Standard Pipe Dimensions

Shown in inches
CHED. 40 PLASTIC PIPE
Nominal Outside Inside Wall CHED. 80 PLASTIC PIPE
Pipe Size Diameter | Diameter | Thickness Nominal Outside Inside Wall
Y% 0.840 622 0.109 Pipe Size Diameter | Diameter | Thickness
Y 1.050 824 0.113 e 0.840 0.546 0.147
1 1.315 1.049 0.133 Ya 1.050 0.742 0.154
1Y% 1.660 1.380 0.140 1 1.315 0.957 0.179
1% 1.900 1.610 0.145 . 1% 1.600 1.278 0.191
2 2.375 2.067 0.154 1Y% 1.900 1.500 0.200
2% 2.875 2.469 0.203 2 2.375 1.939 0.218
3 3.500 3.068 0.216 2% 2.875 2.323 0.276
3% 4.000 3.548 0.226 3 3.500 2.900 0.300
4 4.500 4.026 0.237 4 4.500 3.826 0.337
FLEXIBLE POLYETHYLENE PIPE
SDR 15 SDR11.5 . SDRS SDR7
Nominal
Pipe Inside Outside Wall Outside Wall Qutside Wall Outside Wail
Size Diameter | Diameter | Thickness | Diameter | Thickness | Diameter | Thickness | Diameter | Thickness
Y 0.622 0.742 0.060 0.742 0.060 0.760 0.069 0.800 0.089
% 0.824 0.944 0.060 0.968 0.072 1.008 0.092 1.060 0.118
1 1.049 1.189 0.070 1.231 0.091 1.283 0.117 1.349 0.150
1% 1.380 1.564 0.092 1.620 0.120 4,686 0.153 1.774 0.197
1% 1.610 1.824 0.107 1.890 0.140 7.968 0.179 2.070 0.230
2 2.067 2.343 0.138 24271 0.180 2,527 0.230 2.657 0.295
2% 2.469 2.799 0.165 2.899 0.215
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Nominal

Pipe Qutside Inside Wall Inside Wall Inside Wall Inside Wall

Size Diameter | Diameter | Thickness | Diameter | Thickness | Diameter | Thickness | Diameter | Thickness
% 0.625 0.569 0.028 0.545 0.040 0.527 0.049
% 0.875 0.811 0.032 0.785 0.045 0.745 0.065
1 1.125 1.055 0.035 1.025 0.050 0.995 0.065

1% 1.375 1.295 0.040 1.291 0.042 1.265 0.055 1.245 0.065

1% 1.625 1.541 0.042 1.527 0.049 1.505 0.060 1.481 0.072
2 2.125 2.0 0.042 2.009 0.058 1.985 0.070 1.959 0.083

2% 2.625 2.495 0.065 2465 0.080 2.435 0.095
3 3.125 3.035 0.045 2.981 0.072 2.945 0.090 2.907 0.109
4 4.125 4.009 0.058 3.953 0.095 3.905 0.110 3.857 0.134

Appendix C: Tables




Standard Pipe Dimensions

Shown in inches

CLASS 150 ASBESTOS -- CEMENT PIPE
Nominal Outside Inside Wall
Pipe Size Diameter | Diameter | Thickness

3 410 3.00 0.550

4 5.07 4.00 0.535

5 6.18 5.00 0.590

6 717 5.85 0.660

8 9.37 7.85 0.760

10 11.92 10.00 0.960

12 14.18 12.00 1.090

14 16.48 14.00 1.240

16 18.72 16.00 1.360
Nominal Outside Inside Wall
Pipe Size Diameter | Diameter | Thickness

