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Abstract: In order to ameliorate the side load problem of the large area ratio overexpansion nozzle and im-
prove the overall performance of the rocket engine nozzle, a technique scheme of morphing nozzle was proposed
to reduce the side loads. Taking the expansion section of VOLVO-S1 nozzle wall as the basic research model, the
cross—section of the nozzle wall in the X—axis direction was changed from circular to elliptical by applying a pair
of symmetrical forces in the Y-axis direction. The area ratio of the nozzle and the flow path characteristics were
changed so that the goal of reducing the side loads can be achieved. By using the numerical method for solving the
Reynolds averaged N-S equation, the corresponding changes in the flow field of the morphing nozzle were carried
out. The results show that after exerting a certain size force, the nozzle outlet area is reduced by 0.98%, the peak
of side loads of morphing nozzle in the Y direction can be reduced to 60% of the original with a small thrust loss,
at the same time, the side loads in the Z direction can be nearly made down to half of the original nozzle. Addi-
tionally, the transformation from freedom shock separation to restricted shock separation occurs at nozzle pres-
sure ratio being 15.2 ~15.3 in the morphing nozzle, which is delayed compared to the shock mode transition of
the VOLVO-S1 nozzle. Finally, the reason why the side loads are reduced in the morphing nozzle is analyzed.
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Table 1 Basic parameters of VOLVO-S1

Variables Value
Expansion ratio 3 20
Nozzle length L/mm 350
Throat diameter D,/mm 67.08
Nozzle outlet diameter D, /mm 300
Entrance radius expansion section r,/r, 0.5
Inlet angle 6,/(°) 35.025
Expansion angle 6,./(°) 4.0
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Fig. 1 Contrast of wall pressure distribution of nozzle and
Mach cloud at NPR=14
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Fig. 2 Contrast of wall pressure distribution of nozzle and
Mach cloud at NPR=16
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Fig. 3 Diagram about principle of force at the wall of the

nozzle
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Table 2 Material properties of the nozzle

VOLVO-S1

Nozzle name

Material Structural steel
Modulus of elasticity/Pa 2.11x10"
Poisson ratio 0.33
Density/(kg/m’) 7900
25
[ — VOLVO-S1 nozzle
20 ;.,3—12,2 —— Morphing nozzle
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Fig.4 Area ratio contrast of morphing nozzle and VOLVO-

S1 nozzle
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Fig.5 Side loads on the Y and Z directions

Table 3 Thrust contrast of VOLVO-S1 nozzle and

morphing nozzle at different operating conditions

NPR VOLVO-S1/N Morphing nozzle/N
4 1218.75 1240.89
6 2003.06 1992.82
8 2553.26 2460.06
10 3000.79 2894.64
12 3327.43 3255.79
14 3518.56 3581.89
16 3144.01 3152.83
18 4327.21 4226.72
20 5182.58 5132.67
25 7892.89 7880.24
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Fig. 6 Mach cloud of morphing nozzle at VNPR=15.2
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Fig. 7 Mach cloud of morphing nozzle at NPR=15.3
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