201743 A Z?ﬂ[im‘ *jﬂﬁ%iﬂi 5548 % 55 3

doi:10.6041/j. issn. 1000-1298.2017.03. 017

FREMRESMAE AR @K E BRSNS HE S

KEF T K ExE I A BN FHF

(FEAE IR A K R K F 24 B, AN 450011)

B SR I A A [ A R Bl R 43 T Uk B R R A [ R S A B A Uy 1k TR A, D R v R b R A K
TE A WSR2, 32 BRI 5 et 2 R B R 0 L, A ST AN ) I O IR A Y i LR AT [ A S R AR AR L, IR
RIFEER SSI LB PHAE X L o S5 R RN B GBI 4 R 5SS HHRZ R W) G B0F , e KR 2%
N 3.62% , [ B YR A THSEORG B 2400 B im0 4 A Y A ] B /0, R RS T BRI BT e A TR L B A R A Rk G s
FE A B A T G 8 R A AL ORI B2 5 T TS 06 T B Jon B A R B R R S W A T 6 A Y [ A R Bl R L R AR

HRER )r’JH’JLijJeréﬁ*ﬁrhﬁ»“Fﬁo
KR W@imlﬁ BIE; WM MO RS HERA S BASEOR
hESZES. TV3L XRkFRIRAD: A X EHS . 1000-1298(2017)03-0134-07

Analysis of Water Pipeline Vibration Characteristics in Cascade
Pumping Station Based on Fluid — Solid Coupling Interaction

ZHANG Jianwei WANG Tao CAO Kelei JIANG Qi QIAO Pengshuai XU Xinyong
(College of Water Conservancy, North China University of Water Conservancy and Electric Power, Zhengzhou 450011, China)

Abstract.; As the basic carrier of long-distance inter-basin water conveyance project of pressure piping,
pressure piping is an important part of agricultural engineering and water conservancy projects, which
plays an important role in solving the uneven space-time distribution of water resources. The vibration
during the operation is the critical problem in the design and safety evaluation of water pipeline. In order
to solve the problem of how to improve the precision of the FSI (fluid — solid interaction) model in the
natural vibration characteristics analysis of the piping, two different FSI models of a piping in cascade
pumping station of Jingdian Project were built, by using the additional mass method and direct coupling
method respectively. Then the modal characteristics of two FSI models which were obtained in the natural
vibration characteristics analysis were compared with the modal characteristics of the prototype piping
identified by stochastic subspace identification ( SSI) method. The comparison results show that the
simulation results of the model by using direct coupling method were in good agreement with the results
identified by SSI method, and the maximum error was 3. 62% . In the comparison of calculation accuracy
of the same order, the model by using direct coupling method outperforms the model by using additional
mass method, making up for the lack of the modes that the additional mass model can not work out. The
results show that FSI affects the piping system modal frequency seriously and the model by using direct
coupling method is superior to the additional mass model in terms of the order number and precision of the
simulation, reflecting the real natural vibration characteristics of liquid conveying piping. This method
can be used in the analysis of the dynamic characteristics of complicated pipe systems.

Key words: cascade pumping station; pipe; vibration characteristics; additional mass method; direct

coupled method ; modal parameter identification
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Fig.2  Picture of field test and measuring point layout
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Fig.3 Time history curves comparison of signal at point 13
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Fig.5 Stabilization diagram of modal frequency of pipe

AW E A 6.7 Fras. HEMS EEELER
I solid185 = 4k 52 fA B T M DL A5 T8 5 44, 1 B 3L A
AR fluid30 = 4 7 27 30 (R SO0 L. 5 R
) H M B VR [ R ) PR 4k B 5 v R AR Kt
SERMEZ) REJE TR B UL I 5 X% fluid30 #50 J 1 ik
FRVRE 5 A T P RE T Tl O BB A 2 R T
(fluid30) J& M 1% A present, 7~ fluid30 iy 8 I3 & 75
HARSFTC, BN A 3 P A EM T AE
J1 8 e BE 5 AN 5 LA 2 R ik 1) 3L 1R BT R MR R
absent, U1 i B |1 BE A9 BOREON 1, O0A B0 A i
JIE o WG TS I UL I 7 A A S5 I ) A B A o e e
FST A 5 w52 B, {4 2 b B0 5T (25 0 A 1A
9 LA AR A LB AT T o B B e A A rp A T
SER RN T S R A 1 B KRR B 8800
M E A RE T S BRI mass21 BT, R
TR A5 SR BRSO [ A 5 A5 Y 2 SR Y A s 3k
WS 2 R AT POAR R 73 0 ELEEAR G AL LAY 44 516
ANHIT, HoR 254 B0 7 412 A, AR BT 37 104
A>3 BRI o R R 3R A T 12 641 A (Z5 4 LT
6 040 }~,mass21 BL.5T 6 601 14~)

R BE B A R 2 A D
SR 5T B N AL GE B I — A B
(P L) AR IR rp 2R LR A [ 5 o 2 R

W BRI ) B 2 5 8 7 850 kg/m” i



138 & A Bl B ¥ i

2017 4

6 2 A iE JL AR
Fig. 6 Geometric model of No. 2 pipeline

{luid30(absent)

() EHAEE

solid185
7

21

mass
/

(b) BRI BT 1
PE7 I R A R I T
Fig.7 Sectional views of fluid — solid interaction model
Bkt 206 GPa, JAAA LE 0. 25 345 N = 4 A 27 A 1y 7
WA HE By 1460 m/s, 2 %24 1000 kg/m’,
2.4 BEEHTESHXBEIESH

