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ARTICLE INFORMATION ABSTRACT

Original Research Paper The purpose of this article is to design the optimum method of Propellant Management Device (PMD)
Received 13 April 2017 of hydrazine fuel tank which is used in zero-gravity conditions. To this end, numerical methods are used
Accepted 11 June 2017 for analysis of the tank and the fuel behavior inside the tank with PMD to optimize system design

Available Online 13 July 2017 . A . . . A A
¥ parameters. Hence, Ansys software is used to finalize modeling, analysis, meshing and consideration of

fuel behavior in PMD by utilizing the Volume Of Fluid (VOF) method. Also, Solid Works software is

Keywords:

Optimal design used for primary PMD and tank modeling. Then, numerical simulation is performed to consider PMD's

Propellant management Device (PMD) performance and to illustrate the capillary phenomenon for continuous fuel transferring in zero-gravity

Numerical analysis conditions. The design variables in tank and PMD optimization respectively are: minimizing the tank

Eggr?azr:r;e weight to safety factor ratio; dimensional specifications of tank and PMD (height, diameter, length and
width dimensions). The objectives of PMD optimization are to achieve maximum volumetric and mass
flow rate values, and on the other hand, to achieve the most desirable amount of fuel to PMD so that at
the end of the time of simulation it can used by flow rates curves. Numerical analysis results that are
obtained include: optimal system parameters related to the specifications of the tank with minimum
weight and maximum safety factor and also optimal system parameters related to specifications of PMD
with maximum performance of mass and volume flow rates in zero gravity. In conclusion, by
comparing the existing systems with the optimal system parameters results will be verified. The outlet
mass flow rate in simulations of 4 seconds verified the performance of designed system.
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Table 2 The optimum results

Flow Rate kg/s
Max Value End Value MM} asies o3l
0.3395 0.0877 0.2
0.3375 0.0802 0.4
0.3564 0.0497 0.6
0.4 r T
—--- FlowRate Mesh 0.2
i === FlowRate Mesh 0.4 |
0.350 / S — - FlowRate Mesh 0.6
0.3
&?0.25-
2
® 0.21
&
z20.15" !
g |
0.
I
[
0.054i
i
¥
100 200 300 400 500 600
Time 1073s

Fig. 9 optimum mass flow rate in optimum design
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Table 3 worst case results

Flow Rate kg/s
Max Value End Value (MM) 4 ol
0.1805 -0.0059 0.2
0.2074 -0.0523 0.4
0.2092 -0.0559 0.6
0:2 "= FlowRate Mesh 0.2
L -~ FlowRate Mesh 0.4
0.2] ',.;7’ Ny - - FlowRate Mesh 0.6
,,,,, A
Qo. 15} e gl
2 il
g 0.1 ‘!;’,-I” B
2 0.05F '_:;'/
g
of
-0.05
01, 100 200 400 500 600

TimgoPO 3s
Fig. 10 Mass flow rate in worst case design

b Sl 5 s a0 10 S

SN s ity S o b anglie 4 Jgor
Table 4 comparison of the optimum and worst case results

L g ool aigy PMD 51 glaiges conly S 5o s o lis |, PMD
odd oy p (7955 @S iomb plesily LPMD o e 5 VL (Lo,
TP s ooz ooz €5 wser Oz 25 ORI Jels leane Gl
2 Jsaz 55 0ad gilwange PMD @mls wile by w2y 50 ol
T slged 5 Conl oad osls Gisles aS o3lasl 0,5 S 6S lree ulasl
53 Jsoz 55 L e g caalin LB S2" 5 T o>
4 Jgaz 50 el oas 03ls lis cpol lewsl, LPMD gl "10 Jsa”
Vb Lol b a3 oles e e 0.2 a5 olail L alio "11 S8

el o 03l L 5 ol (s el b aF

Soue i g bls 2 3yl -5
Olaabl Cuyo 4 Cad 39 AeS A obiiws Gl 35 ojle Jdou

s

PMD &5}"“‘“""‘@ 5 solaul Sy90 Lgl.«b}:.al)b 7 JS.&

H177
Fig. 7 Parameters used to PMD optimization
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Table 1 Comparison of design parameters

