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Self-induced Vibration of Superheated Liquid Drop

Naoko TOKUGAWA
National Aerospace Laboratory

Mechanism of self-induced vibration of a superheated liquid drop is analyzed. Temperature
distribution of a liquid drop at the surface suggests dominance of the surface tension fluctua-
tion. A model is proposed, where the magnitude of the surface tension varies, due to the
contact of the peripheral region of the drop with heated air surrounding it. Analysis based on
this model gives stable stationary vibration with finite amplitude in agreement with experi-
mental data.

Key Words :self-induced vibration, fluctuation of surface tension, weakly nonlinear approxima-
tion, superheated liquid drop
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Visualization of Fine Structures in Turbulence

Kiyoshi YAMAMOTO?®*, Shin-ichi OIDE**, Tsukasa SATO** and Iwao HOSOKAWA**
* National Aerospace Laboratory, Chofu, Tokyo 182
* *The University of Electro-Communications, Chofu, Tokyo 182

Direct numerical simulation (DNS) of decaying homogeneous isotropic turbulence with a
high resolution (512%spatial mesh points) is carried out using the Numerical Wind Tunnel, and
fully developed turbulent fields, such as the velocity, vorticity and temperature, are obtained.
To search organized structures in the turbulent fields, the vorticity and temperature fields are

visualized. As a result, the intense regions of vorticity concentrates into sheet-like layers at

first. Then, the layers are rolled up by the Kelvin-Helmholtz instability, and ultimately,
become to fine vortex tubes, which are called worms. On the other hand, the intense

temperature gradient concentrates into local sheet-like layers.,

Key Words : DNS, isotropic turbulence, fine structure, vortex tube, passive scalar
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Boundary Layer Transition Caused by
Point Disturbance in Free-Stream

Shigeaki MASUDA and Kiyoshi SHIBATA
Faculty of Science and Technology, Keio University

Responce of a laminar boundary layer to an impulsive point disturbance in the free-stream
has been examined. The ensemble average of hot-wire signal for a sufficiently high amplitude
of initial perturbation showed the penetration of disturbance through the outer edge of the
boundary layer causing a turbulent spot similar to that of the on-wall disturbance. Transient
growth of perturbation energy was observed for initial amplitude below some threshold value,

Key Words : by-pass transition, free-stream disturbance, Blasius boundary layer, transient

growth
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Butler and Farrell? 38 HE O REREOMHER
P o, Res«=344 (T XRTDE—-FMHEE) ITBWVT
bHE- FRELOBRERAIETHE L, Bt vk
PR ABg AR OMERcBE SR b A V¥ - %
BRLPTVILE, TOERIERTH LI LITHES
NOMMER MY —7iIRES Bl L, BBl x ¥ -
B—BEKT2088EOBATRPHTERICEL ST
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£1 BRI xF-HIEREIERL
Author Res. disturbance growth type Ueolna /6 * Enu /Eo
Butler—Farrell
Global optimal 344 % pure3—D transient 778 1514
(a=0, B=065)
Best 2—D optimal 344 * pure2—D transient 45 28
(a=042, B=0)
Present
0.04U . 490 * * pulse jet transient 30 44
0.09U - 490 * * pulse jet transient 30 21.8
0.16U. 490 * * pulse jet monotonous - -

* parallel flow assumption,

IR NF - & ZOROBRITHANEEREBROFER L L
Lo Z0B, BELRETERRS X H10.65UTHER
TH2b0LLTHOARNE 2z 2B5fEtIcB®EL 7o, K
ERDO VA /7 VX3 Butler and Farrell Db D & b
KaExwl, BEos1 76 RLE 2o BBOLER
BEEMSE L, SEHEIE TLEVEAIC 3 transient
growth DHE R4 T &, MOBAICIREEH T,

transient growth OHEEZ/REBLWI LR EWRH D,

3.3 BROREOBEDEER
B4 1388EH% X016 Us DIEAIIOWT, EBEILS,
SOMEELE @y —tl, BLU(b)z —tE@ TR

** displacement thickness at disturbance position

ZMRMTHD, y—t D R/ HRENE ZEEEON
B@=0) z—tHOyBEIHEZR/ALHROHFIC
Bh3y=25mm%RAI, JEAEROER, CO
BIEsOBAICREL,» SBEE5 L BALEARD
IR AsEREh 2 LMD ONTV S, K
STHRLELIR, CoBEOBHOBEzILF -G
D13 L HBIE L BB TIRIBALET 3,

y—tHEHOG SO LS ICBIELFEET (z=03m) T
RBEILEH L BELN AR EORERKE, Ch&kD
POENTINEEREINT RO REL BN
ZEmEmAGOMEFRBRSED S, THRIETRINLD
PPENTE_OMERRKLBENS (2=05m), CDOH
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(b)y =25mm Dz —¢tH
K4 HE@EFE L OSOFEEERCOFMER, MIlHI0.16U-, FHEBOMR 0.24m s,

