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Installed Characteristics

To display the installed characteristic graph, you must perform sizing calculations
for at least two sets of process conditions. After the sizing calculations have been
completed, select Installed Characteristics under Calculations on the Menu Bar.
If the process data entered is valid (see below), Alpha-1 will create the valve's
installed characteristic graph and display it in the Installed Characteristic dialog
box. The graph contains two vertical lines. These lines represent the minimum
and maximum calculated position open for the process conditions input.

Installed characteristics for two valves can be overlaid on the same graph to
depict the difference between them. To overlay two installed characteristic
graphs, select Overlay Installed Characteristics under Calculations on the Menu
Bar. Alpha-I will display the Installed Characteristic Overlay dialog box. The
current tag will be identified and tags which have identical process conditions will
be listed in a selection box. Click on the tag in the selection box that you want to
overlay and Alpha-| will create the graph. To overlay two installed characteristic
graphs, both valves must have been sized and saved in the same project for
identical process conditions.

Definitions:

Valve Characteristic - The relationship a specific valve or valve trim
combination exhibits between the position open of the valve and the flow rate
through the valve.

Inherent Characteristic - The characteristic of a valve under test conditions.
When a valve is tested for Cv (Valve Capacity) it is tested with a constant
pressure drop. The inherent characteristic of a valve is the relationship (graph)
between the position open of the valve and the flow rate with a constant pressure
drop.

Installed Characteristic - The characteristic of a valve (the relationship of flow
versus position open) when the valve is installed in actual process conditions.
This can vary substantially from the inherent characteristic as the pressure drop
across the valve decreases as the process flow increases.

Valve Pressure Drop - The amount of pressure a valve must dissipate to
operate the system at the desired flow rate. Valve pressure drop is determined
by the system characteristic. Every system has a pressure source. It could be a
pump, blower, header, tank etc. The valve pressure drop is the value of the
pressure source at a given flow rate minus the friction losses of the fluid at the
same flow rate, minus the elevation head, static head and/or branch pressure.
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In most systems the value of the pressure source decreases as the flow rate
increases, and the value of the friction loss increases as the flow rate increases.
The net effect is the valve pressure drop decreases as the flow rate increases.

Why is the Installed Characteristic important?

In most systems it is desirable for the installed characteristic to be somewhat
linear. This is represented by a straight line for an Installed Characteristic graph.
If the installed characteristic is linear, a given movement of the valve will provide
a consistent change in the flow rate regardless of whether the valve is operating
at a low or high position open. With a linear installed characteristic, the valve is
predictable to the other components of the control system.

Conversely, if the installed characteristic of the valve is not linear, the valve can
exhibit different gains (variable flow rate changes for the same position
movement) when throttling at a low position open compared to a high position
open. This can make the valve unpredictable to the other components of the
control system.

How else is the Installed Characteristic helpful?

The Installed Characteristic Graph visually shows you how much of the valve
span you are utilizing, if the valve will exhibit a high or low gain, and if you are
throttling near the closed or open position of the valve.

It is desirable to utilize a large portion of the valve span. This greatly increases
the accuracy of the valve. A control valve (valve, actuator and positioner) can
make a finite number of movements between fully open and fully closed. Each
movement can be equated to a specific change in flow rate. If the valve is sized
to utilize a large portion of its span, it can make smaller incremental changes in
flow rate. This can dramatically improve the accuracy and stability of the control
loop.

In most instances, the valve gain is related to the span of the valve. If the
installed characteristic graph is closer to vertical than to horizontal, the gain of
the valve will be relatively high. This means a small change in valve movement
will produce a large change in flow rate. If the gain is too high, the valve can be
"sensitive". If the installed characteristic graph is closer to horizontal than vertical,
the gain of the valve will be relatively low. A large change in valve movement will
produce a small change in flow rate. If the gain is too low, the valve can be
sluggish.
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It is not desirable to throttle near the fully open or fully closed position of the
valve. When throttling near the closed position, the torque can increase; the
valve is more likely to plug; and the inherent characteristic becomes undefined.
All of these negatively affect the performance of the valve. When sizing a valve to
throttle near the open position you run the risk of under-sizing the valve. The
valve may not be able to pass the capacity required to control the system.

What are the limitations of the Installed Characteristic?

In trying to determine if the valve is predictable to the other components of the
control system, the dynamics of the actuator and positioner can affect the
predictability. Most actuators do not have a linear relationship between output
torque, actuator volume or actuator travel. The linearity of positioners (I/P or P/P)
can vary based on the type and manufacturer.

