International Journal of Mechanics Research J72£Wt 5%, 2024, 13(2), 17-26 Hans )0
Published Online June 2024 in Hans. https://www.hanspub.org/journal/ijm
https://doi.org/10.12677/ijm.2024.132003

BRPREFRRES B ERE R E
MO FFFET

EX ¢ S A
KEZRZAHFRE, By 9%

Wk H . 202443 H29H; FHBER: 20244F4H9H; KA HM: 202456 47H

R

RRM A TAERSREF, REENTRESZANEEERLANEER. AT SRENNIRE
KEREAT, SFRRGHRR, FHETENH ARSI FATARITIL. R CEEG A FEN
BRAEER T LRSI TR, FEFHENRHEADNEERH F SRR S RTET HEARR
& EERERAY, B HEME)EFEM AR NS R RER THAERZIR. HaURITRER
ST RAIERN RAEERT), R ALagrange TEBE RS NETE, KHAELENANL, ERAF
—RERR . SRS F T RNREE, THEARRANRIEREMER IR, AL REN: jk
BRnE P RaRET A2 EERWRANENTNRNES, FENRTETRESEERBRR
BrirEE.

XA

ZIHERMAE, Lagrange 712, IWFKRREHRE, et RPES

Dynamic Characteristics Analysis of
Multi-Channel Rotary Flow Tube
with Concentrated Mass and
Different Flow

Directions

Yichen Wang, Yu Zhu

School of Sciences, Chang’an University, Xi’an Shaanxi

SCES|F: ERER, PR P FURAN R R 2 T R R 30 SRR T D). 1SR SE, 2024, 13(2): 17-26.
DOI: 10.12677/ijm.2024.132003


https://www.hanspub.org/journal/ijm
https://doi.org/10.12677/ijm.2024.132003
https://doi.org/10.12677/ijm.2024.132003
https://www.hanspub.org/

ERE, W

Received: Mar. 29”’, 2024; accepted: Apr. 9”’, 2024; published: Jun. 7th, 2024

Abstract

The working environment of turbine blades is extremely harsh, and multiple cooling channels
need to be set up inside to cool them. Under the joint action of blade rotation and internal fluid,
the system resonance will be triggered, so it is necessary to study the dynamic behavior of blade.
This paper mainly studies the dynamic behavior of rotating blades under the action of internal
fluids. The blade structure containing blade crown and serpentine cooling channels is simplified
into a multi-channel rotating flow tube with concentrated mass at the end in different directions.
Kinetic energy and potential energy generated by the displacement component under the action of
axial stretching and bending deformation and the work generated by fluid action on the system
under an open system are calculated. The Lagrange equation is substituted to obtain the Kinetic
equation of the system, and the equations are dimensionless, so that they have general laws. By
solving the eigenvalues of the dynamic equations, the eigenfrequencies and damping frequencies
of the system are calculated. The results show that the characteristic trajectory and vibration
mode of the system are significantly affected by the flow velocity direction in the rotating flow
tube, and the stability of the flow tube is significantly improved by the rotational speed and end
mass.
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Figure 1. Rotating flow pipe with concentrated mass in multi channel flow channels
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Table 1. Comparison of the natural frequencies of cantilever fluid-conveying pipe system with an end-mass from the present

study and the reference (M = 0.1, T, = 0.3)
F 1 BHRRSETREREWRERZEAMEAHTEESXHE#MEEM=0.1,T,=0.3)

U Natural frequency This paper Ref. [14]
First 2.36 2.36

0 Second 17.59 17.59
First 2.71+0.67j 2.71+0.66 j

? Second 16.48 + 0.08 j 16.48 + 0.08 j

3. ZBEMRENERFEDR

FETRELPRM T ST, BERHALR I 2 /M sl 7 A FE i e R & 25 0 e, HIR ed
Fi R = 7% FVEIE A R AT res v, ra BEE AR R RN, SERRAE AR T 73 2R PR rh XS PR GG H o
A T8 7 S 80 R B UXROIE LT, A e O B A A TR 30 77 100 45 9 00 ) AH S

2 45 W T AR R IRVE TE S SN U7 1) B o i BT =B [ A SR R (M* = 0.2, * = 0). —Firfi
AW R, R R EE A B dm e B e A AL, U* = 15 TR, =R
AV, (B = I AU /N T B e SR .

20 60

Intermediate pipe flow fluid mass and flow direction Intermediate pi pe'flow fluid mass and flow direction

o M,=005 o M, =005 "
6l * My=01 s0F M,* = 0.1 1
5 + M,=015 5 + M, =015
i L >
< :'Xed end(i t(;.fr:eng 5+ fixed end to free end
§ 2r reeendtotixeden » § - - - - freeend to fixed end 5
g E ’
Y- Y-
® 8f © < *
= g 20t 9 1
z z X /
L » o—g-
4 10k N 0 -©O ‘_‘_&
*k\‘ LN s
0 ——4d2 4 oo o o—-0-o o 0 s e S S A e i S S o
0 2 4 6 8 0 1 2 3 4 5 6 7 8
Flow velocity U Flow velocity U
(a) 1st mode (b) 2nd mode

DOI: 10.12677/ijm.2024.132003 21 VAEZT T


https://doi.org/10.12677/ijm.2024.132003

ERE, W

80 T T
Intermediate pipe flow fluid mass and flow direction
o M, =005
» M=01
. 60® .o
3 @ + M2 =0.15
3 ‘e fixed end to free end
§ N O - - - freeend to fixed end
8 40 X >
= \
=) \
Z 20 . ,;

Flow velocity U
(c) 3rd mode

Figure 2. The first three natural frequencies of a single channel flow tube with different flow
directions vary with the flow velocity
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Figure 3. Trend diagram of influence of different velocity ratios on characteristic trajectories
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Figure 4. Influence of rotational speed on critical buckling velocity of three-channel pipe
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Figure 5. Influence of rotational speed on critical flutter velocity of three-channel pipe
[ 5. #iEx = BERR E ERIn R R R

W 6 FTon AR R SRR/ NI RHIE P R 3 1B, S8 RS I S I i A RO
HBRRAEI G LR G KA, 5 B2 i S ik Bl s 0 5T 1 KT oK, 3 o T i 4 v 5t
ORI TN I NIARENE, SO T AR BRI, AT B T R AR AR E . BEE v AR AR P R AR, R A
WHRBIB S H T e R A AR, RVR ARSI IR [15].

DOI: 10.12677/ijm.2024.132003 23 VAEZT T


https://doi.org/10.12677/ijm.2024.132003

ERIK, B

—— 1st mode
- - =2nd mode
----- 3rd mode
.
\.~~~__
— ) '“~\~
* — ~N
3 % —— :
S \ i g
- "~z
=7 N
Waas——=~ \ |
SIS N [AY
SN Y &
10 ALY L i N 4
wt ey
it L
ant AR
TIIERT SN
20 wd VN L
20 40 60
Re(w.”)

Figure 6. Trend diagram of influence of different concentration masses on characteristic trajectories
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Figure 7. The first three modal responses of the flow tube at different velocity ratios
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