Thic dociiment i nrovided hv TAXA



14 B FHENTERRHENSE

y(mm)
5 ox =
fv 26ms
0 T T T T T
10
y(mm)
57 ‘03?-032/\( 032 > t=30ms
Q“ ?‘@"0) oo
0 T T T T T
y(mm)
*] o4 t=40ms
-0
<0
® T T T
y(mm)
5 —
e > t=80ms
= s 9% AV e
K J N\ [ WNoodg
Y T T T T T
10
y(mm)
5 o4—g t=60ms
004 Ty [y _on
o T T T T T
10
y(mm)
57 t=70ms
/—OH—oo‘\
004 004
0 T T T T T
30 20 10 0 10 20 30

z(mm)
K5 HERL»OOERELDy—2HEER 1=
04m, MEEX0.16U », FHEEORIFK0.18m, s

“omERR IS I S ERIA I bERIREILKL
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AEcEn B ICHBRcELTEY, 4@ &EED
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EEbLh 3,
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b o MR SUE A BN (40ms), T OHRBEL T
BIBLELRIOREICERY 5,
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HOREEEOTLAEAE L, £0ME LMo
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EE» S BETIHERBU-D 65 YIEEO—EEHE TH
HLTVWB LR h B, COWMERIDYyRIBETOHR
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EDon I RHFRHELEREOREE LN TV S,
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K6 #EHEZEALOYE -7 MEORMZE(L
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PAMBNDE CEERLTUXR, ELRER L OBMKIco
LWTHRBITOOTEL® ® O, 2 LT =kxilEid
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2 VRS E,  “convective part” & FEITi 5 EEE X
7 PV OBRENTED, BERIREYRE
THEHLEHHSBENICEKE L (transient growth),
PUTERET LY, MHRELSERVEEIE “con-
vective part " 435, FIZFUWIB ST T “dispersive
wave part” HEBICE > THETHA EO D g
BRACHShitEN2D0H 3,

CHLEBRAZAFCBVTAEREREEET &,
dispersive wave part DHERIE OB OPEELICH L
THEDH LW &, BELEERETERL, BV
41213 transient growth OIEZERT I &L EDD,
AEBTHRbDI - EHITHB T convective part 45
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AL EREAEKECED, BURD S IESEEREIC
ELTLW3bDEEZ LN B,

BE, FVRELOESOREHICIEORILL 3&-
7z, “dispersive wave packet” tEBbh B/ vy~
BRoNH, BFHECHHE o — TOUB LR OE
bHy, EELOHEBEEIC LW TLHBANL I ETH®
TEEERES 23 ETH 5,
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AR TCHOLIRB > REBENTILUTOEY T
»H 5,
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THBRT 2L, EHOL R AF— BB D10 i
ELBLUBEREL I, transient growth O Jk#
BEEL SN D -7z,
3) PHREAFVEAIC A RABNROEELHO
FAF-RF—BHKT I, dhSBRICE LN
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A Numerical Study on the Receptivity Process Generating
Tollmien-Schlichting Waves in Supersonic Laminar Boundary Layer

Shoji SAKAUE and Michio NISHIOKA
Osaka Prefecture University

The objective of the present study is to obtain a better understanding of boundary layer
receptivity., A direct numerical simulation is made on the basis of TVD scheme to investigate
the generating process of Tollmien-Schlichting waves in supersonic laminar boundary layer
flow. The external disturbance is introduced as a boundary condition by forcing weak sinuso-
idal u-fluctuation on a narrow strip of the wall, Results of the simulation clearly show the

process by which T-S wave develops from the local (z-dependent) Stokes layer due to the

external disturbance.

Key Words : supersonic flow, boundary layer receptivity, Tollmien-Schlichting waves, TVD

scheme

1. BCBHIC

KRB ERREBOBRICB W TEHELRESI1EN
HELXNTVWEH00 1 >EALOERBOREFH S
ps¥Fohsd, TOEBHOL DI, SEF~D
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HAEERO C YIBREO TR LEMER IR
EREMTHAY, EBETAILHET 30 3AEY
BUNEELE IR 2B, Tab b, ZEARBIIOLT
HBIENEETH D, BNMEELOREBRE L T OLE
FEZHOFNE, VWALARAIREICEBVTER
OREXERICTRT B LB TERY, FEHEROE
A, T-SEHSEHEINS-HICRBFAMN Tz HRc
B DZ(LT 3 Stokes BOREDBNLETH 2 2 & HNi
shioka—Morkovin !’ LIk, £ < OoEKRHY, HRAN,
HEIRIC L b REATWVWEY , L LEss, EE
HEAFICB 1 3RNMEELORERRE L T OMELRM
SVTREEAERSONTVIEL,

ZIT, APRTRIETERTE ST 28/ MEELO
ZAEBRERICDVWTHE L WA DI, B TR
RET I EELEBHI/EICL 3 T-SHEHORLBIREHK
fEHEIC X D FT,

* KRR L RF#

2. BUEEIE

T-SEHBEHREEINSLDICREIRD & 5 CFAKY
75 Stokes BOREMSHETH 5, Asai— Nishioka?
RBIEFBFICO>VWT I DL S Stokes BEFESH 3
To®HiT

u = u,(z)sin(wt),

A, (cos®(n(x—1x,)/2s)for|z—z,] <s
u,(x) = {0 (1)

forlz—x,| > s

TERINWHEmMLEORVER Q) LBV THEHH @
THHEMCRS T 2 r AHOEERS u 54, i
ENBBOBIIATICEE NS T-SHBOKEE X
WY R W)Y T

F(a) = —21; qu: u,(r)e " “dr

) sin(sa) (2)

A, [ 2 s
:Tn(;+ T—Ssa - r+sa
KRBT EHS I LT,

AHRIcBVTHURTE S h 2 WELLEE Lic5 2,
ZDREA E T HRID A — W 2s%EX AT EITLD,
BEERARCBY 3 T-SEHOZEFEN3LHEE2H
N3, HENREZ, RloLS5BERECEREOWSE
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u,{x) sin{wt)
X1 MToXRE T IH NG

W " BM=220858BRIERELEZ, Hinh 2B ORLESCEA L THRILT 3, 7, B
mic i, PREFEULGMICyHELE S5, L#, T Baicd 2 REEORBEZR V3,
EREELEFNhT/L=30, 110IcHEL, BEORA . .