If you are using system design values to predict the control valve's installed
characteristic, you will introduce error due to the safety factors and estimations
used in determining the system characteristic. Typically these errors will cause
the valve to have a higher pressure drop in actual service. This higher pressure
drop will change the position open at which the valve operates and can
significantly affect the installed characteristic.

Other systems can interact with systems you are analyzing and affect the
prediction of the installed characteristic. If your pressure source is a tank on level
control, as the level drops or raises, the pressure source (and thus the valve
pressure drop) changes unpredictably. This will have a negative impact on the
prediction of the installed characteristic.

How is the Installed Characteristic determined?
To determine the installed characteristic of a valve, Alpha-1 must first predict the
type of system in which the valve is installed. Alpha-I tests the input process

conditions against four models. If the conditions input meet one of the models,
Alpha-1 will calculate the installed characteristic.

© 2020, DeZURIK, Inc
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Definition of the four system models:

Model One - Valve inlet

pressure decreases as

the flow rate increases \
and the valve outlet

pressure increases as
the flow rate increases.
This is the typical
pumped system with a

medium to long run of
p|p|ng Flow

=——==Pressure Source
System Pressure

Pressure

Model Two - Valve inlet

pressure decreases as the
flow rate increases and the \
valve outlet pressure

remains constant as the
flow rate increases. This is
the typical pumped system
with a short run of piping
that has negligible friction
losses.

====Pressure Source
System Pressure

Pressure

Flow

Model Three - Valve inlet
pressure remains constant
as the flow rate increases
and the valve outlet
pressure increases as the
==Pressure Source  {|o\y rate increases. This is
System Pressure  tyical when the pressure
source is a header with a
medium to long run of

piping.

Pressure

Flow
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Model Four - Valve inlet
pressure remains
constant as the flow rate
increases and the valve
outlet pressure remains
constant as the flow rate
increases. This is typical
when the pressure
source is a header with a Flow
short run of piping that

has negligible friction losses.

=——=Pressure Source
System Pressure

Pressure

Based on the system model, Alpha-I predicts the maximum flow rate of the
system with the valve installed, and develops equations that predicts the inlet
pressure and pressure drop for any given flow rate. From these equations,
Alpha-l sizes the valve for 1% through 99% of the maximum flow rate and
determines the position open for each flow rate. This is the data used to plot the
installed characteristic graph.
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BAW / AWWA Butterfly Valves

Flow Characteristic 3-42" (80-1100mm)
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BAW / AWWA Butterfly Valves

Flow Characteristic 48-72" (1200-1800mm)
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BAW / AWWA Butterfly Valves

Flow Characteristic 78-120" (1950-3000mm)
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PEC Eccentric Plug Valves

Flow Characteristic
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PEF Eccentric Plug Valves

Flow Characteristic 3-20" (80-500mm)

100% /-

90% 7

80%

70%

60% -

50%

40% /

30% ——

20% //
o

10% —

Percent of Maximum Flow

"

-

0% =
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Valve Percent Open

© 2020, DeZURIK, Inc



PEF Eccentric Plug Valves ALPHA-I SIZING 4.3
Flow Characteristic Page 2 of 2
April, 2020
() DeZURIK

PEF Eccentric Plug Valves

Flow Characteristic 24-36" (600-900mm)
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BHP High Performance Butterfly Valves

Flow Characteristic

100.00%

90.00%

80.00%

70.00%

60.00% /

50.00%

40.00%

30.00%

Percent of Maximum Flow

20.00%

10.00% /

0.00% /r

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Valve Percent Open

© 2020, DeZURIK, Inc



BOS-US Resilient Seated Butterfly Valves ALPHA-I SIZING 4.5
Flow Characteristic Page 1 of 1
April, 2020
() DeZURIK

BOS-US Resilient Seated Butterfly Valves

Flow Characteristic
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BOS-CL Resilient Seated Butterfly Valves

Flow Characteristic
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VPB V-Port Ball Control Valves

Flow Characteristic
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RCV Rotary Control Valves

Flow Characteristic
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VELOCITY RECOMMENDATIONS

MAX. INLET VELOCITY — LIQUIDS

Body Material Velocity (Ft./Sec.)
Cast Iron 18
Carbon Steel 25
316 Stainless Steel 35
317 Stainless Steel 35
Alioy 20 35
Hastelloy C 35
Monel 35
C-5 Chrome Moly 35
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PROPERTIES OF SATURATED STEAM AND SATURATED WATER

