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Dynamic Characteristics of Pressure Propagation According to Boundary Condition

Changes in a Transmission Line

Gee-Dae Na‘, Young-Tae Yoo*, Ji-Hwan Kim"™

{ Abstract }

Design for a quiet operation of fluid power system requires the understanding of noise and vibration characteristics of
the system. It's not easy to analyze noise problem in hydraulic cylinder used in typical actuator Because they've got complex
fluid dynamics. One of the fundamental problems associated with the hydraulic system is the pulsating flow in pipe lines,
which can be tackled by the analysis under simplifying assumptions. The present study focuses on theoretic analysis and
experimental study on the dynamics of laminar pulsating flow in a circular pipe. We analyze the propagation characteristics
of the pressure pulse within a hydraulic pipe line taking into account the pulsating flow frequency variation. We also measure
instantaneous pressure pulses within pipe line to identify the transfer fimctions. We conduct series of experiments to investigate
the propagation characteristics of pressure pulse for various pressure of pulsating flow. The working fluid of the present
study is ISO VG46 and the temperature ranges from 20 to 60°C with normal pressure at 4000kPa. The flow rate is
measured by using an ultrasonic flow meter. Pressures at fixed upstream and downstream positions are measured concurrently.
The electric signals of the pressure sensor are stored and analyzed using a system analyzer(PKE 983 series). The frequency
is varied in the range of 10~ 500Hz. The Reynolds number is kept below 2,000. In the present study, boundary condition
was varied by installing a surge tank and an orifice at the end of pipe. Experimental and theoretical results were compared
each other under various boundary conditions.
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Fig. 1 Cylindrical coordinates and velocity components



E=2EATIA &S =28 Vol.11 No.6 2002. 12.

QAN I(s), Zy(s)e ¥4 AFE neist B2 A
s} AY(propagation constant)?t 4 ¥ ¥l A(character-
istic impedance)o|s] thS 2jog ZojAGEHT,

_ opGalsiy 1 ©
jaV s/viy(iaV s/v)

29 =5 { J )

Al 13 A gl
BRI o] Hega

I'(s):%[l

1
_ 2J1 (ja\/?/Tx)
jaV s/viy(jaV s/v)

4714 j= vV =103, , ¥ =
o, rgts WEGHA, o=
ojth.

o= |4 ®
3l 4 4), A (S)= SRAMY dET GF Fgo

ot Zo] A2 & 4 g
Py(s) = Py(s) coshI(s)L — @,(5) Zy(s) sithI(s)L (9)
Q9 == Pi(9 7 simnI9L
+ @Q,(s) coshI(s)L 10)

Fig. 13} 22 #2240 st F5FHAA AT &
=of w2t Wstsle vigAREY FE4E d4s] Yl
B2 A, 317 Alolg] e, 43T FEHNL Thee
2 —7|—‘-0']%_]E]-(3'5‘12‘”).

Py(s) cosh{I()L}  Zy(s) sinh {IXs) L}] [ Py(s)
Ul | Sl s oD coshinor) | 1@

11

A71A 4 (1) F2 24E 7|22 do, YRE £}

S BEYTY Pi(s), Q9% 7Y Py(s), Q99

Atolel& 4 (11)& A=shd o Agdert gk
Py(s) 1

P ~ coshI{s)L+

(12)

P, ES) Zy(s) sinh [{s)L

4 (29 -2 & vz suel A2 o 49
€ Fig. 29} Zo] vV M 9H g9 10| 9=

77

Aeol A (13)0] gt

2P, , v dP

o TK at (3)

& = ¢

AHY cpe BT A9 R po|n Vi B2 Bt
9 HHolc}. Y4-& HEFOZ tfehfo] et=atAEss)
o oog 4& etk

Qz(S) _
KO \/ 2,0P20 2P20 ! KU K (15)

A A MO Py, Qe
o] s #toldh
AAz7A0] Fig. 3004 AP HEED] n&q I& 3
$oll= K, = 00l HEZ 4 (19 K, 9¢A 2o o
A 2H1Y FAzAE w3 AEdee 4 (148
(12)4]0 tfqjste] Helstd o 2t

ABHE st o] st o3

Pz(S) _
P(s)

L (16)
coshI(s)L + KyZy(s) sinh I'(s)L

E 3AZ70] Fig. 4dXAY B2Ede] AT &

H d R? QZ
_ .
do

Fig. 2 Case of Orifice & Volume in the Pipe

|
o
L

Fig. 3 Case of Orifice in the Pipe

P
o G "Q
L—_L—»——] V

Fig. 4 Case of volume in the Pipe

P Qi— d__
o




Lio(f

- RYH

-UxE

ASole Ky = 00 22 4 (1% K, % A ek
weh Ba7el AAXAL el ARYEE 4 (198
4 (12)°l Hejstol Helsha ket 2.

