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ABSTRACT

A numerical study was conducted for investigating the thrust performance of an integrated
combustor with an ejector rocket, augmenting the thrust of the dual mode ramjet which is one of the
main component of a multiple joined combined cycle (MJCC) under the flight Mach number 4
condition. The numerical analysis with a commercial software (FLUENT™) was performed with an
efficient grid quality by comparing the analysis results. NASA CEA(Chemical Equilibrium Applications)
results were applied to the inlet condition of the ejector rocket. The thrust performance of the
integrated combustor was investigated with respect to the shape (wedge angle), fuel type

(hydrocarbon, methane), operating pressure, and the conditions with and without the ejector rocket.
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Nomendlature ol ojr] wiFol =¥y 3ol FzHAH 7]
o7} 7bestti1-2]. ol& fdAle tF EFA
A : Throat area of ejector rocket o] 23 o] FHAZ HE=FHNA 8ol 7t
d, : Maximum mesh size T FHY o] Ay Eojof 3] o
dinroat ~ : Throat diameter of ejector rocket T BP¥AtelE F sHtQl TBCC (Turbine-Based
drozzte : Nozzle exit diameter of ejector rocket Combined Cycle)ollAl= £EFY 2 &8i1=
m : Mass flow rate of Be R o]l dgFl 8 sk
Mair : Air mass flow rate [4]. ol¢k Zo] TF HFACIES 4 F7B
Mroc : Rocket mass flow rate = Aes HAU= LIt HHe 2 2
. A =a AA 3 5
Mihroat : Mass flow rate at nozzle throat of ANZIE Al T8 Adelth AR, REAR
5 Zs]EO S To =
efector rocket A e ARARA FNFY Kzol WG 5
, o olale] W Hdo| YAHO T HEF &
Moutlet : Mass flow rate at combustor outlet o2 sk i Tl DA Li T] 64
Alo]l ¥vFARE [o] o o] 7} =X 3} o
NASA CFA : NASA Chemical Equilibrium Applications gol AT = UG olwel A FAd7Ide
. BE A A F9 Ws 54 9 39 BRE
P : Static pressure .
, ARE Toldlol TE BAclZe AW
P, : Total pressure
€83t Aol shsetts]. 53 S 09
R : Gas constant
. 2 Azse gilol Agste ma ves 4 3
Ty : Static temperature
. . ToAel mnxAgo] 7 F83 J1Eo)H[5],
v : Specific heat ratio ] ] . .
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Fig. 1 Schematic and grid system of dual-mode ramjet for MUCC with integrated combustor (d,, = 4 mm).
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Fig. 2 Schematic of ejector rocket and wedge.

Table 1. CFD setupl13].

Steady state
CFD Turbulence model : SST k-w,
Setup Density-Based Solver, RANS
Air (Ideal gas)
.. P= 0.64 MPa
Air inlet T= 875 K
Hydrocarbon
combustion
Pressure P= 3 MPa
Boundary | inlet Rocket |T= 2789 K
Condition inlet Methane
combustion
P= 3 MPa
T= 3475 K
Pressure P= 5 kPa
outlet | Ut 1o 2165 K

Table 2. CEA result[14].

Viscosity Therntlal‘
Fuel [kg/m - 5] conductivity
[w/m - K]
Hydrocarbon 7.3e® 0.21
Methane 11.2¢” 0.38




18 olgs -

Hi ==& SEFESeE A

Ao] gt o]AE] 272 3 MPa o ™
=& 2ZA A TF2=e] F7Fo] 300 g/s F
o] HEE AAHJY. THALT] Wil &
ZEojof stug 2 i =E5& 202 9
ofgf 2 wiAE o, FAF FFe Fig. 29
2}

Static Pressure[kPa)
5 342

2 mm mesh

3 mm mesh

4 mm(base) mesh

el o=l ==l

=

»d

)

22 314 =4

AdbFA S % ey =l 9l 2 A=A
2 Table 10 YeEAUTE 53] o]AH ZAL B
9Jst7] #1814 NASA CEA (Chemical Equilibrium
Applications)[14]2 A4 7t EAX & HA
(Viscocity), €% &(Thermal conductivity), 4=

122 151 180 200

Fig. 3 Static pressure (Ps) distribution with respect to grid dependency (center plane).
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Fig. 4 Static temperature (Ty) distribution with respect to grid dependency (center plane).
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Fig. 5 Static pressure (Ps) distribution with respect to
grid dependency.

900
880

——2 mm mesh
r ——3 mm mesh
4 mm mesh

® o & o
S N & &
S o o <

Static temperature[K]
2
3
=)
y

760

740

00 05 1.0 15 2.0 25 3.0 35
X[m]

Fig. 6 Static temperature (Ts) distribution with respect
to grid dependency.
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Table 3. Summary of grid dependency at the outlet of
the integrated combustor.

M outlet

d,, T, [K] P, [kPa]
[kg/s]
2 mm | 670.62 (0.16%) 431 33.12
3 mm | 669.51 (0.33%) 431 33.12
4 mm 671.71 (ref.) 431 32.99
Table 4. Mesh properties.
d,, 4 mm
Volume
Mesh mesh type polyhedra
number of cells 3,329,184
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Table 5. Summary of case conditions and results (thrust & m

7‘06‘)'

Case ]jl)icl::: V:sglgee P;[MPa] f uel Group My | Thrust]
(1% digit @ digit) (3™ digit) (4™ digit) [kg/s] N]
(%ngo) none N/A N/A none N/A 833
0100 none 17° N/A none N/A 704
1131 installed 17° (Rif.) Hydrocarbon | A, B, C, D 0.27 1,450
1132 installed 17° 3 Methane A, C, D 0.24 1,474
1231 installed 11° 3 Hydrocarbon B 0.27 1,434
1331 installed 8° 3 Hydrocarbon B 0.27 1,442
1111 installed 17° 1 Hydrocarbon C, D 0.09 930
1121 installed 17° 2 Hydrocarbon C, D 0.18 1,188
1141 installed 17° 4 Hydrocarbon C, D 0.37 1,707
1151 installed 17° 5 Hydrocarbon C, D 0.46 1,960
1161 installed 17° 7 Hydrocarbon C, D 0.64 2,462
1171 installed 17° 9 Hydrocarbon C, D 0.83 2,968
1112 installed 17° 1 Methane C, D 0.08 942
1122 installed 17° 2 Methane C, D 0.16 1,204
1142 installed 17° 4 Methane C, D 0.32 1,716
1152 installed 17° 5 Methane C, D 0.40 1,974
1162 installed 17° 7 Methane C, D 0.56 2,485
1172 installed 17° 9 Methane C, D 0.72 3,000
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Fig. 7 Wedge shapes of gjector rocket.
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