Ahsolute Pressure Yacuum Temper- Heat of Latenl Heat Total Heat Specific Vofurme
. Inch Inches ature the af of Steam v
stqs I;:'Jf( O;CH?;IS of Hg t Liguid Evaporalior by [T Water Stean
P Menraas F Blulh, BrL/Ik. Bt ik, Gt per I Cii It per b,
0.08859 0.az 29.90 32018 0.0003 10755 107548 0.016022 3302.4
010 0.20 29.72 35.023 3.0%6 1073.8 1076.8 0.016020 29455
0.15 0.3 29.61 45453 13.498 1067.9 1081.4 0.018020 20047
020 0.41 29.51 53.160 21.217 1053.5 1084.7 0.016025 15263
025 0.51 29.41 59323 27.382 10601 1087 .4 0.016032 12355
0.30 0.61 29.31 64 484 32.541 1057 1 1089 7 0.016040 10397
0.35 0.71 291 68.939 36.992 1054 6 10916 0.016048 gogs
0.40 0.81 2911 72.889 40217 106824 10933 0.018056 7921
045 0.92 29.00 76,387 44,430 1050.5 1094.9 G.016063 708.8
050 1.02 28.90 79.586 47623 1048.6 1096.3 0.018071 g41.5
0.60 1.22 28,70 85218 53.245 1045.5 1098.7 0.016085 5401
070 1.43 249.49 890.09 58.10 10427 1100.8 0.016099 466 94
0.80 1.63 2829 94 .38 6239 1040.3 11026 Go16112 411.69
.90 1.83 2809 98,24 66.24 10381 1104.3 0.016124 368.43
1.0 204 27.88 101.74 69.73 10361 11058 0.016136 331.60
12 2.44 27.48 107.91 7590 1032.6 1108.5 0.016158 28096
1.4 2.85 27.07 113.26 81.23 10205 t110.7 0016178 24302
1.8 3.26 26.66 117.98 85.95 1026.8 1127 0.016196 214,33
1.8 3.66 26.26 122.22 30.18 10243 11145 3.016213 19185
20 4.07 25,85 126.07 94,03 10221 1116.2 0.016230 174,76
2.2 4.48 25.44 129.61 87.57 10201 11178 0.016245 158.87
2.4 4.89 25.03 132.88 100.84 10182 11190 0.016260 146 .40
26 529 24.63 135,93 103.88 1016.4 120.3 0016274 13580
28 570 24,22 138.78 106.73 10147 11215 0.016287 126.67
30 6,11 2381 141 47 109.42 1013.2 11226 0.016300 11873
33 713 22.79 147.56 11551 1009 .5 11251 0.01631 102 74
4.0 814 21.78 152,96 120.92 1006.4 11273 0.016358 20.64
4.5 218 20.76 157.82 128.77 1003.5 11293 0.016384 8303
5.0 10.18 18.74 162 24 130.20 1000.9 11311 0.0168407 73.532
55 11.20 18.72 166.29 134.26 958.5 11327 0.016430 67.24%
6.0 12.22 17.70 170.05 138.03 996.2 1134.2 0.016451 67,984
8.5 13.23 16.69 173.56 141.54 884 1 11356 Q.016472 57 506
7.0 14,25 15.67 176.84 144.83 921 1136.9 0.018491 53.6a0
75 15.27 14.65 179.93 147.93 980.2 11382 0.018510 50.284
8.0 16.29 13.63 182 96 165087 988 5 11323 0.016527 47.345
85 17.31 12 61 185.63 153.65 9868 11404 0.018545 44,733
9.0 18.32 11.60 1868.27 156.30 9B5.1 1141.4 0.016561 42402
9.5 19.34 10.58 183 80 158 .84 9836 11424 0016577 40310
10.0 20.36 9.56 183.21 161.26 9821 11433 0.016592 38420
1.0 2240 7.52 187.75 16582 9793 11451 0.016622 35.142
12.0 24 .43 5.49 201.96 170.05 976.6 11487 0.016650 32,304
13.0 26.47 345 205.88 174.00 9742 11482 0.016676 30.057
14.Q 28.50 1.42 209.56 177.71 9719 11496 0.016702 28,043
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PROPERTIES OF SATURATED STEAM AND SATURATED WATER

