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The analytical solution of free bending vibration of intake tower in

hydroelectric power station based on the velocity potential analysis method
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Abstract: This paper introduces the velocity potential analysis method for solving the free bending vibration of an intake tow er in
water in a hydroelectric pow er station. It analyzes the basic mechanical characteristics of an intake tow er and makes some sinr
plification and hypothesis for the structure in order to introduce the velocity potential analysis method. The frequency equation
of the free bending vibration of a standalone intake tower is derived from the distribution parameter beam system.The boundary
conditions of the problem are determined according to the Laplace equation of the velocity potential. The bending vibration equa
tion of the intake tower is established via the expression of internal and external water pressure. The frequency equation is de
rived from the vibration equation. The structural vibration mode and frequency can be obtained through mat hematical software
programming. T he derivation shows that the fluid velocity potential method converts the water into added mass that is associat
ed with the vibration mode of the tower and thus affects the vibration of the structure. This paper then com pares this method
with the numerical method, analyzes their similarities and differences, and proposes the scope of application of this method. Re
sults show that this method can be used to solve the free bending vibration problem of intake towers with a rectangular cross
section and water on both the inside and the outside, and provides a new way of thinking for further analysis of the seismic re
sponse of intake tow ers.
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Fig. 1 Vertical and cross section view of the intake tower with water
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Fig.2 The finite element model of intake tower

3

Fig.3 The first three order bending vibration mode and frequency
of the model with FST by using finite element method

4

Fig.4 The first three order vibration mode and frequency of the

intake tower with water by using velocity potential method

* 170 = KA IEH R

1
Tab.1 Comparison of the FEM and the method in this

paper of the vibration frequency Hz
B €ecy R PEIKA A B
LRy 2 i 3K 1 F 2 3B
HWESGE 1216 7.622 21.343  1.097  6.626 18.676
oL 1,179 6.333  15.088  1.022  5.374 12.746

BHER  3.1%
s (HEAAE- AR ICEAE) /A RO E

3 B IKRE A BRI B K BEE X7 ~F- 1f
25 A= R R, P 4 g AR 15
KIS T =B ih 3R 2 . A R IG 20 BT 11 &5 Sk
B, ARCAXHET 15 B 4 24 35 fe 7 A IR JC IS F
PETRK R R T s (1 B0) R 78, 5 4 2R AH 1L
TR A AT PR CV2A I AU B e 2R A% K
TE KA G, 1B B35 9 78%, 13 31%,
AT LA AR 0k 7K B 3 2 A %A W 25 5% i, T A
HHAS ] 20K A

HEE 1 0] UG A R G2 T 1 2000 85 4k %5 B
O I AR 3 /N T3 S8 3 SR A, - FLRE A [ 200
B, P25 R R . S 1 B AR R R ik
FESEAE 5% 7oA, WA R AR B AR R A B
PFEAGR Y. A B R, P i BAT DU AN Jd
FEF A S A0 T 5T TN 2 e A, LS T 2
K B G e, R G A 4 it AT, T 40t B )
AT e NIk, R 220 T B AR T Fli 215 &, 13000
TR R I/ TR BB (A < 1/10) 2k
i, AN GhE B MR 2. LR b, R RK S
mEZ A H/2b= 5. 97, I A2 8 T iR 22
e, DO 209 TR0 1) 8500 0 T 7 AR IR B ) AR K 5
AT B e 5, A8 D ke i L v i 6 8 i AR
TEJG ANFE 5 i T, S1CEAT AR . [,
FEF A% KA AR B 1l 5 i 28 o) A O 11 B n o =,
VSCAR G v R TR B 0 A, K AR R B A ) AR ELAE
KAESEAHIE, 11 BRITE /KRN AR 2 MRl ik
(AR ELAE FH AT LAAR R

Sh B IE R B UGS &5 R TR 5 ), 7 R S48 1) 2
fil b, B e 4R 21 135 6 m( 10 4% AR 55 1) A
271. 2 m(20 581 56 ), AKAL L w1+ i KA
LB A, 23 500 125 m F1 250 m. HESHAE,
2 FNER 3 H A3 A T A R ek R Rk
(TR =B IRl A o

HH# 2.3 3 WTLAAE Y, 24 55 i on 21 i o8 5
10 fi5 1), 34 R S0k AT BR G VLT H 5 (0 4005 B 422
I, 1 AR A 2 0 8%« B A =B Ml 25 4E 20%
DAY o 43800 21038 1 58 B 20 50, — Frfn = AR

20.4% 41.5% 7.3% 23.3% 46.5%




FRT % TR WA s B AKE B 3Rk o MR AT AR

MHZEAZ] 10% o

2 ( 135 6 m)
Tab.2 Comparison of the FEM and the method in this
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