(o) 210 /L =525ICF%ET %, T, H¥ERSL 3. T-S AmOBEsRE

BRe=p,ciL/ u1=4500E 13 X HIHFEINTEDY, (AR TERIN EE LOSFEEHRELOARIRRB 0=
RULWAARBHEAVAERICHIIB I E 3 & 1246943 3, COB/EHKO T-SHEHiE, AILoOE
L=0.78mm T» %, T/, BFAEKR (n. ny)=(800, RIZBV T a=09099—1 001320 EH @ % & > HEHEL
160), BFREIBIBRBAT (A L, Ay /L)= THD, TOWEAIZA/L=691L13, AFLOBX
(0.125, 0.0125) &L, BABA TRAFMRBET LT 2 A,=003U1 icBIEL, £Dr HHODO RS — 25 D
%o AEEAESE D, T, AFOoxr FRD R —1 25/

BUEEHE 3, B> W T3 Chakravarthy — L=56 (T-SHEHOHEDEIY%) LT3, WAT IHA

Osher® O 3KMEE TVD 2+ — 24 EAL, HIHEI HoME id+4hal, BiEsh 380X iigks

stability theory
pip)
7,
TIU,
Pp,
TIT,

a » e oo

6.01 o > om
L =525

120 g . 120

10.0 10.0

il Al 22333

80

K

y/é

6.0 6.0

Y sarprrrraahligonn

x/L = 60.0 WL =65.0 »/L =100
(b)

K2 BhiESh7-BEEIBEd 2 HER & LERBITOLLE (25/L=56) :
(a) BB O#HIE, (b) 4 (rad) DO y 537
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5. K2 () REEEHp OBRABTERILL -ZEHD
g, M2 (bRBHORYSHTH S, s nixk
i3, REOFA» SH 2R THD 2/ L=65 1T
BRET-SEELAUEIBEEE->TVS, 12, 4
Sl& LCBm LIcEBEE# 252 TV 3icbhrbod,
H|ELDOT TR (z./L=60) THRBEEDHO—BIL
ZHAAFCBVTEEB L VEEEHIBAKENH-T
W3, K3 ichiies W EHDORKEORT % LE RN
&3 T-S#E#HE—- FOBRBFHELBET 3, K3 (a)
B a, R3O BEEEER—a; 0 x HFRELT
b, /L 2651 BVTHEZERII K LTS, #
AE» SR 2BETHRTT-SESHLFREISh TV 2,
ULo#ERL, —BtEdhSicfE > AR ESI
XIS 2BEEEABIcBV TS, FEEHHKEER,
BERicIER & 5 Stokes iz Lk 0 T—S BB EIRE &
NTWB I EMEETE B,

i, ARORyr =122 2 LSRRI N DB
BowmI2#EH~I, Md(a)idz/L=90 TOEELE
2 DBRABEARDOR 7 — 1V 2s OBIFR%:, K4 MD)i3

[¢4
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stability theory

070! :
[ ‘ —oO— numerical resujt i
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K4 AFoRILFRINIFEHORME :
(a) @max (at ./L=90) vs, 2s,

(b @, (at t/L=90) vs. F(ars).
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Turbulent Transition and Boundary Layer Control Using
Micron-Sized Distributed Surface Geometry

E. OGURI and Y. KOHAMA
Institute of Fluid Science, Tohoku University

The present paper deals with experimental investigation using micron-sized distributed
surface geometry on a flat plate to observe effective drag reduction. Namely, objective is
to verify Tani's hypothesis that distributed fine rough surface can even reduce turbulent
drag in a certain range of Reynolds number. To verify above hypothesis, we directly measured
the net drag of a flat plate wrapped by a sheet with micron-sized distributed surface geometries.
At the range of higher Reynolds number, a limited amount of drag reduction was observed
in the case of certain kinds of rough surface geometries, The present result requires a new
explanation how turbulent energy is suppressed in the turbulent boundary layer. On the other
hand, at the range of lower Reynolds number, 7~9 % drag reduction was observed in the
surface covered with micron-sized hair, By measuring velocity distributions, it was found out

that these drag reduction is owing to transition delay.

Key Words : boundary layer control, micron-sized distributed surface geometry, drag reduction,
turbulent energy production mechanism, turbulent transition, tripped boundary

layer
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Development of a Zero-Mass-Flow Device to Control Flow

Osamu MOCHIZUKI, Masaru KIYA and Nobuyoshi SUZUKI
Division of Mechanical Science, Hokkaido Univeristy

Characteristics of a pulsating round jet ejected from an orifice into a uniform cross flow are

investigated experimentally to develop a zero-mass-flow device to control flow. The trajectories

of the jet with different initial conditions are found to collapse into a single curve if these are

normalized by the frequency and amplitude of the jet, and the cross flow velocity. This

means that the disturbance generated by the jet can be hit at an arbitrary position apart

from the orifice,

Key Words : jet, control, cross flow, vortex ring, flow visualization
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Instability Waves Developing from a Point Source near the
Leading Edge of a Yawed Circular Cylinder

Nobutake ITOH
National Aerospace Laboratory

Description of dispersive waves originating from a point source is made by the use of an
approximate boundary-layer calculation, liear stability theory and the method of complex

characteristics. Results indicate that the streamline-curvature instability dominates the flow

field just downstream of the attachment line.

