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Figure 1-1 An example of change in velocity with time



_——‘——’—
=
=

= ~
N

S

Figure 1-2 An example of change in wvelocity fluctuation »

distribution with time
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Range of increasing k

Low range Medium range Higher range Highest range

ock 6):36),40) oo 1T) ock™573 23),24) =T 13)
E(k) ocka 1)

mkd 23)

Table 1-1 Form of E(k) in the various wavenumber ranges
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Figure 3-1 Distributions of energy spectrum for pipe flow
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m ~ Vater ' Air.

1 0<D= 68 0 <D= 16.2
66<DS 198  16.2<DS 48.8
198<D= 590  48.6<D= 146

2

3

4 594<D= 1780 - 146 <D= 438 -
S5 1780<D= 5350 438 <D=1310
6

9350<D=16040 1310 <D=3940

Table 3-1 Relationship between eddy-group number and pipe

inner diameter
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Figure 4-2 Change in axial velocity distribution with time

(a part of Fig.4-1)
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Re=21000
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‘Figure 4-3(a) Contour line map of velocity (Re=21000)
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Re=17200
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Figure 4-3(b) Contour line map of velocity (Re=17200)
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Figure 4-3(c) Contour line map of velocity (Re=15400)
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Re=13200

Figure 4-3(d) Contour line map of velocity (Re=13200)
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Re=12200
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Figure 4-3(e) Contour line map of velocity (Re=12200)
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Figure 4-3(f) Contour line map of velocity (Re=38000)

Re=9000

-56-



Figure 4-3(g) Contour line map of velocity (Re=8000)
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Figure 4-3(h) Contour line map of velocity (Re=5900)
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Figure 4-4 Arrangement of data in the contour line map
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Figure 4-5(a) Correlation curve (Re
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Figure 4-5(d) Correlation curve (Re=9000, r/R=0.938)
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Figure 4-8 Radial distribution of X C
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Figure 4-9(a) Contour line map of velocity fluctuation

(Re=21000)
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Figure 4-9(b) Contour line map of velocity <fluctuation

(Re=17200)
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Figure 4-9(c) Contour line map of velocity fluctuation
(Re=15400)
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Re=13200

Figure 4-9(d) Contour line map of velocity fluctuation

(Re=13200)
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Re=12200

Figure 4-9(e) Contour line map of velocity fluctuation

(Re=12200)
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Figure 4-9(f) Contour line map of velocity fluctuation

(Re=9000)
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- Re=8000

Figure 4-9(g) Contour line map of velocity fluctuation

(Re=8000)

~T7- .



Re=5900

Figure 4-9(h) Contour line map of velocity fluctuation

(Re=5900)
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Figure 4-10(a) Radial distribution of L (Re=21000)
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Figure 4-10(b) Radial distribution'of L (Re=9000)
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Figure 5-5 Contour line map of q (Re=17200)
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Group-number (iasn-«x) uz/uz’

1 2.0 <
2 1.5 ~ 2.0
3 1.0 ~ 1.5
4 0.5 ~ 1.0
5 0.0 ~ 0.5
6 -0.5 ~ 0.0
7 -1.0 ~-0.5
8 -1.5 ~-1.0
9 2.0 ~-1.5
10 <-2.0

Table 6-1 Groups of values of velocity fluctuations
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noticed point ri1 ~ ris Fria~ T1is

another-1 a 0 0
‘ _ b At At
another-2 a Ar -A T
b At At

another-3 a 2A 0 -2Ar
: b At At
another-4 a 3ATr -3A T
b At At

Table 6-2 An example of the relative situations
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Figure 6-3 Contour line map of particle density
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Figure 6-4 Experimental apparatus for measurement of

concentration

-111-



PL—Y—OHERL Fig.6- 5 RIBEREEETI—-TRES>TH
BRRZHEEU . BBUEUN—-YFNLIVE2-Y—-RHBERETNL2I16
FeYRLDOYL—WRE>TO0IBMERTYI LR BLXOE
EBOOOHNERRA-DEBRFRAAUVIN—-YFLAYE 22—
—~DAEY —REEIE. BHE2TR o 2

Fig.6-6 XRe=17200, P L —H—RFE AT 32X & UlF & D HEE2,
SIRORHBRBLVTHESTHh EERTMEYBEL AL AN CHE
EhhDH2EBRUTELUTL S, RBOCIRRORREVERD
ShE3BRTEHBEETD 3.

