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Fig. 1 Model diagram of a tubular turbine
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Fig. 2 Schematic diagram of overall grid division of pump model
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Fig. 3 Grid independence verification
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Fig. 5 Efficiency-head relation curve
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Tab. 1 Design scheme of pump model
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Fig. 6 Flow diagram of outlet channel
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Fig.7 Time domain and frequency domain characteristics of launching power at an —2° of emplacement
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Tab. 2 Structural material parameters

FEH L/ (kg o) PRVERSEE/ GPa JHFALL JEIRSRAL/ MPa

20SiMn 7.85E+03 2. 00E4-05 0. 30 470
ZGOCr13NidMo 7. 73E+03 1. 92E+05  0.29 550
72G310-570 7.85E403 1. 80E+05 0.30 570

B8 HWARERMTFHHIESR
Fig. 8 Shafting model in the fluid domain
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Tab. 3 Natural frequency of the impeller rotor in the air

i . Hz
(144 +2° —2° —8°
1 27. 037 27.166 26. 497
2 32.765 32. 900 32. 450
3 32.772 32.914 32. 467
4 56. 949 56:967 56. 967
5 56. 950 56. 968 56. 968
6 73. 405 73, 424 74,516
7 73. 411 73. 429 74,535
8 80. 409 80. 406 78. 589
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Fig. 9 The first eight vibration modes of the shafting in air
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Tab. 4 Meshing scheme

i H UES! UE UEE EX!
Rk S /4~ 12 390 40 138 95 987 131 882
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Fig. 10  Grid generation results
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Fig. 11  First eight modes of vibration of shafting in water
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Tab. 5 Natural frequency of shafting in water

B4 3%/ Ha

ik - S
TS MRS

1 27.166 27.047 0. 004 4
2 32.900 32.799 0.003 1
3 32.914 32.804 0. 003 3
4 56. 967 56. 956 0. 000 2
5 56. 968 56. 957 0. 000 2
6 73.424 73. 390 0. 000 5
7 73. 429 73. 407 0. 000 3
8 80. 406 80. 406 0
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Fig. 12 Optimal design of shafting
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Tab. 6 Calculation results of natural frequencies Baf; . Hz
ENEVES 1 2 3 4 5 6 7 8
JEYiES 27.166 32. 900 32.914 56. 967 564,968 73. 424 73. 429 80. 406

- 0.9 £%(0. 415 8 m) 22.425 27. 430 27. 435 51. 703 51, 703 72.968 72.979 79. 850
7
1. 1 £%€0. 508 2 m) 32. 101 38.532 38. 560 62. 121 62. 122 73.824 73. 840 81. 069

0.9 £i5(8. 46 m) 28.229 36. 060 36. 079 69. 651 69. 652 73. 802 73.823 80. 586
KA
1. 1 /%(10. 34 m) 26. 144 30. 105 30.123 47.438 47. 439 73. 666 73.682 80. 788

- 4K (0. 800 m) 23.157 29. 978 29. 995 56. 968 56. 969 72.258 72.275 79. 857
EE
K& (1. 404 m) 49, 638 49, 821 56..968 56. 969 58.103 76.579 76. 614 93.139

MBS
RS T Wk sh AT b ) JRL B v L 0500y
2 A AR AT R Ay P i AR 10 BH A 6 1 A By S
SRS ks i FE IR, S50 0 F= 50 BiE
TEAE B B ) Bkl e 1 FE Sl s L AR
PR T T BN AT E . S4Bk
Sl (e N TR O R A R KIm VE L BEE
FERIHAR, FE T kS BRG] SRR ] iR
XiF FA 6 7 2 A5 R R 7K R A [ 4 R 2R T
oy shfe b s 7KK, SEEG R A R R H
JE NN, TR 1 & B AR IR — 3, YT H
H 13 S pam s e WG RS S A g R, 1 k3l i 40
Fig. 13 Growth-order graph 2 NFEIT, S A R 2ZE B AN S 51k
PR W R S5 AR K
4 & B BE ELAR 3, il 2 45 I 1) 11 000 % s R i
B TSGR R B ARG K A B L A5 B I [ A A
RSO R BORAC AT RTBBE gy et o] i A 800 2 S5
T AFFUKR S DR REE R RIS e g g [ 9Bt 2 180, v 80 & 7 58 1 %
TP AR B A BR AT B IR AR SRR gt 1 42 9 75 Ak o T AT 0 R 1 B i O O B
HEFF AL AT 25 R AT 1 B AIR A G T 83 Y01 1804,
AKIAE 7K T 23 77 A — B Al XK AR
PEREWS S — BRI . X HEAS [ R FIAS [7) 227k
AT RS A BT RE A — 2" T T . 7K (1] e, B2sg. S S TR IR AE I3 T 3k i iy ot TR o

£ 2 3k (References) ;

KA AEHw o 829



F19% % 4 BALE G AR CF IO

2021 4 8 A

[2]

(3]

[4]

[5]

[6]

7]

[8]

» 830 -

R LI ], 7K AR R 5 883, 2012 (4) : 39-40, 46.
(CHEN Y, CHENG S. Application of plane S-shaped
axial extensor pump in urban flood control engineering
in Suzhou City[ J]. Water Conservancy Planning and
Design, 2012 (4): 39-40, 46. (in Chinese)) DOI: 10.
3969/ J. issn. 1672-2469. 2012. 04. 014.

