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Abstract: In order to avoid overexpansion of the flow in the ejector nozzle under low pressure ratio, the
flow characteristics in an integrated ejector nozzle with tertiary door are investigated. The effects of the secondary
flow states, i.e., reversed flow and downstream flow, on the ejector flow features are analyzed under the flight
Mach number of 0 and the nozzle pressure ratio (NPR) of the primary flow of 2.1. And the minimum downstream
pressure ratios at different opening angles of tertiary door have been obtained. The results show that when the sec-
ondary flow is in the reversed flow state, with the increasing of the opening angle of the tertiary door, the overex-

pansion degree of the mainstream gradually decreases. The mass flow rate of the tertiary flow increases, which
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arises the momentum transfer efficiency in the shear layer, leading to an ascending tendency of the thrust coeffi-
cient from 0.60 to 0.73. When the secondary flow is in the downstream flow state, the secondary mass flow rate de-
scends and the overexpansion degree of the mainstream gradually increases with the opening angle of tertiary
door. The increase in the mass flow rate of the tertiary flow lowers the momentum transfer efficiency in the shear
layer, resulting in a decreasing thrust coefficient from 0.97 to 0.75. As the thrust coefficient in the downstream
flow state is higher than that in the reversed flow state, a better thrust performance could be attained in the down-
stream flow state. Nevertheless, the secondary flow may be reversed under low flight Mach number, it is benefi-
cial to increase the opening angle of tertiary door to improve the thrust performance in this state. Furthermore, as

the angle of the tertiary door gradually increases, the minimum downstream pressure ratio of the secondary flow
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shows an increasing trend.

Key words: Ejector nozzle; Tertiary intake; Opening angle of tertiary door; State of secondary flow;

Minimum downstream pressure ratio
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Table 1 Design condition and performance of ejector nozzle

system

Mach number ~ NPR of primary flow NPR,  Thrust coefficient C;

0 2.10 0.730
0.8 2.53 0.958
2.8 17.98 0.983
4.0 75.00 0.943

Table 2 Main design parameters of ejector nozzle system

Parameters Value
Diameter of primary nozzle throat D /D 0.72
Diameter of ejector throat D /D 1.12
Length of primary nozzle L/D 0.20
Distance between ejector throat and exit of primary nozzle  —0.06
(L=L)ID,
Length of ejector nozzle system L /D 1.36
Angle of tertiary door 6/(°) 0~30
Tail angle of ejector B/(°) 4
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Fig. 1 Sketch of ejector nozzle system with the tertiary door open
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Table 3 Numerical incoming flow conditions

Parameter Value
Mach number 0
Atmospheric static pressure/kPa 101.325
Atmospheric static temperature/K 288.15
NPR of primary flow 2.1
Temperature of primary flow/K 1897.37
Temperature of secondary flow/K 288.15
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(b) Static pressure along ejector surface

Fig.2 NPR =17, NPR=3.63, comparison between CFD and NASA experimental results
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Fig.3 Schematic of the flow in the SR-71 engine under the flight Mach number Ma,=0""
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Fig.4 Ma,~0, NPR =2.1, contours and streamlines of ejector nozzle system at different angles of tertiary door under two kinds

of secondary flow states
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Fig.5 Ma,=0, NPR =2.1, static pressure along the axis at different angles of tertiary door
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Fig. 6 Ma,=0, NPR =2.1, secondary and tertiary mass flow rate at different angles of tertiary door
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Fig.8 Ma,=0, NPR =2.1, static pressure of the pressure measuring points at different angles of tertiary door
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Fig. 9 Ma,~=0, NPR=2.1, velocity magnitude of the velocity measuring line at different angles of tertiary door
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