3 3.0 2.914 0.043

4 4.0 3.906 0.047

5 5.0 4.896 0.052

6 6.0 5.884 0.058

7 7.0 6.872 0.064

8 8.0 7.856 0.072

10 10.0 9.818 0.091

Nominal Outside Inside Wall
Pipe Size Diameter | Diameter | Thickness
3 3.96 3.32 0.32
4 4.80 4.10 0.35
6 6.90 6.14 0.38
8 9.05 8.23 041
10 11.10 10.22 0.44
12 13.20 12.24 0.48
14 15.30 14.28 0.51
16 17.40 16.32 0.54
18 19.50 18.34 0.58
20 21.60 20.36 0.62
24 25.80 24.34 0.73
SCHED. 40 STEEL PIPE
Nominal Outside Inside Wall
Pipe Size Diameter | Diameter | Thickness
Ya 0.840 0.622 0.109
% 1.050 0.824 0.113
1 1.315 1.049 0.133
1% 1,660 1.380 0.140
1% 1.900 1.610 0.145
2 2.375 2.037 0.154
2% 2875 2.469 0.203
3 3.500 3.068 0.216
3% 4.000 3.548 0.226
4 4500 4.026 0.237
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Pressure Loss From Friction/Velocity of Flow - Schedule 40 PVC ‘
Loss per 100 ft of pipe (1120, 1220) c=150

Nerpinal J Ngmingd
A k2 114" 2 a2 3" Size
£.822 8.884 1,380 Z087 R.463 3.068 Pips I
G.840 105G 1E80 2375 2875 3,500 Pige Qf3
G109 2.438 .18 Q184 L2203 4218 Waki Thick
Fiow |Welochy PSI | Velooity PBI IVelooy PBE (Vebdly PS{ ivelogly PSE |ve PSI {Velacty B8 Flow
GPM FPS  LOBE! FPS {0881 FPS LOBS! FPE  1LD&6] FPE  LOSS LSS P LOSS T34
H 1.05 0.43 1 08 Ot a7 208 : 0.1 .01 4.8 it 1
2 211 158 120 039 ] 07 @12 | 048 003§ 091 a.02 1 019 2
3 318 3.%8 87 .84 1.11 228 | 064 907 .47 .03 028 0.20 008 3 .
4 4.22 588 | 240 142 148 244 086 .92 ¢85 0.05 438 .27 0.4 4 s
3 300 238 186 088 P 107 047 1 079 008 | 048 R ) 022 008 B .
381 a0e 222 2.93 1.28 Q.25 034 612 | Q& D40 0.3 .26 8.01 &
4.21 4.0 280 1.28 1.50 o33 1.0 516 | 067 .47 0.02 0.30 .01 7
. 2.87 1.58 7 G.42 1.2 G20 1 078 1.54 0.0% 938 (R4 8
: 384 1.97 182 452 1.4 225 0.86 4.60 0.03 932 (R4 k]
3.7 214 443 157 630 ¢ Do b7 B3 D 043 440t 10
236 41§ 173 0638 1.09 073 004 243 Q.02 i1
2.57 288 1.89 042 1.4 .80 0.5 452 0.02 12
273 103 205 248 1.24 .87 .08 Q.56 .02 3
148 | 220 0E6 1.34 0.54 087 | 061 0.02 14
1M 23 063 143 00 008 Q68 803 35
1.51 252 71 1.52 1.07 0.08 4.69 0.03 18
168 288 0.80 1862 114 010 074 .03 17
1.88 283 .88 1.72 1,20 .11 2.78 0.04 B
.07 2.98 .98 1.81 7 .12 282 ¢.04 3
2,28 g § 913 1 087 Bos 25
918 | 08 Q08 22
018 ] 108 007 24 T
0.20 | 108 007 25
422 £33 0.08 38 '
8.8 408 28
.28 a.18 3G
L1 > o1 3z
036 .12 a4
.38 .13 s
0.4 06.14 i)
0.44 0.35 8
048 6.17 4@
053 DAL 4z
.58 0.20 44
.60 1.86 .21 ]
ags 1498 .22 A4
nes | 208 o 4%
D73 | 247 0325 5
DBg | 238 036 543
280 .36 50
287 041 £
303 048 G
385 054 7%
B 347 0.61 L]
85 3.88 068 BE
e 2,95 02.76 3
95 4.18 .84 B85
100 4.33 082 fity
{10 477 110 e
? B iRey wo
136 . 1En 180
140 e 140
150 488
370
1640
19¢
200
225
250
275
300
325 Shaced aron reressils vel : : 25
340 Usy with caution where waler hammaris a tonser. 3847 -egel 360
375 X . Ge85 1oL 378
400 i ! APA4 1B a0
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Pressure Loss From Friction/Velocity of Flow -Polyethylene (PE) Pipe

