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ABSTRACT

The Weapon Launching System (WLS) in submarines is a critical system that launches various weapons through horizontal
tubes. A submarine Air Turbine Pump (ATP) launch system using high-pressure air to drive a turbine-pump that rapidly
pressurizes water for projectile ejection was investigated through integrated one-dimensional/three-dimensional (1D-3D)
modeling, simulation, and experimental validation. This paper presents a coupled 1D-3D simulation framework for an air turbine
pump based underwater launch system, integrating thermodynamic modeling of compressed air, turbine pump shaft dynamics,
water pressurization, and projectile motion into a unified model. Key turbine and pump performance characteristics were derived
from high-fidelity 3D computational fluid dynamics (CFD) analyses and embedded into the 1D system simulation to ensure
realistic component behavior. The integrated model’s predictions were validated against land-based experimental data, including

turbine rotation speed (RPM), system pressure, water flow rate, and projectile velocity, demonstrating good baseline agreement.
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Fig. 1 Schematic diagram of ATP system modeling
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Table 2 Torque correction coefficients vs, turbine RPM from
CFD simulation

Turbine RPM ratio Torque correction coefficients

0 7%
0.04 78%
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0.14 90%
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0.32 91%
0.43 92%
0.55 94%
0.66 95%
0.75 95%
0.82 95%
0.86 94%
0.89 97%

Table 3 Flow coefficients corresponding to discharge valve

opening
Launch valve opening ratio Flow coefficient
0.1 0.810
0.2 0.816
0.3 0.825
04 0.790
0.5 0.788
0.6 0.781
0.7 0.806
0.8 0.795
0.9 0.795
1.0 0.798
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