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Viscous Flow past Multiple Planar Arrays
of Small Spheres

Katsuya IsHn

Department of Physics, Faculty of Science,
The University of Tokyo, Bunkyo-ku, Tokyo 113

(Received July 17, 1978)
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Fig. 6. Streamlines for streaming flow past two

spheres.
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We obtain a similar expression for any Fi. Our task is to solve these equations successively.

The leading term of F?% is [F?]° = 6nmual,. Smce it is independent of « and n, the next term [F, 4k
is obtained by making use of eq. (2.4);

[FO]' = 6muads UM, | 2.11)

where

SUM = —

. 0,5 1 62r‘|
[25‘35 Zaxqax e Er o

1 [ 8]
S, = — j—m dk h};‘z 72 €Xp (=2mil-(r —ay)),
(2.6)

4nu

1 o0
S, =—73 j_ dkzﬁ

47'C To I1,ia

x exp (—2mnil-(r—aj)), (2.7)
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erfc denoting the complementary error function. Finally, we obtain

[Fol/6mpal,= 5.3+30(05.'3’51'3)"'0(“2/13),

087
0x,0x3”

C=—CO_Z’ Sil, Ci3= Cl3 Z
a

FEREIZILNDEE

DEKIZE< S

Mo C (S.C.L) C(B.CL) C(.CL)
1 2.88124 3.2822 4,3608
2 2.83743 3.6807 4.5907
3 2.83728 3.6369 4.5847
4 2.83728, 3.6393 4,5848,,
5 3.6391, 4.5848,
6 3.6392, 4.5848,
7 3.6392, 4.58483
values
for infinite  2.8373 3.639, 4,584
lattices

(by H. Hasimoto 1959)
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Fig. 6. Streamlines for streaming flow past two
spheres.
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The hydrodynamic interaction of two spheres moving in
an unbounded fluid at small but finite Reynolds number

By YUKIO KANEDA}
Department of Nuclear Engineering, Queen Mary College, London E1 4NS

AND KATSUYA ISHII
Department of Physics, University of Tokyo, Tokyo

I = I+ 1+ Ip— 40U, Uy i+ 276 [ U, Uy {20053+ A28 + 20U, QB X2TE,. |+ 0(e),
(6.6)

where | )
Loy L>r>1 A -
X Tig(1) QF {Djg, (x) + Dy, 5(x)} %, (6.7)

L>g>A al

Lo
X |:{I}gq (%) Qg} [Dj,,, 5 (%) + Dyy 4 (%ﬂ S, () d*r, (6.8)

(@m)J%, = lim J Iy, (6.9)
80 vL>F>4
L-—kd) q=Ad

& HIFHIETES, FAIFE X NEREDUCE-2(Hern1973) TR
D= MW EHKE
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The aerodynamic drag on an object depends on several factors. including the shape. size. inclination, and flow conditions. All
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Our method differs from the original Beam-
Warming-Steger method as follows.
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BRIAZT ZR2RBEN IR
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3) The finite difference approximation to the

nonlinear terms in the explixit part is improved
to be| fourth-order accurated

4) No turbulence model is employed.
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Motion and Decay of Vortex Rings Submerged

in a Rotational Flow

K. Ishii and C.H. Liu
NASA Langley Research Center, Hampton, VA
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2.2 Singular perturbation

Because the viscous effect is important only lsf
in the core of the vortex ring, the singular
perturbation analysis is well suited to study the 4
strong vortex filament.2~'! e introduce the Rloj

stretching variables

;_t-R (4)
that is
S B R (4a)

zZ -2

(4b)
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NAVIER-STOKES CALCULATIONS FOR VORTEX RINGS IN

AN UNBOUNDED DOMAIN 1988
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Fig. 2—continued opposite. Fig. 4. Merging of two vortex rings observed by Oshima and lzutsu [9].
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ig. G The 100 Hz band sound pressure level specira: the ex-
perimental spectrumi{thin lines} and the result of the three-
dimensional calculation{thick lines).

Fig. 2.