Fressure Temper- Heat of Latent Heat Total Heat Specilic Volume
Lbs, per 8g, In. ature the of of Steam Vv
Absolute Gage t Liqud Evaporation hg Water Staam
F £ Degrees F. Btu ! I, Btu' ik, Btu/lb. Cu A perlb Gl par L
14696 0.0 212.00 18017 3703 1150.5 0.016713 26.799
150 0.3 213.03 181.21 8607 1150.8 Q016726 26290
16.0 1.3 216.32 184,52 9676 11521 0016749 24 750
17.0 23 219 44 187 66 G656 11532 0016771 23385
18.0 3.3 222 41 180.66 863.7 11543 0.016793 22168
19.0 4.3 22524 193.52 961.8 11553 0.016814 21.074
20.0 5.3 227 96 19627 9601 11563 0.016834 20087
21.0 6.3 23057 198.90 554 4 1157.3 0.016854 18.190
220 73 233.07 201 .44 956.7 11581 0018873 18.373
23.0 g3 23549 203.89 9551 11520 0.0168%1 17.624
240 9.3 237.82 205.24 953.6 11598 0.016909 16 936
250 10.3 240.07 208 .52 852.1 11806 0.016927 16.301
26.0 11.3 242 25 210.7 850.6 1181.4 0.016944 157138
27.0 123 244,36 2129 9442 11621 0.016961 15.1684
28.0 13.3 246 41 214.9 a47.9 1162.8 0.016977 14 6B0O7
29.0 14,3 24840 217.0 946.5 11635 0.018993 14,1862
300 153 250.34 2183 945.2 11641 0017008 13.7436
310 16.3 25222 2208 9439 1164 .8 0017024 13.3280
320 17.3 25405 2227 9427 11654 0.017039 12.8378
330 183 255 B4 2245 9415 1166.0 0017054 125700
340 19.3 257 58 2263 940.3 1166.6 0.017069 12.2234
350 20.3 259.29 228.0 3391 1167.1 0.0170B3 11.8958
360 213 260.95 2297 9320 11677 0.017097 11.5860
aroe 22.3 2g2.58 2314 9369 1168.2 0017111 11.2823
38.0 233 264 .17 2330 935.8 116B.8 n.oi17124 11 136
390 2413 26572 22468 2347 1169.3 0017138 10.7487
400 253 267.25 236.1 933.6 1168.8 0.017151 10,4965
41,0 26.3 268.74 2377 8326 t170.2 0017164 10.2563
4240 273 270.21 2392 8315 11707 0.017177 10.0272
43.0 28.3 271.65 240.6 930.5 1171.2 0017189 g 5083
44.0 293 27306 2421 929.5 11716 0.07202 9 554
450 30.3 274 .44 2435 0286 1172.0 0017214 4.3988
46.0 31.3 27580 2449 927.6 1172.5 0.017226 52070
47.0 32.3 27714 246.2 026,68 11729 0017238 9.0231
480 333 278,45 247 B 9257 11733 0.017260 &.8465
49.0 343 279.74 2489 924 8 11737 0.017262 8.6770
50.0 353 281.02 260.2 9239 11741 0017274 R.5140
51.0 36.3 28227 2515 923.0 1174.5 0.017285 8.3571
52.0 37.3 283.50 2b2.8 azz.1 11749 0.017296 82061
530 383 28471 2544 921.2 1175.2 0.017307 80606
54.0 39.3 285.90 255 2 920 4 I_I?5 B 0017318 7.9203
550 40.3 287.08 256.4 818.5 11759 0.017328 7.7850
55,0 413 288.24 257 6 918.7 1176.3 0017340 T.6543
57.0 423 289.38 26588 ai7.8 1178.6 0017351 75280
58.0 4313 290.50 2599 370 t177.0 0.017362 7.4059
59.0 44,3 291.62 2611 6.2 t77.3 0017372 7.287%
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PROPERTIES OF SATURATED STEAM AND SATURATED WATER