Flow Rate kg/s

Max Value End Value b gs
0.3395 0.0877 Ay b
0.1806 -0.0059 RO NS

Mesh 0.4 mm
Mass Flow Volumetric Flow  Length Figure 7°s Time
Rate (kg/s) Rate (m3/s) (mm) par&ngg;ers (s)
0.04733154 4.6816558e-05 5
0.023344149 2.3090157e-05 6 H177
0.019580824 1.9367778e-05 7
0.073383985 7.2585544e-05 4
0.063901753 6.3206482e-05 3 V177
0.036506833 3.6109627e-05 2
0.019475649 1.9263748e-05 16
0.023647218 2.3389929¢-05 15 L103/104 0.6
0.10139638 0.00010029315 14
0.045959163 4.5459113e-05 150
-0.003552022 -3.5133749¢-06 145 A163/164
-0.050174108 -4.9628198e-05 140
0.041857853 4.1402426e-05 55
0.057103532 5.6482228e-05 50 A128/129
0.042267308 4.1807426e-05 45
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Fig. 8 The optimum and non-optimum (worst case) configurations in
right and left hands, respectively
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Table 5 Structural analysis results

o il Julod gl 5 Jguar

Hlad Lo
2.59 MPa 3.10 MPa C40
# 1.2948 1.5497 0.3
1.2791 1.5310 0.21
Obeobl o y2
* 1.2673 1.5169 0.17
# 1.2624 % 15110 0.14
718.27 0.7516 600.10 0.6280 0.3
727.08 0.7526 607.46 0.5288 0.21 Joles s
733.84 0.7530 613.11 0.6291 0.17 MPa
736.67 0.7514 615.48 0.6278 0.14
2.0795 1.2173 1.7374 1.0171 0.3
2.1703 1.3091 1.7373 1.0172 0.21 Job s
2.1703 1.3091 1.7373 1.0173 0.17 mm
2.0794 1.2176 1.7373 1.0173 0.14
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Table 6 PMD's structural analysis results

Hlad %Y
3.10 MPa 40C
>10 3
>10 2 el (o
= > 10 1
1.977 3.7528 e-007 3
1.7524 0 2 MPa Jsles i
1.9955 45524 ¢-008 1
1.7545 e-003 0 3
1.7528 e-003 0 2 mm Job 35
1.7525 e-003 0 1
O Seslns Julow 7 Jguer
Table 7 Tank's dynamic analysis
22C Les
Y . L}“Jls)s *hkkkhkk
Aoy aeS Ho
6.5349 0.00076315 80.273 Soe WS
78594  27752e-05 25584 MM Jsb ross s> b
3.366e-004 3.1698e-008 100
1.3973e-003 - 1.2978e-003  40.6 X
7.9756e-002 2.2219e-007 MPa sl s
8.404¢-004 2.6095¢-010 100
1.1233e-005 1.9164e-007 . Y ol
6.84436-004 - 1.3997¢-007 802 MM Job Sige
1.0599¢-006 1.8234e-010 o0 mm Jsb
1
2.2878e-004 2.2169e-010 MPa Joleo i Z
4.9945e-005 0.0 406 mm Jsb
1.2734 0.0 mm Jsb v
37847  1.7074e-004 MPa Jsles i
2.3467 0.0 mm Jsb s " olslls)
553.93  3.6797e-004 MPa Jsles 25 ol
2.3473 0.0 mm Jsb s
Z
551.69  3.9641e-004 MPa Jsles i
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Fig. 13 Fuel motion analysis results in PMD after the time of 12
seconds
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Table 8 PMD's dynamic analysis results
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Fig. 12 Fuel and gas position towards each other at the time of 0
seconds
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