Loss per 100 ft of pipe c=140 Sbr7,9,11.5,15

Nominal Maminal
Size 172" 344" i i-1/4" 1-1/2" 2" Size
Pipe ID 0.622 0.824 1.048 1.380 1.810 2.087 Pioe 1D
Flow (Veloclty P8l [Velooity P8I |Velocity PS1 [Velocity PSI  Velocity PSt |[Valocity PSI Flaw
GPM | FPS  LOSS! FPS LOSS| FPS LOSS| FPS  LOSS  FPS  LOSS| FPB  LDSS . GPM
1 105 948 1 080 Q12 | 037 684 | D21 001 | 046 000 | G40 0.00 4
2 231 176 0 120 045 | 074 G4 | 043 004 031 042 | 019 0O 2
3 318 373 0 180 095 | 111 023 | 084  G08 | 04T D04 | 029 0.0t 3
4 427  §35 0 240 162 | 148 G50 | D88 043 083 D06 | 038 002 4
& B0 244 | 185 078 | 107 G20 0 078 D09 | 048 0403 5
5 343§ 222 LOS | 128 028 | 084 013 | 057 004 8
7 456 @ 260 141 | 150 037 | 1.0 038 | 067 005 7
g 584 | 297 180 | 171 047 | 126 022 078 0407 &

g 96 | 334 224 | 183 059 | 142 028 | DE6  nu8 5
10 2! 371 273 | o4 672 0 157 038 | 095 04D 10
11 P 40B 325 | 236 086 | 173 0407 105 012 1
12 | 445 382 | 257 101 | 189 048 | 115 014 12
13 | 443 | 278 137 | 205 035 | 124 016 13
14 300 .34 | 220 063 ] 134 018 14

45 321 ABE 236 072 | 143 0.2 18
16 343 171 | 2382 081 | 153 0.24 16
17 384 182 | 268 081 | 182 087 17
18 ass 213 | 283 101 | 1.7z 030 18
19 407 236 | 283 111 | 181 033 19
20 428 258 1 31456 122 | 191 038 20
22 309 | 345 146 | 230 043 2z
24 378 172 | 220 051 24
25 3,84 185 | 239 055 25
26 409 188 | 248 059 26
28 441 2.67 068 28
30 286 077 30
o] 306 087 a2
34 328 097 34
35 334 102 35
35 344 108 36
38 383 149 38
40 3.82 1.3% 40
42 401 143 a2
44 420 156 ad
48 430 183 45
46 433 170 46
43 1.84 48
50 B0
55 58
80 80
85 £5
70 70
75 78
80 80
BS 85 |
90 90
85 95
100 100
114G 110
120 120
130 130
140 140
150 150
160 160
170 170
:gg Shg{ﬁed arga represents valocities c‘{er 5 FP&. Egg
200 Use with cadtzcr? wharg walet hammer is a congam, 200

Certified Irrigation Contractor Workbook 437




Approximate Pressure Losses Through Pipe Fittings and Manual
Valves

Listed in equivalent feet of pipe

PIPE FITTINGS

Standard Elbow Long Sweep Elbow " Side Outlet

Pipe Size Or Or Or

Tee Reduced by % Standard Tee Standard Tee
i) 0.9 0.4 1.8
% 1.2 0.6 25
1 17 0.8 34
1% 24 12 48
1% 3.0 14 5.8
2 40 2.0 79
2% 5.0 25 9.9
3 6.7 3.3 13.1
4 9.2 45 18.3
5 12.2 6.0 24.3
6 15.3 76 305
8 217 10.7 431
10 287 14.1 56.9

Valve Size Gate Valves Angle Valves Globe Valves
Y 0.3 1.2 2.7
/) 0.5 17 38
1 0.6 23 5.1
1% 0.9 32 7.2
1% 1.1 4.0 8.7
2 1.5 54 11.9
2% 1.9 6.7 14.9
3 25 8.9 19.7
4 34 124 275
5 46 16.5 36.6
6 57 206 45.0
8 8.4 29.2 64.8
10 10.7 385 85.6

To use these charts:
1. Find the type of fittings for manual valves along the top of vthe chart.
2. Find the size along the left of the chart.
3. The value at the intersection is the equivalent feet of pipe value.

