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VIEW OF MORROW POINT DAM
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Fig12 VIEW OF CRYSTAL DAM
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Jet turbulence level % Break-up length = f(Q)

0.3 LB = 60 Q WO.3°
3.0 LB = 17.4 Q WO.31
8.0 LB = 4.1 Q WO- 20

Table 2.1 Typical values of jet break-up length for various

outlet turbulence levels. (Ervine,McKeogh and Elsway).

Nozzle Jet Jet Re g Nozzle
Author diameter length {velocity| range |geometry
range mm |range mm rgyge x 104 L,/do

Henderson (12)(2.54t012.7{10 — 270110 - 30 {max 20 | 0,1, 10

van de Sande |1.95 to 10/100-400 {3 - 10 {max & 50
(38)

Cumming (71) | 4.5 to 9 |100-800 |1.3-8.7 |1 to 8 |0,5,10,80

van de donk 10 to 100 |260-1070{1.5- 11 {13 - 40(2.2 - 22
(49)

Ervine (69) 6 to 25 |0 - 4700}2 - 6 2 ~-10| 1 -4

Kumagai (36) 2 to 8 20 - 80011.2 - 3710.9 -15 50

Notes: (i) All water/air systems
(i1i) Rgy = Reynolds number at outlet

(iii) L, = length of the cylindrical section of a nozzle.

Table 2.2 Experimental conditions in different authors studies of
air entrainment by plunging jets,



R.M.S. pressure
Structure coefficient
Hydraulic jump stilling basin 0.05
Boundary layer on spillway face 0.007
Side walls of bottom outlet 0.06
Baffle blocks in a stilling basin 0.25

Table 2.3 Typical values of Cp' for various hydraulic structures.
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Fig.2:29 JET DIFFUSION IN THE PLUNGE POOL FOR SINGLE—
PHASE AND TWO-PHASE SHEAR LAYERS: (a)Submerged

jet (Albertson et al.) ; (b) Smooth turbulent plunging
jet (Mckeogh ).
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Fig.2-41 MORROW POINT DAM: (a) Full-scale jets;(b) Model jets
(1:24 Scale). [USBR.]
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Fig.2:42 APPEARANCE OF WATER JET FROM 6mm NOZZLE. (Hoyt et al)
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Fig.2:51 ARRANGEMENT OF CREST SPLITTERS (Mason).
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D, (mm) V, m/s| Fro Reo Weo L (mm) L/Do | Y/Do
x 1058
78 1.5-13] 1.7-15 | 1 - 9.0] 50-426/2230-2630{29-34 |1.3-6.4
" n n n o 1725-1125 |9-14 n
52.5 | 3 - 15| 4 - 21 |1.4-6.8 | 81-403|2126-2526)40-48 | 2-9.5
" " " n 620-1020{12-19 "
25 3 - 25| 6 - 50 {0.65-5.0] 56-464]2018-2418{81-97 { 4-20
n " " " 513-913 |21-37 "
°r‘§;°e " n " n  11020-1420{41-57 "
QPP’°X' 1.5-25 | 1.7-50 |0.65-10 | 50-450] 513-2630] 9-97 | 1.3-20
ange

Note : Pool depth (Y)

Table 3.1

varied from 100

Range of test parameters.

to 500mm in all cases.
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Fig.3-4 TURBULENT JET : D =100mm, U=25m/s, Re=2x10°
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Fig.3-6 END ELEVATION OF
EXPERIMENTAL
APPARATUS.

Fig.37 VIEW OF PUMP,
GATE VALVE AND
RISING PIPEWORK.




ORIFICE PLATE CALIBRATION
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Fig. 3.8 THEORETICAL AND EXPERIMENTAL HEAD-DISCHARGE RELATIONSHIP
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Fig.3-9 FINAL OUTLET NOZZLE ARRANGEMENT.
(All dimensions in mm.)



Fig.310 VIEW OF NOZZLE
ATTACHED TO
PIPEWORK.
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Fig.3-11 SECTION THROUGH ORIFICE AND OQUTLET SUPPORT
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Fig.3-13 VIEW OF WATER LEVEL INDICATOR.