BEZSTH 540 BT RE A5 A7 2800, ST et 295 4 1) [ 3
JIRE LB RO A0 & AT O AR B, L 454 3l
T1 o e i B Al o BT R AR HlE AN [ R 45 B L 1 1 5 IR
gl JRBR 3z FHAS () 1945 285 5K Al 0 3k 2R AT 45 4 1 11 A
BEASS R I . B ot A8 28 R A o G B L 3
BBl RGBS 9 20 B 22 2 ik T 4 R 5 3 2R )
WA B B 5 IR Bl R R Tz 1 R e 1 3 s
AN HHBRORS BE v I AR XS R 0 o A AR BY f B 253
FEERME L R, foo Rz BRI RS IR S N
VAN 25 S8 [ A 1 A 28 1) B 250 R f,
Jhy B i A TR ) S A f O T AR A A
ARSI L f, Dy SST 7 LR B A I A S TR o 8,
oAy B o o e A R A0 R S I AR AR Y R 22, 8, O LR
AL TR TR 55 S 0 T R PR R 22

oI 1A Al AN 2 R A 5 1 T A A 3 &5
P AL 50 3 5 2 A A I A R S R 22 0] R K, LW
LT\ N e ST R R R (RS ER = BTN IOE RS e Sl

x1 RKEEEE WNREER EEERE
R AR WL R SST 4> #r SR 3t bk
Tab.1 Comparison of vacuum pipeline model,
additional mass model, direct coupling model and SSI
REZS 1%/ Ha W/ %
(1278 Jo S P S Ja 8, 5,
37.593 37.604 18.292 18.501 18.94 3.42 2.29

1

2 45.243  45.044 22.018 20.775 20.05 9.80  3.62
3 54.587 54.400 26.938 23.322 24.01 12.19 2.87
4 67.201  66.045 30.448 30.05 1.33
5 94.120 91.101 33.163 35.006 35.95 7.75 2.63
6 111.490 111.000 45.361 40.420 39.99 13.43 1.08

ZURESCEIR 21 ] — 3 5 I8 B M & )5 4 18 451
SRR E] T S50% Fe A, Ul BT I - 4 B 1A Y
FH AR A A G 45 4 T8 4k 3 i kA R R i, ) 2
T A AN T %5 U 2 [ IR AU 5 2R (9 5 5 A
T, S B TR 2l A3 5 23 B v A BB 220

2 Tl 5 28 SR A ) S [ 80 ) B 3 Ak B 7
TR WK ARG S5 K B A T, R S iR R Y T
AR S HERAT R S R R, LR 22K AR
TSR T BRI kA R ) 45 R A S I AT B
KA 22, Ul W1 B H M 5 12 BE 08 AL 3t it e 5] 3 1] 114
P SO, P TE A 3 254 1 8l T ek e A P R

L5 SST LA ZS B R 45 SR T EL , B o Joic 2 9 6
MM R R ZZ N 3. 42% ~ 13.43% ;1) ELIE AR5 3K 1
RN 1. 08% ~3.62% , [F] B U< i 22 45 1 429 L B
JRE L ORI 2222 9. 81 AN E 4l o XA IR 45
VAT IR ZZ 50 Hr 0 ELE AR 5 i A R A T RO B
L, SRR S R A

FH LU T 4 R B v BT B SR B i A
T BTG B A A i G B G, AN M T AR G 45 IE
WasAT TOUT MR PEAG . BRI PR S SR Bl
53CHRT 10 ] A9 R — 2, B0k 1 [ - & B Y Y
IR PR R, 0 #r T 45 BT 6 Br A,
SR BB B R B AR T U RS Bk Y
D BRI 5 A T A RE R DL R 2 ) —
928 L, AN BE L 5 S R O — [ P AH A 5 2 8] 1) AR
PE R, ELAT 09 2% 7 181 A 050 3% I B 0K, A AR 24
HERD,

LA 5 BRI Jo 3 A TE AT A AT 6 B Ak
TN 8 s .

X A T] 8 5 5 28 ) i 8 1) A

A o o TR ) iR T 25 s A IR R 2 (BR
TR, BeA S ) AR — B4 32 RN
Jo e A AR I — Rl ] B A £ P U [ A S T, AN B
10 A S W5 K ) i LT 25 5 P N A 0 A TR R Y
(55 4 B Ik 280 78 A8 1 A8 B AP R 2R T ORF O 1A 4R



SR AF . 2T IR IR A A0S A B 20 2Rl i K A O i Sl o A 139

3.09x107
0.003101 9.26x107

0.005168 1.54%10°°

0.007236 2.16x10°°

0.009303 2.78x10°¢

(a) 5 1 BRHRFE I (B I i ) (b) ZB 1 H AL JE (BB

0.001474 3.45x107

1.03x10°®
1.72x10°°

0.010320 241x10°

0.013268 3.10x10°

0.003487 3.24x107

0.005811 5.41x107
0.008136 7.575107

0.010460

(i) B0 Hre 28 & (it

K8 Hil

9.24x10* 2.09x1077

0.002771 6.27x107

0.004618 1.04x10°°

0.006466 1.46x107°

1.88x10°°

iR IR (E

0.004256
0.007093
0.009930

0.012767

T 78 P (A 5

1.67x10°7

5.00x107

1.17x10°®

1.50x10°°

45 4 4 7 &

Fig.8 Model diagrams of pipe structure
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