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3D Start-up Transition Process of Full Flow System for
Shaft-extention Tubular Pump Station
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Abstract; In order to analyze the transient characteristics of tubular pump during non-regulative operating
condition, a shaft-extension tubular pump with rapid-drop gate and slap doors attached was established,
and a 3D numerical simulation for start-up process was investigated numerically. The rational speed was
deduced by utilizing the moment balance equation. The movement of the gate with additional slap doors
was specified based on the laying mesh and dynamic mesh technology. The simulation results showed
good agreements with the test results. The result showed that the starting speed and the change of flow
rate had obvious influence on the pressure gradient in the impeller section. The pump head was increased
firstly and then decreased to the rated head during the start-up process. The maximum start head was
6.38 m at the time of 2. 25 s, and the maximum pressure difference between front and rear of the slap
door was 2. 61 m. As a result, the outlet gate with additional slap doors could effectively reduce the
maximum start head and improve the safety factor of the pump unit. Meanwhile, the additional slap doors
on the gate played a good role in the shunt during the start-up process, which can avoid the system
instability caused by excessive water pressure in the outlet passage when the impeller speed rose fast and
the gate was not fully opened.

Key words: shaft-extension tubular pump; start-up process; additional slap doors; three-dimensional

numerical simulation

Wk H 91 : 2020 —07 —02 &[] H # . 2020 —09 —29

E4TE: BFRHAREEETH (52006053 51779082 52009033 )

EE/ A BH1961—) B #4714, FEMNF S TS, E-mail; hxu@ hhu. edu. cn
BEMEE: WE(1990—) , 55, BIBUZ 141, F 2K T HUMBES , E-mail : kankan@ hhu. edu. cn



144 £l #HL

L

2021 4

0 3]

Al A BT A DU AL — A, A R R 2
BL il B A% 2l B £ A AR U T A, A Al A R A
A] DL R AL, T DA AL B HA AR i
ST UIRE , 76 R K G IE TR A B bR VR 2R
KRG B L L BT A B
b, TR T RS BUR BV R i R
E5RH OG22 98 78 W oy o L F, B 5 3 L R o
o PR AT Sl 53 3 58 1) I 2l el AR ) 2R 3l L
MRk e TREIE T A EEE LY,

— AR L L R W 5T S i LA Bl U o R Y
WG TN A% T v T G R AR 4R K
TR WS vk, A — R IR . BAR
R T B RE % L 52 S oK 52 I8 gl i 2 2 80 B
A AH G P PR e T AR A MERE R, H AR
—ERERE . TSR, B TR AL H R 1 K R
it 3 44 3l 1 % ( Computational fluid dynamics,
CFD) )32 I FH 38 2k = 4R BB L4007 1 sk /K 0
HUB I % oo A A B ST O T B ORE R X
BRT 13 ] 2R FH =4 77 vk 6 TR o =X 2l iy 11 il 1) 1 Bt
TF e 3 72 0 2 B0 A S 3 A8 R AT 1 BB AL
3BT s SRR [ 14 ] 5% P R (E A8 400 R 3 56 A0 45 45 19 07
2, 008 B0 AR Bl ok B A R A AR AT T A AR
PRI 5 5 SR [ 15 ] SR = 4k B30 RS 40007 32 % 85 00 8
Ja s WS R AT TESE, 0T EX o R P OK R
DA PR Bt 37 T TP 4 ) ) Y R I AR AT T ORI S 5 S
ik [ 16 ] % FH 2 41 7i #5%5 7Y ( Volume of fluid, VOF) X}
SEUHINR R S B AT TR, A Y TR 8
o AR 0 e = K P A AR AR A AR SOk (17 ]
Xof VR A7 5 1 TR 2 1) R O 2 I Bl o AR AT T R(E R
L, %8 Ji3 2l aek A v R 1R K 2 X RR Bl 2 E R N
fR52 W EAT T VRN 3 A s SCHR [ 18 ] 3E T 3 A% £ AR
Xof ¥R U 2K 8 ML e PN P8 IR 25 U 2 i AT U AL
SRR T, Bl RS HOR BE 05 B4 M AR ALK B L d
WAB L7 1 s 25 28 Ak o SCHR [ 19 ] X o 26 Bk 1] 1Y)
RISTUU NN SF sl FEHEAT T, 45 2R R0 R
BTLA 10 A5 BT 3R 3 Sl i, AL 2H 5 0 R 2 o
PR 38k B A E (R, [R) I e B 9 R R S N T 30%
TER S HLA L Priz 17 B b, 5 ) 5 % 930 O 2855
i) A58 K, 5 22 FE BT AST UL i DL 25 0 [ B B 2 1
T It 2k 22 Sy DR v ) R HC BRI T, HOR 2R AR
BEL 7 483 SR AR /DN | 3 B R n] LA T B4 56, )
T 7 2K 37 A R 8 R R 5 R TR A
AT 5T A il K R, AL TR R B i 7
e I S 2l R TR R S K S 3R D)

il

FHSG , R 245 5 Bl I A% 152 A X Al Ao B 2 0 Bl
A REHEATHEGY, LI O S AR T R R S AR
PE IR 2 e $ A AT FE AR A o

A SCHEE T ANSYS Fluent ~F- £ X il it 53 9 7% 42
B AR GEHEAT = AR BN, B b e PR R A i
Ui AR GERERY Tl R A% B Bl I A% B R T 5 PR
1] K BRI Aa 17T 89 36 25 0T I8 G B, e A AL
J Bl i A rp AR 2 RO A I B P9 R O 1 R
iE AR R ST PR 1T B GBI AR TR R G2 N IR A
A2 WL, LA DT O 2 o I 2 o R 4 A ol 2 PR
2%,

1 HEHE

1.1 JLfysEsd
AR S AR TR I 3 9 0 T R 200 g 4 9 4 il
BT AL, 2R FH 7 AT BURA 1) A4 PRl o 1R Sl 4
Vi R AR SR 1 TR A B
SR E LA AL & 1 TR .
£1 BRENABIESH

Tab.1 Characteristic parameters of tubular pump unit
E 21 Bl
48 {4 D/m 1.7
Rz 4
£ Z, 5
Ja B S Z, 7
R RS o/ (0) -2-~4
Witksk Hy/m 2.5
Bt #E3 n/(romin~") 250
Bt 0/ (m’ s 10
HFMRE J/ (kgom?) 320

[ 8 P U B L N
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