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ABSTRACT

A flow passage opening device utilizing an acceleration follow-up technique allows fuel to flow
continuously through a pressurized fuel tank system. It is very difficult to test the device in a real
flight situation because of severe test condition and a cost problem. In this paper, therefore, the results
of a basic negative g test conducted by low-speed airplane are compared with RecurDyn simulation.
Dynamic behavior of the device in total flight profile of a high-speed vehicle is also analyzed by

using RecurDyn to predict its performance.

= =

(

g5t RecurDyno 2 3|4 ZAxte}
gA o HPAH e FENLFR Y] T AFE RecurDyno 2 Gol R SITh

e
n

A8 (Negative-g test

Lo

Key Words: Acceleration Follow-up(7}4%=5%), Flow Passage Opening Device(fZ 71474
Profile(¥138 # 4), RecurDyn(g]# 1)

1), Flight

1M =2 B¢ A8 dHEs 7y 9 SEE o]FEA
7b dasiol]. ZF &3 kel Am= HEA <

ode THom Wrold g dmuad  AM9 Asmel we
2o

=
o W e B ATE AW Ams}
Received 21 July 2015 / Revised 8 September 2015 / Accepted 14 September 2015 | S AU} vlE EEa

Copyright © The Korean Society of Propulsion Engineers — o b
PISSN 1226-6027 / 6ISSN 2288-4548 & FR/NTFA I TH24].

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org
[licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



a5 A HEHYE REMNYER SHH Y 99

o] fFrENWEA= =5
AFY AHAAAY FEATES FASAL3],
& 822730 RecurDyns ©]
s UA}ﬂh A Egolae a3
BEE BAFAHS5]

B ERde fFEANANES AL FF7)d
gAs 7122 959 AdS
#Z RecurDyne AlEdH o)Az vl HE&S
Aty w3 Auee APzxA LA S
o7 FetA] X3k A AERYPAIF Ao H]
A AFe wE SR F93H A
%< RecurDyno 2 3|43 Hokt).

22 £
21 FEAEAS] @ 7Te
EEFF FEAYAXNE FHst
Zop7tr] s FEFE =
4 THEEIEFHH 72N
rﬂfﬂ vl zpA| oF AFE 3t

N
= -
rulm 1

=

)

R

A’

)

)
o
i
op
b1 o ot fo

[ r2 r2 & Lo
o
[-'\I
=2
>

o mx mH o o omy

E@ e
il

of¢
A b e}
o 2 L o
mﬁ
B
i 3
s 9
i e o
ofr
ol - Fj
o N
oX, —
o 2
[ORLASS
fo Jo
% e
fu
T
T rr
2

oo 2
1o
W
@)
oftt
ox
©
B
re
ll
1o
o

I oy
o,
i
o
=

el A7 Eolee Fde
Ao A7E A, wAUtE S
vl A o zpA| 9} 7hE o) ff%a} THF7F Eot
7ta, AR AZE xddo] EU FHo

g% ZAYFERE SR & %9 It~
st 7F REE A F4 75l dig

ol =R[5]l AHEA e lg.

H
y

22 A AF7) g5 A1E A=) vlnl
Az sejo] g o B
Aol Ho BAAAE, oA 1
N AR ARee AL Tas
A7 9HG vlLgo=z A3 1-%1
. weha A Gl
87 AAse 4%y ks 3 Mi, AR
T T S FotRdt. a2l RecurDyno 2

B
2

o BN 2 e

Disk

. Balance Weight
Shutter Hinges

Fig. 1 Cross—sectional view of flow passage opening

device.
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Fig. 2 Comparison of negative-g test results with
RecurDyn simulation.
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Table 1. A chart of negative-g test results and
RecurDyn simulation.

Results f
Acceleration eoufis from Results in
low-speed . .
(8) . simulation
airplane test
-0.1 No data Not working
-0.26 Not working Working
-0.31 Not working Working
-0.44 Working Working
-0.54 Working Working
-0.81 Working Working
-0.95 Working Working
-1.15 Working Working
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Fig. 4 Spline setup order 1 and 2.
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Spline

Hame [zl |
Data = ] [CRelosd
Ho % v [ add )
1 [} 0.
3 1. 0.
4 1.5 | 15606468
5 2, 26278,798
) 7.5 5191.256
5.
T T T
%y ExtendedSurfaceToSurfaced
-9y ExtendedSurfaceToSurface2
w9y ExtendedSurfaceTrsurfare 1
-8y ExtendedSurfaceTrSurfares
Bl Reuests
A nsejéa;
..... axl
PP 6
a Py
..... 1, PRC
..... % PUC
=4 Ex
-y

otk g Bo $¥HE lEow 4wy,
Translate Joint - Property - Joint - Motion
° 2 B9V} Fig. 75 Fus AAs £ 19
o vk Shxe] 45 #HolF=H akispl(time,
0,1, 0y 4F3td ok g4 Y time ¢
A, T WA SAE 39 BaolAe =Y