Key Words : attachment-line flow, instability, cross flow, streamline curvature
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Behavior of Turbulent Spots in a Turbulent Environment

Yu FUKUNISHI and Masaru SHIMADA
Faculty of Engineering, Tohoku University

The results of an experimental study to investigate the behavior of turbulent spots in a

turbulent boundary layer are reported. A turbulent boundary layer is created by a trip wire

or distributed roughness elements on the plate surface. The turbulent spot, introduced by a

short duration ejection of a jet from a small hole on the flat plate, grows downstream and

moves into the turbulent environment, Measurements show that its growth in the turbulent

boundary layer is different from that in a laminar boundary layer.
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Interaction between Two Turbulent Spots

Hideharu MAKITA and Akira NISHIZAWA
Toyohashi University of Technology

A pair of horizontally displaced turbulent spots was artificially generated in a zero pressure

gradient laminar boundary layer to analyze the interaction phenomena between them. When

the two spots were simultaneously generated side by side, they merged into a larger single

spot downstream. The merged spot had a larger velocity-defect region on their center plane,

where the turbulence energy was intensified from either of the original spots. When the two
spots were generated with phase lag, the upstream one reduced the area of its velocity-defect

region and the turbulence intensity apparently decreased there. The merged spot, however,

conformed almost the same horizontal outline as the superposition of each single spot except

for the region around their trailing edge.

Key Words : turbulent spot, laminar boundary layer, turbulence measurement, conditional -

sampling
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On the Wide-Gap Instability of the Spherical Couette Flow

Keisuke ARAKI
National Institute for Fusion Science

The linear stability problem of the wide-gap instability of the spherical Couette flow is
investigated numerically when the aspect ratio (R;—R1)/R1=05. The basic axsymmetric flow
is obtained numerically and found that it has a strong azimuthal jet structure near the equato-
rial region at the Reynolds numbers where the nonaxisymmetric instability occurs. It is con-
jectured that the origin of spiral wave is a Tollmien-Schlichting wave excited on the equato-
rial jet. Sufficiently large spatial resolution is found to be required in order to avoid serious
underestimation of the critical Reynolds number. (This work is carried out in collaboration
with Prof. Mizushima (Doshisha Univ,) and Prof, Yanase (Okayama Univ.).)

Key Word : Spherical Couette flow, wide-gap instability
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Study on the Laminar-Turbulent Transition in Spherical
Couette Flow by Laboratory Experiment and Numerical Analysis

Koichi NAKABAYASHI, Weiming SHA
Nagoya Institute of Technology

The laminar-turbulent transition of spherical Couette flow for case of clearance ratio 8 =0.14
was investigated by laboratory experiment., Calculating the correlation dimension and drawing
the Poincaré section, it is revealed that the flow field traces a scenario as follows ; steady
state—periodic state—>quasi-periodic state—>chaos —periodic state—steady state—periodic state
—chaos, A finite-difference method for solving three-dimensional, time-dependent, incompres-
sible Navier-Stokes equations in spherical polar coordinates is also presented. Based on a new
algorithm, a higher accurate numerical code has been developed, and it is demonstrated that
the initial-boundary numerical code is valid for studying the spherical Couette flow problems,

Key Words : spherical Couette flow, laminar-turbulent transition, chaos, experiment and

numerical analysis
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R
Fig. 1 Evolution of correlation dimension and

scenario of the transition.
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Variation of Vortex Structure of the Vortex Streets
Traveling in the Wake of a Circular Cylider

Hiroshi NAGATA, Tatsuharu NARITA, Yoshikazu TANAKA,
Satoru MINOURA and Chiharu FUKUSHIMA
Gifu Universily

We proposed a technique for quantitative information to understand the vortex structure
by means of hydrogen bubble techniques. Using the technique we obtained not only the
velocity but the velocity gradient tensor in the vortex region convecting from the near wake
to the far wake of a circular cylinder. Based on the values obtained in the technique, the
contours of the physical quantities which characterize the vortex structures, i. e. vorticity,
vorticity number, principal value of the rate of deformation, shear stress and Laplacian P
(P : kinematic pressure) in the flow field, were illustrated to see the overall structure of the
vortices. These results suggest that the vortices change in structure from unstable sheet-like
vortices to stable rod-like vortices as the vortices traveling in the near wake of the cylinder.
And in the far wake of the cylinder the vortices once again change in structure from stable
rod-like vortices to unstable sheet-like vortices which induce three dimensional structure and

the rearrangement of the vortices in the vortex streets,

Key Words : vortex structure, visualization, vortex street, velocity gradient tensor, vorticity

number
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FNORMEMLTE 5, Kho xHIZ, #@FOBHKE
BETH HREERD» SR L EAH0MEERL, O
HIZHES RO E— 2 (Wil Of#E %R, FHE
DR, BREOMEE L CHETISERMOZEE
step& LTERRLTWVWS, ThooWEROAIER R %
P Fich~3,

41 BESHEBER
Hohadkdik, zpg /dBKEVTREAERED £~
JHERNELBE 2TV S (B D step & w* max BHR)
2, o =wd/ UDE— 7 DA@ENRT LS I,
/A D30 550K E 5 F TR TBESI2H - T
W3, Ew* OFHERONEIRTRFIOERE, M
HE®% (o /d=30) TR, BOUHREICHULBEEOE

