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ABSTRACT

Variable area nozzle, where both throat and exit area vary, is required for optimal expansion and
optimal nozzle shape upon operation of after-burner. Steady-state and transient analyses are carried
out for each condition with and without afterburner operation and as a function of the location of the
nozzle flap. Effects of that nozzle displacement on flow and thrust characteristics are analyzed from
numerical results. With variable area nozzle adopted, the combustion field is variable in time, leading
to periodically variable thrust. For off-design conditions, flow separation shows up due to over
expansion at the flap tips and shock wave does in the nozzle due to under expansion. The

undesirable phenomena can be solved by control of variable area nozzle.
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Table 1. F100-PW-229 engine's specifications [3].

Length | Di |Bypass m o | TSFC** | Thrust
[in] [in] | Ratio [Ibm/s] [1/h] [1bf]

0.74 | 17800
191 348 | 0.36 | 248

2.05 |29000

*mass flow rate of air , **Thrust Specific Fuel Consumption
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Fig. 1 Schematics and computational grids for variable

area nozzle.
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Table 2. Design specification of the F100 engine for
the CEA calculation.

Table 3. Species mass fraction of combustion products.

Species mass fraction

Condition 1 | Condition 2 Condition 1 Condition 2
e JetA (Cuatlay, 300K) N, 0.75103 0.69438
e CO, 0.04799 0.14634
. H,O 0.0179 0.08638
Oxidizer | Air (860 K) | o - 0.06104
(890 K) AR 0.00931 0.01192
Pressure H, - 0.00113
[bar] 3175 3.75 OH 0.00015 0.00047
CcO - 0.00024
O/F Ratio 49.83 14.86 0, 0.17217 0.00005
(©=0.2924) (©=0.98) H ; 0.00002
©) 0.00001

Mass Flow 114.16 120.07 NO 0.00108 -

Rate [kg/s] NO, 0.00037 -

2 AFodA = 33 HY siMs B ATt Zk2"Hl Xl 1z AA4&4A (primary
2 ERE AES ZAAs A, sstxAde] W combustor)Holl A& ERIYTF 259 Aoz
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Fig. 2 Deformation of nozzle geometry.
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Fig. 3 Velocity magnitude, temperature and pressure
distribution along the center line.
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Fig. 6 Pressure profiles along the nozzle surface.
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Fig. 7 Pressure profiles upstream and downstream of
the nozzle throat.
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