4. Go to the appropriate pipe sizing chart and find the loss per 100 ft for the-
flow through the fitting or manual valve.

5. Multiply the loss per 100 ft by the equivalent feet of pipe value, then divide
by 100.
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188 Landscape Irrigation Design

Table C3 Frictional Loss, psi /100 ft, of PVC Plastic Pipe - Sched. 40

Notes: Hazen Williams Coefficient (C) = 150, a =inside area, OD = outside diameter, ID = inside diameter, use caution with vel. over 5 ft / sec.

Size (in) 0.75 1.00 1.25° 1.50 200 2.50 3.00 Size (in)
a (sq in) 0.53 0.86 149 2.03 3.35 479 7.39 a (sqin)
OD (in) 1.050 1.315 1.660 1.900 2.375 2.875 3.500 0D (in)
D (in) 0.824 1.049 1.380 1.610 2.067 2.469 3.068 1D (in)
FLOW velocity loss velocity foss velocity loss velocity loss velocity loss velocity loss velocity loss FLOW
gal/min /s psi ft/s psi ft/'s psi ft/s psi ft/s psi ftis psi s psi_| gaVmin
1 06 0.1 04 0.03 0.2 0.01 0.2 Q.00 1
2 12 0.39 0.7 0.12 04 0.03 03 - 0.02 0.2 0.00 2
3 1.8 0.83 11 0.26 0.6 0.07 0.5 0.03 0.3 0.01 0.2 0.00 3
4 24 1.42 1.5 044 09 0.12 0.6 0.05 0.4 0.02 0.3 0.01 4
5 3.0 2,15 1.9 0.66 1.1 0.17 0.8 0.08 0.5 0.02 0.3 0.01 5
6 3.6 3 22 0.93 1.3 0.25 09 0.12 0.6 0.03 0.4 0.01 03 0.01 6
7 42 4.0 26 1.24 1.5 0.33 11 0.16 0.7 0.05 0.5 0.02 03 0.01 7
8 4.8 5.14 3.0 1.59 1.7 042 1.3 0.20 0.8 0.06 0.5 0.02 03 0.01 8
9 54 6.39 33 1.97 1.9 0.52 14 0.25 09 0.07 0.6 0.03 04 0.01 9
10 6.0 7.76 37 240 2.1 0.63 1.6 0.30 1.0 0.09 0.7 0.04 04 0.01 10
11 6.6 9.26 4.1 2.86 24 0.75 1.7 0.36 1.1 on 0.7 0.04 0.5 0.02 11
12 7.2 10.88 44 3.36 26 0.89 1.9 042 1.1 0.12 0.8 0.05 0.5 0.02 12
14 8.4 14.48 52 447 3.0 1.18 22 0.56 1.3 0.16 0.9 0.07 0.6 0.02 14
