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FRICTION LOSS

Friction Loss Per 100 Feet For Water In New Wrought Iron Or
Schedule 40 Steel Pipe

n n
Ya 3
0.364" inside dia. 0.493" inside dia.

U8, vel. frict. U.S. vel, frict.
Gals. vel. head loss Gals. vel. head toss
Per 14 V329 h; Per v V2g h;

. Min. fp.s. feet feet Min. fp.s. feet feet
0.8 247 0.09 127 14 2.35 .08 7.85
1.0 3.08 0.15 19.1 1.6 2.68 0.1 10.1
1.2 3.70 0.21 . 26.7 1.8 3.02 0.14 12.4
14 4.32 0.29 353 20 3.36 0.18 15.0
1.6 4.93 0.38 452 2.5 4.20 0.27 226
1.8 5.55 0.48 56.4 3.0 5.04 0.39 318
20 6.17 0.59 69.0 35 5.88 .54 426
25 7.71 0.92 105.0 4.0 8,72 0.70 54.9
3.0 9.25 1.33 148.0 5.0 8.40 1.10 83.5
3.5 10.79 1.81 200.0 6.0 10.08 1.58 118.0
4.0 12.33 - 2.36 259.0 7.0 11.80 2.15 158.0
5.0 15.42 3.69 398.0 8.0 13.40 2.81 205.0

9.0 15.10 3.56 258.0
10.0 16.80 - 4.39 316.0
(1] n
Yo 3
0.622" inside dia. 0.824" inside dia.

us. vel. frict. us. vel. . frict.
Gals. val, head ioss Gals, vel. head loss

Per 1" Vii2g hy Per 4 Vi2g h,
Min. fp.s. feet feet Min. fp.s. feet feet
20 2.1 0.07 4;8 3.0 1.81 0.05 2.50
25 2.64 © 0.1 7.16 35 2.1 0.07 3.30
3.0 317 016 10.0 4.0 2.41 0.09 4.21
3.5 3.70 0.21 13.3 50 3.01 0.14 6.32
4.0 422 0.28 17.1 6.0 3.61 0.20 8.87
5.0 5.28 0.43 258 7.0 421 0.28 11.8
8.0 6.34 0.62 36.5 85 4.81 0.36 15.0
7.0 7.39 0.85 48.7 9.0 542 (.46 18.8
8.0 8.45 1.11 62.7 10.0 6.02 0.55 23.0
8.0 9.50 1.40 78.3 12.0 7.22 (.81 326
10.0 10.56 1.73 95.9 14.0 8.42 1.10 435
12.0 12.70 2.49 136.0 16.0 9.63 1.44 56.3
14.0 14.80 3.40 183.0 18.0 10.80 1.82 70.3
16.0 16.90 4.43 235.0 20.0 12.00 2.25 86.1
: 220 13.20 2.72 104.0
24.0 14.40 3.24 122.0
26.0 15.60 3.80 143.0
28.0 16.80 4.41 - 164.0

CAUTION: No allowance has been made for age, differences in diameter resulting from
manufacturing tolerances or any abnormal conditions of interior pipe surface. It is recommended
that for commercial application a reserve or margin of safety to cover these effects be added to
the values shown in the tables. Where no careful analysis of these effects are made a reserve of
16% is recommended.

Plastic pipe having a smoother wall will generate 15-20% less friction loss at any given flow rate.






FRICTION LOSS

Friction Loss Per 100 Feet For Water In New Wrought lron Or
Schedule 40 Steel Pipe (Continued)

4 n 1 1/ H
1 /4
1.049" inside dia. 1.380" inside dia.
LES. vel. frict. us. vel. frict.
Gals. vel. head loss - Gals. vel. head loss
Per v Vei2g h, Per v Vi2g h,
Min, fp.s. fost faet ' Min. fps. faet feet
6 2.23 0.08 2.68 19 215 0.72 1.77
8 2.97 0.14 4.54 12 2.57 0.10 2.48
10 3.71 0.21 6.86 14 3.00 0.14 328
12 4.45 0.31 9.62 16 343 0.18 4.20
14 5.20 0.42 12.8 18 3.86 0.23 522
16 5.94 0.85 16.5 20 4.29 0.28 6.34
18 6.68 0.69 206 22 4.72 0.35 7.58
20 7.42 (.88 25.1 24 5.15 0.41% 8.92
22 8.17 1.04 30.2 25 5.36 045 9.6
24 8.9 1,23 356 30 6.44 0.64 13.6
25 9.27 1.24 38.7 as 7.51 0.87 18.2
30 111 1.93 54.6 40)- 8.58 1.14 23.5
.35 13.0 2.83 73.3 45 9.65 1.44 294
40 14.8 343 95,0 50 10.7 1.79 36.0
45 16.7 4.34 119.0 85 11.8 2.16 43.2
50 18.6 5.35 146.0 80 129 257 51.0
55 204 6.46 176.0 85 13.9 3.02 59.6
60 223 7.71 200.0 70 15.0 3.50 68.8
a5 24.2 89,10 24590 75 16.1 4,03 78.7
70 26.0 1048 - 283.0 80 17.2 4.58 89.2
75 279 12.10 324.0 85 18.2 5.15 100.0
80 29.7 13.70 367.0 90 19.3 579 112.0
. 95 204 6.45 126.0
100 215 7.15 138.0
120 257 10.3 197.0
- 140 30.0 14.0 267.0
115"
1.610" inside dia.
1S, vel. frict. [F5:3 vel. frict.
Gals, vel. head loss = Gals. vel. head loss
Per v VA2 h, Per 1’4 V¥2g by
Min. in.s. feet foet Min. ips. feet feet
14 2.21 0.08 1.53 65 10.24 1.63 271
18 252 0.10 1.88 70 11.03 189 313
18 2.84 D12 2.42 75 118 2.16 ass
20 3.15 0.15 2.94 80 126 247 40.5
22 347 0.19 3.52 85 13.4 2.79 45,8
24 3.78 0.22 4.14 90 142 - 313 51.0
25 394 0.24 448 85 15.0 3.49 56.5
30 473 0.38 5.26 - 100 158 3.88 82,2
35 5.51 0.47 8,37 120 18.9 5.56 88.3
40 6.30 0.62 10.79 140 22.1 7.56 119.0
45 7.04 0.78 13.45 160 252 9.88 156.0
50 7.88 .97 16.4 180 28.4 12.50 196.0
55 8.67 1147 197 200 315 15.40 2410
60 946 1.39 23.2 -

CAUTION: No aliowance has been made for age, differénees in diameter resulting from
manufacturing tolerances or any abnormal conditions of interior: pipe surface. It is recommended
that for commercial application a reserve or margin of safety to cover-these effects be added fo
the values shown in the tables. Where no careful analysis of these effects are made a reserve of
15% is recommended.

