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PREDICTION OF THE ORIFICE DISCHARGE COEFFICIENT
USING COMPUTATIONAL FLUIDS DYNAMICS

H. Ok and I. Kim®

Vent ports are installed on the walls of closed compartments of a launch vehicle to control the pressure drop
in the compartments. The ports can be modelled as an orifice, and the accurate prediction of the discharge
coefficient of an orifice is essential for the design of vent ports. Experimental methods have been used fo determine
the discharge coefficients for various shapes of orifices, and extensive databases are available. Wind tunnel tests
have been also done to evaluate the effect of interaction between venting outflow and freestream for limited
conditions. The goal of the present research is to predict the discharge coefficient of an orifice using CFD and
evaluate the accuracy of the method, especially for the orifices exposed to the external flow.
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Table. 1 Flow Conditions in Plenum Chamber

e “Total | Total | -
- Case Pressure | Temperature o
S | Ratio
Pa K ” ';;:": ] -
732 1.374x10 299.9 0.882
735 2.442x10° 299.4 0.496
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Fig. 2 Comparison of Mach Number Variations Along
Axis of Rotation
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Table. 2 Comparison of Mass Flow Rates

Mass Flow. | “Mass Flow | Discharge
Case | Rate by | Rate by CFD | Coefficient

Theory (kg/s) (ke/s) KD
732 | 6.0717x10° | 3.8240x10° | 0.6298
735 | 1.6257x10% | 1.2158x107 | 0.7479
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Fig.3 Contour Plot of Mach Number for Case 735
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Table. 3 Comparison of Axisymmetric and 3D Results

' Axis 3D, w/o. '} .3D; w. - | Discharge
Case ‘(k g/s')  Freestream | Freestream |  Coeff.
i (kg/s) (kg/s) X2
732 |3.8240x10°{3.9740x10°
735 [ 1.2158x107 [ 1.2085x102{8.7072x10°| 0.7205
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Fig4 Velocity Vector Plot and Steamlines for Case 733
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