C*=(C-Cnin)/(Cnax=Cnin) (6-11)
ZZTClnaxs GrinkERENAHOFAME. BNERRDT. At=
0. 1sE UTHEIhRERTEDLINIAHRAEER LB —HU
TRV, ChUBEURAL OEBBEUTRDPoRREDTHS L
Biroh, BYR AtOEREETILNENS 3, HEOR. KM
NFERALt OB —FTO0REERRE->THLZEMBAL U—BoHRo
BEASP—-—LVOE%RE2DDEEBI N, TRELETHENR ISR
AREVBOEEFHMOEBHAr — VI ¥ERUBR I>TRKEINE
RBEBEDSG, At ODEDFBEUERI>TERIEELON S,
UDPUZCZTUHENLDEDLEREZEIRIORERT I DR, &
LEFABEOBRBBOEN Ay~ LE2AVTEUHELRATH R B
2ETRD SN KR TMOMER BT IR ERAKOHBOT
HREWHBEY 3lzTH 0. ZOREAr—LE80.3s& 3 DT,
A1=0.3s& Uk ZOHRL Fig.6-6LRBTHEDLUR., REREE
LERERBITIALERERRPTHRRDLICLOTESZHHBHES
hirtWVWid, 2OZENMd. At QEELVT. EFROBROE
AT~ VERVWSIOBBEYTHIEEFELOINS, ZTOER Atk
WEUT. Re, zo ODERAFLIBCHELVL: BREEZRERS
Figs.8-T(a)~(DRR VR WIFhORBORBRKREOHEILE
BRETH/R—HULTWV S, Fig.6-8(a)lz. Re=1T72000 5 E DR R
BRI SHEEERRZIEHOD TR Ve zaBRELIRBZZU DBV

-112-



6,0,6,

stream

<3/ .85—>}<—3485—> | | l

O.2¢Pt wire .

—— e
e oo | o
-ﬁL- '
—— ]

- e st
Ppr—

[ESRERES I

—_r— — e

e
—

5=218 mm
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Figure 6-6 Radial distribution of average concentration

(Re=17200,2m=10R)
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Figure 6-7(a)Radial distribution of average concentration

(Re=17200,2m=28R)
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Figure 6-7(b)Radial distribution of average concentration

(Re=17200,2m=56R)
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Figure 6-7(c)Radial distribution of average concentration

(Re=21000,zm=10R)
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Figure 6-7(d)Radial distribution of

average concentration

(Re=13200,2m=10R)
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Figure 6-8(a)Radial distributions of average concentration,

(Re=17200)
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Figure 6-8(b)Radial distributions of average concentration

(zm=10R)
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m Pi
0z2=uln 13
i=1 27 N1
—_ 1 Py P2 Pm
= 2 t— — — fsesses} — -
ut T 2 ( N1t Ni2 Nlm) (3-5)

CEDShBLEXOhEDT. ZTOMEELB2ETROE P B
KUN i DER2HVWSZ WLV ERXND S Lagrange OFELTH 2
SAFBE VU OE2RDBIEVTE S, ZOMER. Euler
OEEFHRESSAFEE w2 0BLEEFZELVWEEL S0 3,
22T Fig.280RMWEhk u."OBEELBEUT Table 6-312 7
Ue WIND ReynoldsBOBFEHHEIh E (W carc) T RN

