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Table 1-1 Swirl parameter ( Intensity of swirl )

Swirl parameter

Literature

Average tangential velocity s
[Fvear /R

Average swirl angular velocity of blade

of swirl vortex meter

Weighted tangential velocity ¢

,éR 27r Ue dr / TR

Flow angle : angle between pipe axis and

mean flow direction near wall

Swirl number : ( angular momentum flux ) /

R x ( axial momentum flux )

_QRUZ Uo r2 di‘/R.éRUz2rdr

Nissan et al. (1961)48)
Kreith et al. (1965

King et al. (1969)28)

Senoo et al. (1972)59)

Yajnik et als (1973)73)

Kiya et 1. (1970)33) ‘
Lilley et al. (197159
Senoco et al. (1972)59)
Yajnik et al. (1973)73)

Murakemi et al. (1975 ¥
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Table 1-2 Model of eddy viscosity in

14

swirling flow

Eddy viscosity

Literature

E = )C,/f'%“" r T ¢ local shear stress

€ Reo'86 - (independent . of T, z)
P 2 1,20  _Ue
Ere = K r |{ >r T )I etc.

(eitension of von Kérman’s similarity

hypothesis)

Eijw 1, 2 J2(ese)

i3

1.,
-1 J

e¢ : mean rate of deformation tensor

28

mixing length

L3

- 2 LA S W Sy |
£ cx /1 k:z(ur-l-ue-fuz)
% : dissipation rate of

turbulent kinetic energy

Hoffmann et al. (1963)10)
Kieith et al. (1965)BA )
Kinney (1967 )29)

Rochino et al. (1969)57)

Lilley et al. (1971)35CD

Kubo et 21, (1975 )35)
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Table 2-1 Experimental conditions

Lt [m) Re [-] Uav [em/s]| v [cnls) z [cm]
'_;.5‘ 4900 2.49 0.81x10~2 190.5 X -1
5700 4.14 1.16 190.5 -2
8200 4.14 0;81 190.5 -3
5.5 660 0.41 1.00 70,140,280 Y-1
1300 0.83 1.00 70,140,280,500 -2
1900 1.16 1.00 70,140,280 -3
2300 1.45 1.00 70,140,280 -4
2700 1.66 1.00 70,140,280 -5
4000 2.49 1.00 70,140,280,500 -6
4900 3.07 1.00 70,140,280 -7
5300° 3.32 "1.00 70,140;280 -8
5400 4.14 1.22 70,140,210,280 -9
6600 4.14 1.00 70,140,210,280,350,500{ =10
8000 4.97 1.00 70,140,280 -11
9300 5.80 1.00 70,140,210,280,500 -12
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AE

Nomenclature

closed curve surrounding S

inner diameter of test pipe

inner diameter of inlet pipe
energy dissipation rate / Q
output voltage

dissipation function

function of (L/R) (v/RQwi)
coefficient of energy dissipation
function of (L/R) (v/RUi)
acceleration vector of gravity
acceleration of gravity

unit conversion factor
function'of (L/R) (v/RUi)
diffusional electric current
constant s Ba. (1-4)

disténce between two measured sections
total length of test pipe
constant § Eq. (1-3) and Eq. (1-4)
unit normal vector to 3

static pressure

static pressure at wall

flow rate

u,oug

inner radius of test pipe
Reynolds number H Uav D/ v

inner radius of inlet pipe
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U
av

Ueb
of

ow

radius (cylindrical co-ordinates)

radial position of maximum Ue (boundary between
forced vortex zone and quasi-free vortex zone)

radial position of zero Uz

surface surrounding V

unit tangential vector along €

time

velocity vector

velocity

cross— sectional average velocity 3 Q/HR2

initial tangential velocity 3 Q/ZWRi2

maximum value of Ue ( at ry )

friction velocity of swirl j VQTTre,bl /o

extrapolating value of Te to wall

velocity fluctuation

closed region in space surrounded by S

axial distance (cylindrical co~ ordinates ,
z = O cm at inlet section)

distance between inlet section and imaginary

inlet section
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Tre,b

E B =%

£ £

circulation (intensity of swirl)
2TrrbUeb
2k U

oW

eddy viscosity

value of order -

tangential distance (cylindrical co-ordinates)

coefficient of swirl decay
molecular viscosity
kinematic viscosity

Ui / Uav

density

stress tensor

stress |

B Ueb / b

flow angle 3 tan-l(ﬁé/ﬁe)
vorticity vector

component of vorticity ~
initial angular velocity 3 Ui / R

angular velocity of forced vortex
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[ on /s

L cm2/s

[ o’ /s

[ cm2/s

[ -

[ rad

[ -

[ gfcm s
[ cmz/s

[ -

[ &fcn

[ efem &
[ gfom s°
[ gfom s°
[ degree
[ 1/s

L 1/s

[ 1/s

U /s

bt bk 1
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< Subscripts>

boundary position between forced vortex zone

it

and quasi-free vortex zone
= direction (r , 0, z )
= radial direction
= axial direction
= wall position

= tangential direction

< Superscripts >

dimensionless quantity defined by Egs.(3-11),(4-5), (4-24)

]

i

dimensionless guentity defined by Egs.(6-7),(6-8)

it

time mean value

difference

absolute value

1]
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