Plastic pipe having a smoother wall will generate 15-20% less friction loss at any given flow rate.






FRICTION LOSS

Friction Loss Per 100 Feet For Water In New Wrought Iron Or
Schedule 40 Steel Pipe (Continued)

n 21 / u
2 2
2.067" inside dia. : 2.469" inside dia.
u.s. vel, frict. U.S. vel, frict.
Gals. vel. head loss Gals. vel, head loss
Per v Vif2g b, Per v Vi2g h;
Min. f.p.s. feet feet Min. fps. feet feet
24 2.29 0.08 1.20 25 1.68 0.04 0.54
25 2.39 0.09 1.29 30 2.01 0.06 0.75
30 2.87 0.13 1.82 35 2.35 0.09 1.00
35 3.35 0.17 2.42 40 2.68 0.11 1.28
40 3.82 0.23 3.10 45 3.02 0.14 180
45 4.30 0.29 3.85 50 3.35 0.17 1.94
50 4.78 0.36 4.67 60 4.02 0.25 2.72
55 5.25 0.43 5.51 70 4.69 0.34 3.63
60 5.74 0.51 6.59 - 80 5.36 0.45 41.66
65 8.21 0.60 7.70 90 6.03 0.57 5.82
70 6.69 0.70 8.86 100 6.70 0.70 7.4
75 7.16 . 0.80 10.15 120 8.04 1.00 10.0
80 7.65 0.91 11.40 140 8.38 1.39 13.5
85 8.11 1.03 12.6 160 107 1.79 17.4
20 8.60 1.15 14.2 180 12.1 2.26 21.9
95 9.09 1.29 156.8 200 13.4 2.79 26.7
100 9.56 1.42 17.4 220 147 3.38 322
120 115 2.05 247 240 16.1 4.02 38.1
140 13.4 278 33.2 260 17.4 472 44.5
160 15.3 3.64 43.0 280 18.8 5.47 513
180 17.2 460 54.% 300 201 6.28 58.5
200 19.1 568 66.3 350 235 8.55 79.2
220 21.0 6.88 80.0 400 26.8 11.2 103.0
240 22.9 8.18 95.0
260 24.9 9,60 111.0
280 26.8 11.14 128.0
300 28.7 .12.8 1460 .
3||
3.068" inside dia.

.S, vel, frict, us. vel. frict.
Gals. vel. head loss Gals. vel. head loss
Per v - Vf2g hy Per v V229 h;
Min. fp.s. feet feet Min. fp.s. feet feet
50 247 0.07 0.66 220 9.55 1.42 10.7
60 2.60 011 0.92 240 10.4 1.69 12.6
70 3.04 0.14 1.22 260 1.3 1.98 14,7
80 3.47 0.19 1.57 280 j2.2 2.29 16.9
20 3.91 0.24 1.96 300 13.0 2.63 192
100 4.34 0.29 2.39 350 15.2 3.58 26.1
120 5.21 0.42 3.37 400 17.4 4.68 33.9
140 6.08 0.57 4.51 500 21.7 7.32 525
160 8.94 Q.75 5.81 550 23.8 8.85 63.2
180 7.81% 0.95 7.28 600 26.0 10.5 74.8
200 8.68 1.147 8.90 700 30.4 14.3 101.0

CAUTION: No allowance has been made for age, differences in diameter resulting from
manufacturing tolerances or any abnormal conditions of interior pipe surface. It is recommended
that for commercial application a reserve or margin of safety to cover these effects be added to
the values shown in the tables. Where no careful analysis of these sffects are made a reserve of
15% is recommended.

Piastic pipe having a smoother wall will generate 15-20% less friction loss at any given flow rate.






FRICTION LOSS

Friction Loss Per 100 Feet For Water In New Wrought Iron Or
Schedule 40 Steel Pipe (Continued)

4 1 5 n
4.026" inside dia. 5.047" inside dia.

us. vel, frict. U.s. vel. frict.
Gals. vel. head loss Gals. vel, head loss

Per v V329 by Per v VEf2g h,
Min. fps. feet feet Min. fps. feet feet
20 227 0.08 0.52 140 2.25 0.08 0.380
100 252 0.10 0.62 160 2.57 C.10 0.487
120 3.02 014 0.88 180 2.89 .13 0.606
140 3.53 0.19 1.17 200 3.21 0.16 0.736
160 4,03 0.25 1.49 220 3.53 c.19 0.879
180 4,54 0.32 1.86 240 3.85 0.23 1.035
200 5.04 0.40 2.27 260 417 0.27 1.200
220 5.54 0.48 - 2.72 280 4,49 0.31 1.38
240 6.05 0.57 3.21 300 4.81 0.36 1.58
260 6.55 0.67 3.74 350 561 0.49 2.11
2680 7.06 0.77 4.30 400 6.41 Q.64 272
300 7.56 0.89 4,89 450 7.22 081 3.41
350 8.82 1.21 8.55 500 8.02 1.00 416
400 10.10 1.58 8.47 550 8.81 1.21 4.94
450 11.4 2.00 10.65 600 962 1.44 5.88
500 12.6 247 13.0 700 14.20 1.98 7.93
550 13.9 3.00 15.7 800 1280 2.56 10.22
800 15.1 3.55 186 2900 14.40 3.24 12.90
700 176 4,84 25.0 1000 16.00 4.00 15.80
800 202 6.32 324 1200 19.20 576 22.50
a00 227 8.00 40,8 ’ 1400 22.50 7.83 30.40
1000 25.2 .87 50.2 1600 2570 10.20 39.50
1800 28.80 . 1290 49.70

CAUTION: No allowance has been made for age, differences in diameter resulting from
manufacturing tolerances or any abnormal conditions of interior pipe surface. It is
recommended that for commercial application a reserve or margin of safety to cover
these effects be added to the values shown in the tabies. Where no careful analysis of
these effects are made a reserve of 15% is recommended.

