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Figure 2-10'. Diagram for reference of characteristic points
on C.-Re curves. A&x; beginning and final position of
Vena Contracta development, +; point of Johansen's -
maximum discharge coefficient. Explanation of lines m,
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Figure 3-2. Orifice with peripheral groove
used in the experiment.
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‘Data (Zc,Yc) Coordinate of the center- of a fllm,
,(zl,YI)}Coordlnate of the p01nts of
(Zz IYZ)

(Zi'Yl) Coordinate of the streakline. "

Correction of the ax1symmetr1cal deformatlon

standard length

caused by camera lense. Eq. (A)
l Ca1culation of magnification factor; . 4J
Correction of radial position. Eq. (B)
Correction of axial position. - Eq. (C)

(Zi:Yi) Coordinate of the corrected streakline.

‘Equations for calculation of the»corrected streakline.
‘r=Ck ' ' B m=====-=-=(A)
Ck(r') =l.0. o ... ~for x'<5mm

'=0.0026(0.1x" -1)2+0 0032(0 1r' -1)+1.,0008 for r'>5mm.

n =C,n E—

Cr(n )=0.0424 (2n-1) *+0. 026(2n-l)2-0 0154 (2n=1)+0.7461
C=Cd§l‘ : () R
©c (n",C")=0.008];"|+F (n' )-0.0088

F(n' )=0.0077 (2n-1)? +0.0096 (2n1)2 0. 00405(2n~1)+0.9847

where £=2/D n=Y/R

r =/(’Z§Zci)"z-'+(Yj-:Y¢)'?. L

Figdrél3-3i' Process to rectify photographed streakline
and equations used in the process.
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Figure 4-6. Streamwise variation of velocity profile:at lower
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Figure 4-9. Streamwise variation of velocity
profile.
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Figure 4-11. Streamwise variation of velocity profile and
profile of velocity fluctuation rate.
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Figure A-1. Experimental Apparatus used for pressure -
measurement.
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Figure A-2. Location of pressure taps.
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Figure A-6. Deformation of dye filament by natural convec-
tion in a horizontal circular pipe. Solid lines;
60 sec. after injection, Dashed 1ines; 120 sec. after

injection. A= t, -ty» t,s water temperature,
tas room temperature.
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Figure B-1. Device for dye injection.
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Figure C-1. Principle of 1aser.Dopp1ef velocimeter.
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Plate 1. Photoaraphs of streakline. «=0.30



(a) Re=330

(b) Re=396
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Plate 2. Photographs of streakline. o=0.30



(a) Re=550

(b) Re=650
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Plate 3. Photographs of streakline. «=0.30
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Plate 4. Sequential photographs of streakline.
0=C.30, At=0.25 sec., Re=704, Reyq=1300.
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Plate 5. Sequential photographs of streakline.
2=0.30, At=0.5sec., Re=448, Rey=825.



Plate 6. Streakline parallel to pipe axis. «a=0.22, Re=193
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(a) Re=288

(b) Pe=360

Plate 7. Formation of crest. «=0.22

Plate 8. Vortex pairing. «=0.30, Re=594



(b) =0.30 Re=314

Plate 9. Occurence of wavy motion.

- (¢) PRe=748

Plate 10. Flow patterns at higher Reynolds
numbers. o=0.22
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(a) Re=330

(b)  Re=400

(¢) Re=500

(e) Re=750
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Plate 11. Flow pdtterns to be compared with results of
velocity measurements. 0=0.30.
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(a) Dye filament injected into
a horizontal circular pipe.

(b) Two dye filaments -one cutting
across the other- showing influence
range of dye filament injection.
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i (d) Triple exposured photograph of
| i dye filament time-Tline.

:) Dye filament showing velocity
distribution of natural con-
vection in a vertical tube.

Plate A. Some examples of dye filament time-1ines.



Laser

Laser beam guide

Optical unit

Plate B. Laser beam guide connecting Taser
with optical unit.






