Hydraulic Design
Sizing CPVC Pipe.

A FlowGuard Gold® system will use the same size pipe
that a copper system would for a typical residential
installation. For systems using larger sizes, design should
be based on fixture demand rates. A FlowGuard Gold®
system, unlike systems utilizing insert fittings for joining
the pipe, offers full-bore flow. This results in significantly
reduced head loss.

Design Velocity.

The process for establishing a limiting or maximum flow
velocity that is applicable to any piping material is not
well defined. For some materials, there may be velocities
that can create abrasion or erosion, but there is no evidence
that this occurs with CPVC piping under any known
operating conditions. An investigation of some CPVC
systems revealed that velocities of 7 to 17 feet per second
could be developed under maximum flow conditions.

A maximum design velocity of 10 feet per second is
typically utilized for both hot water and cold water CTS
CPVC systems (/2" through 2") and for TIPS CPVC hot and
cold water distribution systems 4" and smaller. A design
velocity of 5 feet per second is typically used for IPS
CPVC water distribution systems larger than 4". This design
velocity is based on both field experience and laboratory
investigation. The CPVC design velocity is different from
copper, which has a recommended maximum design
velocity of 5 feet per second for hot water and 8 feet per
second for cold water.

The system should be designed and installed utilizing
good engineering practices. To avoid water hammer,
quick closing valves are not recommended on 2" to 4" IPS
water mains when the velocity exceeds 5 ft/sec. It is
acceptable to have quick closing valves on the smaller
branch lines.
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FLOWGUARD GOLD

PIPE & FITTINGS

Hazen-William C Factor.

Hydraulic calculations for sizing of FlowGuard Gold®
pipe and fittings should be calculated using a Hazen-
William C Factor of 150. While both copper and CPVC
use a C Factor of 150 for new systems, as copper ages,
the ID of the pipe is subject to pitting and scaling causing
pressure loss to increase over time. Since a FlowGuard
Gold® system is not subject to pitting or scaling, the C
Factor will remain constant as the system ages.

Head-Loss Characteristics - Pipe.

The flow characteristics of water flowing through piping
systems are affected by several factors including system
configuration, pipe size and length, friction at the pipe
and fitting surfaces, etc. These and other factors cause a
reduction in pressure (head-loss, also expressed as
pressure drop) over the length of the system. This section
deals only with the head-losses that result from frictional
forces in the various sizes of CPVC pipe and fittings.

The following formulas were used to calculate water
velocities, head-losses and pressure drops as function of
flow rates. The results are given in Tables 7 thru 10.
Head-loss as a function of water velocity has also been
calculated and can be found in Tables 11 thru 14.

The Hazen-William formula can be used to adequately
describe these losses:

Head Loss Formula
H. = 0.2083(100/C)" x F.*/d**

Velocity Formula
V\v = 0-4085FR/(112

Where: H. = Frictional head loss (feet of water per 100 feet)
C = Hazen-William factor (150 for CPVC)
F- = Flow rate (gal/min.)
d = Inside diameter of pipe (inches)
Vw = Velocity of water (feet/second)
One foot of water = 0.4335 psi
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(Tavle 7)
FlowGuard Gold® Pipe
SDR 11 (ASTM D 2846)
Frictional Losses At Different Flow Rates

Flow 1/2" 3/4" 1"
Rate
GPM | Vu H. P. Vu H. P. Vu H. P.
1 171 319 138 080 050 022 048 015 0.06
2 342 1153 500 160 182 079 096 053 0.23
3 513 2443 1059 240 385 167 144 112 049
4 6.83 4162 1804 320 655 284 193 191 083
5 854 6291 27.27 400 991 429 241 289 1.25
6 1025 8818 38.23 479 1389 6.02 289 405 1.76
7 1196 117.32 5086 559 1847 801 337 539 234
8 1367 150.23 6513  6.39 2366 1026 3.85 6.90 2.99
9 1538 186.85 81.00 7.19 2942 1276 4.33 858 3.72
10 17.08 22711 9845 7.99 3576 1550 4.82 1043 452
15 1199 7578 3285 7.22 2211 958
20 1598 12911 5597 9.63 37.67 16.33
25 12.04 56.94 24.69
30 14.45 79.82 34.60
35 1686 10619 46,03
(Table 8)
FlowGuard Gold® Pipe
SDR 11 (ASTM D 2846)

