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Fast and Convenient Method for Simulation of Fluid Transmission Lines
(2nd Report, Pressure and Flow Rate at Arbitrary Position of Pipeline)

Junji FUKUMORI, Takayoshi MUTO and Hironao YAMADA

This study deals with a simulation method for a transient response of fluid transmission lines. In
the previous report of this study, we proposed a faster and more convenient method for simulating
the transient response of fluid rigid lines. In the same report, furthermore, we proposed a method for
approximating in high accuracy an exact mathematical model of fluid transmission lines, which is
formulated by a distributed parameter system, by a finite order rational polynomial. In this report,
in succession, we deal with a similar method as before for simulating a transient response at
arbitrary position of transmission lines, including not only rigid-tube but also viscoelastic-tube. It
could be confirmed that simulated results of pressure and flow rate responses at arbitrary pipe
position were obtained in considerably high accuracy by attaining a faster simulation.

Key Words: Fluid Power Systems, Pipeline Component, Computer Aided Design, Transmission
Lines, Simulation, Mathematical Model, Transfer Matrix
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Fig.2 Viscoelastic model for radial motion of fluid line

— 286 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

HESERRAOEEEY S 2V —y a3 YB3 EHREELLO—FFEIZO>VT E2H)

3071

iRkic BT, R(D)EPEBAHFBERL LT, &=
BERLEELERNICE > GEML, Zhic X b EL
(P, Q), (P, Q) R B FTHEIC DV TRET LTz
(727220, MMAERZXR)., RECBLTE, b
EIERPEARE L R LT, TROMCEMBRER
(Px, Qx) 2R 5 FEZDODWTHET 5.

4. ERMEREBEOEE

EETIE, BWMEB (P, Q), (P, Q) EHIFO TTk

Rlwwihid, 0 EEOGEBEESEET 2. Ih
SOEEBRICIBWT, X ¥/l Y » X=1,Y=1
EBTITHTHRO T EEO SEEEBc T 3 [
L, MHAEEE OB CHY. HHEEREIOT L TEX
(4 OBEWHY], vz, X, Y 2k
WATHNE A7 J2.D HSHTER D@ 72 & OIEEBEE & O
EHTHD., Lo T, BhomERBICHT2EH
HeERALRZ, BAMICHIHREFE— DR L -
TKRDBZENTEDL, Zhik->THEsn-—HFl%

WX->TRDDODDEBOFETIE, Thons65 2 RICRT,

DRBHEERRT), EROME X BT 2 KEE 1

(Py, Qx) R EHT B HEICO TR T 5. RER cosh(/X) ___ 8DX

O o o Zcsinh(I'X) Z‘ﬁ_i_z bi:

(Px, Qx) & (P, Q) EDBER, 7213 (P, @) £ DES S u: A ks

Rz, z2nFnR(6), (1)DXSREENY v X<§ k: +i a1:S+ bi; )

2TEINLEO A SHu: A S 28wnsS + whsi
B [ cosh(T'X) Zesinh(IX)\B:l e (9)
G L ¥esinh(rx)  cosh(rx) I BRI (27033 (4)] TOMLT AR ®

&y 5 L, Bk COBMBERE D »5 LXK TIE DX 12

............ (6)
[Qx}:[YcSIHh(FY) COSh(FY) :I[Q"j @%QKO‘/)’C%%<I§J%&&5). 7‘(731./, fﬁ(g)
,,,,,,,,,,,, (7) 2B B ais, by, ki, s, Csi, Wns: 72 E DIREEIT D

7z,

WTREFIIICRD 2 LERH 5, LRk, £8

Table 1 Transfer matrix elements for each particular
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Fig.3 Four patterns for calculating Py and Qx Fig.4 Total block diagram representation
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Table 2 Pipeline conditions for simulation

Pattern Upstream end Downstream end

Volume load

A | Bostepinput (B=) |y 4 550107 m?)

B P, step input (P, =1) Closed-end (0, =0)

C Q, step input (Q,=1) | Open-end (P, =0)
D Control valve Closed-end (0, =0)
Table 3 Main parameters
Pipeline |!=50 m, r, =4.6x107 m
Control w, =880 rad/sec,{ =0.72,C, =0.419
valve k, =155x10"° m/mA, w=0.011 m
v =083x10"* m?/s, p =862 kg/m’
Other K =156 GPa, ¢ =1380 m/
Parameters o d. 0= ws
Po =10 MPa, g, =5.59%x10" m?’/s

an, FRECHEF ER SN TLE 2 ER2RT),
ZE, HECHOWEB BT A—FOEEYEI TR
., REH R TEY, wih b ERIIAFE
%, WARHS Brown € 7RI X 2 KETHEBRERT.
Fie, HERPTOREERDOES Px ETE Qx &, #
NENEHEFETS] po & EEEFRE ¢o 12 X » TEXITTLE
L, B BIIERITEER T (=t/t, h=1/c=3.62X
07°)52RTDDET B,

29, BRAOERKGCH LT, BBRAES X
=073 2L EDEN - RE, o PWEKHRTD
EREHAELERSIH(a)~(c)emanTn
%, 45 Brown € 7V ERFTEFEIW L S EHER
Rotbgiw Jhif, mME BT 2 3ITRF2—80%E
S5NTn5,

Kz, B B OBBREFICH LT, %k ERER R
(EEME L, X=07 %2 6(a), (b)ixRT. &,
B C X3 % [k 558 (EBRALE R, X=05)%
B7(a), (b)Zm7,

E o2, AR D OFKZICH L Tid, Eihtmic sk
L7 HIEHA~OERBIER 2 X 7 v YHIE TS 2, Zh
WWEoTETDLFHD) AT —IVEN z, 176 PITEK
LIl X =05 TOREN, EXmTOEN2EHEL .
ZOFEREKS8(a), (b), (c)wwmd, M8, A7
VBN Z 0%, BHEEATR 2(=0.31X10"° m) THEHERXK
TAELTH 5,

P EolkERER I I, 4 BoERBNIZET 2

2 a7 T T T T T T T
o 12»\
1 /»\ I
»NJ S -
L . L l ) i L | |
0 4 8 12 16 ; 20
(a) Pressure at X=0.7
h 1 T T T T T T T T
St \&
W R
-1 1 1 i L | 1 . 1
0 4 8 12 16 7 20

Present method —

(b) Flow rate at X=0.7
= -~=-Brown model method
/\ £\

2 A
<L\ .
[N

1
0 4 8 12 16

L

7 20

(¢) Pressure at downstream end of pipeline

Fig.5 Simulation of transient response for pattern A
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Fig. 6 Simulation of transient response for pattern B
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Fig. 7 Simulation of transient response for pattern C
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Fig.8 Simulation of transient response for pattern D
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Table 4 Parameters of experiment

1=224m, r,=47x107 m, ¢ =309 m/s

Flexible |, _193x107 Pa-s/m, k, =345x10"° Pa/m
Hose 3 3
77 =04x10" s, 7, =0.114x10™ s
Other | p=862 kg/m®, v=083x10"* m?/s

Parameters| p_ =0.98 MPa, g, =480 cm®/s
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(b) Pressure at downstream end of flexible hose

Fig. 10 Transient response caused in flexible hose
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Fig.11 Transient response caused in series line
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