Plastic pipe having a smoother wall will generate 15-20% less friction loss at any given
flow rate.






SIZE 1/2" 3/4" 1" 11/4" 11/2" 2" 3" 4"
Head Head Head Head Head Head Head Head
oM Fg]et i Fi;et i F«i:et Pel Fi:et s Fci:et sl Fg]et P F‘é‘et el Fjenet el

1 150 65 | 32 14 | 09 .04

2 508 220|113 49 | 30 13 | .09 .04

3 |1051 455|240 104 | 60 26 | 18 .08 | 098 .04

4 1781 7.71 | 381 165 | 1.02 .44 32 14 | 16 07

5 | 2601 11.26) 561 243 | 143 62 | 46 20 | 23 10

6 3601 1559|7561 325|194 84 | 65 28 | 30 13 | .09 .04

8 |61.00 26.4.1 1201 520 | 319 138 | 1.04 45 | .51 22 A4 .06

10 | 9215 3989|1832 793 | 490 212|159 69 | 76 33 | 23 .10

15 38.83 16.81|1012 438 | 330 143 | 155 67 | 49 .21
20 ' 1652 715 | 550 238 | 254 110 | 83 36 | .12 .05
25 811 351. 381 165|122 53 | .18 .08

30 10.81 468 | 520 225 | 169 73 | 28 .11 09 .04
35 1402 6.07 | 661 286|219 9 [ 32 14 | 12 05
40 892 386|280 121 | 42 18 | 14 06
45 10.12 438 | 340 147 | 53 23 ! 16 07
50 1192 516 | 409 177 | 8 37 | 23 10
60 571 247 | 111 48 | 30 .13
70 730 316 | 141 .81 37 .16
80 922 399|180 78 | 46 .20
80 11.20 485 | 219 95 | 55 .24
100 13.91 6.02 | 330 143 .38

.88
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FRICTION LOSS

Multipliers to apply to values from water friction loss chart to obtain
friction loss in other types of pipe or conduit.

Multiplier to

, Apply
Type of New Conduit or Pipe Value of Friction Loss
Rubber lined hose 0.72
Spun cement line pipe 0.76
Spun bitumastic enameled pipe 0.76
Aluminum irrigation pipe 0.81
Transite pipe 0.85
Copper or Brass pipe 0.86
Seamiless steel tubing 0.86
Glass tube or pipe 0.86
Schedule #40 steel pipe 1.00
Wood Stave pipe 1.15
Galvanized iron pipe 1.22
Vitrified pipe 1.36
Spiral riveted pipe (flow with lap) 1.40
Spiral riveted pipe (flow against lap) 1.70
Uniined linen hose 1.80

The multipliers in table provide for the difference in type of pipe only. They do not
include deviations in internal diameter from schedule #40 steel pipe.

Increase in Friction Loss Due to Aging of Pipe

Multipliers for use with

Age :
of Pipe Small Pipes Large Pipes
in Years 4" - 10" 12" - 60"
NEW 1.00 1.00
5 1.40 1.30
10 2.20 1.60
15 3.60 1.80
20 5.00 | 2.00
25 6.30 2.10
30 7.25 2.20
35 8.10 2.30
40 8.75 2.40
45 9.25 2.60
50 9.60 2.86
55 9.80 3.26
60 10.00 3.70
65 10.05 ., 4,25

