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Fig.l1 VIEW OF MORROW POINT DAM 

Fig .l2 VIEW OF CRYSTAL DAM 
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TABLES & FIGURES FOR CHAPTER 2 



Jet turbulence level % Break-up length - f(Qw) 

0.3 LB - 60 Q WO• 39 

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 Reo Nozzle 
Author diameter length velocity range geometry 

range nun range nun rtA?§e x 10 4 Lo/do 

Henderson (12) 2.54to12.7 10 - 270 10 - 30 max 20 0,1, 10 

van de Sande 1.95 to 10 100-400 3 - 10 max 5 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 o - 4700 2 - 6 2 - 10 1 - 4 

Kumagai (36) 2 to 8 20 - 800 1. 2 - 37 0.9 -15 50 

Notes: (1) All water/air systems 

(ii) Reo - Reynolds number at outlet 

(iii) Lo - length of the cylindrical section of a nozzle. 

Table 2.2 Experimental conditions In different authors studies of 

air entrainment by plunging jets. 

5 



Structure 
R,M,S, pressure 
coefficient 

Hydraulic jump s till i ng bas i n 0,05 

Boundary layer on spillway face 0,007 

Side wa 11 s 0 f bottom outlet 0,06 

Baffle blocks in a stilling basin 0,25 

Table 2,3 Typical values of cpt for various hydraulic structures, 
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Fig.2·41 MORROW POINT DAM: (a) Full-scale jets; (b) Model jets 
(1: 24 Scale). [U.S.B.R] 
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Do (mm) Vo m/s Fro Reo Weo L (rom) L/Do 
x 10 5 

78 1. 5-13 1. 7 -15 1 - 9.0 50-426 2230-2630 29-34 
II II II II 725-1125 9-14 

52.5 3 - 15 4 - 21 1.4-6.8 81-403 2126-2526 40-48 

" n II II 620-1020 12-19 

25 3 - 25 6 - 50 0.65-5.0 56-464 2018-2418 81-97 
II II II II 513-913 21-37 

orifice 
" II II II 1020-1420 41-57 25 

Approx. 
1.5-25 1. 7-50 0.65-10 50-450 513-2630 9-97 Range 

_. __ .-

Note Pool depth (Y) varied from 100 to 500mm in all cases. 

Table 3.1 Range of test parameters. 

Y/Do 

1.3-6.4 
" 

2-9.5 
I 

II 

4-20 

" 
n 

1.3-20 
- --
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Fig.3 ·15 JET CONDITION IN THE ATMOSPHERE. 
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Fig.J17 PLUNGE POOL DISSIPATION. 
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A 1 = Area of total head tube 
A 2 = Area of shock chamber 
L1 = Total length of total head tube 
L 2 = Length of shock chamber 
Z = Deflection of diaphragm 
Kd = Spring stiffness 

Fig.3·20 SCHEMATIC REPRESENTATION OF TURBULENCE PROBE. 

Fi g. 3·21 OSCILLOSCOPE TRACE GIVING NATURAL FREQUENCY OF 
UNDAMPED PROBE. Scan speed = 2·5 miltisecs./cm .. f. = 200 Hz. 
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TABLES & FIGURES FOR CHAPTER 6 



... 

.J 
:--

Do 
(mm) 

78 

78 

52.5 

52.5 

25 

25 

ori fice 
25 

Notes 

LlLB 

L 
Uo Uo (mm) 

3 m/s 5 m/s 

725-1125 0.09-0.14 0.06-0.10 

2230-2630 0.27-0.32 0.20-0.23 

620-1020 0.11-0.18 0.08-0.13 

2126-2526 0.37-0.44 0.27-0.32 

513-913 0.17-0.31 0.13-0.22 

2018-2418 0.68-0.82 0.49-0.59 

970-1370* 0.42-0.59 0.36-0.51 

(i) LB - 41.2 Uo O.62S Do0.g - Nozzles 

(ii) LB = 16.1 UO O. 31 Do°·62 - Orifice 

(McKeogh, 3% Tu) 

Uo 
7 m/s 

0.05-0.8 

0.16-0.19 

0.06-0.10 

0.22-0.26 

0.10-0.18 

0.4-0.48 

0.32-0.46 

(iii) * - Droplength from Vena Contracta. 

Uo 
9 m/s 

0.04-0.07 

0.14-0.16 

0.05-0.09 

0.18-0.22 

0.09-0.16 

0.34-0.41 

0.3-0.42 
--

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

Uo Uo 
11 m/s 13 m/s 

0.04-0.06 0.035-0.055 

0.12-0.14 0.11-0.13 

0.05-0.08 0.04-0.07 

0.16-0.19 0.15-0.175 

-
0.08-0.14 0.07-0.12 

0.3-0.36 0.27-0.33 

0.28-0.40 0.27-0.38 



.. 
,J 
n 

Ci (Initial mean air concentration) 

Do L Uo Uo Uo Uo Uo (mm) (mm) Uo 

3 mls 5 mls 7 mls 9 mls 11 mls 13 mls 

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 

ori fice 
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 = (ji/(1+(ji) (iii) Umin = 3m/s (nozzles) 

Umin = Imls (orifice) 

(vi) K = 0.2 (nozzles) 

(ii) (ji = K (L/Do)1/ 2 (l-Umin/Ui) 

K - 0.3 (orifice) 

Table 6.2 Initial air concentrations in plunge pool. 
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