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1. Introduction

Fluidic thrust-vectoring (FTV) employs injecting
a secondary fluid into the boundary layer of a
primary jet to deflect the flow and perform
vectoring for fighter aircraft applications. FTV
system provides some advantages including being
lightweight, simple, inexpensive, and fixed
geometry. Dual-throat nozzle (DTN) is a novel
technique that attains larger thrust vectoring
efficiencies than the preceding methods such as
throat shifting, without any deficiency in system
thrust ratio. Previous investigations have focused
on the geometrical optimization of DTN, and
using non-reactive fluids such as air for side-
injection has been dominant. Therefore, due
attention has not been paid to the effects of fuel
injection in these nozzles. The main objective of
this study is investigating injecting different
hydrocarbon fuels in order to see the impacts of
fuel type on the overall vectoring performance of
a dual-throat nozzle.

2. Governing equations and numerical scheme
Steady state, 3D and compressible Navier-Stokes
equations are solved using coupled method for the
numerical solutions of the supersonic reacting
flow within the dual throat nozzle. Standard k — €
model along with eddy-dissipation model are
invoked to close turbulence and combustion
interactions. Governing equations are discretized
by the second-order upwind scheme. Different
assessment parameters such as discharge
coefficient, thrust ratio, thrust-vector angle, and
thrust-vectoring  efficiency are invoked to
evaluate thrust-vectoring performance of the
nozzle.

3. Geometry and boundary conditions

Experimental configuration of Flamm et al. is
selected as the base geometry of this study, which
is shown in the Figure 1Figure. Injection angle and
cavity length are fixed at @ =150°and | =3.0",
respectively, while the nozzle pressure ratio is
NPR =4. At the primary inlet a pressure-inlet
boundary condition is imposed, while the mass-

flow condition is specified for the secondary
inflow. At the outlets a pressure-outlet condition
is applied and the walls are specified as no-slip,
adiabatic and impenetrable.
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Figure 1. Geometry of dual-throat nozzle

4. Results and Discussion

In the present study, the injection of seven
different fuels including methane, ethane,
propane, octane, diesel fuel, kerosene, and gasoil
were investigated. Both reacting and non-reaction
conditions were studied. Figure 2Figure shows the
nozzle discharge coefficient for different fuels in
the reacting conditions. The results show that
heavier  fuels provide higher discharge
coefficients. Gasoil has the best discharge
coefficient among these fuels with C, =0.87 .
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Figure 2. Variation of discharge coefficient with side-
injection rate for different fuels in the reacting
conditions

Figure 3 presents the thrust vector angle for
different fuels in both reacting and non-reacting
conditions. In the non-reacting conditions, diesel
fuel and octane have the largest thrust-vector
angle (around 15 degrees in ¢ =8% ), whereas in

the reacting conditions, methane provides the

! Corresponding Author, Assistant professor, Aerospace Research Institute, Tehran, Iran.
2 PhD of Aerospace Engineering, Sharif University of Technology, Tehran, Iran

3 Instructor, Shahid Sattari University, Tehran, Iran.




Numerical Analysis of Fuel Injection ... Mohammad Reza Salimi, Rasoul Askari, Majid Hasani

highest vectoring angle. Activating the reaction
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Figure 3. Variation of vectoring angle with side- .
injection rate for different fuels in the non- In general, light fuels offer a better performance
reacting (A) and reacting (B) conditions in terms of thrust ratio, thrust-vectoring

efficiency, and thrust-to-mass-flow ratio, whereas
heavy fuels have a better performance in terms of
discharge coefficient, thrust-vector angle, and
thrust-loss percentage.

Figure Figure 4 displays vectoring efficiency
for different fuels in both reacting and non-
reacting conditions. In the non-reacting
conditions, different fuels have nearly a similar
efficiency, whereas in the reacting conditions
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methane has the largest efficiency. Figure 5 Sl

depicts the nozzle thrust-to-mas-flow ratio for - o

different fuels for the reacting conditions. It can = e s X

be seen that fuels provide a higher ratio relative to 2 ol J

air. The difference is more than 20% for some z ik Smm g L e -

fuels. This can be attributed to the volume E”‘ T

expansion established by the combustion, which Fal 0 S

accelerates the flow coming out of the nozzle and = |

enhances the thrust. Lighter fuels such as methane w0

and ethane have the highest thrust-to-mas-flow

ratio_ 3000 = ().:72‘ : ‘0104 . (J.l[)() ¢ ID.;JSS I(J.l
w/(wWiw)

Figure 5. Variation of thrust-to-mass-flow ratio with
side-injection rate for different fuels in the reacting
conditions.

92



	edited. 5- salimi.pdf
	EA5- salimi-Revised