16 9.6 18.54 59 573 34 1.51 25 071 1.5 0.21 1.1 0.09 0.7 0.03 16
18 10.8 23.06 6.7 7.12 3.9 1.88 28 0.89 1.7 0.26 12 0.11 0.8 0.04 18
20 12.0 28.03 7.4 866 43 2.28 3.1 1.08 1.9 0.32 1.3 0.13 0.9 0.05 20
22 13.2 33.44 82 10.33 4.7 272 35 1.28 2.1 0.38 1.5 0.16 1.0 0.06 22
24 144 39.28 8.9 12,13 5.1 319 3.8 1.51 2.3 045 1.6 0.19 1.0 0.07 24
26 15.6 45.56 96 14.07 56 an 41 1.75 2.5 0.52 1.7 0.22 11 0.08 26
28 16.8 52.26 104 16.14 6.0 4.26 4.4 2.01 2.7 0.60 1.9 0.25 12 0.09 28
30 111 18.34 6.4 4.83 4.7 228 29 0.68 20 0.28 1.3 0.10 30
35 13.0 2440 7.5 6.43 55 3.03 3.3 0.90 23 0.38 1.5 0.13 35
40 14.8 3125 8.6 8.23 6.3 3.89 38 1.18 2.7 0.49 1.7 0.17 40
45 16.7 38.87 9.6 10.23 71 483 43 1.43 3.0 0.60 2.0 0.21 45
50 10.7 12.44 79 5.88 4.8 1.74 33 0.73 2.2 0.25 50
55 11.8 1484 8.7 7.01 53 2.08 3.7 0.88 24 0.30 55
60 129 17.44 94 8.24 5.7 244 4.0 1.03 26 0.36 60
65 139 20.22 10.2 9.55 6.2 2.83 44 1.19 28 0.41 65
70 15.0 23.20 11.0 10.96 6.7 3.25 4.7 1.37 3.0 0.48 70
75 16.1 26.36 118 12.45 72 3.69 50 1.55 3.3 0.54 79
80 126 14.03 7.6 4.16 54 1.75 3.5 0.61 80
85 134 15.70 8.1 4.65 57 1.96 37 0.68 85
90 14.2 17.45 86 5.17 6.0 2.18 39 0.76 0
95 15.0 19.29 9.1 5.72 6.4 241 4.1 0.84 95
100 15.7 21.21 9.5 6.29 8.7 2.65 4.3 0.92 100
110 10.5 7.50 7.4 3.16 4.8 1.10 110
120 1.5 8.81 8.0 an 52 1.29 120
130 124 10.22 8.7 4.30 5.6 1.80 130
140 134 11.73 9.4 494 6.1 1.72 140
150 14.3 13.32 10.0 5.61 6.5 1.95 150
160 15.3 15.02 10.7 6.32 6.9 2.20 160
170 16.2 16.80 1.4 7.08 74 246 170
180 12.0 7.87 7.8 273 180
190 12.7 8.69 8.2 3.02 190
200 13.4 9.56 8.7 3.32 200
225 15.1 11.89 9.8 4.13 225
250 16.7 14.45 10.8 5.02 250
275 . 1.9 5.99 275
300 v 13.0 7.04 300
325 14.1 B.16 325
350 16.2 9.37 350
375 16.3 10.64 375
400 400
425 425
450 450




