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Experimental Study of Fluid Forces on Whirling Centrifugal Impeller
(2nd Report, Impeller in Vaned Diffuser)

Hideo OHASHI, Akira SAKURALI, Jiro NISHIHAMA,
Katsuya NAGAYAMA, Yoichiro MATSUMOTO and Tomoyasu NONOSHITA

Fluid forces acting on a rotating centrifugal impeller in whirling motion are studied experimen-
tally. In the first report, a two-dimensional impeller installed in a parallel-walled vaneless diffuser
was used. Here in the second report, fluid forces on a three-dimensional impeller in a vaned diffuser
are investigated when it is forced to whirl on a circular orbit with a constant eccentricity. The
experimental apparatus is improved to be able to synchronize the whirling phase with the rotating
one. Although a strong interaction between rotor vanes and guide vanes is observed at a certain
specific whirling ratio, the fluid forces averaged throughout one whirling period, which are dominant
for the stability of the rotating system, exert a damping effect on the rotor under most operating
conditions.

Key Words: Fluid Machinery, Turbomachinery, Unsteady Flow, Fluid Force, Guide Vane, Centrif-
ugal Impeller, Whirling Motion, Interaction
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Fig.1 Centrifugal impeller in whirl motion
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Fig.2 Layout of test facilities
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2-D Impeller 3-D Impeller
Impeller
Type Closed Closed
Outer blade diameter 350mm 330nm
Inner blade diameter 175mm 180mm
Exit blade width 35am 28mm
Exit total width 45em 43.5um
Number of blades 6 8
Exit vane angle 68° | 65.5°
to radius (log. spiral)
Mass 4.1kg 5.8ke
Diffuser
Type Parallel walled, | Parallel walled,
aneless Vaned and Vaneless
Inlet diaweter | = ----- 340mn
Exit diameter 700am 480mm
Vidth T0nm 30mn
Number of vanes | = -——- 11
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Fig.4 Apparatus for forced whirling motion

— 66 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

HOLPHREICE S g b D B OERMFIE B2 H) 3865

EEZLE, SNELVHELO—ATFENEET
HBDT, #hor F Fo L, #ho2XRc k-
THERTILLU: fr & Ll DODWTHERZHS »IZT
5,
fr=_FT/(Mea)2), f9=fa/(Mscu2) ............ (1)

WM IIPRELZZRILE AR LI L EDHE
MU I2HABEET, M=omrib Do EENS, n
IEPREERE, b IPIREABE( 277 ¥ 2&)
THd. &7, BHETBCHEITIERTRE, ShiEb
DEEZ 300 %5 L, BOBO 100 BT >OHENT
— 8 DEEERD Iz, 2B, SERIO—EDOEERIL, +
BHEEEE #=>525.7 rpm, ROE e=1.5mm TI{T- 72,

3. EEREREIUEE

3.1 ZRIAUPHREL=ZRTPRENLLER  ~—
YVAF 4 7 a—FHRTHINED S EBEDERTT
TR R, ZRTPREY, ZRITPREOZN TR
WOWTHE S T, K5(a) ik BREE (BEREA
WR)DHE, KM5(b)XRAMED 20%HBDEE
THY, 2NMEbVEER L BHEENOELERL
Twb, MELRZHET 2124725 T, ZRITEIMRED
BEWREEIBNPIRBICEL DT THEDI
MU, EXRTPREOHECIPIRELEIZEHL HO
ThHdI L, ESRXFREHIGLT, SR 38
WAV b b ZRTPREOBHFTE Y27V Fid

~—&—— 3-D impeller

=& = 2-D im er
@ 5 D pell
[
0 e i
%M&'
-5
(a) ¢/ =10
10
g_.‘-
5
\:%
0 :::=ﬁrgzak et
-5

-1.5 -1.0 -0.5 0 0.5 1.0 1.5

0/ w

3 5

0 = -r—-b"“f ye

-5

(b) ¢/ b,=10.2

10

g B\N
‘\\L‘::t’:‘_ -
0 P o 3
-5

-1.5 -1.0 -0.5 O 0.5 1.0 1.5
Q/w

Fig.5 Normalized fluid forces on 2-D and 3-D impel-
lers in vaneless diffuser
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Fig.6 Normalized fluid forces on 3-D impeller in vane-
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