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FUNDAMENTAL CHARACTERISTICS OF PARTIALLY FREE SURFACE UNSTEADY
FLOWS IN A CIRCULAR CONDUIT

By Akihide TaDA, Takashi HosoDA, Kazuya INOUE and Masahiro KITAHARA

Synopsis

This paper deals with the surging phenomena with the propagation of multiple in-
terfaces between open channel free surface flows and pressurized pipe flows, which can
be seen due to the rapid change of flow discharge in the sewer network system, the tail-
race tunnel of hydropower plants, etc. The circular pipe with multiple vertical shafts is
used as the experimental set-up to investigate the fundamental characteristics of phe-
nomena. The temporal and spatial variations of the pressure and depth in the pipe after
the instantaneous interception of discharge are measured under some hydraulic condi-
tions. The maximum elevetion of water surface at vertical shafts is related to the hyd-
raulic variables such as the discharge and the position of vertical shafts. It is tried to
reproduce the phenomena numerically by means of the simulation model proposed by
authors. The numerical results are compared with the laboratory tests to make sure the
applicability of the model.
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Fig. 1 Approximate graphical method for surging at initially full flowing tail-race tunnel f1].
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Fig. 2 Surging phenomena with multiple interfaces.
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Fig. 4 Allocation of strain gage transducers.

Table 1 Hydraulic variables for laboratory tests

Run No. Downstream Discharge Required Time Reynolds Number of
Water Level for Number Vertical Shaft
Ho (cm) * Qo(1s) Valve Closing
(sec)

50 12.0 1.975 0.69 27,916 3 CBA
51 12.0 3.346 0.73 47,294 3 CBA
52 12.0 5.112 0.75 72,256 3 CBA
53 10.5 1.959 0.76 27,690 3 CBA
54 10.5 3.341 0.72 47,224 3 CBA
55 10.5 5.079 0.69 71,789 3 CBA
56 9.0 2.080 0.60 29,400 3 CBA
57 9.0 3.403 0.50 48,100 3 CBA
58 9.0 5.212 0.60 73,669 3 CBA
59 12.0 1.934 0.70 27,336 2 B A
60 12.0 3.302 0.64 46,672 2 B A
61 12.0 5.360 0.64 75,761 2 B A
62 12.0 1.971 0.74 27,859 1 A
63 12.0 3.512 —_ 49,641 1 A
64 12.0 5.214 0.64 73,698 1 A
65 12.0 2.007 — 28,368 1 B
66 12.0 3.370 0.61 47,633 1 B
67 12.0 5.059 0.60 71,507 1 B
68 13.5 1.780 0.60 28,800 1 B

*Ho is measured from the bottom of the pipe (diameter 8 cm).
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Photo 1 Air intrusion processes after interception of discharge (Run 65)
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Behaviour of air cavity with oscillation in a vertical shaft (Run 65)

Photo 2

v FEILTEY, TFRA T S MEGORORS & He D% ﬂj) Piar/08 VIKATTIEBUOWTILIE S
T b, X YIS Hy 2SR EWIEE, KIED e KAl D K& 2o T AN AL S 6
Fig. 10 (a) BL O (b) &, VIOAREA 1 KT, \/.J')LT\!.II'IL/)‘ A (Run 62~Run 64) F721&B (Run 65
Qo EDBRE R LIZSDTH D, ML, pua/og OMITH ORI E
ALDBHHELLA

~Run (;7) O)J//J (8] ] pm(u/()g
S, EDOHETNFEIE BB (/)/J/)‘\/ bHi—
i C B2 D 4355 <

)\Xi< /Jﬂ“l“/:}\mwv)jl—/ﬁ; L l/
ig V., ZAUE, VHUEDSB OB IENDE LYk EFNAS YT S, R T



SH - AIE - L - JUR S - BKBRNEREORE T LEKBOY - L IHHE

) [\Vf\v/\/\/\/\/\/\/\/\/\,’
0 10 20 30
t (sec)
(a) No3
2 a0,
g F
(cm) 30 _
0} I
10f v’\v/\v/\/\/\/v\/\/vv\i
ot ]
0 10 20 30 t (sec) 40
(b) NoJ9
D AD g -
o9 . : j
(cm) 30: e p— —
20 - | :
10} A AN A A
0 ; [ 1
0 10 20 30
t (sec)
(c) No.12
Fig. 5 Temporal variations of pressure (Run 65).
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Fig. 6 Temporal variations of pressure {Run 67).
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Fig. 8 Temporal variations of pressure (Run 52).
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