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k-kL-ARSM?2018+J Turbulence Model

k-kL turbulence model

linear constitutive relationship: 7, =2y, Si.—l%@j —gpk5ij
‘ b 30x, 3
ok dpujk Z Aok k k?*
=P +— — [-Ci—-C
a o ox, * ox (”“Wt)axj T

dpkL) apu; (kL) (kL) kL) | ~ (kL)
=C P.+—|u+o f
ot % CRR | (,U O (kL) Hy ) ﬂX 6p—~ q2

J

15
(kL) — C(kL)Zpk

The linear eddy-viscosity model performs
poorly in predicting flow with sudden changes
in the mean strain rate, such as flow over curved
walls, rotating flows (vortex flows), and three-
dimensional flows, etc.

k-kL-ARSM2018+J turbulence model

The Reynolds stress model has high
computational cost and is difficult
to converge for complex problems.

nolinear constitutive relationship: 7, = f,r{**" +(1-f,)z{"
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k-kL-ARSM2018+J Turbulence Model Validation
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® The k-kL-ARSM2018+J model can accurately predict
the jet exit velocity and pressure.
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Nozzle Simulation - Impact of Inlet Velocity

Thrust coefficient

» The thrust increases with the increase in inlet Mach
number, with a maximum increase of 55.68% in
thrust at Mach 1.
> As the inlet Mach number increases, the core region
of the nozzle expands, and the uniform region moves
backward. This leads to an increase in the overall
high-pressure region (>5000 Pa) inside the nozzle,
resulting in an increase in nozzle thrust.
» The pressure increase on the lower wall of the nozzle
Is faster than that on the upper wall. This difference
in pressure growth leads to a lift that first increases
and then decreases, with the maximum lift occurring
at a Mach number of 1.4.
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Variation of Thrust Coefficient
with Inlet Velocity
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Variation of Lift and Pitching
Momemt with Inlet Velocity
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Nozzle Simulation - Impact of Inlet Pressure
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Nozzle Simulation - Impact of Flight Altitude

Atmospheric Parameters at Different Flight Altitudes .
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» With the increase in altitude, the variations in nozzle
thrust, lift, and pitching moment are relatively small.

» The pressure distribution on the nozzle symmetry
plane is largely consistent, indicating that the impact
of altitude variation on nozzle performance is limited.
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Conclusions

€ The NASA standard test cases showed that the k-kL-ARSM+J algebraic stress
model provides accurate simulations of supersonic nozzles, closely matching
experimental data. This model enables precise calculations of nozzle performance.

€ With increasing inflow Mach number, the thrust and pitching moment increase
while the rate of increase decreases. The lift reaches its peak near the design Mach
number and then decreases rapidly. As inlet pressure increases, the nozzle thrust, lift,
and pitching moment all show linear growth.

€ With increasing flight altitude, the internal flow field of the nozzle remains
essentially the same due to the consistent supersonic nozzle inlet conditions. How-
ever, external to the nozzle, changes in external flow pressure cause the nozzle exit
to transition from over-expansion to under-expansion. As a result, the shear layer
behind the nozzle first converges towards the center of the nozzle and then diverges.






