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Vibration Characteristics of High Pressure Multi-Stage Pump with Anti-Swirl Injection
Balance Sleeve

LA I BE*UES* 0| S F**
Hyun-Duck Kwak’, Yong-Bok Lee’, Chang-Ho Kim" and Bong-Ju Lee™

Key Words : Multi-Stage Pump(t} & H X), Anti-Swirl Injection Balance Sleeve(S 249 42 8 "@a A &g

B), Orbit(Z A A), Instability(E A A)

ABSTRACT

As the tangential flow inside the clearance of tribo elements such as bearings and seals is increased as the shaft speed increases,
the system stability will be decreased due to the increment of the instability parameter. To reduce the tangential flow inside the
clearance of the balance sleeve, anti-swirl injection mechanism is applied. The balance sleeve is used in resisting the axial force
induced by impeller in high pressure muiti-stage pump. In this paper, total three cases are experimentally investigated; original
balance sleeve, anti-swirl injection balance sleeve with 0 axial degree and anti-swirl injection balance sleeve with 30 axial degree.
Experiments are focused in the comparison of vibration level and leakage flow rate. The results clearly shows that the anti-swirl
injection balance sleeve with 0 axial degree improves the vibration characteristics. However, the anti-swirl injection balance sleeve
with 30 degree aggravates the vibration characteristics. In the standpoint of leakage performance, both anti-swirl injection balance

sleeves show the better result than the original balance sleeve.
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Fig. 1 High pressure multi-stage pump
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Table 1 Operating condition of multi-stage pump

A1 EF 4Y 226 bar
A3 Y 44 26 bar
A = 1.5 m*/min
HE A 3580 RPM
o3 17

FY 7B x BEE 74

80 mm x 65 mm

Hr EE2H x HYH 0.26 m*/min x 2000 m

AN BE2H x HIH 1.5 m’/min x 1640 m

A BE 70 %

AF FAXA 5.0 mm/sec RMS

A9 wlojy w7 FA) 40 um

3. 924 72 22 olEX uig

H, A Ae] 4R dHer ATt
%3} ol wet woiy, 4 T #2 tibo 22
el fAl frEel dF ddez golrtn HA4Y
of thst Aol AR wa A4 w Eits
Rk olol wal, &9 1 FHAAM 71Us A
o] Ao o8 BAHE YEC] tribo 249
E9H A (instability) S oF7] A171&d), o2& tribo
Q4o o) HAHE & 587 vdz ey
A o33 #Zoh

L S e
F, -k K||Y -¢ Cliy Y

o714, F & ¥ E, X, Y & 47 ZE 8} mribo
8.4 Alelgl A B E verdd
A AxE, ¢ = 2y A
T g% A ASFE 27 geEldo

dur oz FHste AAES YAHE 1y
stctd, HEH(whiding)S FEsls AN A4
(cross-coupled stiffness)S TaAl7la 7)4(direct
damping)E F7HA 7= o] wiEA sy, WA
EelBg F2 A 24dMe dANE veEldE
AER2E  BAEA  Al(instability parameter,
f=kiCw)& A&3h=d, ole 48 EA33
e 3t b stete B9 Hl(atio)Z, ol A&
FE 4ol sttt & v,

Fo] {07 AP met F3 mibo L4
MY AA /5 £Z7F T8, ol tribo &
28 A4 BAEE FUVMA NLES BAAR ¥
JO =2 o]FAIZIT}. Tribo 842 UL 44
(7171 A% 28e o AFAel FyH g

Anti-swirl
injection

< B A7 gl 19 e BEZ9 wear ring
A U el o e AAYY FEAES 12
v} it} 3, Tondl¥E &3 Ad HlojHo] A&
4 FZ 48 58 A H4 45 £58 A
oFLeEA, EUBHE AAAZIE WS Az
2 A g vl Uk Lee= wioldy B4 W A
A FE SXE Z2A7)7] A8 29 Ao 3ol
BE|= A4 # o] Y (Swirl-Controlled Hybrid Journal
Bearing)& A3, TEA B ATE
=, A9 Aol solHIYE Ad wolge
Hojg EMY HAH 3EE et 299 gAY
9 2HYIALE IHESE dto] Age] GE EU4F
A Aol & 5 AES  Zojrt o8 {AME
A B =RAE, A 249 BaFAe FaA
7171 9438 Fig. 2 & #E 929 F=2 g9 3
£33} ol FA Ad "Ml vhirA
g2, 4 B A 19 HA /% £E8
ol AFHE fEdted dA AL Z2AF £
NE FAoE 7IgEHA, FAY FEFI %9
ANE FH2 AN F AL Aoz Amdr

H

4. WA go|=o T

4.1 Y28 R=2 LS HBSIA g2 WA
ECTE]

Fig. 3 & W@~ &g H(balance sleeve)d} @A
£ X A E(balance sleeve seat)d] /JHEE Holm
Utk WHA EBE Fo AgHA Fo A
£t YA e AL LPH AEE

-215-



Balance sleeve

Balance sleeve seat

Fig. 3 Schematics of balance sleeve and balance sleeve
seat
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Fig. 4 Anti-swirl injection balance sleeve seats
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Fig. 6 Orbit of pump shaft with original balance
sleeve
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Fig. 7 Fourier spectra of pump shaft with original
balance sleeve
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Fig. 8 Orbit of pump shaft with anti-swirl injection
balance sleeve (0 axial degree)

Fig. 9 Orbit of pump shaft with anti-swirl injection
balance sleeve (30 axial degree)
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Fig. 10 Fourier spectra of pump shaft with anti-swirl
injection balance sleeve (0 axial degree)
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Fig. 11 Fourier spectra of pump shaft with anti-swirl
injection balance sleeve (30 axial degree)
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Table 2 Calculated V,,,, values of each case

Original | Anti-swirl [ Anti-swirl

balance injection injection
sleeve (0°) (30°)
Left X(mm/s) 3.26 2.96 3.25
Left Y(mmy/s) 3.55 2.87 3.43
Right X(mm/s) 4.03 2.67 5.25
Right Y(mm/s) 4.12 2.32 4.52
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Table 3 Leakage flow rate from balance sleeve
Original Anti-swirl Anti-swirl
balance injection injection
sleeve (0 degree) (30 degree)
T 100 101 101
ton/hour
160 160 160
f/em
TE TS 0.055 0.038 0.044
(m*/min)
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