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ABSTRACT

The PID controller with fin angle and thrust as control input was designed based on the
aerodynamic data of scramjet system. Flight simulation following a given trajectory which strike
the target point after climb and cruise with constant dynamic pressure was conducted. After that,
the required thrust for the climb and cruise was calculated and the required fuel flow rate for
the hydrogen fuel dual mode scramjet combustor was analyzed. The combustor analysis of this
study which conducted on integrated model of independently developed inlet, combustor, nozzles
and external aerodynamic models, laying the foundation for the integrated design of the air

breathing hypersonic system.
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Fig. 1 Scramijet vehicle model.

Table 1. Grid data and aerodynamic parameters.

Altitude [km] 10, 15, 20, 25, 30

Mach 3/ 4/ 5/ 6/ 7r 8
-8, -6, -4, -2, 0,
AOA [deg] 24,6 8

-20, -15, -10, -5, 0,

Fin deflection [deg] 5, 10, 15, 20

Initial mass [kg] 600
Moment of inertia [kgm?] 1058
Reference area [m’] 0.25
Reference length [m] 4.6
CG (x, z axis) [m] (2.3, 0)
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Fig. 2 Aerodynamic data with various flight conditions.
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Fig. 3 Comparison of Combustor Analysis Results[6].

Table 2. Combustor conditions.

Inlet velocity [m/s] 2000
Inlet density [kg/m’] 15
Inlet pressure [A{Pa] 0.5
Injector diameter [mm] 8
Injector length [mm] 219
Mixing length [mm] 7
Table 3. Flight Conditions.
Flight mach number 6.3
Angle of attack [deg] 2.5
Altitude [km] 24000
Table 4. Isolator Conditions.
Inlet velocity [m/s] 1644.19
Inlet density [kg/m’] 0.46
Inlet pressure [MPa] 0.83
Inlet temperature [mm] 626.54
Inlet mach number [mm] 3.27
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Fig. 4 Schematic of Scram mode Combustor.
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Fig. 6 Equivalence ratio 0.20 Mach Plot.
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Fig. 8 Equivalence ratio 0.22 Mach Plot.
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Fig. 10 Equivalence ratio 0.30 Mach Plot.
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Fig. 5 Schematic of Ram mode Combustor.
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Fig. 7 Equivalence ratio 0.20 Pressure Plot.
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Fig. 9 Equivalence ratio 0.22 Pressure Plot.
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Fig. 12 Trim conditions for various flight conditions.
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Table 5. Flight conditions in climb phase.

Altitude [m] 20,500 22,500

Mach 4.927 5.768

AOA [deg] 4.078 4.120

Flight path angle [deg] 0.677 0.488

Fin deflection [deg] -0.986 0.293
Required thrust [N] 3,854.085 | 3,536.052

Table 6. Isolator inlet conditions in climb phase.

Density [kg/m®] 0.605 0.557
Temperature [A] 522.650 | 600.261
Pressure [ Fu] 90753.613 | 96022.526

Mach 2.676 2.995

Air intake [kg/s] 7.513 8.302

Table 7. Combustion results in climb phase.

Fuel flow rate [kg/s] 0.0863 0.0768

Equivalence ratio 0.393 0.317

Mode Ram Ram

Shock train length 0.2047 0.2199

Nozzle exit mach 3.336 3.805
Thrust [N] 3,882.687 | 3,524.784
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P Table 9. Isolator inlet conditions in cruise phase.
4000
22 el Density [kg/m®] 0.548
ﬁzw E Temperature [A] 623.524
® 00 Pressure [ Pu] 98095.264
0 50 ) 100 150 1000 50 100 150 200 MaCh 3073
Timefsec] Time fse] Air intake [kg/s] 8.537
6 600
_595
£°° g Table 10. Combustion results in cruise phase.
5] @ 590
s ©
5 B i Fuel flow rate [kg/s] 0.0581
145 560 Equivalence ratio 0.225
0 50 100 150 200 0 50 100 150 200
range [m] Time [sec] Mode Scram
Fig. 23 Control restults in climb phase. Nozzle exit mach 4.284
Thrust [N] 2192.259

Table 8. Flight conditions in cruise phase.

Altitude [m] 23,000
Mach 6.0
AOA [deg] 4157
Flight path angle [deg] 0.0
Fin deflection [deg] 0.6935
Required thrust [N] 2204.915
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Fig. 24 Combustor mach (23,000 m).
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