Pressure Temper- Heat of Latent Heat Totar Heat Specific Volume
Lbs. per 5q. In, ature the of of Steam V
Absolute Gage t Ligguict Evaporation hy Viater Steam
Pr o Deorees F. Bius k. Eitu! s Blui i Cuo Il e b, T pet ke
60.0 453 29271 262.2 9154 1776 00173383 71736
g81.0 48.3 293.79 2683.3 9146 1177.2 0.017383 7.06830
62.0 473 294 86 264.4 NM3e 1178.2 0.017403 59558
63.0 4832 2095.91 285.5 9130 11786 0.017413 68519
64.0 49.3 296.95 266.6 2123 11789 0.017423 57511
65.0 50.3 20798 267.6 2115 11791 0.017433 6.6533
£6.0 31.3 256.99 268.7 910.8 1179.4 (1017443 6.5084
67.0 52.3 299.99 269.7 910.0 1179.7 0017453 6 4662
88.0 3.3 300.99 270.7 908,23 t180.0 0.017463 6.3767
89.0 54.3 30196 271.7 9085 1180.3 0.017472 5.2598
70.0 66.3 302 93 2727 907 8 1180.6 0.017462 6 2050
.0 56.3 303.89 2737 407 1 1180.8 0.017431 61226
720 7.3 304.83 2747 o065 4 11811 Q.17a01 6.0425
730 583 305.77 2757 8057 1181.4 Q017510 59645
740 593 306.68 27656 8050 11816 0.017319 EEEBB5
75.0 60.3 307.61 2775 904.3 11819 0.017529 5.8144
76.0 61.3 308 51 2785 903.6 11821 0.017538 5.7423
77.0 62.3 308.41 279.4 029 1182.4 0.017547 56720
78.0 633 31028 280.3 2023 t182.6 0.017556 5 6034
790 64.3 31117 2813 901.6 1182.8 (0.017565 . 5.5364
a80.0 652 3204 2821 a200.9 1183 1 0.017573 54711
81.0 66.3 312,80 2830 900.3 1133.3 0.017582 34074
82.0 67.3 31378 2839 299.6 11835 0.017591 53451
830 683 314.60 284.8 899.0 1183.8 0.017600 5.2843
84.0 69.3 31543 2857 898.3 1184.0 (.017608 B2
85.0 70.3 316,26 288.5 B97.¥ 1184.2 0.017617 51669
86.0 713 317.08 287.4 BT .0 1184.4 0.017625 511
87.0 723 317.69 288.2 894 .4 1184.6 0.017634 5.0546
39.0 733 318,69 2890 8358 11684 .8 0.017642 5.0004
89.0 743 319.49 2899 B9S2 1185 0 0.017651 49473
20.0 5.3 320.28 290.7 8946 1185.3 0.017652 4 89563
1.0 76.3 321.06 291.5 8539 11855 D.017o67 4 8445
892.0 7.3 321.84 2923 f893.3 11857 Q.017675 4.7947
83.0 78.3 322.61 2931 892.7 1185 D 0.017684 4.7459
940 78.3 323.37 293.9 8521 1186.0 0.0176582 4.6982
950 B0.3 32413 2947 8915 1186.2 0.017700 4.6514
950 81.3 324.88 2855 a91.0 1186.4 0.017708 46053
97.0 82.3 325.63 296.3 890.4 11868 0.017718 4 BE0B
8.0 B83.3 326.36 297.0 8E0 8 1186.8 0017724 4.5186
99.0 843 327.10 297.8 889,2 1187.0 0.017732 44734
100.0 853 327.82 2985 8886 11872 0.017740 4.4310
1010 86.3 328.54 2983 88581 11873 0.01775 4.3895
102.0 87.3 328.26 300.0 an7 5 1187.5 OM77e 4.3487
103.0 88.3 32557 300.8 886.9 1av.y 0.014778 4.3087
104.0 89.3 33¢67 J01.5 8586.4 1187.9 Dm7ee 4269
105.0 0.3 331.37 02.2 fa5.8 1188.0 0Dmr7a 4.2309
106.0 9t.3 J32.06 303.0 Bas.2 11882 0.01773 4193
107.0 923 33275 a03.7 B884.7 1188.4 001779 A4.1560
108.0 933 332.44 3044 8841 11885 0.01780 411085
109.0 4.3 33411 o541 BB3.6 1188.7 0.01781 1.0837
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PROPERTIES OF SATURATED STEAM AND SATURATED WATER