RQ[‘] Uz’calc[m/S] Uz’exp[M/S]
21000 2.35X10°2 2.02x10"°2
17200 2.00X10°2 2.12X10-2
13200 1.53X10°2 1.70X 10°2

’

Table 6-3 Comparison of calculated values of u:
with experimental ones
B’ exp ) ERFR—FHULTWS,
COZEUHEIhREERY. E3FERLBLIRESh RLRER
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a

EHE

'b'

max

min

1

lateral distance between two points in

‘a contour line map B

longitudinal distance between two roints

in a contour line map [s]

dimensionless axial distance between two

points in a contour line map (-]
concentration of tracer [mol/m3]

the maximum value of the concentration

~radial-distribution of tracer injected

[mol/m3]
the minimum yalue of the concentration
fédial—dfstributibﬁ of tracer injected

[mol/m33
correiation coefficient for.one—diﬁen~
sional arréhgement of data [-1
peak value in a cufve of CP , [-1
dimensiorless ensemble mean concentration

| -1
pPipe inner diameter [m]
distance between two data in one-dimen-
sional arrangement of data [-1
distance of a particle's movement in

radial direction [m]
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El(kl)

El(nl)

Fl(nl)

distance of a particle's movement in

axial direction ' [m]

3,.2
energy spectrum Im“/s°]
energy spectrum | [mz/s]
energy spectrum density (sl

group-number of velocity fluctuation [-]
group-number of velocity fluctuation [~]
average wavenumber of eddy-group i
(1/m]
average wavenumber of the smallest
eddy-group (1/ml
wavenumber [1/m]
radial space-scale of eddy in a contour
line map ’ [-1
number of eddy-groups (-1
average frequency of eddy-group i [1/s]
ij-component of spatial-dependence mat-
rix -1
component of multi order spatial-
dependence matrix [-1
frequency [1/s1
spatial-dependence matrix
ij-component of PD ' -1
weight factor of eddy-group i -1

saptial-dependence matrix
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Mi j
P(--

Re
RND
R(t)

RL(t)

ij~component of PM [-1
component of normarized “multi order
spatial-dependence matrix [-1
spatial-dependence matrix

ij-component éf P oo (-1
probability for group i of velocity
ﬁluctuation (-1
probability for group j of velocity
fluctuation ' (-1

index concerning mutual dependence of

two points (-1
pipe inner radius [m]
Reynolds number [-1

random number generated by a computer([-]
double-velocity correlation function [-]
Lagrangian double-velocity correlation
function [-1
radius [(m]
standard deviation of u. around the

regression line expressed by Eq.(6-4)

[m/s]
time [s]
uniform velocity (m/s]
cross—-average velocity [m/s]
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pr

pZ

radial velocity of an imaginary particle

(m/s]
aiial velocity of an imaginary particle

(m/s]
instantaneous local axial velocity [m/s]
average local axial velocity 4 (m/s]
average local axial velocity at the

center of pipe

velocity fluctuation (m/s]l
Lagrangian velocity fluctuation [m/s]
radial velocity fluctuation {m/s]
rms value of u, [m/s]
axial velocity fluctuation {m/s]
rms value of u, [m/s]
output voltage : [vl
width of a peak in a curve of‘CP [-1
average value of W -1
distance or direction {m]
axial distance [(m]

axial distance between a point where
tracer was injected and the measuring

point {m]
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Greek Letter

At

Ar

1

ratio concerning Kli

ratio concerning Pi

2 2

(2n) Nli
time interval

distance between -ajacent
positions

proportional constant
average value of kK
macro-space-scale
micro-space-scale

viscosity

Kinematic viscosity
density of fluid

variance of displacement

particle

-1

[-1

[1/s23

[s]

two radial
-1

[-1

[-1

[m]

(m]
[(kg/(m-s)1]
tm?/s]
[kg/m3]

of fluid

2

{m®]

variance of axial displacement of fluid

particle

macro-time-scale

time

micro-time-scale

angular velocity of annulus
for calibration of the
measuring probe
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