102 3ya

S

Makion
Type |Standard Mation | 2 |
Initial disp. Initial welocity
Acceleration (Hime) “‘ ‘U- | ‘U- |
Expression
Name |E><1 |m
Expression
-
-
l 0K | [ Cancel l ‘ Apply |

Marng:

akispl(time, 0,1,0)
Available Argument List
Entity

[= Awe Function expressions P I D |
(#-Fry Fortran 77 Functions ||
(- T8 Simulation constants ar|_|
=8 _ﬁ Displacement
- g Velocity
- Acceleration
EF‘G Generic force
EF“S Specific force
(- e System element =

‘ S ' [ ad ]

ax

[7 Delete

[ oc J [ comed | [ mowy |

Fig. 7 Spline setup for translate joint.

Heoly AMESHA gomzm 08 7Y, TS
argument H3Z, vl 0 4 B UHA
ol W ;s wrEskA s Ae 05 7Y
ok 2eal WA A hofok & Zlo] Argument
Liste]th. o] Listel]l Wa o 443%™ Spline
L2E galF9] Spline AR vl§-g| 3o

ol Aoz yYmXA| Translate 3} Revolute
Joints S RF Ygu€s T Azto] A AL
Al&tshd Eloh

v YA s)de] Anr} Fig. 8%-E Fig. 10
7HA dEhd ek 2"9ES 02 FE 9BR7HA
¥zl AEE w2= HPA e FEAY
FATY 24 A AsEe S RAE
Ade 2R A T F9 8g, epA e
SR7A A EAUE F BoFa itk 53
90x olF= HIFAt sHAEEA Are AF
oz Qs duvt A= &8s AS FEMNY

Ao FBFF & 2ok ATt FE & 9
A she eAel sk b,

0 sec

bk F Ty

Fig. 8 Simulation result (0 to 20 second).

30 sec

Fig.

50 sec

10 Simulation result (80 to 98 second).



H[192 H[5& 2015. 10.

2% slBALl HYANY SEHLYA S5 84 103

¢} RecurDyns o] &3] 3]sk 4x]9
Hw st Al@d 3 a4 AR %
A=, AN A< ;é} A7) =
71] W8kt o)A l:r A5 7+ mAg
| o], d59 FF,
*O] g4 B27] “HU o2 FZ3AT. A
A} vl FARSE A ARE
o] 3t x}o]B Zojof T Aoz BT
dutAl wlsgA el HHL A
Hg Aol A9 25 &
Z . Azt weEr Wske 3,
pitchE Fdsl7] &l w2 o dHeoHE
RecurDynell 48& U= Spline 7]5& A&
At A Zae FX7} 4
Zy vl Fte| et XLEO}L A&

=z 4
A 531 a%—a A 9

~r4

oXx F_°4
I
)
=
)
[0}
=
=
@)
&
5
[o

_{

o
~
A
_,4
N
%
HU

=
e

. Langton, R,

. Agency for

< Aele}

rr
i
o
=
o)
o

o

References

Clark, C., Hewitt, M.
Richards, L., Aircraft Fuel Systems, 1st Ed.,
John Wiley & Sons. Ltd, Wiltshire, UK,
1989.

and

Defense Development,
"Omnidirectional Fluid Valve and a Fuel
Applied with The

Same, Capable of Continuously and Stably

Feeding Apparatus

Feeding Fuel with a Fuel Tank Regardless

of The Posture Variation of a Flight
System," 10-1295319, 5 Aug. 2013.
. Agency for Defense Development, "Valve

Test Module,
Performance Test With Reliability without

Capable of Performing a

a Practical Flight Test in a Ground, and a
Gravity Follow Testing Device Applied to
Thereof," 10-1295320, 5 Aug. 2013.

. Park, J.,, Min, S, Kim, Y. and Park, B,

"Development of Flow Path Opening
Device using Weight 2012
Conference of the Korea Institute of Military
Science and Technology, Gyeongju,

pp- 1875-1878, June 2012.

Momentum,"

Korea,

. Jung, S, Kim, Y., Park, J. and Jun, P,

"Analysis of a Flow Passage Opening
of the
Korean Society of Propulsion Engineers, Vol.

18, No. 3, pp. 78-83, 2014.

Device using RecurDyn," Journal