Fig.3'11+ JET CONDITION IN THE ATMOSPHERE.
(Do=78mm, Uo=3m/s)



Fig.3:15 JET CONDITION IN THE ATMOSPHERE.
( Do=78 mm, Uo=9m/s)

Fig.3-16 PLUNGE POOL DISSIPATION.
(Do=78mm, Uo=1-5m/s, L=2530 mm,Y=200 mm )




Fig.3-17 PLUNGE POOL DISSIPATION.
(Do=78 mm, Uo=9m/s, L= 2530 mm,Y=200mm)

Fig.318 Schematic of experiment
and definition of
parameters. U
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Total head tube: 2mm ID.
32mm O.D.
Ly=115 mm

Brass housing

Bleed screw /

Mounting ring

.

N

O g WS-5000

O'ring
Shock chamber Pressure transducer
(19 mm @ x 10 mm)

Fig.3-19 FINAL DESIGN OF TURBULENCE TRANSDUCER PROBE.



Kd
Ay Az
Ly L2
Ay = Area of total head tube
A, = Area of shock chamber
Ly = Total length of total head tube
L2 = Length of shock chamber
Z = Deflection of diaphragm
Kd = Spring stiffness

Fig.3-20 SCHEMATIC REPRESENTATION OF TURBULENCE PROBE.

Fig.3-21 OSCILLOSCOPE TRACE GIVING NATURAL FREQUENCY OF
UNDAMPED PROBE.Scan speed =2-5 millisecs./cm, f.= 200 Hz.
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Fig.322 TYPICAL ENERGY DENSITY SPECTRA MEASURED WITH

TURBULENCE PROBE (f,=150Hz ), DAMPED AND UNDAMPED.
[ Arndt and Ippen ]

Fig.3-23
TURBULENCE PROBE AND
PROBE SUPPORT.
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Fig.3-24 DYNAMIC CALIBRATION OF TURBULENCE PROBE.
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Fig.3-25 SCHEMATIC DIAGRAM OF STRAIN GAUGE ARRANGEMENT.
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Fig.3-26 TRANSDUCER CONNECTION TO BASE PLATE.
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Fig.3-27 BRASS PRESSURE CELL FOR TRANSDUCER CALIBRATION.
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Fig.3-28 SCHEMATIC DIAGRAM OF CALIBRATION RIG.
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Fig.3-29 TYPICAL CALIBRATION RELATIONSHIP FOR TRANSDUCER.
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Fig.3-30 METHOD OF DATA COLLECTION.
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Fig. 3-31 HARDWARE COMPONENTS AND COMPUTER INTERFACE.
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Fig3-33(a) SAMPLING OF CONTINUOUS RECORD.
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Fig_3-33(b) ILLUSTRATION OF ALIASING PROBLEM.

2 re



G(f) G(f)

} True spectrum } Aliased spectrum

/N L
o i

0 fc 0 fc

Fig.3-33(c) ALIASED POWER SPECTRUM DUE TO FOLDING.
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Fig.3:34 EXAMPLE OF STATIONARITY TEST RESULTS.
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1Lh

(g;) (:m) Uo Uo Uo Uo Uo Uo
3 m/s 5 m/s 7 m/s 9 m/s 11 m/s 13 m/s
78 725-1125| 0.09-0.14 0.06-0.10 0.05-0.8 0.04-0.07 0.04-0.06 [0.035-0.055
78 2230-26301 0.27-0.32 0.20-0.23 0.16-0.19 0.14-0.16 0.12-0.14 0.11-0.13
52.5 |620-1020 | 0.11-0.18 0.08-0.13 0.06-0.10 0.05-0.09 0.05-0.08 0.04-0.07
52.5 |[2126-2526] 0.37-0.44 0.27-0.32 0.22-0.26 0.18-0.22 0.16-0.19 0.15-0.175
25 1513-913 0.17-0.31 0.13-0.22 0.10-0.18 0.09-0.16 0.08-0.14 0.07-0.12
25 2018-2418| 0.68-0.82 0.49-0.59 0.4-0.48 0.34-0.41 0.3-0.36 0.27-0.33
orifice
25 970-1370%| 0.42-0.59 0.36-0.51 0.32-0.46 0.3-0.42 0.28-0.40 0.27-0.38
Notes : (i) LB = 41.2 Uo%-625 Do0-9 - Nozzles

(ii) LB = 16.1 Uo®-3! Do0-62 - QOrifice

(McKeogh, 3% Tu)

(iii) * - Droplength from Vena Contracta.

