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ARTICLE INFORMATION ABSTRACT

The purpose of this article is to system design methodology of Propellant Management Device (PMD)
for hydrazine fuel tank which used in low (zero) gravity conditions. To this end, the suggestion system
design flowchart has three main steps that concluded: step one, Tank design and modeling; step two,
PMD design and modeling and step three, stored fuel treatment simulation and analysis. In the design
flowchart has performed the result of each step based on mission inputs. Therefore, rejected results in
each step led to vary the related parameters. Thus Solid Works software is used to primary PMD and
Propellant management Device (PMD) tank modeling. Then, numerical simulation is performed to consider PMD's performance and to
Numerical analysis illustrate the capillary phenomenon for continues fuel transferring in zero-gravity conditions.Also,
EXS%EQ numerical methods are used to analysis of the tank and the fuel behavior inside the tank with PMD to

optimize system design parameters. Hence, Ansys software used to finalize modelling, analysis,
meshing and consideration of fuel behavior in PMD by utilizing the Volume Of Fluid (VOF) method.
The optimal system parameters related to specifications of PMD with maHimum performance of mass
and volume flow rates in zero gravity. In conclusion, by comparing the results (PMD performance) with
experimental and existing results will be verified.
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4 Input : Tank and PMD Design Requirement

-Fuel Volume

-Sizing Requirement in Spacecraft (Spherical, Cylindrical and .. Tanks)
-Weight — Volume Requirements

-System Performance parameters (Function continues time, Flow rate, ... )
(Environment Conditions (Temperature, Pressure, Loads, Zero-gravity)

v

7 N

.—b( Step 1: Tank Design and Modeling )
Input

Length, Thickness,
Configuration
r

h

.

Structural Analysis and
Simulation
Structural Optimization
Dynamic Analysis

¥Erification : Safety Factd
Stress, Strain, Buckling, Nature
Frequency, Harmonic and
Random Vibrations

Yes
A4

( Input : Tank Exit Nozzle constraint )
' i ™
lnput—b( Step 2 : PMD Design and Modeling )

Structural Analysis and
Length, Thickness,
\__ Configuration
-~

Simulation
Structural Optimization
Dynamic Analysis

vErification : Safety Factd
Stress, Strain, Buckling, Nature
Frequency, Harmonic and
Random Vibrations

No—

- Yes. J

¥
Input : Tank and PMD Physical
Parameters
i

Y
( Step 3 : Fuel Treatment in Tank Simulation and Analysis)
v
Fuel Simulation and Analysis
PMD Optimization

vérification : Fuel Entrancete

PMD without any Fluctuations and
Perturbations; Optimization of Fue
low rate Entrance to PMDy

L No—

Yes

érification : The Stored FUe
Volume in PMD

Yes

v
Tank and PMD Dimensions; Tank’s Safety
Factors, Tank’s Stress and Strain, PMD Loading|
and Mass flow rate variation versus time and
etc.

Fig. 1 System design flowchart for fuel tank and PMD
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Fig. 3 PMD used to dynamic analysis
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Fig. 4 Parameters used to PMD optimization
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Table 4 Variation of safety factor versus mesh size with computation
error percent
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Table 5 Comparison the safety factors results
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Table 6 Tank thickness optimization results based on weight and safety
factor
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Table 7 Tank thickness optimization results with respect to pressure
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Fig. 5 Analysis Model for consideration of fuel treatment in tank and
PMD effect
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Table 3 Variation of safety factor versus mesh size with computation
error percent
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Table 11 Strain extrimum results and error percent
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Table 8 Comparison the different mesh sizes and equal stress with error
percent

MPa s Ol s dieion MPa s Ol s dieS mm S ojlal
3.10 MPa
718.27 0.75167 0.3
727.08 0.75264 0.21
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20 0.001 ;| yioS [[FESRVEN

mm 5,5 digden mm 3,8 dieS mm aSus o1l
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Table 12 Strain and nature frequency in the first lateral and
longitudinal mode shape
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Table 9 Comparison the mesh size and extrimum equal stress with
error percent
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Table 10 Mesh size results and error percent

mm s ,S diden mm 56,5 dieS mm aSs ojlul
3.10 MPa
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Table 14 Results of tank random vibration analysis in X, Y and Z
directions

MPa Jolro a5 aiios mm 55 ,S diudon LVES
378.47 1.27 Y
553.93 2.34 X
551.69 2.34 z
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Table 15 Results of PMD structural analysis
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S
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Fig. 6 Tank frequency response in harmonic vibration analysis (X-axis)
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Fig. 7 Tank frequency response in harmonic vibration analysis (Y-axis)
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Fig. 8 Tank frequency response in harmonic vibration analysis (Z-axis)
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Table 13 Complete results of tank harmonic vibration in X, Y and Z
directions

229C Lo
LE.e AaS Hz .5 ,8 (mm) J b/ (MPa) s
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! . -
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4.9945¢-005 0.0 40.6 Jsb
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Fig. 10 Fuel motion analysis results in PMD after the time of 12
seconds
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Fig. 11 variation of volumetric flow rate for fuel entrance to PMD
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Fig. 12 Fuel treatment analysis results without PMD at the time of 12
seconds
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Table 16 Results of PMD dynamic analysis
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