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ABSTRACT

Flow analysis was performed using Fluent to determine flow uniformity of 3 tonf liquid rocket
engine propellant manifold. Based on the manifold initial design, the shape of the fuel distribution
plate and propellant pipe inlet was changed to improve flow uniformity, and the flow uniformity of
the computational analysis results for these initial and modified designs was compared/analyzed. As a

result of the computational analysis, it was confirmed that the flow uniformity of the revised design

was improved compared to the initial design.
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Fig. 1 Schematic manifold cut—off view.

Fig. 2 CDM1 manifold configuration.
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Fig. 4 Manifold minimum diameter tube mesh shape.
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Table 1. Comparison flow match rate of CDM1 by
number of mesh.

LOx Flow | GCH; Flow

Num. of Mesh | Match Rate | Match Rate
[%] [%]
5,123,194 (75%) 94.32 99.97
6,819,743 (100%) 99.97 99.99
8,085,174 (118%) 99.98 99.85
9,805,448 (143%) 99.97 99.91
10,322,956 (151%) 99.66 99.98

Table 2. Number of mesh by manifold design.

Model # Number of Mesh
CDM1 6,819,743
CDM2.1 6,944,895
CDM2.2 6,874,063
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Table 3. Fluent setting conditions.

Models Setting
Simulation type 3D, Symmetry
Type Pressure-based
Solver Time Steady
Gravit Enabled (9.81
y m/ SZ)
Model VOF
) Volume .. ..
Multiphase . Implicit, Implicit
fraction
model Body Force
parameters
options Sharp/Dispersed
) Model realizable k-¢
Viscous N 1 wall
Model options enhanced wa
treatment

Table 4. Boundary conditions and materials.

Material LOx

Oxidizer Temperature [K] 96
Inlet mass Flow Rate [kg/s] 3.265
Density [kg/m3] 1124
Material GCH,

Fuel Temperature [K] 515
Inlet mass Flow Rate [kg/s] 0.965
Density [kg/m3] 20.773

U&= fFEE(Flow rate distribution)& Eq.
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Fig. 5 Mass flow rate per injector number GCH4 (left), LOx (right).
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Table 5. Comparison flow rate distribution by model.

GCH, Flow rate | LOx Flow rate

Model # distribution [%] | distribution [%]
CDM1 -3.21~6.76 -14.29~6.27

CDM2.1 -3.63~4.82 -7.39~5.96

CDM2.2 -3.77~5.36 -7.57~6.23
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