20 WATER AND WASTEWATER PIPELINE

-3;4 " Minor Losses

Water flowing in a straight pipe under pressure at a constant
velocity produces a constant friction loss. - A change in the velocity or

direction of flow creates additional losses. Such losses are classified

e

as minor, as they are a small percentage of the total loss in relatively
B e

Tong pipelines; a pipeline with a lTength in excess of 500 diamg}grs is

usually classified as "long". Minor Tosses become important when small
diameter pipes and high velocities are considered in the total piping and
appurtenances relating to a pumping station. Minor Tosses are produced

by flow through bends, fittings, valves and openings such as fire hydrants

and in and out of reservoirs.

The loss of head b, (ft or m) due to change in pipe alignment
or an appurtenance can be expressed as follows:

o=k (8 L (3)
(29)

in which K is the dimensionless minor loss coefficient through the pipe-
line fitting or appurtenance and V, as previously defined, is the mean

velocity in the pipe under consideration: The expression V2/29 is termed
the velocity head. Many studies and tests have been conducted to deter-

mine the approximate value of minor loss coefficient for various fittings

and appurtenances.

The equival

nt Tength of pipe is the number of feet of straight

pipe which will cause the same pressure drop as the flow through the
fitting or appurtenance. The relationship between pipe diameter (d, D)
and pipe Tength (1) within the hydraulic formulas allows the minor Tosses

to be stated in terms of the equivalent Tength in pipe diameters rather

| G FORMULAS |

[ ( I ‘
than the minor Toss coefficient (K). Examples of ;he value of K}
lent lengths in pipe diameters for various fittings and appurteng

common practice are as follows:

Table 4 - LOSSES IN PIPE FITTINGS AND APPURTENANCES

D iption of Pipe Minor Loss Loss jn Eguivalent
eSCF;Etiag or P Coefficient Length in Pipe Diameters
Appurtenance K (d)
Gate Valve
3/4 Closed 24.0 ?gg
1/2 Closed 5.6 €0
1/4 Closed 1.2 3
Full Open 0.2
Angle Valve Open 2.5 170
Globe Valve Open ' 10.0 340
Swing Check Valve 0.6 - 2.5 80
Elbows
90° Standard 0.7 gg
90° Long Radius 0.6 20
45° Standard 0.5
Tee Flow Through Run 1.8 20
Sudden Contraction *
d/D = 1/4 0.4 }g
=1/2 0.3
= 3/4 0.2 7
Sudden Enlargement *
d/D=1/4 0.9 gg
=1/2 0.6
= 3/4 0.2 7
Flow From Storage Tank
Pipe Projecting Into Tank 0.78
Pipe Flush With Tank Wall 0.5
Slightly Rounded Entrance 0.23
Well Rounded Entrance 0.04
Flow Into Storage Tank
A11 Conditions 1.0

* For Contractions and Enlargements, coefficients are applied to the con-

ditions in the smaller diameter pipe.

oV ENTL 4

e



22 WATER AND WASTEWATER PIPELINE

The nomograph shown in Figure 4 has been developed to estimate the

equivalent length of straight pipe for each pipe size. The equivalent Tength

for the valve or fitting is then added to the.pipe length and loss calculated

on the flow through the total equivalent Tength of pipe.

The waterworks industry now makes use of various types of valves for
sectionalizing main lines or for control purposes. Each has distinctive interior
contours which has an effect on fluid flow. Flow rate and loss of head charts
have been prepared by the various manufacturers for the following sizes and

types of valves:

Size (in.)
Gate Valve 6-30
Butterfly Valve 6-48
Check Valve 6-30
Globe Valve Pattern 6-36
Angle Valve Pattern 6-36
Full Pattern Plug 6-16
Short Pattern Plug 6-12
Venturi Pattern Plug 6-36

Water meters in common usage in the waterworks field for small diameter
pipelines are positive displacement type, turbine type and velocity or current

meter type or a combination of two of the three for compound meters. Larger

d1ameter p1pe]1nes and related larger flows can be mon1tored by pressure dif-

R

meters wh1ch monitor the flow w1th no obstruct1on within the tube.

Pressure
differential or magnetic types of flow meter installations cause small

friction losses. However, small diameter meters with internal moving parts
may be the source of considerable amounts of head Joss in the piping system,

Particularly if the meter size has been reduced from the supply main size.

Globe Valve, Open

AN \

Angle Valve, Open /

Swing Check Valve,
Fully Open

L

Close Return Bend

Standard Tee
Through Side Outlet

S

Standard Elbow or run of |
Tee reduced ¥4

N

Medium Sweep Elbow or |
run of Tee reduced 34 7

Long Sweep Elbow or
run of Standard Tec

From “Flow of Fluids through Valves, Firtings and Pipe.”

——— 1A Closed
[— 14 Closed

FORMULAS

Gate Valve -
— 3 Closed 3

Fully Open

oo

Standard Tee

o

Square Elbow
v

Borda Entrance -

(=) |

w_d/D_

I

¢— | Sudden (,omracrion
. ‘;d/D

—
T T T TT1YT 11117

‘—== 45" Elbow

/d/D' ¥

Ordinary Entrance

T

T

T

A\ dp- 1&
d/p-%

VT

T T

FIGURE 4

Sudde; E\lﬁgﬁncht —|~
d4/p- 14

3000

2000

1000

500

20

10

wn

[

Equivalent Length of ; Straight Pipe, Feet

~

Q.5

Q3

0.2

~Q.1

Example

The Jotted Line shows that

the resistance of a t-inch
Standard Flbow 15 equivd-
lent to o approvimately o
feet of vinch Standard Pipe
Note