Frictional Losses At Different Flow Rates
Flow 11/4" 11/2" 2"
GM VW H. P VWw H P VW H P
5 161 109 047 116 049 021 068 013 0.06
10 323 394 171 231 175 076 135 049 0.21
15 484 835 362 347 371 161 203 103 045
20 646 1423 617 463 633 274 270 176 0.76
25 | 807 2151 933 578 956 415 338 266 1.15
30 968 38015 1307 694 1340 581 405 373 1.62
35 11.30 4011 17.39 8.09 17.83 7.73 473 496 215
40 1291 5137 2227 925 2283 9.90 540 635 275
45 1452 63.89 27.70 1041 2840 1231 608 7.89 3.42
50 1614 77.66 33.66 1156 3452 1496 6.75 9.60 4.16
55 | 17.75 092.65 4016 1272 4118 17.85 7.43 1145 496
60 13.88 48.38 20.97 8.10 1345 583
70 1619 64.37 27.90 9.46 17.89 7.76
80 10.81 2291 9.93
) 1216 2850 12.35
100 1351 34.64 15.02
125 16.89 5237 22.70
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(Table 9)

Corzan® Pipe
Schedule 80 (ASTM F 441)
Frictional Losses At Different Flow Rates

Flow 21/2" 3" 4"
ém VW H P VW H P W H P
25 195 068 029 125 023 010 071 006 0.03
50 390 245 1.06 249 082 036 142 021 009
75 585 519 225 374 174 076 214 045 019
100 7.80 885 383 498 297 129 285 076 0.33
125 975 1337 580 623 449 195 356 1.16 0.50
150 11.69 1874 812 747 630 273 427 162 0.70
175 1364 2494 1081 872 838 363 499 216 093
200 1559 31.93 1384 996 1073 465 570 276 1.20
225 1754 3971 17.22 11.21 1335 579 641 343 149
250 1245 1622 7.03 712 417 1.81
300 1494 2274 986 855 585 254
350 17.43 3025 1312 997 7.78 3.37
400 1140 996 4.32
500 1425 1506 6.53
600 1710 2111 9.15
(Table 10)
Corzan® Pipe
Schedule 80 (ASTM F 441)
Frictional Losses At Different Flow Rates
Flow 6" 8" 10"
Qe ww H. P VW H P. VW H P
100 125 010 004 071 003 001 045 001 0.00
200 251 037 016 143 010 004 091 0.03 0.1
300 376 079 034 214 020 009 136 007 0.3
400 501 135 059 286 034 015 181 011 0.05
500 627 204 089 @357 052 023 227 017 007
600 7.52 2.86 1.24 428 073 032 272 024 0.0
700 877 38 165 500 097 042 317 032 0.4
800 10.03 4.88 211 571 124 054 363 041 0.8
900 11.28 606 263 642 154 067 408 051 022
1000 1253 7.37 320 714 1.87 081 453 062 027
1250 1567 1114 483 892 283 1.23 567 094 041
1500 1071 397 172 680 1.32 057
1750 1249 528 229 793 175 076
2000 1428 676 293 907 224 097
2250 16.06 841 365 1020 279 1.21
2500 11.33 339 147
3000 1360 475 2.06
3500 1587 632 274

Vu = Velocity of water (feet/second)
H. = Frictional head loss (feet of water per 100 feet)
P. = Pressure Loss (psi per 100 feet)
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(Table 11)
FlowGuard Gold® Pipe
SDR 11 (ASTM D 2846)
Frictional Losses At Different Water Velocities

Vu = Velocity of water (feet/second)

F= = Flow Rate (gal/min.)

H. = Frictional head loss (feet of water per 100 feet)
P. = Pressure Loss (psi per 100 feet)

Head Loss Characteristics - Valves and Fittings. In
addition to head losses that result from frictional forces in
the pipe, losses also occur when water flows through
valves, fittings, etc. in the system. These losses are
difficult to calculate due to the complex internal
configuration of the various fittings. Generally, loss
values are determined for each fitting configuration by
experimental tests and are expressed in equivalent length
of straight pipe. Typical equivalent length values for
valves and fittings can be found in Tables 15 and 16.