Table 6.1 Estimated ratios of L/LB for nozzles and orifice.




ol o ¥

Ci_(Initial mean_air_concentration)

Do L

(mm) (imm) Uo Uo Uo Uo Uo Uo
3 m/s 5 m/s 7 m/s 9 m/s 11 m/s 13 m/s

78 725-1125] 0.19-0.26 | 0.24-0.30 0.27-0.33]0.296-0.35{0.31-0.36 |0.32-0.37
78 2230-2630| 0.39-0.42 0.40-0.43 0.425-0.45]0.44-0.46 |0.45-0.47 0.46-0.48
52.5 }620-1020 | 0.19-0.28 | 0.26-0.33 |0.296-0.36{0.32-0.38 | 0.34-0.40| 0.35-0.41
52.5 2126-2526| 0.42-0.46 0.45-0.48 0.47-0.49 0.48-0.5 0.49-0.52| 0.50-0.525
25 513-913 0.22-0.34 0.31-0.40 0.36-0.43 |0.38-0.46 0.40-0.47] 0.41-0.48
25 2018-2418] 0.53-0.56 | 0.55-0.58 |0.57-0.59 | 0.58-0.6 | 0.59-0.61} 0.59-0.62

orifice .
25 970-1370 | 0.6-0.65 0.61-0.66 |0.62-0.66 |0.63-0.67 | 0.63-0.67} 0.63-0.673
Notes : (i) Ci = Bi/(1+p1i) (iii) Umin = 3m/s (nozzles)
(ii) Bi =K (L/Do)'/2 (1-Umin/Ui) Umin = lm/s (orifice)

Table 6.2

(vi)

K = 0.2 (nozzles)
K= 0.3 (orifice)

Initial air concentrations in plunge pool.
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Fig.6-17 Jet break-up length with turbulence intensity
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Fig.6-20(a) Mean dynamic pressure head relative to centre
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Fig. 6-20(b) Mean dynamic pressure head relative to centre
line value with Rp/Y.
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Fig.6-21{a) Expressions for radial distribution of mean dynamic
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Fig. 6-21(b) Expressions for radial distribution of mean dynamic
pressure head. {Y=350 and 500 mm)
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Jet centre line turbulence intensity
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Fig.7-22 Variation of Cp' with pool depth [ Castillo].
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Fig.7-25 Comparison of centre line Cp' results with values computed
from jet turbulence data.
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Fig.7-28 Comparison of centre line Cp' results with values
obtained at other hydraulic structures.
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Fig.7-29 Comparison of Cp' results at low droplength.
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Fig.7-30 Comparison of Cp' results at larger droplength.
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Fig.7-31(a) Jet centre line turbulence near nozle outlet.
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Fig.7-31(b) Jet centre line turbulence near nozzle outlet.
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Fig.7-32 Cp' with Y/Di (Do=78 mm, L=725-1125 mm )
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Fig.7-34 Cp' with Y/Di (Orifice: Do=25mm, L=1020 - 1420 mm)
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Fig.7-35 Comparison of fluctuations for intact plunging jet
with submerged jets.
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Fig.7-36 Growth of boundary layer and jet condition at impact
for high velocity jet {Do=78mm).
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Fig.7-37 Growth of boundary layer and jet condition at impact
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Fig.7-38 Turbulence intensity along centre line of orifice jet.
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Fig.7-39 Variation of Cp' for constant high impact velocity
(Ui2/29=9-10) for 78 mm nozzle, 25mm nozzle and
25mm orifice. -
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Fig.7-40 Variation of Cp' for a constant lower impact velocity
(Ui2129=3-3-1.) for 78 mm nozzle, 25mm nozzle and
25 mm orifice.
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Fig.7-43 Cp+ with Y/Di (Do=25mm, L=2018 - 2418 mm)
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Fig.7-44 Cp+ with Y/Di (Orifice: Do=25mm, L=1020 -1420 mm)
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Fig.7-45 Variation of Cp* for a fixed high impact velocity (UiZIZQ
9-10) for 78 mm nozzle, 25mm nozzle and orifice.
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Fig.7-46 Variation of Cp+ for a fixed lower impact velocity (UiZ2g=
33-4) for 78mm nozzle , 25mm nozzle and orifice.