Wi A3l VRt S b A TR U S — 1
I 3 SR G AT 55 L) ). KR K BB a0 2 L 2008,
28(2):84-88. (CHEN J,LI Q,XU J Z, et al. Current
status of pump stations in China and their renovation
and rebuilding according to the 11th Five-Year Plan
[J]. Progress in Water Conservancy and Hydropower
Science and Technology, 2008, 28 (2) ; 84-88. (in Chi-
nese))

JEVR SRR A 6 25 R IR R 5 2 1) ¢ FL s g Bk 3l
B /13 L) ] HEEHLAK T/ 27 4f 5 2019, 37 (1)
947-952. (ZHOU Y,ZHENG Y,HE Z W, et al. Pres-
sure fluctuation and fluid-solid coupling in reverse
power generation of large axial flow pump[]]. Journal
of Mechanical Engineering of Drainage and Irrigation,
2019,37(11):947-952. (in Chinese)) DOI.0. 3969 / j.
issn. 1674-8530. 18. 0034.

PEI J, YUAN S, YUAN J . Fluid-structure coupling
effects on periodically transient flow of a single-blade
sewage centrifugal pump [ J]. Journal of Mechanical
ence & Technology,2013,27(7) :2015-2023. DOI:.10.
1007/s12206-013-0512-1.

KAN K, ZHENG Y,CHEN Y, et.al Numerical study
on the internal flow characteristics/of Jan axial-flow
pump under stall conditions[.]’]. Journal of Mechanical
Science and Technology,2018%.32 (10): 4683-4695.
DOI:10. 1007/s12206-018-0916-z.

AL-OBAIDI A R . Detection of cavitation phenomenon
within a centrifugal ‘pump based on vibration analysis
technique in both time and frequency domains[ ] ].
Experimental Techniques, 2020, 44 (3) ; 329-347. DOI.
10. 1007/s40799-020-00362-z.

FARLAE, TR, kA R B AN E T Y e ik sl
FEPE B T [T, K R 2 4. 2007, 38 (8): 1003-1009.
(WANG F J,ZHANG L.,ZHANG Z M. Analysis on
pressure fluctuation of unsteady flow in axial-flow
pumpl J ]. Journal of Water Resources, 2007,38 (8)
1003-1009. (in Chinese)) DOI; 10. 3321/j. issn: 0559-
9350. 2007. 08. 019.

CHENG X,WANG P,ZHANG S. Correlation research
between turbulent pressure pulsation and internal

sound field characteristics of centrifugal pump [ ] ].

KA L4285 7

(9]

[10]

[11]

2]

[13]

[14]

[15]