70 10.10 4.70






Loss In Feet Of Liquid Flowing In 100 Feet Of New Schedule 40 Steel Pipe

Pipe KINEMATIC VISCOSITY - SECONDS SAYBOLT UNIVERSAL
Gpm Size 100 200 300 400 500 1000 2000 3000 4000 5000 6000 8000 10,000 15,000
259 54.5 81.5 108.1 136.3 2728 5452 815.4 1088.0 1360.6 18309 2178.0 — —
5.8 17.6 26.8 35.3 44.1 88.2 176.8 2657 3534 441.2 529.0 706.9 882.4 13236
32 6.7 10.2 134 16.9 33.5 67.2 100.7 134.0 168.6 261.0 268.0 335.0 503.6
14.1 293 44.1 58.9 737 147.8 293.4 441.2 589.1 7369 8824 1178.1 14715 2208.4
53 113 16.9 224 28.0 55.9 112.0 168.6 224.1 276.5 335.0 448.1 580.0 838.5
1.8 3.7 5.3 16 95 18,7 374 56.1 75.1 g8 112.5 150.2 187.1 2818
18.6 413 61.9 82.5 103.0 205.8 411.2 6191 8247 1030.6 1235.9 1647.0 2080.5 —
. 15.7 23.6 314 39.3 78.3 157.1 235.6 3142 3927 4569.0 626.0 7831 1175.8
53 7.8 10.4 13.2 26.3 524 78.5 104.9 131.7 157.1 219.2 2633 3927
224 335 446 559 11240 2241 335.0 448.1 5680 672.2 896.3 1120.4 1679.4
7.8 1.3 15.0 18.7 374 75.1 192.5 150.2 187.1 224.4 300.3 314.2 561.3
4.2 6.0 8.1 10.2 20.3 40.4 60.8 80.9 101.2 122.4 161.7 203.3 302.6
335 50.4 67.2 B3.9 168.6 335.0 503.8 §72.2 838.5 1007.2 13421 .+ 16794 —
. 16.9 224 28.2 56.1 112.5 168.6 2241 2818 3373 4505 - 5613 843.2
8.0 12.2 15.2 30.3 60.8 910 122.4 152.5 182.5 2428 302.6 4551
67.2 89.6 112.0 224.1 4481 672.2 896.3 11204 1342.1 1790.3 — —
. 12.2 16.2 20.3 40.4 80.9 122.4 1617 203.3 2426 3234 404.3 807.5
30 4.4 6.0 7.4 14.8 29.8 44.6 59.4 74.2 B88.9 117.8 147.8 221.8
10.2 16.2 208 254 50.6 101.2 162.5 2033 254.1 302.6 406.6 505.9 7517
37 55 7.4 92 18.5 372 55.7 74.2 929 111.3 147.8 184.8 2735
1.8 2.8 3.7 48 8.2 18.2 273 36.5 455 54.7 730 91.2 1363
18.2 243 303 60.8 122.4 182.5 2428 302.6 365.0 485.1 607.5 810.1
6.7 8.0 111 222 44.6 66.8 89.0 1M1.3 134.0 177.9 2218 335.0
3.2 4.4 5.5 10.8 220 32.8 43.9 54.7 65.6 87.5 108.5 164.0
24.3 323 404 80.8 1617 2426 323.4 404.2 485.1 546.8 808.5 1215.1
138 14.8 298 504 88.9 1738 147.8 1779 2380 298.0 4458
58 7.4 14.6 281 43.9 58.4 73.0 875 117.8 145.5 2184
404 50.6 101.2 2033 302.6 404.3 505.9 607.5 808.5 10118 15177
14.8 18.5 37.2 74.2 111.3 147.8 184.8 224.8 298.0 3720, bBBY
74 8.2 18.2 36.5 547 73.0 9.2 109.5 145.5 182.5 2726
222 446 89.0 1340 1778 221.8 268.0 3557 4458 867.6
10.9 220 43.9 65.6 87.5 109.5 131.7 175.6 2195 328.0
4.6 82 18.5 215 36.7 46.0 55.2 73.5 §2.0 138.6
127 257 51.1 76.7 102.1 127 1 152.5 203.3 256.4 3835
53 10.7 215 32.1 43.0 53.6 64.2 85.7 107.2 161.7
1.8 37 7.2 0.9 14.5 18.2 217 28.9 36.0 54.3
14.6 29.1 584 87.5 117.8 1455 175.6 2333 2911 439.0
6.2 12.2 24.5 36.7 49.0 61.2 735 97.9 1224 184.8
2.1 4.2 8.3 12.5 16.6 20.6 24.7 33.0 41.3 §1.9
18.5 36.5 73.0 108.5 145.5 1825 219.5 2934 365.0 547.5
76 15.2 307 480 61.2 76.5 91.9 1224 1525 2287
25 5.1 10.4 15.5 26.6 25.9 31.0 443 51.5 774

TURBULENT FLOW RANGE

7 LAMINAR OR VISCOUS FLOW RANGE
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FRICTION LOSS

Equivalent Length of Straight Pipe for Various Fittings
Turbuient Flow Only

PIPE SIZE
FITTINGS A T 5% | 12 | 34 | 1 114 113 2 T212 ] 3 a 5
- STEEL| 23 | 31 | 36 | 44 | 65 | 66 | 74 | 85 | 0.3 | 11.0 | 130
@ SCREWED —r7 50 | 11.0
oo FLANGED [STEEL ~ | 92 | 12 | 16 | 24 | 24 | 31 | 36 | 44 | 59 | 73
90° ELL C.1. 3.6 4.8
STEEL] 15 726 52 | 23 | 27 | 32 | 34 | 36 | 36 | 40 | 46
@ SCREWED -+ 33 | 37
LONG STEEL T4 | 73] 16 | 20 | 23 | 27 | 29 | 34 | 42 | 50
ROPLWE | FLANGED = 28 | 34
: STEEL| 34 | B2 | 71 | ©2 | 13 | 17 | 24 | 27 | 32 | 40 | 55
@ SCREWED = ‘ 33 | 45
—STEEL 45 | 59 | 81 | 14 | 13 | 17 | 20 | 26 | 35 | 45
FLANGED =25 Y
STEEL| 79 | 12 | 17 | 24 | 32 | 46 | 56 | 7.7 | 93 | 120 | 170
SCREWED (% =" aREETY
STEEL 80 | 82 | 10 | 13 | 15 | 18 | 18 | 22 | 58 | 3a
FLANGED ¥ 3
STEEL] 24 | 35 | 42 | 55 | 66 | 87 | 99 | 120 | 130 | 170 | 21.0
SCREWED == 140 | 17.0
TEE- STEEL 20 | 26 | 33 | 44 | 52 | 68 | 75 | 94 | 120 | 150
BEANW | FLANGED mo 7.7 1 100
STEEL| 23 | 31 | 38 | 44 | 52 | 66 [ 74 | 85 | 93 | 110 | 130
Ry} | SCREWED Mo ~ 90 | 11.0
) REG  |STEEL 92 | 12 | 16 | 21 | 24 | 34 36 | 44 | 59 | 73
FLANGED [ C1. 36 | 48
280 [ toNS [STEEL 17713 | 16 | 20 | 23 | 27 | 28 | 34 | 42 | 50
BEND FLANGED | C.I 2.8 34
STEEL| 210 | 220 | 220 | 240 | 290 | 37.0 | 420 540 | 620 | 76.0 [ 1100
g SCREWED | 65.0 | 86.0
GlOBE STEEL 38.0 | 400 | 45.0 | 540 | 59.0 | 700 | 77.0 | 940 | 120.0 | 150.0
VALVE | [WANGED v 770 | 99.0
STEEL| 32 | 45 | 56 | 67 | 84 | 44 | 12 | 15 | 17 | 19 | 25
SCREWED 215 AT
CATE STEEL 56 [ 27 | 28 | 20 | 34
VALVE | FLANGED 53 | 24
= STEEL| 128 | 150 | 150 | 160 | 17.0 | 180 | 180 | 18.0 | 180 | 18.0 | 8.0
SCREWED = 150 | 15.0
anaE STEEL 150 | 950 | 17.6 | 18.0 | 180 | 21.0 | 220 | 280 | 380 | 500
VALVE | T-ANGED M 230 | 31.0
STEEL| 72 | 73 | 80 | 88 | 110 | 130 | 150 | 19.0 | 220 | 27.0 | 38.0
: SCREWED =7 - 22.0 | 31.0
Swime [ o [STEEL 38 | 53 | 72 | 100 | 120 | 170 | 21.0 | 270 | 38.0 | 50.0
ARG ClL 220 | 31.0
COUPLING STEEL | .14 18 21 24 .28 .38 .38 45 A7 53 65
O [ SCREWED [Py 2222
.l BELL  |STEEL| 04 | 07 | 10 | 13 | A8 | 26 | A1 | 48 | 52 | &7 | 95 | 13
"#L‘F Maer [ cl. 55 | 77
— SQUARE |STEEL] 44 | 68 | 96 | 13 | 18 | 26 | 331 | 43 | 52 | 67 | 95 | 130
‘"4: MO e 55 | 77
RE. _ |STEEL| 88 | 14 | 19 | 26 | 36 | 51 | 62 | 85 | 10.0 | 13.0 | 18.0 | 250
’ES ENIRENT el 1.0 | 15.0
ﬁ'ﬂz"' BNl AREE = ViV . =—=—FEETO
ILARGE- h =P FEET OF FLUID; IF V2 - 0 h= 29 FEET OF FLUID







