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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
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Keywords:

System design 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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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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Fig. 2 Tank used to dynamic analysis
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Table 4 Variation of safety factor versus mesh size with computation
error percent

O sl G ps aneS jlade (mm) oS o3l
2.59 MPa
1.5497 0.3
1.5310 0.21
1.5169 0.17
1.5110 0.14
0.003 s 4oy
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Table 5 Comparison the safety factors results

s gg (MPa) jLzd Jlaie (18] po e ol gy (1) s
Ll 2.59 1.35 151 118
L 3.10 1.23 1.26 2.4
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Table 6 Tank thickness optimization results based on weight and safety
factor

(mm) Cwlses (kg) &3 Obebl o po oS
3.10MPa
1.45 0.034 1.29
17 0.040 157
1.95 0.046 1.86
22 0.052 2.15
245 0.057 2.38
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Table 7 Tank thickness optimization results with respect to pressure

(MPa) )L.;"._é )l..\i,c (kg) 039 QL:.:.«H D
2.59 1.55
2.79 1.47
2.84 0.035 141
297 1.35
3.10 1.29
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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 5 Ol e dicion MPa o5 Ol s dieS MM a0l
3.10 MPa
718.27 0.75167 03
727.08 0.75264 0.21
733.84 0.75305 0.17
736.67 0.75145 0.14
20 0.001 5| yioS [[FESRVN

mm s ,S diiog mm  id,S aieS mm aSus ol
2.59 MPa
1.7374 1.0171 0.3
1.7373 1.0172 0.21
1.7373 1.0173 0.17
1.7373 1.0173 0.14
0.001 | ;iaS 0.001 ;I jieS (FESRVS
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Table 12 Strain and nature frequency in the first lateral and
longitudinal mode shape

OR5S adan Y b 5 el ol
mm mm s Hz Mm
6.5349 0.00076315 80.273 6 S
7.8594 2.7705;2 e- 25.584 6 ‘5‘4[’
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Table 9 Comparison the mesh size and extrimum equal stress with
error percent

MPa s &l s aiion MPa iid Ol s 4 mm aSlll o5l
2.59 MPa
600.10 0.62801 03
607.46 0.62882 0.21
613.11 0.62916 0.17
615.48 0.62782 0.14
15 0.001 ;| yoS [IZESRWSRY
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Table 10 Mesh size results and error percent

mm s ,S diden mm 5,5 aieS mm aSs ojlul
3.10 MPa
2.0795 1.2173 0.3
2.1703 1.3091 0.21
2.1703 1.3091 0.17
2.0794 1.2176 0.14
0.01 0.01 Uas oo
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Table 14 Results of tank random vibration analysis in X;.Y and Z
directions

MPa Joleo (i diios mm 55 ,S diudon LVES
378.47 1.27 Y
553.93 2.34 X
551.69 2.34 z

PMD L il iy oo aibols a3l Julos ol 15 Jouie
Table 15 Results of PMD structural analysis

40°C Los
310 MPa 259 MPa i
Ady Aol Al daneS (mm) b/ (MPa) 25
1.2948 1.5497 03
' 1.2791 15310 021 oy
¥ 1.2673 * 15169 017 Slebs!
1.2624 15110 014
71827 075167 60010 062801 0.3
72708 075264 607.46 062882 021 oS
73384 075305 61311 062916 017 N
73667 075145 61548 062782 014 :;‘:

2.07955  1.2173 1.7374 1.0171 0.3
mm

2.1703 1.3091 1.7373 1.0172 0.21 Jsb

2.1703 1.3091 1.7373 1.0173 0.17

2.0794 1.2176 1.7373 1.0173 0.14
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2.3687e-6
1.4488¢-6

8.8613e-7
109 25. 37.5 50. 62.5 75. 87.5 100.

Frequency (Hz)
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)

Sgeyla olalsy Jidos 0 Y Caz )0 oipee (oilS )8 uly b 7 JS%

4.5425e-5
2.7768e-5
1.6975¢-5

.0377e-5
.3432e-6

8776e-6

Amplitude (mm)
w o

(¥}

.3704e-6
1.4490e-6
8.8581e-7
1

0.9 25. 375 50. 62.5 7s. 87:5 100.
Frequency (Hz)
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

22°C Lo
i AaS Hz .5 ,8 (mm) J b/ (MPa) s
3.366€-004 3.1698¢-008 100 Job
1.3973e-003 - 1.2978e-003 40.6 X
7.9756e-002  2.2219e-007 100 i
8.404¢-004 2.6095¢-010
11233¢-005  1.9164e-007 Jibo Y olabs)|
6.8443¢-004 - 1.3997e-007 80.2 Sige e
1.0599¢-006  1.8234e-010 100 Jsb
! . -
2.2878¢-004  2.2169e-010 i
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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Table 17 results of PMD Analysis at 12 seconds
(2.07 MPa) ,Las (15° C) Les & Julows  layore L)

(kgrs) SopE 20

0.10830 LT eas S

0.10807 0.001 Y-

0.10855 0.001 X-

0.10860 2.59 MPa L:

0.10824 5

0.10315 17 Lo 0,190 LS 5o 51 98 o gl

0.09675 21

Hydrazine Volume fraction
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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

22°C Lo
Ao Ao Hz uil5,8 (mm) Jglo/ (MPa) i
6.534 0.00076315 80.2 Jsb ypme oS
7.859 2.775e- 05 255 il s
3.366e-004  3.1698e-008 100
1.3973¢-003 - 1.2978e-003 40.6 X
7.9756e-002  2.2219e-007 100 e il
8.404e-004  2.6095e-010 Sige i
= )
1.1233e-005  1.9164e-007 Jsbo Y
6.8443¢-004 - 1.3997e-007 80.2
1.0599¢-006  1.8234e-010 100 Jsbo
z
2.2878e-004  2.2169e-010 e
4.9945e-005 0.0 40.6 Jsk
1.2734 0.0 * Jsbo Y
378.47 1.7074e-004
2.3467 0.0 - X Shals)|
553.93 3.6797e-004 e
2.3473 0.0 Jsbo z
551.69 3.9641e-004 e
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Fig. 9 Fuel and gas position towards each other at the time of 0 seconds
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