The instantaneous pressure contours around the wing,
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Fig. 4. The top view of the instantaneocus contours of the normal
combonent of vorticity (50 rontours between =15 and 151
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Numerical Analysis on the Motion of Gas Bubbles
Using Level Set Method

Hideyuki OKA and Katsuya Isuir!
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density ratio €=1/1000
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Experiment

. Alrfoil:

Asai et al (1994)Zaman et al.(1991)
NACAO0015 LRN, Wortmann
Re=44x103 Re=25x103~1x10°
c=16.4cm c=12.7cm, 25.4cm
M=0.012(4m/s) M=0.00859~0.0344

speaker

Calculation
NACA0012 Wing
Re=5x10%~1.6x10°
M=0.1 (34m/s)

chord: 1.9cm~4cm
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Re=1.0x10%5
M=0.23

4500 frames/s

o=12deg
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The averaged C, with f
(M=0.1, a=10deg,Re=10°)
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0.5 -+ Re=100,000,

/ Y / \ a=0.0005 (Weak: previous)
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a\\l \ a=0.001
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Vortex Merging

£=0.6

(Strong sound, f=0.6, T=1.67, Re=1x10°, M=0.1, a=12deg,
Dt : phase)
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A fast solver of the shallow water equations on a sphere

— j_ll:ﬁ E EIJ using a combined compact difference scheme

Tomonori Nihei *, Katsuya Ishii '

Dieparrsent of Compuripribnl Sclenoe and Engineerigg, Nagoyva Umiversly, Magova, fapan
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“ Fie. 11. Heagh emmor at Day 13 for Test Case 5. The contonr miuerval is 0.3 m.
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Cold |
Mean Hot | -|& | Hot
temp. - e e

Tm, I TmC T ] ~L —iﬂ, 0 L L
— : m : > O )
FEIAT—> Closed narrow tube
D2 DIFT=

The role of boundary layer at the open end or the center?

Is Yazaki's experiment in a closed tube explained by Rott’s
theory?

It 1s difficult to observe the fluid flow in the tube experimentally.
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3.4 Pressure amplitudes at the different
temperature ratio
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Question

XRD Terminal type IR DEMN T, EBRERLOTWVED (T ENN?
(£T.BME :3mm. 818 :3mm. Dome:5mm. Neck:3mm &L71=, )

A.
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Numerical results of

the structure in Poincaré sections
of 3D steady lid-driven cavity flows

3D steady lid-driven cavity flows : Formulation, Numerical methods)

the velocity field streamlines  Poincaré sections
Poincaré sections at Re=100, 200, 300

eeeeeeeeee

TR, EATTNEERLCHDH
EEBLERNICLGWLWEECYITE

f?

EL\D A ?

2RITTDERELBRBEEDBRNITECSELY,

= JFERGTTN, EEBDLS(C[E

iR A A%

FEINICR A S



FEEMEHICLETRRENFREDE R

Wittaker:

A Treatise on the Analytical Dynamics of Particles and Rigid
Bodies(1917)

Arnold: Dynamic Systems(1985)

Lie-Konig theorem AZEEICEHITHEE



The phase space of the Hamiltonian system

the solenoidal velocity vector field V-u=0
of the steady incompressible fluid

|

a non-autonomous Hamiltonian system
of one-degree-of-freedom

generalized coordinates (x!, x?, x°)
the contravarinat components of the velocity (v!, v2, 1?)
the determinant of the metric tensor g

2
— Q=X1, p=f \/§v3(x1,x2,r)dx2, r=x
0

2 )Cl
the Hamiltonian H =f \/gvl (x',x?,7)dx* —f \/gvz (x',0,7)dx’
0 0



the Hamilton’s equations of motion
dg oH dp  oH

5

dr dp drt 99  the solenoidal condition

| a0

o’

dx! viodx? v - o
o =—, 3 = 3 — TERDBEX
X v

coordinate (x,),z)

velocity u=(u,v,w)
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parameters

