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* ROCFLAM
x 24 I A "'H MM H HE . .
° T = 7 g 1 (o] = S / W 7 = —Compress:ble sub trans and supersonlc.
+ 2D axisymmetric finite volume, SIMPLE algorithm

« standard k-¢ with wall function, 2 layer model

= e =] — Multi-gaseous species chemist

« A H S |:|.| H g p ry
L o -1 = 7 = « Arrhenius, EDC, global chemistry

« standard jannaf property data ' ‘ i '
—Lagrangian
=2 [=) =l
d A|- (@) X GUI %l-jod 7 = « droplet-to-wall interaction model
« secondary droplet break-up
. E:' O:I o A—| « annular film cooling model
° viscous heating species diffusion
|_I7|L—|—O_I Gl
« heat conduction in solid wall

[Hypergolic chemistry] [Conjugate Heat Transfer]
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3 HE

+ Kurganov ¥ Tadmor®| central-upwind 7|8t OpenFOAM &H

* hybrid central solvers — ISPRAS(Institute for System Programming of the

Russian Academy of Sciences)
* pressure-based semi-implicit compressible viscous flow of perfect gas

* https://github.com/unicfdlab/hybridCentralSolvers

|

.qTHAVERS\NG ;
| BOUNDARY £
I: CAYER PROBE

. HABAO|2: JPL & E b

+ L. H. Back and R. F. Cuffel (1966) L=

 Jet Propulsion lab., California Institute of Technology
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https://github.com/unicfdlab/hybridCentralSolvers

A 45 -IPLEE
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JPL Sl A4 3 X} 2D axisymmetric
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Hit EEmmmma
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o 2 St R S e e S e e e
H [T
\ N
s =71
* Inlet pressure: 482,633 Pa e Cp: 1005 J/kg-K
* Ambient pressure: 101,325 Pa * mu:1.827e-5
e Pr:0.7
* Inlet Temperature: 2000 K
* Ambient Temperature: 300 K
W = ‘
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Mach Temperature

Mach () Temperature (K)
0.000 0.812 1.624 2.435 3.247 il 299.9 7249 1150 1575 2000.0
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Pressure Density

Pressure (Pa) rho (kg/m3)
& &
7.755e+03 1.3e+5 2.5e+5 3.7e+5 4.944e+05 0.041 0.325 0.609 0.893 1.178
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Ref - R. F. Cuffel(1969)
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Fig.1 Experimentally measured static pressure and calcu-
lated Mach number distributions in the transonic region.
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10N F==7] 8l 4

- CEA ofjA
« MMH/NTO &2 HH-S Al
4 CH3NHNH2 + 5 N204 => 4 CO2 + 12 H20 + 9 N2

« M 2= 9 bar, AZ/MBHN| 25 298.15 K, HE H|(Ae/At): 150.816

- CEA oM Zx1}

Chamber Throat Exit
T, [K] 3163.25 3015.06 1277.22
Cp, [kJ/(kg)(k)] 6.5496 6.3513 1.6774
Gamma, [-] 1.1274 1.1246 1.2386
Pr, [-] 0.4649 0.476 0.7769
Viscosity, [mP] 1.0127 0.98159 0.54574
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Chemical Equilibrium with Applications

- MMH =24 X| =7}
- thermodynamic properties & transport properties

* Burcat’s thermodynamic data

CHEN2 Methyl-Hydrazin Burcat G3B3 calc HF298=26.150

kcal

tpis78 C 1.06H 6.00N 2.00 0.00 0.00 0 46.0718200 169411.600

50.000 200.0007 -2.0 -1.6 6.6 1.0 2.0 3.0 4.0 0.0

140596.674

.202183790D+03 3.7425865500+02-6.113676640D+00 1.210088925D-01-5.874013570D-04

_ .553546694D-06-1.463918516D-09
thermo.inp 200.000 1000.0007 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 0.0

1.027252125D+04 4.826497170D+01

140596.674

.135584394D+05 4.1366867000+03-2.671497318D+01 1.145823712D-01-1.472913038D-04

.012614835D-07-2.813944157D-11
1000.000 6000.0007 -2.0 -1.06 6.0 1.0 2.0 3.0 4.0 0.0

-7.139610730D+03 1.694064181D+02

14096.674

.198347430D+06-2.0318160400+04 3.514801630D0+01-2.810314928D-03 4.377350080D-07

.550932250D-11 1.150144154D-15

CH6MNZ2 Vicz

1.344868648D+05-2.094181853D+02

t : V 300.0 5000.0 5.92241336E-01-2.22179762E+02 8.28721494E-01 1.62442137E+00
ranSInp C 300.0 1500.0 1.25083173E+00 9.50635709E-01 9.99812473E-01-1.79184981E+00
C 1500.0 5000.0 B.00436222E-01 92.99071151E-01 9.999907106E-01 1.53496259E+00
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10N F& 7| sl A

- AX} M’d - snappyHexMesh(unstructured)
. 2D =Cf&l A AKX} - 3D i AX}

» 25,000 cells « 5,440,000 cells
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« Chamber pressure: 9 bar waveTransmissive

* Chamber temperature: 3163.25 K o

* Ambient pressure: 5 mbar

« waveTransmissive boundary condition

waveTransmissive B.C.
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10N == 7| slj 4

« waveTransmissive boundary condition

* Non-reflecting B.C.

Non-waveTransmissvie B.C.

Time: 0.0000 sec

U Magnitude

EQMS 0

S 01337

14225

7124

L.

Time: 0.0000 sec

waveTransmissvie B.C.

U Magnituce

[2849.7

21373
14248

—71242

t 0.0
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« Mach & Temperature

Mach [-]

0 ] I I ] 1 ] 1 I ]
-0.005 0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045
Axial distance from throat [m]

3500
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2500
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1500

Temperature [K]

1000

Temperature
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Axial distance from throat [m]
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10N =2 7| ofj A
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FEHAM A [, = — g0 = BHE SH/ISE
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High-intensity orange flames

Separation
\ Y.
- ‘\a&{'
10 mm

e

MMH

Upper orangeflame

L ower orangeflame

Fuel pool

Kyoto University, japan, 2019
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Thank you for your attention.
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