HETH 5, WIS TRICEBITT2H-T, O
MEORMIELLY (zy/d=50, 170), S HICFTHET

BRI 85 (zy /d=15, 30), #FLT&ESICT
WD zi /d=50 TiE, BUBERORME LK 3,
B33, AEOFEEPHEIROBERIED O THRSY
EOELERS, KIPER TR SJEME I, SHERER
DEBMRE TR S LRI —EEE Uy (Up /U=
—146) TR LIBAGOKRIETH 5, TOHBAIE,
RAHERMR - BB T 2 AE VO T, Taylor K
MOEELBER L ICAENTE 3, Kb o8 HE
H(Up =008HE) EXtd 2 E@iH IR —HLT
BO, KEPICEE L CBBRAREHOVEEATS
Taylor [RELDOEEIZ/DITN T & b4 B,

4, 2 BEH W) LETEEFEE (e, 6) D8H
K41z, zog /d=50 OBEEORER W, O%#EHK
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N fg\‘“‘:‘s‘a’*:\

S

w* . =149, step =

e

i
i
I
'

[

. e e e Y

step=0.20 step=0.125 step=0.125

xy/d=3.0 xy/d=5.0 xy/d=7.0
K2 -1 @O TFHRBITCH AEoRl (Re=120, zy/d =30, 50, 7.0)
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S BT BT A 51 BT 855

g
I

PSPy
At
s

?é@

X
avs

o
7
/

step=0.05 step=0.025

x.,/d=15.0 x,,/d =30.0

Lo

%

w®

o

=030, step =00

iy
-////?«% /

P e e PSS LS

oY

step=0.01

x,,/d =50.0

K2 -2 MAOTHRBETICHD WlEDOZ( (Re=120, zy/d =15, 30, 50)
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(R EE R O Rl & I e

4 ey R
- L §
o B 4
| |
K
& -

- \\o B

O 1L TS St

3 5 10 30 50
Xp/d

3 ORI SR O FEER
ot MhoRAIBEOE— 7 offfE AR L, xH
RO BEEE U, &) R, S Hiciiin o &
&$M®Mﬁ%m#oﬁ%@%@nﬁwﬁ%&ﬁhﬁé
LT, Truesdell iZ & » THA & 7o Wi (kine-
matical vorticity number)™® (£, X (3) c&=1,
(Dsolid rotation O | Wy —oo, (W, 1)
@7 x5 MROBM ; Wie=10, (W,=05)
@R oS s We=0, (W,=0)
LB, WMEOHSETEDIUL, W OfiE LoD
WA b0, OB, FHENKIORTICILT E¥5D

<, B4, FEAEL0 R L W LI BRD
OEMG AT T, We=101F, W, =051cHMT 5, T

®%&ﬁkbkﬁmwpma@&%( B st il 5 4
AHOHEEN O 1, XK@ » 5, pP—2q9 <0
DR TH B, T DRI, W%&%t& @<$%%
o R bﬁ%@%ﬁ o bpll‘dl -in P spiral-out 1273 % 6

@, Fubbp—4qg < pﬂhﬁ&wﬁ{@“ %
FRAK O [ RIS A [iiili*[; (solid-rotation) 1< 4T WV 1
& W —oo, bbb W, =10 0841, KE)»5
w?—4g=00D:ETHE, IOMw? —4qg EELEE
HEOHBEIHH T B (KXB)IBR), #6-T, WEwh
K CTERTHEE e A& VI EREROMITKEL
h, OED, BEKO Y- 21E, Wi >1.0 0%k
DIPRGFIRO T e DA/PES WHIRICH B, TD LD
RElds, S, M2 - 1BLU0K2 - 20K (1) il
%ﬁﬁwﬁw%MMwﬁ%ﬁ@Lf,WQ@%@%&&
LN (e, 0) *ERTERRLIL, COREHED
M4 2o, WERW oE—2 (b7 287 fflkiic
H5) EREoDE— 2 ONFEELT L E—H LB,
COERE, 1y /d=30, 70 TKEL, FTRICHEIrT
BIGE->T/NELTD, ESIKTFHRD 2y /d=50T I,
ﬁﬁﬁ@ 1R ©— 7 DAL BED SNV, TDED
B W, OSFEICL T, BESMGIETH» OGS

FeaxalniEaR SR CGR19MD 57

X | LEHEDOAE
o We>0. 875
X4 Qﬁfz Wt D43 (xw /d =5.0)

* 5 AEE—-O DR
step 0. 125

, WAEHEO R EZEICOWTORER
Lﬁ“?%%ﬁo

4. 3 HABIRH2H

—BER O ERE AMA BT, —BRRO A A il &
L, MiolMExrr—yifi&sd 5 &E, W0 ER
LICREG R A E R L) % 28AMIGN
Th = Tond/ wUid, BEEEYHIRTH S,

M2 - 13L0K2~20K (D) i, £ANILT
Ty OEEE AR T, COMMS, WIFhoO o/ dic
BULTH, 1O E— 7 EREOANICH D
Thy OB, WP LOEHICH 5 &M b,
Ihid, O RS ENEREE L TWw s T LIS
WG LTV A, F7, WD S FRics S 9 55,
Ty NSV EE Y, ZMRERRTH b,

O FHEAOBHITICE D 7y OFEMBOTIROZE
fbiciEHd 5 &, MEBEED 27,/d=30Tld, 7y D

— 7 ZPHA SR SR o Bl > Sk D, PEED
B L E FRT oy OS5I L TV 5,
Chekt LT, RO zy /d 550, 7.0, 150 T,
Ty OSSR L IR O B 2 Bl 3 5 X D1tk 40
COBED thy ORI, TEESLZERAREDLDO
SEAWKORRD Sk (b+e) OfMmIck CBIUL
TWh, W@lBE ST FRICEITLicoy /d 233005
BT, Try OEROEIRE, BURIC DI 5 M
xm&%L nu%rﬁ@f@,ﬂﬁ@%®xmﬂﬁﬂ0@