-aspect ratio :1'=D/H

"spanwise aspect ratio:
A=L/H

"Reynolds number :
Re=HU)/v

3-D lid-driven square cavities



Typical Streamlines (part)
(A=6.55,Re=850)

center




Poincaré section at x=1/2
(A=6.55,Re=850) LK
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Article: Three-dimensional Centrifugal-flow instabilities in the Lid-drivencavity Problem
S. Albensoeder - Hendrik C. Kuhimann - Hans J. Rath
[Show abstract]

Full-text - Article - Jan 2001 - Physics of Fluids
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Streamlines =™ Poincaré sections

\ yz-plane(x=0.5)
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Ishi1 & Iwatsu(1989) I'=1.0. A=1.0 All streamlines — chaotic 300<Re<400
Poincaré sect steady — unsteady  Re=2000~3000

fee =100 Re =200
Re =300 Re =400
‘ 81x81x81
. i+ | Grid-clustering
. ST ERET AT | near boundary

(é) Re.= 300. @) Re = 4'00... 3RD ORDER FD
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2. Poincare sections

Parameters
I'=0.4,0.5, 0.6,1.0, 1.4
A=1.0,6.55

Re =100-500

orid points 121x(120xI"
+1)

X(120xA+1)
mesh size=1/120

2.1 Poincaré sections at Re=100, 200, 300
I'=0.6,1.0,1.4 A=1.0
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1'=0.6, A=1.0 Poincaré sections at x = 0.5
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the x3 axis

In the steady incompressible cavity flows /\
I a closed orbit &= the x° axis

a plane transversal to the x3 axis <= the (x!, x2) plane QE

1 (x!, x?)

qg=x
[ p=f0xz\/§v3dx2 =Cx2+0((x2)2), C = /g0

the (x', x*) plane at a fixed value of x> <= the phase space (p,q)
with a scale transformation

~
the Poincaré section of the vector field in the cavity
kthe phase space of the Hamiltonian system )




two frequencies
v, the motion along the x* axis /ﬁ)l
- the rotating motion in the (x!, x*)-plane

e

the ratio @, / w, 2

irrational —closed curves (tori)
rational—1island structures
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The normal form of the Hamiltonian system

for the resonance w, w, =k :1

H, =-0p+Ap +-+Bp"” cos(ky) +---

0 = \/ p12 + qlz Y 724 conjugate variables

O = w, — ), [k resonance detuning

When o0 = 0, the point o = 01s stable for k > 4.
Fork =4,1f A > B the pomnt o = 01s stable
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V.V.Arnold et al. (2002,2006)

The normal form of the
Hamiltonian system

H,=-80+p°(A+Bcos(ky)) +o(p°)-- A>B>0
The point o = 01s stable.
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I'=0.6, A=1.0

8.5

Poincaré sections at x = 0.5 4:Iresonance

Re =150
—50 + p” (A + Bcos(ky))

H, =

8.5

8.4

8.3

8.2 -

8.1

+0(p%)+



A

|

] el Y v
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For k =3, the pomnt p =0

1s unstable at 0 = 0.

Ishii, Iwatsu, Kambe and
Matsumoto (1989)

The normal form of the
Hamiltonian system

Hy =-0p+Bp¥* cos(Gy) (+p°F(p)) ~ B-L.F=1
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Poincaré sections at x =0.5 3:Iresonance
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Ishii, Iwatsu, Kambe and
Matsumoto (1989)
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9-0.5-0.6-8.4-0.2 0.0 0.2 0.1 0.5 0.8
0=0.2

Figure 8. Phase portraits near the 2 : 1 resonance obtained by the normal
form Hamiltonian H, for 4 =1 and o = 1/4.

1 1
H, =—§5Q2+§AP2+0:Q4
A=1l,a=1/4
The point © = O1s stable at o < O.
The point o = O1s unstable at o > O.

The normal form of the
Hamiltonian system
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I'=0.4, A=1.0 Poincarée sections atx =0.5 2:Iresonance
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I'=1.0, A=1.0 Poincarée¢ sections atx = 0.5 2:Iresonance
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I'=1.4, A=1.0 Poincarée sections atx = 0.5 2:Iresonance
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