Friction Loss in Pipe Fittings - Plastic Pipe, Schedule 80
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[Y-patiem.stem at45°13.13_14.40 1599 |7.60_ 10,0 112.7 16.7. 119.5 1250 |29.8 137.1 142.9 |

Bl

4
.@QI 24.7 1274310 1350
418 149.7 E%@Jg& 170.5 | .
i &Tﬁ 5871623 713 i&{};i&ﬁ&vs 1107 .
T s4 eB 134 159 (175 1200 1226 1251 302
MM&Z 109 “_31 173. ,JiL? @5&“,2 8.4 132.8 Qﬁl“;&& _148.0
Standard Tee . 183 104 1125 1185 207 [247 '27.1 131.0 1350 389 1467
e [Branch Flow 221 |27.4 322 399 |50.1 507 655 |751 B46 941 [113_
, FultOpen AS__T&.\LJ&;B ,&ﬁﬁk 121 JM“.“_:LﬁB A&Lu,:amm;aa? ’1273
i Angle Valve Full Open-Disc __ 871 i4Lim U.JﬁLjﬁl_. _Laa*:".,ﬁ‘-ZﬁQﬁ 1282 ,,314 QZ?
" iFull Open 44, 55 166 (86, (109 129 (142 163 ;Tﬁﬁ,@&&“ 24.5,
; 4Qpen. . 11T, ;L_L&n 7.7 ,2&3 1292 348 WS&& !4§J 1493 /548 ;ﬁi&
| Gate Valve 12 Qpen 1537 676 809 106 _13{ 4_5&““125“ jﬂﬁ 225%V25~L_43Q2“wj
e b 50 14 Qoen. mnaqawisﬁo__w%ﬁm 15991752 (895 (983 11,130/1.2701.410.1.700
Straight - No 114 144 1172 (226 284 338 371 425 |a79 [533 (641 ?
i Giobe Valve, Full Open | Straight w! disc 151 '190 1227 299|376 448 492|563 634 705 |
I _pattem °|58.7 1738 (884 116 (146 174 (191 [219 247 274 3;30 i
 So— e -paRtten, Stom at 40° 1486 161.2 1733 lo6.4 121 1144 158 1181 204 1227 L273

82 R
251 1298 328 (375 *42&_,

This table was onginally developed frem tests on PVC [poly{vinyi chioride}] pipe. but the vakies apply to akt tharmeplastic piping materiale with equally

smmooth interior surfaces.






Friction Loss in Pipe Fittings - Plastic Pipe, Schedule 40

- : 11.610/2.067 ] To04z.
il loo1 123 i1.56 2% (262 1345 1403 517 iew 787 887 (101 1126 |
l' °_ T R il “'9' e "'_"‘ i ik I - l'"—'““ r“‘ k“;;
E?bg*;gnrgﬂa‘?msr ”055 074 093 124 1157 207 242 [3.10 370 460 532 16.04 787
190° Sharp Elbow 821247 341 (412 1525 1680 (8.05 1103 123,154 117.7. 1201 252 |
180° Street Elbow 152 [2.05 (250 340 (457 575671 861103 125 1148 (168 210 |
Best o™ 1173 [23¢ 295 391 498 lese 765 0.2 1 .9 1191 240 |
1 Standard | _i046 j062 078 11.03 | a1 173 2,01 258 Beg 444 503 631
;45°S£ reot Elbow |- 078 1107 135 (179 1227 [2.99. 349 448 5,35 769872308
= 1055 _[0.74 10.93 i1.24 1—1-52 207 242 1310 3.70 460 532 16.04 757 4
|90° Bends, Pive [19=1° 212036 049 [062 (082 105 138 (161 12.07 247 307 1355 4.03 1505 |
Bonde Moneae Ird=2. 110 {030 041 1052 1069 1087 111571134 (172 1206 [2.56 2.95 1336 421 |
|Elbows, lyd=3 171 10.33 [0.45 1057 .0.76 0.96 (127 11.48 189_i2.26 281 [a25 1360 463
|Buti-welded (=4 11 {033 1045 j0.57 0.76 [0.96 |127 /148 .ga@ 281 (325 1369 (463 |
Elbows Wd=6 113 1039 1053 1067 0.9 1314 _|1.50 |1.74 254 Gar 5oz ama laae 547 i
el = bend radivey [14=8 1161049 10.66 1083 [1.90 11,40 1184 1215 1276 1329 1409 1473 537 67
e dameror U 1H9=10_ 130 l0.91 123 156 12.06 12.62 1345 403 5.17 16,17 17,67 887 101 [126
| id=12 34  1.03 (140 (176 2_-§3_“2__Q7“.{§.9.‘4£_@..5§Qh 7.00 889 101 114 143
L,M,WH vt = 14 ‘33 115 1156 11.97 1261 13.32 1437 510 1655 5782 4872 13, i
195° Bends. Pipe Iiid= 16 42 127 (173 [218 2.88 (367 1483 564 723 864 1107 12, 0770
|Bends. Féﬂf;tqed =18 |45 1.37 /185 1233 13,00 1383 (5.8 1604 7751926 115133 151 188 |
|welced Elbows. fr/d 20 ) 152 |205 [259 343 437 [575 1671 |861 103 128 148 168 210 |
i 10.06_j0.08 10.10 0.4 i0.17 1023 027 1034 041 051 059 084
= 0.1210.16.0.21710.27_[0.35 0.46_10.54 1069 0,82 11.02_[1.18 1134 |1.68 |
‘ ; 024 1033 Jo41 105571070 1092 1107 11.38° 165 205 1237 | 'aaa.g;
;;_ la=45° 115 046 j062 1078 1103 [1.31 173 201 12.56 1300 (384 1444 1503 6.31
iiMitre Bends a=60° |27 1082 (191 1140 [1.85 [2.36 311 [3.62 1465 i.iﬁ“m 17,98 ‘.&Qﬁ 114 1
i a=75" 140 121 | 164207 275 | 3450*_545.()_45&32_\ 6&9_}&2&\-”1.‘{2,.2_@11_6._,13&5_“ ﬁﬁﬁ,'
a=90° 160 182 (247 1311 1412 1690 805 1034123 153 ,JJ_ZM&QJ RBR..
12:90° 20 061 082 1104 (137 1176 1230 1268 1345 412 511 1591 671 |84l
380350 11.0871.91 711,73 1201 12,68 (300 384 1444 503 631 |
1180° Bend ‘ﬁg‘gﬂ& 175 1228 1308 |389 [5.15 6.56 863 10.1 1129 .15.4 19.2 222 1252 1315 |
(Close R e At Mo T S B i PR WG Tt TR R
'Bend) pge lso . 250 (343 437 575 (671 @51 103 128 148 168 21.0
ramiard Tae  ThruFlow 120 06 1104 (147 1175 1230 (268 1345 1417 ] mwam«@m
;;S‘f'“l‘ff”.d_f’fw \Branch Flow 412 1525 1690 805103 123 ﬁ‘sa 1770201 2527
e Bie 690 805 1143 123 1153 ;177 201 1252 4
{Full Open_ | 182 [212 272 1325 404 467|530 1665
{fouieVelve (ki Onen- 5 (230 {268 1345 141.2 (511 59.1 671 841 |