T Uo=3m/s SN

s X X
[»]
u
S .500— W +\
b ; ;
Q
Q —
P
- , <
¢ N
{
¢4 *
B~ 300~ °
E Vo (m/s) ui¥/2g (m)
X
X 4 / x - 3.0-3.2 1.3-4.5
§ o - 5.0 2.0-2.4
] ¢ - 7.0-7.2| 3.4-3.7
[+]
® - . 4.8-5.
oo , 9.0 5.2
v - 11-11.4] 7.0-7.3
#\__/
+ - 12.8-131 9.1-9.7
{ 1 4 i i + } } } 1
.000 2.00 4.00 ! 6.00 8.00 10.0

POOL DEPTH / IMPACT DIAMETER  (Y/Di)
Fig.7-47 Cp- with Y/Di (Do=78mm , L=725-1125mm)

N



MINIMUM PRESSURE HEAD COEFFICIENT

MINIMUM PRESSURE HEAD COEFFICIENT

{ Cp- )

{ Cp- )

higher velocity
700+
70 Uo (m/s) Ui~ /2g (m)
x - 5.0-5.3 | 3.3-3.7
-T- o~ 6.9-7.3 | 4.7-4.9
) 9.0-9.2 ! 6.3-6.6
.500 ¥~ 41.0-11.2 | 8.2-8.7
v - 13.0-13.4 } 10.6-11.2
+~ 44.9-15.3 | 13.7-14.3
SMOOTH NOZZLE
. 3004~
T Uo=5-7m/s
.400—4-
N - _ S
] 1 ] 1 1 1 1 i | Jd 4 1 1 1
000 = 400 ' 800 ' 420 ' 1.0 = =200 240

POOL DEPTH / IMPACT DIAMETER (Y/Di)

Fig.7-48 Cp~ with Y/Di (Do=25mm, L=2018-2418mm)
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Fig.7-49 Cp~ with Y/Di (Orifice : Do=25mm, L =1020 -1420 mm )
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Fig.7.50 Variation of Cp~ for a fixed high impact velocity (Ui%2g=
9-10) for 78mm nozzle, 25mm nozzle and orifice.
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Fig. 7-51 Variation of Cp- for a fixed lower impact velocity (Ui%2g=
3-3-4) for 78 mm nozzle , 25mm nozzle and orifice.
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Fig.7-52 Extreme pressures with Y/Di (Do=78 mm,L=725-1125mm)
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Fig.7-53 Extreme pressures with Y/Di (Do=25mm,L=2018-2418 mm)
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Fig.7-54 Extreme pressures with Y/Di (Orifice , L =1020 -1420 mm)
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Fig.7-55 Variation of extreme pressures for a fixed high impact vel.
(Ui%/2g=9-10) for 78mm nozzle, 25mm nozzle and orifice,
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Fig.7-56 Varigtion of extreme pressures for a fixed lower impact vel,
(Ui /2g=3-3-4) for 78mm nozzle, 25mm nozzle and orifice,
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Fig.7-57 Pressure fluctuations (Cp') for L/LB=0-04-0-07
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Fig.7-58 Pressure fluctuations (Cp') for L/LB= 0-08-0-14
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Fig.7-59 Pressure fluctuations (Cp!') for L/Le=0-11-0-18
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Fig.7-61 Pressure fluctuations (Cp") for L/LB= 0-4]
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Fig.7-62 The influence of jet break-up (L/LB) on pressure

fluctuations in a plunge pool.
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Fig.7-64 An impinging jet Froude compurison
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Fig.7-66 Envelope of maximum and minimum dynamic head.

Fig.7-67 Proposed stilling basin design below free-falling jets.
(Hartung and Hdusler )
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Fig.7:68 Load combinations for downward and upward pressure
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Fig.7-69 Overlap of fluid and structures natural frequency.
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Fig.7-70 Pressure reduction at same pool depth due to
highly diffused jet in the atmosphere.




