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Study on Dynamics Modeling of
Pogo Suppression Device (PSD)

Jun Kyoung Lee*

ABSTRACT

The effectiveness of a pogo suppression device (PSD) on the response of piping system
simulating the propellant supply lines of the rocket engines was investigated experimentally by
other researchers. In this study, the simplified analytical model was made, and the key
parameters which are difficult to derive theoretically were identified in combination with the
previous experimental work. In other words, the flow transient equations for a PSD system and
the key parameters used to decide the instability of the system from the linearized transfer
function including inertance, compliance, and resistance were derived. From the analysis, the

values of key parameters could be determined from the experimental results.
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C : Compliance [-] .M B
C, : Discharge coefficient (-1
D - Tube diameter [m] WA o] % FEe AF FAA HEZIF
f : Natural frequency [Hz] Ao W EAAAAN F2 AFHAG ol
g : Gravitational acceleration [m/s”] & FUF WA Age a1 AsE=Et
H : Pressure head [m] £ £F(pogo stick)s] ¥ EE_Q} R
7+ Mean pressure head (] X 3(pogo)Et FETH1-2]. E_T’_‘fﬂ 93 AFY F
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h : Perturbation of pressure head [m] wato] A7be AL 2 72E 3HE T 9
£ ¢ Inertance (1/4) . o om 3959 24 e o2 guee ¥l
K : Siffness (1/0) [ g Fol WARE AA4W 37 WsE ¥A A
m : Mass [ke] HozREel o]gg U /FSHE Uk we
M : Mass flow rate [kg/s] A A zA AL A Ti9 AAL "oz,
M : Mean mass flow rate [ke/s] 28 3 EAMAe ARste AAE XA
m : Perturbation of mass flow rate [kg/s] A|(Pogo Suppression Device, PSD), == X3
P : Pressure [N/m?) A | (Pogo Corrective Device, PCD)g} &t}
P : Mean pressure [N/mz] E3E Fig. 18] A Ash 4 Bst 2e] 48 3
p : Perturbation of pressure [N/m’] WA FEAS LA T2E L ;‘]ji:f
; 2(FA)el o3 EAste Aew ¢ Atk
52 : Volume flow rate (vA4) [m*/s] m}(a]-}\-] )Fig. 2h BeESo] 23A FIA T
@ : Mean volume flow rate [m’/s] SRS =nel 13 FRRDAMY] TGS
2] : Perturbation of volume flow rate  [m’/s] Fo4E BEsd E1E AAYT + U =
R : Resistance [-] = s ==

(R= (32v)/(AD*) (Laminar flow),
R= (an "71)/(2/1 "D) (Turbulent flow))

r : Frequency ratio -]

v: Velocity [m/s]

V . Volume [m’]

V : Mean volume [m’]

v : Perturbation of volume [m’]

Y : Flow admittance [-]
Subscripts

baffle : Baffle of PSD inlet
i, j : Node point

main : Main tube

p : Pogo suppression device
s : Steady state
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Fig. 2 1st mode  frequencies of suction line and
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