Friction Loss in Pipe Fittings - Plastic Pipe, Schedule 40

He0 Standard
§IQQ1V s
i90° Long Radius |
1Eibow

06 252 345

BT ? SRR

;403 51? '617 76? 887‘

o ( e

ISG ..

=¥75 230 268 345 4?2!

EZSQL&E.&&EJQQEL 160 _8*0‘5,41333 ‘,]2L3 ‘1.5;1 J77 TAQ
:G0” Street Ethow B0 55 52 205 2_59_ 3&5.144_37_4JSNQZJ_JSLSJNJ.QS_ fgﬁ&lma_ﬁﬁdﬁn ,21 Sl....;
g?rag{‘g,r o?v"mein ?f__n;‘ 73 _f234 295 _7__}39]\[_@ 98 lg?s 1765 fg_gg 1.7 ;14.6 =1s.97 191 240
;g;osmda’d je 15 1046 1062 078 1103 (131 1173 201 258 309 13
{45° Street Elbow_{-- 26079 107 1135 179227 299 1349 [448 535

" 181055 (074 1093 [1.24 1.57 207 1242 131013,

o /21121036 1049 062 1082 *5_0_5 .135 L_ﬁjk,.‘g-ﬂ?
o gends PRSIy 10. 10.30 1041 052 0.9 0.87 1151134 (172 _ el
'Elbows, 9 111033 1045 1057 1076 0.96 127 148 11.89 13.25_369 1463
! Butt-welded r/d 4 111033 1045 1057 076 1096 1127 1.48 'L&HQW . 32"5.\“3,53 4. 6‘3_‘_
|Etbows =6 113 1039 1053 1067 (089 1.14 150 [1.74 224 267 1332 384 436 54T
| = bond radiu 48176 1049710.66 (083 (110 140 (184 215 152761329 4.0 1473 1537 67
pipe diameter - 123 {156 (2.06 262 345 403 (517 617 (767 887 10.1 126
34 140 [1.76 1233 (2,97 1391 [4.56 586 |7.00 18,69 10.1 1
14 156 (1,97 261 332 {437 5,10 16.55

190° Bends, Pipe wd=16 27 A173 218 288 (367 483 564 -Z..,ZSS ‘864 ! 1Q.IZ' 124
{Bends, Féar;ged =18 371185233 300 13,93 (518 16.04 (775 19.26 |115.133 (151 189
welded'Elhows. d=20  50- 1152 205 259 343° 437 575 1671 861 103 128 1148 168 210 |
a=0° 12 . 006 .08 QJQJD.LL‘} 0171023 ‘PQ,-_ZL 034 ;051 0.8 +052 067 1084

a=157 __4L 032 1016 QBJ 0,27 1635 1046 1054 1063 082 1.02 138 1134 (188 |
I a=30° 18 (024 1033 1041 0.55-0.70 1092 [1.07 136185, 208 1257 1268 336
la=45° 115 1046 1062 1078 103 |1.81 173201 1209 /384 444" 1503 631
IMitre Bends  [a=60° 27 082 .1.11 140 '1.85 1236 311 1362 455 {556 1690 17.98 9.06 114 |
§ Lﬁwlf’iw“iiﬁ 21 /1,64 i2.07 275 /350 460 537 1689 ,&23 10,2 111.8_ 134 1168
, 290" "Tla0 182 247 311 412 525 590 805 1034 123 153 177 1201 252
i 290" 20 061 02 104 137 1175 1230 2868 345 412 511591 671 841
{ium__._.Wﬁ._._._‘B“QQM el ,_Qﬁﬁ-_.ﬂ_ﬁ& ;Q.ZGMMQS 1.31_*;.? 732,01 (258 (300 &&4_ 1444 .03~ '6,.,31
[180° Bend EQ‘;& { 1308 389 515 656 1863 101 129 154 1192 222 1252 315
; Ciose Retum Lar I i "T"""'"“‘ S "" | R .
;s end) B;&fas 75 '6?1 861 103 |
S,ama,ﬂae " ThruFlow 20 1061082, 175 230 268 348 412
o _\Branch Flow (60 __ .1, Zﬂ..;ﬁ*l‘_” +‘33.2 15,25 690 805 [10.3. 323 ] 20,
Welding Toe =Fg[g§q,ww_b§5m‘wh3l 185 233 300 393 518 6.04 775 926 1133, 1
| velding 60182 247 1311 42 525 1690 1805 103 123 153 |17 z_,zo 31252
. 'Eﬂ?LQQQB vlﬁiqﬂlﬁa 849 1839 .JQJB 13.8_/182. gauza 325 1404 '4§J 153.0 ﬁ@..i '
§;Angie\r’aive ) guil Open- ‘200 3607 *822 104 a7