Journal of Thermal Ence, 2020 (3): 1-11. DOI. 10.
1007/s11630-020-1253-y.
D05 SR A R L A, O A P R Bk sh B
T K A L1 HEREHUAR T A2~ 42, 2013, 31 (10)
835-840. (TANG F P,ZHANG L P.FU J G, et al. Pre-
diction and numerical analysis for pressure fluctuation
of axial-flow pump[ J |. Journal of Drainage and Irriga-
tion Mechanical Engineering, 2013,31 (10) :835-840.
(in Chinese)) DOI.10. 3969/ j. issn. 1674-8530. 2013.
10. 002.
ZHENG L L,DOU H S,CHEN X P, et al. Pressure
fluctuation generated by the interaction of blade and
tongue[ J |. Journal of Thermal Science, 2018,27 (1)
8-16. DOI.CNKI: SUN: RKXY. 0. 2018-01-002.
Whl AL 367, 4. 2 T A b 5k A IR i A %
B 7 Ik 3l i 56 7T L [ AR A K R K H L 2019
(1):158-163..(CHEN C,LI Y J.PEI J.et al. An ex-
perimental inyéstigation of pressure fluctuation of
mixed flowpump under multi-condition cavition con-
ditions[ ] ]. China Rural Water Resources and Hydro-
power;2019(1) : 158-163. (in Chinese)) DOI.: CNKI:
SUN: ZNSD. 0. 2019-01-030.
ZHANG N, YANG M, GAO B, et al. Experimental
and numerical analysis of unsteady pressure pulsation
in a centrifugal pump with slope volute[ J]. Journal of
Mechanical Science & Technology, 2015, 29 (10);
4231-4238. DOI. 10. 1007 /s12206-015-0919-y.
AU . EIEAR 7. 25 R R A p IR UK e L
Fetets ot L ). K Jy & L4l 2004 (3) : 116-120.
(LIANG Q W.WANG Z W,FANG Y. Modal analy-
sis of Francis turbine with considering FSI[ ] ]. Jour-
nal of Hydraulic Power Generation, 2004 (3): 116-
120. (in Chinese)) DOI: 10. 3969/j. issn. 1003-1243.
2004, 03. 024.
Je 5 BARAE AR B AF ST SR UK A LR IR A
Mo B LT ] AL TREOR, 2016,45(7) 1 133-
138. (LONG H,HUANG C Z,HU S X, et al. Finite
element mechanical analysis of stay ring of bulb tubu-
lar turbine generator[ J]. Mechanical and Electrical
Engineering Technology ,2016,45(7):133-138. (in Chi-
nese)) DOI:10. 3969/j. issn. 1009-9492. 2016. 07. 033.
it D7 S A BTG 5. QTR TR /K ol 3 O B 1
PREBEAEBAULT ] ARl TR 4. 2013.29(24)
72-78,366. (SHI W D,GUO Y L,ZHANG D S, et al.
Numerical simulation on model of large submersible
axial-flow pump rotor[ J]. Journal of Agricultural En-

gineering, 2013, 29 (24): 72-78, 366. (in Chinese))



HeB.F ABEFRFTARE N Mo K RESMH A

DOI 10. 3969/i. issn. 1002-6819. 2013. 24. 010. [21] XUfksh » &7 . TR AR Ty i T8k M. b
(167 BASCE. AKEEHLER RS TSRS R34 [T 1. /KA A0 B2 R 2003, (LIU R X, SHU Q W. Some
BHY 5 2%55,2016,22(8) : 32-33. (ZHAO W L. Anal- new methods of computational fluid dynamics[ M.
ysis on vibration characteristics of wet and dry modal Beijing: Science Press, 2003. (in Chinese))
of turbine runner|[]]. Water Resources Science and [22] Bk, M HUAAE S5 3l b TURh s A AR 28 ) 7500 v e
Technology, 2016, 22 (8) : 32-33. (in Chinese)) DOI: [D]. db 5% 1§ 42 K 2%, 2007. (CHEN Q. Prediction
10. 3969/j. issn. 1006-7175. 2016. 08. 008. performance of several turbulence models in turboma-
[17] GANESH P,KRISHNA S R . Diagnosis and resolu- chinery correlated flows[ D]. Beijing: Tsinghua Uni-
tion of vibration issues in vertical centrifugal pump versity, 2007, (in Chinese))
[J]. Journal of Failure Analysis and Prevention, 2020, (23] jEgFH, R, 0.4 —Fh 3T Hamilton 2843 5
20(3):1-10. DOI: 10. 1007/511668-020-00910-0. B R BILE) 1 AT L) 1. 454 . 2010(5) « 1-2.
(18] v & BRAZ R I, KRR SR A B a2 e (SHIJ C,YIN X L,FAN W, et al. A dynamic analy-
SyArLT ] M A SR, 2017, 37 (3): 182-184. sis model of cable element based~on Hamilton varia-
(SHEN G F,CHEN L, LI S P. Vibration modal test tional principle[ J ]. Steel Structure, 2010 (5); 1-2. (in
and fault diagnosis analysis of water pumps| ] |. Noise Chinese)) DOI: 10. 3969/;. issn. 1007-9963. 2010. 05. 001.
and Vibration Control,2017,37(3):182-184. (in Chi-  [24] #a/k. MR 20 ML Ut i fy Rt » 2007.
nese)) DOI: 10. 3969/j. issn. 1006-1355. 2017. 03. 036. (HUANG M S/ Mechanics of materials| M ]. Beijing:
(19]  FARZE. M) 15581 : CFD B4 R 31 55 hif H China Electtic Power Press,2007. (in Chinese))
(M. bt iR kL. 2004, 114-158. (WANG  [25]  R3CHE » =il AR - Bl 71 - 5. B0 A 48K b A AR
F J. Computational fluid dynamics analysis: Principle LR R R B M A AR LT . K R 224, 2013, 44
and application of CFD software[ M ]. Beijing: Tsing- (12):1455-1461. (ZHU W R,GAO Z X,LU L,et al.
hua University Press,2004. 114-158. (in Chinese)) Analysis and optimization of empirical on natural fre-
[20]  WkeA#g, Bok. AR S22 AT TIM]. L W4k quencies depreciation coefficient of centrifugal pump
AL, 2010, 1-17. (YAO Z H, ZHOU Q. Introduc- impeller in water[ J]. Chinese Journal of Water Re-
tion to computational fluid mechanics| M. Beijing; Tsing~ sources, 2013, 44 (12): 1455-1461. (in Chinese))
hua University Press,2010. 1-17. (in Chinese)) DOI:10. 3969/j. issn. 0559-9350. 2013. 12. 010.

