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2.4 Theoretical Characteristic Curve
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p2 > 90 Exponential
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(Specific speed, N9
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NPSH(Net Positive Suction Head) , 1

H&=HA%h5-h1- hy (2.25)
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2.11 Torque Meter

Torque Meter [10, 11] Dynamometer
Torque Meter
torsion-bar ~ dynamometer

strain - gauge
strain - gauge

Torque Meter torsion - bar strain - gauge
Transmission D ynamometer

torque meter Flange Coupling
pin input  output input disk
output disk  pins
Coupling  Disks
( )

stroboscope
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Pins Ou

Rubber Spring

Coupling Disks

2.16 Torque Meter

JIS(Japanese Industrial Standard) [12]

. VL
Hp:h"_hi+_g_29 (2.28)
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ho = (m)
hi= (m)
\V0 = (mfs)
j = (mfs)

g= =981 m/s2
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Pressure Gauge ( )

(229)

Pressure - Gauge
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Pressure  Gauge
Pressure Gauge
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h,=~ +2Z, (2.31)
Gm=
Z; = potential head (m) Pressure
Gauge ( )
N
32 ?
N
2.18 pressure gauge
2.13 Head Loss
2131
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Tauit  hf = head loss ()
(Darcy Friction factor)
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sii2 = -1.8 log Ref 1 f\73.7 ! '1 (233)

Moody Chart
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Material Condition
Steel Sheet metal, new
Stainless, new
Commercial, new
Riveted
Rlisted
[ron Cast, new
Wrought, new
Galvanized, new
Asphalted cast.
Brass Drawn, new
Plastie Drawn tubing
Glass —
Concrete Smoothed
Rough
Rubber Smoothed
Wood Stave
Reynolds number (Re)

2.20

It

0.00016
0.000007
0.00015
0.01
0.007
0.00085
0.00015
0.0005
0.0004
0.000007
0.000005
Smooth
0.00013
0.007
0.000033
0.0016

.= Kinematic Viscosity of Water (ms)

0

20
30
40
50
60
70
80

100

b kg/nt' N
1000 1788 0-3
IXK) 1307 E-3
998 1003 0-3
996 0.799 E-3
992 0.657 E-3
%, 0.548 E-3
985 0.467 E-3
978 0.405 E-3
972 0.355 E-3
965 0.316 0-5
958 0.283 E-3

2.21

2,

1.788 0-6
1307 E-6
1.005 E-6

802 E-6
0.662 E-6
0.555 E-6
(1475 E-6
0.414 E-6
0.365 E-6
0327 E-6
0.295 E-6

nT

32
50
68
86
104
122
140
158
176
194
212

), slug/fv’

1.940
1.940
1937
1932
] 925
1917
1.908
1,897
1.886
1873
1.859

Uncertainty, ct

2
E-5
E-5
E-5
E-5

Ir. 1>

3.73
2.73
2.09
1.67
137 ES
114 E-5
0.975 0-5
0.846 E-5
0741E-5
0.660 H-5
0591 E-5

£ 60

50
i 30
£70
£ 50
+ 50
£20
£ 40
£ 50

+ I+
(=2
o

*40

(2.34)

nlrls

1.925 E-5
1407 E-5
1.0X2 E-5
0.864 E-5
0.713 E-5
0.597 E-5
0.511 E-5
0.446 E-5
0.393 E-5
0.352 E-5
031 E-5
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(2.35)

1
15, 16]
V2
i =K 2g
K =
21321 90

Nelhow — M elbow 29

K¥actors for flanged 90° elbows*

. Nominal pipe size, in
oy 1 o 3 e 5§ 810 1216

-

1 054 050 046 038 036 034 032 030 02 026
032 030 0276 0228 0216 0204 0192 0018 0.168 0.156
6 0459 0425 0391 032 031 029 027 026 024 022
10 081 075 069 057 05 051 048 045 042 039
14 103 095 087 072 068 065 061 057 053 049
20 13% 125 115 095 090 08 060 075 070 0.65

*Da|a. from Crane Co., “Flow of Fluids,” Tech. Paper 410, 1979.

2.22 9

21322

V2
hGradual Enlargement = K Gradual Enl argement 29

28

(235)

(2.36)

18-24
0.24
0.144
0.20
0.36

0.60

(237)
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o Fully developed inlet How

Thun inlet boundary layer
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Total included diffuser angle 26. degrees  » 7 7 ®

2.14 Circular arc Method
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2.24 Circular arc Method [17]
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2.15 Weir

Weir [7, 13]
eir

2.25 Weir weir
crested weir) (broad - crested weir)

Nappe

Ventilatior

®)

2.25 weir (a) (b)

JB

30

BF

32

2.39)

(sharp -
Weir
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2151 weir
( )
uniform flow \c =
weir (2258 225 )
v ol
£+H~ 2g+yc (239)

weir uniform flow V2= V1 = 3¢

A %” *% (2.40)
F V,
2
ye - (241
( H -
7=yy,=4r<y, =M gH " (242)

"3V3
80%



Weir f
Weir
Weir
2.15.2
weir
Q=Cjb’JgH ,n
(
Q ' (discharge coefficient)
() Ca
Cd
P.Ackers [16]
Weir

cd=0564+0.0846y (<2 )
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2.16

R. Palgrave, B.A. [19]

2.16.1

bearing, L

2.16.2

2.16.2.1 (Turbulence)

Reynolds Number

2.16.2.2 (Stator/Rotor Interaction)

shadow wake
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12.26 N151NA shadow

31

jetiwake

jet/wake
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2.16.2.3 (Acoustic Resonance)

2.16.2.4 (Cavitation)

3
Sheet Cavitation

2-40kHz
Cloud Cavitation

(bubble collapse)
20 - 40 kHz

Vortex Cavitation

bubble collapse
(crackle)

32 Z/tm3<7
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