(Table 15)
Friction Loss in FlowGuard Gold® CTS
Valves and Fittings in Terms of Equivalent
Length (L) — Feet of Straight Pipe *'

Nominal Gate Globe Angle Swing Long Standard Standard
PipeSize Valve Valve Valve Check  90° Radius Tee Flow
Full Full Full Valve Elbow 90°0r45° Through Branch

Open Open Open Full Open Standard  Flow Flow
Elbow
1/2" 0.41 17.6 7.78 5.18 1.55 0.83 1.04 3.11
3/4" 0.55 23.3 10.3 6.86 2.06 1.10 1.37 4 .12
1" 0.70 29.7 131 8.74 2.62 1.40 1.75 5.25

11/4" 092 39.1 17.3 11.5 3.45 1.84 2.30 6.90
11/2" 1.07 456 20.1 134 4.03 2.15 2.68 8.05

2" 138 586 258 172 517 2.76 345 10.30

(Table 16)
Friction Loss in Corzan® IPS
Valves and Fittings in Terms of Equivalent
Length (L) — Feet of Straight Pipe "'

1/2" 3/4" 1"
' Fr H. P. Fr H. P. Fr H. P.
2 117 428 1.85 250 275 119 415 205 089
4 | 234 1544 669 501 993 430 831 740 3.21
6 351 3271 1418 751 2104 912 1246 1568 6.80
8 | 468 5572 2416 1001 3584 1554 1661 26.71 11.58
10 | 585 8424 3652 1251 5418 2349 2076 40.38 17.50
(Tabie 12)
FlowGuard Gold® Pipe
SDR 11 (ASTM D 2846)
Frictional Losses At Different Water Velocities
11/4" 11/2" 2"
Vu Fr H. P. Fr H. P. Fr H. P.
2 | 62 162 070 86 134 058 148 098 042
4 124 58 254 173 483 209 296 354 153
6 | 186 1243 539 259 1024 444 444 749 325
8 | 248 2117 918 346 1745 7.56 592 1277 553
10 | 31.0 3201 1387 432 2637 1143 740 1930 837
(Tabie 13)
Corzan® Pipe
Schedule 80 (ASTM F 441)
Frictional Losses At Different Water Velocities
21/2" 3" 4"
Vu Fr H. P. Fr H. P. Fr H. P.
2 26 071 031 40 055 024 70 040 0.17
4 51 257 111 80 198 086 140 143 0.2
6 77 545 236 120 420 1.82 211 3.04 1.32
8 103 928 402 161 715 310 281 517 224
10 | 128 1403 608 201 1081 469 351 7.82 3.39
(Tabie 14)
Corzan® Pipe
Schedule 80 (ASTM F 441)
Frictional Losses At Different Water Velocities
6" 8" 10"
Vu Fr H. P. Fr H. P. Fr H. P.
2 160 025 011 280 018 008 441 014 0.06
4 319 08 039 560 064 028 882 049 0.21
6 | 479 188 082 841 136 059 1323 1.04 045
8 | 638 321 139 1121 231 100 1764 178 0.77
10 | 798 485 210 1401 350 152 2206 269 1.17
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Nominal Gate Globe Angle Swing Long Standard Standard
PipeSize Valve Valve Valve Check  90° Radius Tee Flow
Full Full Full Valve Elbow 90°0r45° Through Branch

Open Open Open Full Open Standard  Flow Flow
Elbow

21/2" 165 70.0 309 206 6.1 3.3 4.1 12.2
3" 204 869 384 255 7.6 41 5.1 15.2
4" 2.68 114.0 503 33.6 10.0 5.3 6.7 20.0
6" Note2 Note2 Note2 Note2 154 8.0 104 30.2
8" Note2 Note2 Note2 Note2 19.9 106 132 297
10" Note2 Note2 Note2 Note2 24.9 133 16.6 499

Notes: 1) The BOCA National Plumbing Code
2) See data published by valve manufacturer
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