Py(s) _
P1(S) o

L (17)
coshI{(s)L+ K, Zy(s) sinhI{s)L

o9 olZa|q HAIE A Fig. 2, Fig. 3, ¥ Fig.
4 ol A2t 4 (12), 4] (16), 4 (17)ellA vetd HitE o2

I AEE B3 AE A gt
3.4 ¥
2 =R ol &%t AFAA Y 3|2 Fig. 59 b}EM
Act. ZAUAHIMHAWE Co., V30D)ZEE A5

e HEE FAN 98§ 25 92 2ol
Z97I(BOSCH Co)g ANt faBzgol= 4
2 2709 29718 AXstel AAGurge)d 2A F A
Atk 29709 3 AR g nEus HEL 4B
P\(rectifier) 3 Arelstel 2jerg A4skstoch Yool F3t
5 0] AFHELS WA sto] 259 UFe] 3
Aol F& TEO] 1000H7H Fu44 o7k e

ASHE TA71E ARG BHE5S ¥ dols o
AFHE WANNE FEAA G AHIA A5 B
2 Yol 52EE st

£ A4 AHEE HFHE FUE AFHISO VG46)
2 AL A8RUon, 559 LEE 40T §
AH51T B4 TAUT Pa000KPacl . §F B
BRYAT ol gote] A% Ohe 7| 8WA2 4oB 8 4
=S N2HE AL /B9 A Y2
HS 4Xsel AFAV UHY LES FAHES Y
o $7H0Z WEsE g 245 U9 4Y A2
71(SENSOTEC Co., AP131)Z o] &34 AtHe} slFo) A
FAol A e AUk BRAY A YeAS 2HY 4
ooz qUBES At gAe 2R3 s
o §3 T o] 15mmel DTS B ZSPPH)
oln, Y ZRRYL AFRO SR AUG 2~4m
2 stk SVt BUE SEE o oL te
A A 5 SAop) 1 U9 B9
NNEE 4 - e GS SAol 245to] PKE 983
Aol NAYEHTIE o g8 A% Esgch A &
B #9lE 10 << S00HZ0| I, #lo] &= (Reynolds) st

78

..................
frequency
2 generator

magnetic
filter

cooling L
tower

Fig. 5 Schematic diagram of experimental apparatu

2000 Aol A 4B+
o Fusle] o2 HuE
A5 Ast7] ¢ fﬂ o F&v19 A714E
FZ(LeCroy Co., 9354A)5 o] &4 AHE9}
& Aol &Rt EAstgitt.

Fig. 6~Fig. 112 BR2Tthe] 239 AE AX5T A]
HHRe| dolE 2~4m= W3}t XA 7MHA FapdS}e|
2 B2ol FEAS o|23 AgF oz vehd 1 xo]
c}. oluf o] 2} Mol AME-gE 4= 1O WA 15mm, Y
£ 864kg/m’, XA 30.2% 107 ns Solct. ATa2A
& Aoy 29 Zo|7t Z7igtel el AlQlY] HEo]
Zo|Eth o] AL QoA Fup4 w710 o3 A EE
SAAR B Y9 o] Adutslol st
7h reupet 22 4ol HEZ AU HEE BE
o upak el ot ZHa@Ato] of7|Hch.

o] ff FAHZ 0]7]7] Y& YY&Alo] wste d=
Edolg. AFARAN LFRFeol YA $3

817} Alztetal, R *1]71‘ #AHA Azt ofwf A
5ho] ZZol AAH i F7t AX A AL ’éEﬂ
HatatA "ot FAFTFY o ARy AR F
7} o] Wzt wopAn FH A7 Heto 01317}14
AFutfrt dbgste] dAich

oje} Z2 FUNEAL st spFol w2 YAuhz
2o &ojA|1, o] whEe A& AL J A7t
Woldt. ojuf Fayuy}t dagviet F3 FHlo] WAL
AZo| At ole} e Hido] HhEste] FE2pzUY o
oAef7fo] ATt WS FUBRA 4FHA

0]
FHA



|-31_|
Hl
OH
i)
)
™
o
Job
rir

2% Vol.11 No.6 2002. 12.

70
604
504
404
30

20 4

Gain[dB]

104

-10

T T T

0 100 200 300 400 500
Frequency(Hz)

Fig. 6 requency characteristics of a segmented
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Fig. 8 Frequency characteristics of a segmented
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