For sudden enlargements or
sudden contractions, use the
smaller diameter, d, on the
Pipe size scale

w50
42—
36—
30130
24—
22—
20—+ 20
18—
g 16 -
g 14—
a9 »
5 10 -10 g
5 9— 5
2 o8—1 £
a1 o
-5 L -
-~ - - <
5 6e==--
5 rooR
g s—s &
Eapp— 3
a 41 2
g
g 3—-3
o
z
214 ——
22
114 ——
14 —
1=
et
bo—1
05

Copyright 1942 by Crane Company.
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22 ) WATER AND WASTEWATER PIPELINE

The nomograph shown in Figure 4 has been developed to estimate the

equivalent length of straight pipe for each pipe size. The equivalent length

. for the valve or fitting is then added to the pipe length and loss calculated

on the flow through the total equivalent length of pipe.

FORMULAS

Example
The dotted Line shows that
the resistance of 4 vainch
Standard [Llbow 15 equiva-
lent to approximately 1o

et of tomch Standard Pipe.

Note
[ror sudden enlargements or

23

sudden contractions, use the

Globe Valve, Open

e Gate Valve S3e00  smaller dameter, d, on the
: . AN . L pipe size scale
The waterworks industry now makes use of various types of valves for ‘ &80“{; 2000

72 osed

sectionalizing main lines or for control purposes. Fach has distinctive interior

———14 Closed
i T—l‘ully Open 1000
. ) —50

contours which has an effect on fluid flow. Flow rate and loss of head charts - - 48—
have been prepared by the various manufacturers for the following sizes and ///////A ~ < |se0 4 N
Angle Valve, Open Standard Tee - 36 —
types of valves: f}oo 30 -30
Size (in.) {j - 100, 24—
Gate Valve 6-30 Square Elbow - 22—
Butterfly Valve 6-48 =g G
Check Valve 6-30 ////////#‘ E siee 4 lsjgii
Globe Valve Pattern 6-36 Swing Check Valve, - -y 5 I
Angle Valve Pattern 6-36 Fully Open Borda Entrance o & £ M
Full Pattern Plug 6-16 g £ 12
Short Pattern Plug 6-12 £ £ o—rt10 ¢
Venturi Pattern Plug 6-36 .A o0 z e 9+ £
T —_ | - ] R &
Close Return Bend S d; = Enlatedn ZO (.E g 8 iy
udden Enlargément ~|- @ - 77— )
| | e
Water meters in common usage in the waterworks field for small diameter ‘ Lo § bt i 5
. . L. | F £ I 5=—1-5 2
pipelines are positive displacement type, turbine type and velocity or current Standard Tee » é Eap— B
Through Side Qutlet ‘_ -5 __5 é S S
meter type or a combination of two of the three for compound meters. Larger ] 2 ER
: . : ’ Ordinary E 3 E T
diameter p1pg]jpes and related Targer flows can be monitored by pressure dif- Effik'l' *‘ t rénary Enfrance Tl 4 z s
T . - . __:‘..__‘., R o . Standard Elhow or run of ’ T
‘mfgréﬁfja1 meters such as a venturi bei: orifice assembly or magnetic flow M e reduced 1 %55532223i r 2,
meters which monitor the flow with no obstruction within the tube. Pressure EE?i} ‘*MS”dingﬂztmc”O“ El 1 —— -
. . ‘ Ll o \ L _d/p- o 14 |
differential or magnetic types of flow meter installations cause small . d/D 4 o5 4
Medium Sweep Elbow or /D- 4 - :
friction losses. However, small diameter meters with internal moving parts run of Tee reduced 13 {SE? Cos ! -1
may be the source of considerable amounts of head Toss in the piping system, +@ o Loz ¥
- 45° ow |
particularly if the meter size has been reduced from the supply main size. . ' Yo —1-
Long Sweep Elbow or - Q.1
run of Standard Tec

. -05
From "Flow of Fluids through Valves, Fistings and Pipe.” Copyright 1942 by Crane Company.

