlighted for further discussion.

Case Liquid Jet Crossflow Liquid Re;  Aerodynamic q Impingement
Velocity (m/s) Velocity We Type
(m/s)
] 42 72 1935 155 1.9 Spray
2 8.5 72 3870 155 7.6 Spray
3 12.7 72 5800 155 174 Spray
4 17.0 72 7740 155 304 Jet
5 212 72 9670 155 474 Jet
6 42 81 1935 195 1.5 Spray
7 8.5 1 387 195 6.0 S
| 8 12.7 1 580 195 13.5 Spray |
9 17.0 1 774 195 240 Jet
10 2122 81 9670 195 375 Jet
1 42 99 1935 290 1.0 Spray
12 8.5 99 3870 290 4.0 Spray

We =195
q=6.0

Figure 5. Spray trajectory and penetration as a function of Weber number (We) and momentum-flux ratio (q).
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Spray Dynamics
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Wall film formation

=

» cfMesh (cartesianMesh)

e Coarse: 0.52 M cells

» Solver: sprayPimpleCentralFoam

« ETAB breakup model

[case condition]

1.945 g/s
12.7 m/s
81 m/s

mDot

Uinj
Uinf

oKl
o

tot

I

10

>

tot

[ 3
We;,,
51\3 CO Splash
We "
(%) © O
4 i
Stick Rebound

L

Wall
Temperature

Grover and Assanis (2001)
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Spray Dynamics

« Wall film formation

» Spray trajectory

[Side view] [Top view]

Experiment
results

Simulation
results
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Conclusion & Future work
« Modify and development of SprayFoam, sprayPimpleCentralFoam

 Future work

[Hypergolic chemistry] [Conjugate Heat Transfer] [Graphical User Interface]

MMH %

» Localization of storable bipropellant thruster (analysis S/W)
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Thank you for your attention.
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