Friction Loss in Plpe Fittings - Plastic Pipe, Schedule 40
{Continued)

152 200 (251 [208 328 1375 422 470 666 (713 766 616 863
/90" Long Radius | ; -- 118 1910 [120 160 179 187 |25 253 B2 (338 |428 j459 7289 518 |
190° Sharp Elbow |- -.» 60 [30.3° 1399 50,1 150.7 1666 75.0 i84.4 1941 133 {143 153 1163 173 |
/90° Street Elbow === |50 253 [33.3 418 1497 547 €25 703 [784 943 (119 28 1136 fad _
190° Sharp Comer | i : ! i i { : i
Siost Bhow ol oc |67 288 lore 76 is7 leed 1713 (802 @94 107 135 145 1S5 j164 |
T Standard | __ 15 {758 [0.98 [125 1149 (164 [188 211 235 [28.3 356 [38.3 (408 M43
452 sgréé’;'_ejpglv b-. 96 131 1173 1217 1258 (284 1325 1366 1408 '490 |61.8_1664 (707 748 |
: Wd=1___118 9.10 1120 1150 [17.9 [19.7 1225 253 [282 %&_;4_5_,& 489 518 |
- ld=1-1/2 (12 6.07_ 1798 100 (119 1131 350 1169 188 e as a6 326 345
Bongende. Fbe md=2 170 (505|665 835 9.95 1109 1125 141 1157 1189 238 255 1272 1288 |
IElbows 9%% lgg=3 177 556 (7.92 9.19 (109 1120 13§ 155 172 207 1261 28.1 1289 316
|Buttwelded  id=4 111 556 1732 1919 109 {120 138 (355 17.2 1207 261 (281 299 31,6
{Elbows dd=6 (13 _|657 16.65 109 1129 142 1163 1183 1204 245 1309 332 353 374
d=8 _ |16_1800 106 134 159 17,5 1200 [225 (251 130.2 (380 1408 (435 460 |
f;”.‘,’)e Sg’r‘,ﬁaﬁg‘}’“ﬂmﬁ_g 301152 1200 251 298 1328 1a7.5 1422 147.0 [56.6 [71.3 1766 1816 863
| lid=12 |34 1172 226 1284 1338 (37.2 1425 |47.6 [53.3 |64.1 160.8 |86.8_ 924 [97.8 _
] Wd=14 138 1182 1953 1317 137.8 |41.6 475 1534 |596 |71.6 100.3 197.0 1103 109
196° Bands, Pipe |/d =16, |42 21.2_|27.0 36.]_|41.8 1459 [525 |50.1 1658 [79.2 |99.8 1107 (114 121
Bands, Féaned =18 _ (45 1227 1208 376 1448 [402 1563 1633 [705 848 107 1115 (122 1120
welded Elbows,_17d=20 |50 |253 1333 {418 j49.7 l54.7 |62.5 |70.3 (784 |94.3 [119 [128 (136 Lé_lﬁ#
@=0° 2 101 1133 (167 |1.89 (219 (250 1281 (314 |3.77 |4.75 1510 |5.44 (575
a=15° 14 (202 266 (334 1398 (437 (500 1563 16,27 17,54 _|9,50 1102 (108 1115 |
a=30° 8 1404 |532 |66 1796 1875 100 (113 _[125 [151 190 204 1217 [23.0
a=45° |15 758 [100 (125 (149 164 188 (211 [235 [28.3 356 [38.3 408 |43}
Mitre Bends  |a=860° 127  |13.6 180|225 [26.0 1205 |a3.8 1380 (423 1509 (641 1689 1734 776 |
=75 40 202 1266 1334 (398 437|500 |56.3 (6271754 (950 1102 1109 1115
la=90° 60 130.3 (309 (501 159.7 1656 (750 i84.4 (941 [113 143 153 |163_ (173
2-90° 201101 133 167 /199219 250 128.1_|314 1377 147.5_151.0 1544 575
3.90° 1576 1100 {125 1149 (164 188 (211 [235 [28.3 (356 138.3 408 43.1_|
180°Bend  (SM&l l75.ia7g lag9 l62e (746 1820 |938 105 |18 141 1178|191 1204 1216
Close Retum e A G 7 i - ‘ } - -
/Bend) Fadus |50 (253 1333 |41.8 1497 |547 1625 {70.3 [784 (943 119 (128 136 144
' Standard Tee  IDMu.Flow 120 101 1133 167 119.9 [219 1250 (281 1314 377 1475 51.0 [544 575
Branch Flow/60 1303 1399 501 159.7 1656 (750 fpa4 lai 1113 143 1183 1163 1173
Weldina Too  [Eorged (4571227 1209 376 448 149.2 1863 1633 1705 848 [107 1115 1122|129
(VEONG 158 Imitee 601303 1389 501 (597 1686 750 1844 (94,1 1113 (143|153 1163 (173
! Eull Open__ (158 (79.9 1105 182 1157 {173 1198 |222 i248 375 1403 [430_ la84 |
il r
Anglovale [l OPeN - 200 101 1133 [167 198|219 i250 (280 |30 (380 480|510 |s40 lsg0 |







Friction Loss in Pipe Fittings - Steel Pipe, Schedule 40
{Continued)

o)