FIGURE 4
FLOW OF WATER THROUGH VALVES & FITTINGS
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Pump Rating. Pumps are usually rated at a certain capacity in gal-

Tons per minute (gpm) for a given head in feet of fluid flowing. The rating
may be controlled by the pump design or by the size of the driver.

Water Horsepower. The water horsepower WHP is the product of the
total head developed by the pump and the flow rate. Since one WHP equals

550 ft Tb/sec, the equation form is:

wQH
B P .o
WHP = 550 -(5)

where w is the specific weight of water (62.4 1b/ft3), Q is the volumetric

flow rate in cfs, Hp is the head, ft of water. In subsequent parts of this
section the symbol H without the subscript will be used for the head de-
veloped by the pump. The water horsepower is more useful for water systems

when the discharge rate is expressed in gpm

’?
WHp = WQH _ ﬁgpm) (62.4)H _ (gpm)H. . (6)

550 (449.6)° T(550) 3960

t

Pump Efficiency. The efficiency of a pump is a direct measure of

its hydraulic and mechanical performance and is defined as the ratio of

energy output of the pump to the energy input applied to the pump shaft by
the motor. The energy output of the pump is the .water horsepower (WHP), as
previously defined, and the energy input is the brake horsepower (BHP). The
efficiency e expressed as a percentage, is as fo]]ows

o = W’

BHP x100 . . .. ... ... )]

L
i

Suction Lift. The value of the suétion Tift (i.e., the height to
which water may be Tifted on the suction side of a pumping unit) is sometimes
Timited by physical factors; it'is physically impossible to have negative
gage pressure on the suction side of a pump whose magnitude is greater than

barometric pressure. In most cases a pump will not function properly unless

the absolute

DYNAMICS

pressure on the pump suction is well above the vapor pressure. Therefore,
the height to which a pump will 1ift water from the suction well will be
controlled by the barometric pressure, the temperature, and the vapor

pressure of the 11qu1d

The max1mum suct1on 11fts for water pumps w1th d1fferent suction

temperatures at a constant barometr1c pressure. is given in the following

tabulation.

TABLE 5
VARIATION OF SUCTION LIFT WITH TEMPERATURE FOR WATER . B
WHEN BAROMETRIC PRESSURE IS 29.92 IN. (760 mm) of MERCURY [ac sus
P
fomit, Absolute Pres- ~ Ideal
Specific Water sure at Which Suction
Temperature Weight Barometer Water Boils Lift
T O B/ (kgmdl PO o (Fu) m o T (m)
60, »15.6 62.4 998.4 34.0 10.36 0. 619 0.18 33.4 10.18
10077 37.8 62.0 992.8 34.2  10.42 2 2 “0.67 32.0 9.75
140 60.0 61.4 983.0 34.4  10.49 2.07 27.6 8.41
160 71.1 61.0 976.8 34.5 10.52 11.2 3.4 23.3 7.10
180 82.2 60.6 970.1 34.7 10.58 18.0 5.49 16.7 5.09
190 87.8 60.4 962.4 35.0 10.67 22.3  6.80 12.7 3.87
210 98.9 59.8 958.2 35.4  10.79 35.4 10.79 0.0 0.0

The maximum suction 1ift at different altitudes is given in the
tabulation below. These are §a1ues for the ideal 1ift. The practical value
will be less because friction losses in the suction pipe, losses in elbows
and foot valve, and the suction velocity head will reduce the permissible
suction 19ift. It is good design practice to place the pump close to, or
below the intake surface of the fluid whenever possib]e, otherwise a prac-. .
tical va]ue for the des1gn suction 1ift equa1 to two th1rds of the 1dea1 .
is used
o Each operable pumping system has a hydraulic head on the suction
side of the pump which is termed Available NPSH i.e, net positive suction

head. For satisfactory operation, the Available NPSH must exceed the NPSH



