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Investigation of the flow behavior and fluid body force around an arm inserted
into a flow driven by rotating disks mounted in an enclosure

SHIRAI, KATSUAKI

3,200,000

In the experiment, measurement system was built to investigate the flow

velocity fields based on particle image analysis in a transparent experimental model with refractive

index matched working fluid. The resulting velocity fields in the planes parallel to the disk
surfaces revealed the mechanism of complex behavior of the flow undergoing acceleration and
deceleration during the disk revolution. The flow velocities were found to Iocallg exceeded that of
the solid body rotation of the disks. The acceleration and deceleration are attributed to the arm
insertion and shroud opening. The acceleration and deceleration induced by these factors occur
separately in different flow areas. Numerical simulation of the unsteady flow was performed using
the configuration identical to that of the experiment. Validity of the simulation was analyzed
through the comparison of the results with the experimental ones. The results indicate that the
simulation may supplement the experiment in certain extent.
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Fig. 1 Schematic of the experimental flow model
equipped with a shroud opening and an arm, (a)
perspective view of the design, (b) top view of
the model without the working fluid.
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Fig. 2 Schematic of the experimental setup and
PIV system, consisting of a double-pulsed laser,
optics, function generator, pulse-delay generator,
flow model, CCD camera and computer.
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Fig. 3 Definitions of (a) the arm insertion angles
(a=0°, 20°, 35°, 50°) in a top view and (b) the
PIV measurement planes (z=0, 0.4) in a cross-
sectional view.



Fig. 4 Definitions of (a) the flow regions and
(b) the circumferential positions.
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Fig. 5 Colored contour map of the normalized
circumferential velocities in the disk-to-disk
middle (z=0) at the arm insertions angle, (a) a=0°,
(b) 20°, (c) 35°, (d) 50°.
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Fig. 6 Radial distributions of the circumferential
and radial velocity components along the radial
lines at 6=45°, 90°, 180°, 315° defined in Fig.
4(b) in the arm-to-arm middle (z=0) for the four
angles of the arm insertion a=0°, 20°, 35°, 50°,
(a) vo/rQY and (b) v,/rQ2 at 8=315°, (c) vo/rQ) and
(d) v/rQ at 6=45°, (e) vo/rQ2 and (f) v,/rQ) at
6=90°, (g) v¢/rQ and (h) v,/rQ at 6=180°.



4. 2 BKfEAREAT

X 727 4 A7 AMEEE RQTHEXRILL L
7= E A & RT. 2z=0, 0.4 DWT I
DOMHIZEWNTH 7 — L AA O RIZHEN
TRAVHSEL S Au, B 5 a3 oD i OB IR A3 A )
Lic. £z, 277 REOEELOT 4+ A
7 OTERIZIX, T 4 A7 D HiE# T R L
X—%Z Y, 70 A7 ERFRIZmN
RNNTFET D, z=0 @& z=0.4 A% Ll
L&, z=0.4 [H TR0 5 AT O O HE IR
NEL, TIULT — D DEEIN 2=0 [ & Lhifk
LTEW=D EEZBND.

X 8 1% z=0, 0.4 2T 5 [Ffizsy D%
S USEY) U= 8 D7 1 & 288 05 1) O Fie i o
YRGS E R LD THSH. 22 TlE
A 0=90°DIGE DA%~ . TR %
T4 A7 R L RPTE 7 R E TR Tk
L, EBRFERLEELEZbDOTHD. Kho
250 C SIM [IARATASE B, EXP 1XZ 2 AL atll
fERA R T, SR & BB ORE ST EMER
WZHDRRE—E L, WHFORKRIIMRZY L
BZ OIS, FEER & FAEMAT TRE R OFHIE N
fEET D DI, FITEAEMAT THALOHIBEC
B L THMEDME T L, f#AT & S50 C RIBENL &
DTN EICERNTIIEEZLND.

Z DIEEAEAT T3 E o, (2N 2, B
FHUCE 2 z G AR & E RS D
LBz, BB A EE 2=
FEHIHZ O W TIIER(12) 2 SRSz,

z*¥=( z*=04

(disk-to-disk middle plane) (disk-to-arm middle planc)

Fig. 7 Colored contour map of the normalized
circumferential velocities in z=0, 0.4 planes at
a=20°.
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Fig.8 Radial distribution of the normalized
velocities at # =90°in z= 0.4 plane.
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