-

30.62:3

‘Ball Valve

- ‘28 ,Qaf !%;,;T dr « fa
Fuil Qpen 1182200 _12.5] 12.98 ?3‘28 ‘3 75 5422 470 566

TBebalaass
37,66, _ra 161863

K, Fulpen. a0 Jo02 j256 (334 1398 7 J754 {166 {100 (110|120
i LR S e s i nguu — — * - e o T"' e
g =5 3 a2 200 1251 298 (8. {713 766 816 863 |
jhutiedly Valve o 10% 116 809 106134 159 175 200 225 .2 138.0 40.8_1435 460
: ;ggggimw‘as 4430 (565 1710 (846 930 1106 1120 nss 1160 {202 217 231 244
T T, ‘632 793 945 4&@%1.190!@340'1,490 1,790,2.260 2,420 12,580 12,730 |
‘ Balt -;.150 76E. 4988, 11257 149 164 JIB8 1241 1238 1083 1356 1383 140B 431 ¢
i (Cleanway 80 25,3 (333 1418 149.7 547 1625 70.3 784 1943 119 1128 _fxﬁﬁm_mﬁmi:
IGheck Vaive, Conventional| 133 67,2 1885 mt gsam 145 (166 (187 (208 1261 1316 1339 362 382
(Full Open iDists .. ;5{20-& 3&3# 333 7. 625 1703 784 1943 11,190 1.280 1136 11,400
| iHinged . 6.__ 13:2 A ‘*&5 1721207 1261 281 1299 316
: o Swing H:LQ 5| ﬁaﬁ\szﬁm_‘,E&ﬁm_g.ZiQﬁaﬁi__,i
- JFul Open, 0.7 22 282 339 [428 459 09 518 |
[ Cock Vaive ﬂé?r?gﬁfa 44 222 f293 236,? 543.3 ;48.1 555.0 ,619 590 83.0 1105 inz lmo 27
|Deeway, 140 708 934 | 183 1175 197 (219|264 333 o7 381 408 |
‘Dm hragm  LLullQpen f725v 32l 156176196 1236 _l2a7 5319_43494353
p g 134 Qpen_ (140 708 1931 AL ,175__ L..ﬂ_.... ZJ.Q 264 333 a7 3811403
e _1/20pen_ f235 119 1156 ;@@m_ég%, 257 294330 (368|443 1558 1600 1639 676 |
ootVaive U‘{\ﬁilt_&g;p ot lazo 212 279 1351 | 455 1591 658 f792 1,000 {1,076 1,140 {1,210
(W Strainer iwiah hinged dis 75 137.9_ 148.9 162 820 934 1305 11 1141 li7E 191 204 516
| [FulOpen 10 1506 685 1535 995 109 FEXMITR 157 118.9 1238 1256 1272 288
i Gale Valve /4 Cpen 35 1771233 [29.2 1348 383 143.8 49.2 1549 1660 |83.1 189.3 952 101
; d/2Qpen 160 809 106 334 159 175 1200 225 251 302 1360 408 1435 460
| /4 Open 1900 (455 1599 ;&LJ&&M 1,130]1.270] 141;,13,1‘2;&_31@_12 300.:2,450 12,590
‘Straight 1340 172 {226 284 1338 1372 425 478 533 (641 1808 868 924 978
: Rraght- 12 1470 238 (313 302 468 514 568 o6t (737 886 1,120 1,200 1,280 {1,250
i Win Ber 450 U DU ! i | ! |
|Globe Vaive, {Guided Disc "5‘?“3?3, j298 376|448 g2 s63 I3 705 lsds 1070 1150 1,220 1,290 |
(FutOpen — Y-pattem, o 175 (884 116 140|174 191 219 ‘240 |274 1330 416 447 476 503 |
‘Y‘paﬁs”,}ﬁo [145 733 59647 121 144 159 181 204 27 1273 laaa 370 394 417 |
907 Branch vE.lZQ 859 | 59186213 & J,ZQL_}QZL«MQL..M”%&&, 489 _ |
Branch ___ {90 455 539_ (75.2_189.5 (984 113 1127 141 1170 214 1230 245 |25 |
rﬁtmlgbﬂ'jlm 18 1910 ]Zﬂ 18,0 17 9 19.7 1225 253 ,2&2 L&'x&wﬁ&&...,Aé‘&_“é&,.&mgﬁl.&‘._?
E‘@’@YTM ;30 152 2{}(} 1251 298 328 37.5 422 !470 fsss 713 1766 816 1863 |
Wheei 1300 [152 200 261 |298 328 (375|422 470 566 1713766 816 jad_
Disk 1400 202 2@ 41308 437 500 1563 527 754 1950 11,020:1,090:1.150
APiston 1600 /303 1309 501 597 656 [75Q 844 (941 11,130 [1,4301,530 11,630 1.730)

Notes for Friction Loss in Pipe Fittings:

Values in Friction Loss in Pipe Fittings, Plastic Pipe, Schedule
80 were compiled,. adapted, and extrapcfated from:
Industrial Thermoplastic and Thermoset Piping Systems: A Manual
For Consulting Erég:ne&rs, FPlant Engineers, Process Engineers,

Poliution Control

225 Ol Brunsw;ckrgoad Piscataway, N.J 08854

ineers, Piping Estimators, 1980, PPS, inc.,

Values in Friction Loss in Pape Fittings, Steel Pipe, Schedule 40, are
based on the squation: L. = {LJ/d)"(d/12); where L is the Equivalent Langth it

feet and d is the actual !ns:de ‘Diarneter in inches.
Le/d was compiled from several sources including:

Filow of Fluids Through Valves, Fittings, and Pipe, Technical Pa-
per No. 410, Crane Company, Chicago, L., 1969,

Analysis of Water Distribution Systems, Thomas M. Walski, Van

Nostrand Reinhold Company, 1984.

Lyor’'s Encyciopedia of Valves, Jerry L. Lyons and Carl Askland,

Van Nostrand Reinhold Company, 1875,
PUMP NET

Piping Handbook, Sabin Crocker, McGraw-Hill Book Company, 1945.
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