Pressure pulsation and shaft'system modal optimization of a large shaft tubular pump
FANG Guocai' , GUO Huijuan*; U ‘Daming' , SHI Junfeng® ,ZHENG Yuan®?® ,KAN Kan’, YANG Jianfeng®
(1. China Water Huaihe Planing Design and Resaerch Co. Ltd. ,Hefei 233001,China;

2. College o f Energy-and Electrical Engineering , Hohai University , Nanjing 211100, China;

3. College o f Water Conservancy and H ydropower Engineering , Hohai University , Nanjing 211100, China)
Abstract; Pumping station is an, important water conservancy infrastructure, which plays a key role in flood control and drain-
age, cross-basin water diyversion for farmland, and regional irrigation. The analysis of the natural vibration characteristics of the
shaft system in water and air makes the natural frequency of the structure avoid the possible excitation frequency of the outside
world and prevent resonance, which is of special importance to improve the safety and stability of the pump unit in the process
of operation and prolong the life of the unit.

A large shaft tubular pump is taken as the research object, based on the equation of SST (shear stress transport)model con-
siders the transmission of turbulent shear stress,and through the modal analysis, it can provide a reference basis for the optimi-
zation of the vibration characteristics of the structure and in the process of structural design so that the inherent frequency of
the structure can avoid the possible external excitation frequency,which can prevent the structure from resonance.

It is found that: the water flow in the outlet channel will produce some vortex bands, which have some influence on the per-
formance of the pump,among which the angle of placement +2° vortex band is the most obvious. The runner inlet pressure pul-
sation has good periodicity,and its main frequency is 8. 6 Hz, which is 2 times the runner blade frequency,and the second fre-
quency is 4. 3 Hz,which is the runner blade frequency. Under 3. 2 and 3.8 m head conditions, the main frequency of pressure
pulsation at the outlet of the runner is 4. 3 Hz,i. e. the blade passing frequency, while the opposite is true under the low head

condition of 0. 5 m,which indicates that the main pressure pulsation at the outlet of the runner is caused by the rotation of the
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runner, whereas the flow is more unstable under the low head condition. The inherent frequencies of the impeller rotor in the air
at different angles are calculated for the first eight orders. It can be seen that more blade is deflected to the negative angle
(—2°%),its inherent frequency has a decreasing trend, but the difference is small. The inherent frequencies of the first eight steps
of each scheme are calculated, with the increase of shaft diameter, the inherent frequencies of each step gradually increased, and
the first step frequency increased by 18%. With the increase of shaft length, the inherent frequencies of each step gradually de-
creased, while with the gradual growth of bearing length, the inherent frequencies of each step also increased,and the first step
frequency increased by 83%. It can be seen that the influence of the change of support position and shaft diameter on the inher-
ent frequency is more obvious.

Conclusions (1) Comparing the flow field distribution under different heads and different placement angles, the pump stre-
amlines flow pattern is better under the design head and placement angle of —2° working condition. (2) The pressure pulsation
at the inlet of the runner has good periodicity,its main {requency is 2 times the runner blade frequency. The second frequency is
the runner blade frequency, the rotation of the runner is the main cause of the pressure pulsation. The main frequency at the out-
let of the runner is the blade passing frequency,indicating that the main pressure pulsation is caused by the.rotation of the run-
ner,and the flow is more unstable under low head conditions. The amplitude of pressure pulsation at the exit point of the runner
is smaller than that at the inlet of the runner,and the runner has the role of stabilizing the waterflow. (3) Comparing the inher-
ent vibration pattern of the runner in air and water, it can be seen that part of the kinetic energy is transferred to the water
body.which leads to the decrease of the inherent frequency of the runner in the water. body, but the decrease is small, and the
higher-order frequencies of the dry and wet modes are the same. Comparing the non-constant calculation results and modal anal-
ysis results, the main frequency of pressure pulsation is mostly the rotational frequency,which has a large gap with the inherent
frequency of the runner and is not easy to cause resonance and meet the structural strength requirements. (4) The effect of in-
creasing the support position and increasing the shaft diameter on the“inherent frequency is more obvious, and the first-order
frequency increases by 83% and 18% , respectively.

Key words: shaft tubular pump device; shaft system; pressure pulsationsmodal analysis;optimization design
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