V:@’TT L» x;;/d =50 IC% » T, }}U IH}""&CD
xn/d =30 &EEE S I I B LT 5 2 AR,

4, 4 3FS5L 7 POSTH
2 -1 RU2 - 20 (IV) 1T, VIP OEHEER

Thic dociiment ic nrovided hv TAXA



58

HEFHERT RIS S

c) Xyg/d=7.0 f) xy/d=50.0

5 w*—1y* ONMHEER (Re =120)
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NMERT. p2 = (div(u v))2 Ok gzl L T/)
VDT, RBIRTESIC, VIZPOSEHER L g
DHEBERNERLTEMNTES, RicRoh3 X,
RESHFOE -7 OBMLTVIPI@/NMEERL, T
WIBITT B3I TVIPOBDEXIZLIZEWVICEL
53, COBACEHROBER, 002mm AqRBRETH
D, OB ETINEMNIFHOTEEMNMETS 3
VIPOBRBHEABIET A2 L I ARAIRETH b, EHik
BRIOBEOENDOEARHBIEBTEEEXHDTEY
BHBETH 5,

4, 5 sheet OB LrodKDB

A VTid, MEEED 2y /d =30 T=RchE
sheet ROBEEEY, THD 2y, /d =50, 70 BT T
BI-T, ZRILHI rod ROBBEE LT B
EEHOHPITL I, sheetiKDFF Erod KRR IZ, WA
BROFHOREw &AWL 1o /2 DHXEIEK
FXRE->TKAL, 0>ty v OBEA% rod RO
(vortex-tube), @~ Txy /U DB L % sheet KD
(vortex-layer) &FFA TV 3, rod RO IZLE T,
sheet ROMRALETH 5 Z EHBHohTVWE @,

SRBIDLIREAL SHABEOENELERS /-
Wiz, BAROBFELIOBBw =wd U & EAl
WHtn* = tyd U DOMMEEICZa y b L72bDT
b3, CORPS, z4/d =30 TRw* &ty DIED
DIZEBEFILT, w* ~1y* Osheet KOBPHETH
BRI EBbh B, S FROIy /d=50TR 7o b
PR >t ORBICATTELSIEY, TOH
@3z /d=70~30 £ TH X, rod ROKE L 1R
BT AL ERT, SOKBBTHRICHITL,
I/ d =30 550 E S &, w —14" DRFHiday/ d
=30DBALEHULIE (w*~tq*) &b, BUY
sheet IROWE L2 T & hs3 A B,

HAEO®RF RS 1 31515, RS Dw* — 4°
ONHEZERVRT L HIE, FTHRICBITT 3K - T,
T DS sheet ZROBH S rod KOWIZZ(LL, BUXR

HEN sheet ROKPIcE D 2 &E8Bi2, B0 RFH
far-wake TARLEIL L, pairing Zic & - THVHHEE
Flg 2B L XL TV B, CORBENELT S
£, ERofroRofsiM RE BENR X
EE, HAMIET) OSamRROElLE bRIXHEL
TW3,

5. % &

(1) HEoHEED S far-wake iICEBLWEERK (z/d =
15 »550) DWMBESERNICHShicENT,

) BREFOEIBOMI, BTHRLED TEECSET
v v] ORERED SHRE, TANMBIRUBED
5757 vORHRIERD, horEEER
KERLI &5, pglEPHRERW: D%
R, RABROZE L#HEIC>VWTORIREE

(3) FTHRICEBITT 3IciE->T, ABERRKRO LS E(L
4 %, Drotation & b shear D &gk L /- sheet 1k
DALERE (x./d=3) H» 5@ rotation Hisiik L
KEEL rod KOTEBEF 8% (z/d=5, T)
&8, @D rodROWFIABLIES K B e 2
(x/d <15), @& SICTH T} (x./d =30, 50),
BU sheet IROMBKERE L 12 b, WFIIARLE(LT 3,
BAOTHBITHICR 51 3 pairing Z0®Y| O FH
KR, CORLEHELCHIBLTVWS,

X ™

(D %, 85, KkH, 5sh, 5If (1994), 401-404.

(2) &L &, ~“vavick3 x5 4 oBIN (BE
ERAEIRR, 1988), 174192,

(8) Truesdell, C., The Kinematics of Vorticity,
(1954), Indiana Unijv. Press, 106.

(4) Perry, A. E. Chong, M. S., Ann. Rev. Fluid
Mech., 19 (1987), 125—155,

(6) Kida, S., Tanaka, M., J. Fluid Mech., 274
(1994), 43-—68.
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B2 D KIS & R

MERBEH ORI L] HAXITERSFEI H23
HE24H cBAg S h, 120BEMTTONII, RERESE,
BHERE 3 A THcERE S h 2 F0EARSOBHES L
EHINBTEINELEIATH S, FOMOLITH
ELT [EKOBALFECBATAY v RI VL] 24
L7 r, SRREIEHAXORBERMTHITT
Bl&EL, COWRETRE HBMINI12(F0FE
HEABIICHBT I EROEIILNE B,

