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Abstract: The floating rocket mine experiences a large change of environment pressure during operation. In
order to simulate the working process of the underwater rocket engines, utilizing the VOF multiphase model, an
axisymmetric model describing gas jet in different working states (under—expansion, full-expansion, over—ex-
pansion) of underwater engine was established. By simulating the working states with Om/s and 50m/s, the evolu-
tion of the gas jet and unsteady flow characteristics under different working conditions were studied. With velocity
Om/s, the positon of neck shrinkage is far away from the nozzle, and the pulsation of mass flow rate and pressure
is not obvious in under—expansion condition. In addition, under full-expansion and over—expansion conditions-
mass flow rate and pressure is not obvious in under—expansion condition. In addition, under full-expansion and
over—expansion conditions, the positon of neck shrinkage is closer to the nozzle. The maximum pressure ampli-
tudes at nozzle outlet are 5.5MPa, 7MPa, respectively. Correspondingly, oscillation amplitude of mass flow rate

is 5.2%, 32.8%. With upstream velocity 50m/s, the positon of neck shrinkage, bulge and back—attack is far away
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from the nozzle. The maximum pressure amplitude at nozzle outlet under full-expansion is 2MPa, and the pulsa-

tion of mass flow rate disappears. The maximum pressure amplitude at nozzle outlet under over—expansion condi-

tion is 6.1MPa, correspondingly, and the oscillation amplitude of mass flow rate is 30.4%.

Key words: Underwater solid rocket motor; Submerged gas jet; Pressure oscillation; Multiphase flow;

Back-attack and bulge
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3L Table 2 Condition of calculation
Case p’/MPa /K T
Under— si 7.5 2500 10
Velocity-inlet Wall 30D, | pressure-out nder—expansion
Full-expansion 7.5 2500 5
L Pressure-inlet Over—expansion 7.5 2500 2.5
= 5250 T B0 E LB M 8 B A ST

Fig.1 Flow domain and boundary conditions
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Fig.2 Monitoring point and line

(a) Grid on the symmetry plane

(b) Grid on the nozzle
Fig. 3 Grid distribution
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Fig.4 Comparison of experimental and numerical results
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Fig. 5 Jet development of under-expansion without flow
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Fig. 6 Jet development of full-expansion without flow
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Fig. 8 Pressure on the monitoring points and lines without flow velocity
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Fig.9 Mass flow rate on the line 1 without flow velocity
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Fig. 10 Jet development of full-expansion with flow velocity
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Fig.11 Jet development of over-expansion with flow velocity
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Fig. 12 Average pressure on line 2 with flow velocity
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Fig.13 Pressure on the monitoring points with flow velocity
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