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Numerical Analysis and Experimental Verification to Predict the Internal
Pressure of the Flight Vehicle
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In this study, a numerical analysis for predicting the internal pressure of the flight vehicle system with relief valve and N2-
injection type cooler was conducted to operate the system safely in an unsteady-state condition. By adopting an
incompressible ideal gas equation to computational domain at each time step, internal pressure was calculated without
iteration. To increase the accuracy of the numerical analysis results, numerical model was correlated by modifying the
volume of the computational domain. To modify the volume of computational domain, internal pressure along time was
compared with experimental results. It showed good agreement within system operating time. Air mass flow rate at the
relief valve is calculated by interpolating the performance curve data. For accurate and rapid calculation of the internal
pressure in an unsteady-state condition, time step size convergence study was conducted additionally. By using a
correlated numerical model, Pcr of the relief valve is conducted to remain the flight vehicle system within an internal
pressure range of 0.6-2.0 atm, in each flight profile. Finally, specific Pcr of relief valve was applied to the system and the
experimental results showed that the interal pressure remained in a safe range.
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NOMENCLATURE SUBSCRIPTS

i=Time domain
m = Mass

r = Mass flow rate
P = Static pressure
R =Ideal gas constant of air 1. ME

T = Static temperature
V = Volume chegel a1t SOl -85 a71E vl JAS 1Sk
AP = Pressure difference £ s, o]& ¢l EH ]ngﬂ_,] U gn ] Eﬁj’ 43 7]

At = time step size
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Table 1 Operating conditions for validating simulation model
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(a) Calculate with initial volume (CAD estimation)
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80
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(b) Calculate with correlated volume: 1.3 x initial volume

Fig. 6 Internal pressure distribution with operating time:

Experimental results vs. Simulation results (w/o relief valve)
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Fig. 8 Time step size convergence at cooling time: 0-160 s
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Table 2 Operating conditions of each flight profile

Cooling gas injection

Case Altitude

Start point C M
01 Before 0-90's 90-F
flight
20 km N "
ntermediate
02 flight 270-280 s 270-F

Table 3 Requirements and cracking pressure for case study
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(b) Case #02: 10s-Cooling intermediate flight(270-280 s)

Fig. 9 Cracking pressure effect on internal pressure of each
operating conditions
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Fig. 10 Comparison of simulation results with experimental results
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