- RBOARLE L MELORZEICET 2BIK (B)
cBEENhOBEET 3HE (W
cHhoHBB I UM (3
PFicr—~80NARREE LD 5,

1. BRABMORRELMEORRICAT SHK

SH &R, PHRERB LoEHRPICERmMENI/¥
WAV z oy FRIBEOERBARSICID Ahoh, TR
BB 2 F23F L CBAIL T 5, ¥IRELD
MU X, BESOSMA Sh S AEEE & ERRICE
WM AICERE T 545, OIHRELMSTHVE Zici—HERE
LEBIEBRT A LM BEINTVE, TOLHUHE
BEMTR, ARLICk - TEABATICE D X S Sl
DBERE N s E, BRBRICERS W /HBtyiElss
EDES>BEMIC LB >TRB - KET 20E0H T
SOMENEET TV, oI, P oMsIck-
THSREOBENRL 20iEE bbb, SO ENR
BSDXS5TH5, ERNCHRERVHRLDT, AL
LOHETHREZHMLL, FEALERNHLZERT S
HRlCHIFELERT 5 E 2 RFL W

RE LRI, R IBEERAEOZALEEE Y
talb—YavTHRNTWVWE, EiR LoERAEhic T-
SEAHHEd 3 -0ic, BREORVLWKMIc—EREBH D
rHEEEEEES5 2, THTHASh2EERILOH
BirgbikeBRoBEaRE gl i, TORE —B
LEHAAEEICXR I NIBEERAETYH, FEM
HoBa Ak, 2b—2 2BOERICL->T
T-SEMRRENSE I EBLIUVZORBEIAILPOX
BT BRI AR OBIICHBIT S LARE
hi, BEERICB T 3AKE L EB OB TFNIG
B, HcZoNHFcHEHEHL TV, EHENG
BREHNE T3 TENHRICHNT, BEZ0 0%
BRTZEBAXIELIENRTV S, TOEKT, H#
EHERIicB AMARBERBESE T, BERAUBROER

(2R3 COBOPRRIBHTHEREN bOLEDLN S,
FREI=RCEAEhIcE s JB Y SERIRICRE
T3l OBBNTERERS TVS, MOAEIR K
REORFN L EENHEEAREOHEETRY, £
OEEBREZHLEROBEEMEY, SED 1R, BR
g Lichi- TS OB L REL FRIL TY
%3, SRTEABTRERNARE & HICATRROM
Rick > THRE N BAREVFEET 5. BIREELOB
&TI, HBoSEIcL - T, “EEOEEISTHN
ARSI RETHIA S W 2 EoBEREBES L TL
3, BRoEFM#tELHEREOEEE L DICE, R
EDFELVWHHLBHBETHA D,
FARBHEBROLEVBEORR s = v FRICBT 2EE
HEXT - o ABRMEES I, NBRI—EHEE TH
73184 7T, BRIAEOLS 5B T 2 HRE
ER ORI T A ALREEH TS, 0D
BAoEARKEHEIERICHN L ZoOKELFERKL
5150, PIRRICHY - 7oV BYNIRE & B I K - TAMIC
[A5RVWY =y FROFHELBHETH 5, BEAHEP S
BohiBRLA VIR ERHOBEKIEFEOEZRE
BLE(—HLTVE, BEORBRFEY = v +HHEK
TR ®L, 7 THEXhFEFHsFHEILARCEITD,
BERORBEETEERT 3 EMRENT VS, LI/ LV
ZHMAESSIKEL LI EDE - FOELPRHIBRD
BEL LS BROFELEDbN S,
hkERBERBR7 = v FRCHET IHROBRELHE
LTW3, PR ARKSBILE AREEROKN T, HRL
0.14 DIBEITHOVT, LA/ VIBEBREOCOHEE
TED L EFOEBBBRLERERCESVLVTHEMNLT
W3, L1/ VHEBERBEL T OEMEE3Ico0
T, #ni, EERE ARE EREHRE A2 X,
RARRE, EERE BIRE 24X, ONTE(LT
3, CoTEHEhBI ER, v4 /7 W XEBEREO
655D OIUEDE CATEHOHBEREBEL B &
Th3, COEBERE L EFHNIBUORBRE»S S
A ZA~HEBT D, COLIUEBD THREESAELT]
i TFERLGEL, FECHERVEETHSZ, O
ERFEELMIPT 27201, FLOTATY ZaicED
CHEHELZHEDTWE X HROT, WHROHEREEZPR
T 5%,

2. BEEANOEEICRAT IR
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kHf 4 2 3FIENCT 265X, L1/ L XEH1208H]
BOMBRFEOHABELANTVWE, ABILOREEES
BR320ic [RERB] I THEL THERZ] KA
ELT, FILLUKRTAEERVWTEERUVEE LR 7
Y NERNGEEICE > THAIL, —Raxhiy — ¢+
RoOBEELS =R Z R oREE T 2.812%,
EEMIRT I EIRIIL TV, FiERMEEEO W
bW 3 near wake ZEMICEH Y, SEIRAEO®E
ED154ZH 550% % TD far wake £HFEHRE L 12,
T OHR, LWELTBROBBEL SAREN v — RO
RGBT 32 LdRahtk, ThETOWET,
far wake SRR CROAKRLPHENENBEE S h TV 3
¥, COROAREY & DBEMICO VT HRIEERL
THELY,
AEOKMABRORBEICH - T, 51230 FR%
&> DNS D EMSHREL 5 b, ELEO B EIKE
WKL IcEN 2055, IUEASREDEL VHERE
D7 —1)x e 2227 b VEZHVT, HEZEHICS
FNIEENUTERBELHS T I LEBELT
W3, SEBEREES NS SFHELROMMBE < E
HLTHERIT L E b, BohER242T8LL .
BEOHHARI VI LET D 7D -5,/3 FH|
3B FOHBICHATOR VA, EFEOHBA~7 b
KRPHBERERT L HICD D COXRXFANEBL
TWBIEEHSRLIC LI, FRPICE Lo KR
i — W OEREED O RS 2 O~ O R E AR
DHT, oL IESERS NS0 EEMIcTRIL
L, BEAROHE VWY — MROBEBEI VE Y « A
LR VY AREEILL > TEE LT S TRESERS A,
BLRELAAKRECRIIORECEDRL I3
TORBIREN, EHOBHER Y —VitBLWTHK
RERE RS BENELET 2 LREN DT,
BOTEHIREERTH D, LA/ VIEBKEVHE
NBTHERLBESFEET 20 EH», HEREND
FIEBRFERELVEBY THE, TDY— MHROHEEL»S
RELED L -BESERS W 281, fidMEon
N2 HORE EHGE L T D BHEREN,
SLNEROREBELEET 2720, BALERHR
HENARD IS WVERIBRE IS0 2R OEHR SR EH L
TEAHAEATLRICED L, ZHhEID %< BEH
BRTH 2B LA TH 2BAOEHOEVLEERY
KN, BRRETRET 2ELMM A~ ELkE
BMTREELZHLEDT B &, BAMICREBLEST
ROBEREHEIICERET 5L, FLEKHSOR
ENEBBOAEIKET A EENHShICENT, 2
BROSETEREAE R ERIE TV, Hil
fMEMZE oA TORE VLB, BREIRES

KRELERREBICRELTOHREL, #-T, AR
BoBRTICBT 2HAMAOBEHERTVWE I &
5, BEOICERICHRELLERREE 3d & v HE
BELCERBOMNRICL-TVEH, DL bHEDH
FICA > R NIBRAEFK LT REDLETFHIRL TR

Ly,

B &R b RIRICELRB B 3 ER AT,
2OOHMBOTHMEEH LIz, ThoOMENTHR
ARk T 3 -T, BEhdbE 3L 5 IcMARYE
AERBES &1, BOIBHRBRABAICHBICHAZR
HEXELBEEREI, 2o02EKcRESEIBAR
UCRENMZT O L TRESELBAI DLV THERER
EfT-TW3, BRREOHAICIHAOREES 35
HH, FENHEIINMT 305 Bk & MEkGHRHE
BEIIAIEEEDIT B L, BEOHAOHEFERIZE
LSBDL, ghiABRIAGRD LI, Thonk
BREBLETLOTIRIVY, ELhoDi3EiEg
DR E R T 2 DT, SHOERBERT OV,

3. RhOBBE L UZEOMR

WEHRD 2 /1 = XL DORPRIFENONFEHOETE
KEHETH N, IoiehicESVWTRNEGRMIC
HEHEK2 LT, ToBRIBL OEHNFTIHD
Ahisv, TOREHEA»S, EAELZIAERKIORIE
HiR, FRECHERROHEIC LS 3EEHRO L
feEER B> THIEHShTE TV S,

AL REhORBRAHEEOMELENEL LT, —
BRTICBEOZ Y 7 1+ A0 SM/RBRER X AL TR
K5 (FR ) OBERUKEROMBEL ER
FlHCHE T, ZDEER, COBLN X M OREHIIEE
ZHRR Y 5 &, BHEO—BKDIC BT 2EBNIEE
FAEE, BHERRUC—RHEEIEEL TIRIE—ER
RABIEUBENHLHIZE 21, Thitk-T, BFEH
oHh-RA&POEROMNBE I, FERBXOHAEY 2
FEFTBIAD T EMSTJBEICE B,

RiEDOETERICMD 2B EBHT 5 2 & 3k
MERPIESOMBOERER L L TRHPTEETSH
5, MhOBEREBHES B 258EC13, EABSER
POERNEBT AAELES Y I BREIEE FLAER
Bho x 2 0 ¥ - A MH T 2 EREED 2 obidk 3,
/NES REFOHEICERT 5 REIHH & OEHBEY
BERAN, TOAH=XL2EE L1, FROERICY
Ty b PBIET VI = aRTFSEY T 7 4 VA,
HEEZMAC Ltk - THAOREHE 2ED, Thic
BSEEZMELTWR, TOER, ELA4 /7 VB
BWTY 7Ly P BAUSH AHEOHS ICIEHUBRE 5
Eaxhi, £, MYy 774 ¥ itk IR L%
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FICEBSEEAIR), XOMHIKERLELELH
EOHAHT LUBBRIEN/IN, FOXAH=XL 3
SMITERNTNIEN,

NN EBRER FicEBr NI #H D Leidenfrost BB
ELTHISNTL S HMIRED £ 7 = X6 2 EBRR UG
HEBRERITCE SO THRE LI, ERTR, X712
RECEAKRUTZY ) —VOBBEEEX, Z0KRH%
EFATHRET I LICL-T, REE— FEHAILT,

BRI TR, REEDOHE UL ERL 583ERE
BRI E SR E R 72, HEZRR, H—F—F
DBAICHERE X KT 35, BHE- FOBAK
BRIRZINBZE-FUEURFTLOFEREB IS —HLTL
B, Tz, RIMcBLWTHBOYEIKEE LR
HROEELERB L Kb /cBVWEEZL SN S,
(BEBER, LEARE SARER
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