Prassura Temper- Heat of Latent Haat Testak Heal Spectic_Volume
Lhs per Sq. In. ature the af of Steam v
Abscluts Gage t Liguid Evapmration By Water Seam
= P Degress R Blullh, Biu! b Blur Ik, T ML e ih Cul e .
110.0 95.3 334,79 305.8 a83.1 1188.9 0.01782 4 (484
1110 u6.3 335.46 3065 8825 1189.0 0.01782 10138
t12.0 97.3 32 307.2 #82.0 1189.2 001783 Jaron
113.0 982 336.78 3079 aa1.4 11893 0.01784 33464
t14.0 093 337.43 308.6 Ba0.2 11895 0.01785 38138
115.0 1002 338.08 309.3 880.4 1189.6 0.01785 38813
116.0 101.3 338.73 309.9 799 1189.8 0.01786 38495
117.0 102.3 33037 3106 8793 1189.8 0.01787 3.8183
118.0 103.2 3a0.01 311.3 8798 11901 0. 787 37875
119.0 104.3 34064 3115 878.3 11202 0.01788 37573
120.0 105.3 34127 3126 8778 1180.4 G.01782 3727h
121.0 106.2 341.88 3132 8773 1190.5 001790 36883
fzen 107.3 34251 3138 a7e.8 11907 0.01740 3.66%90
123.0 108.3 34313 3145 8783 11908 0017 3.6411
1240 109.3 343.74 315.2 875.8 119808 n.o17ez 36132
125.0 110.3 34435 2158 8753 P#91.1 001792 3.5857
126.0 111.3 34496 316.4 874.8 1181.2 0.01793 J 5580
1270 1123 34556 3171 8743 1191.3 0.01794 3.5320
128.0 113.2 34615 377 8738 1181.5 0.01794 35057
1290 1143 34674 318.3 8733 1191 6 0.01795 3.1789
130.0 1153 347.33 330 a72.8 1191.7 0017936 3.4544
131.0 116.3 34792 3198 8723 11918 0017497 34283
1320 117.3 34850 3202 g71.8 1192.0 0.01797 3 4046
1330 118.3 34008 320.8 BT1.3 11821 001798 3.3802
134.0 119.3 349.65 321.4 B70.8 11922 0.01789 338682
135.0 1203 a50.23 3z2z2.0 8704 1192.4 0.01798 3.3325
136.0 121.3 350.79 3226 869.9 11925 0.01800 3.30m
137.0 1223 351.36 3232 8694 11826 0.01801 3.2861
138.0 1233 35182 323.8 868.2 11927 0.01801 3.2634
139.0 1243 352.48 3244 868.5 11828 0.01802 3.2411
140.0 126.3 353.04 325.0 868.0 1183.0 0.01803 3.2190
141.0 126.3 353.59 3255 867.5 11831 0.01803 31972
142.0 127.3 354.14 3261 8671 1183.2 0.01804 34757
143.0 1283 354,69 326.7 866.6 1193.3 0.01805 3.1546
144.0 129.3 356.23 3273 886.2 1193.4 0.01805 31337
14540 130.3 A55.77 327.a 885.7 1193.5 0.01806 3.1130
146.0 131.3 356.31 328.4 8652 1193.6 0.01808 3.0827
1470 132.3 356.84 329.0 B&64.8 1193.8 0.01807 3.0725
148.0 1333 35738 3295 864.3 11939 0.01808 3.0528
149.0 1343 35791 3301 8639 1194.0 0.01808 3.0332
150.0 1353 35843 3306 863.4 11941 0.0180% 30139
1520 1373 359.48 318 862.5 11943 0.01810 29760
1540 13¢.3 360.51 3328 g61.6 11945 o.Mz 28351
156.0 1413 361.53 3339 860.8 11947 0.01813 290
158.0 1433 362.55 335.0 §59.9 11949 0.01814 2 BETB
180.0 1453 36355 3361 859.0 11951 0.01815 2.B336
162.0 1473 364.54 337.1 8582 11953 0.01817 28001
164.0 148.3 36553 3382 B57.3 11955 0.01B18 27674
166.0 1613 366.50 3392 BSB.5 11857 0.0181¢ 27355
168.0 1533 367.47 340.2 a55.6 11958 G.01820 2.7043
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PROPERTIES OF SATURATED STEAM AND SATURATED WATER

Pressure Tempet- Heat of Latent Heat Total Heat Specific Volume
Lbs. per Sq. In. aturg the of of Steam v
Absolute Gage t Liquid Evaporation hg Water Steamn
- F Degrees F Btuilb i/l B!l Cu. # perlb. Cu. | per i,
1700 155.3 a6 .42 412 854.8 1196.0 0.01821 26738
172.0 157.3 369,37 3422 553.9 1196.2 0.01823 26440
174.0 1593 avo.n 343.2 8531 1196.4 001824 2.6149
176.0 161.3 37124 3442 852.3 1186.5 0.01825 2.5864
178.0 163.3 37218 345.2 B51.5 11867 0.01826 2.5585
180.0 165.3 373.08 346.2 B850.7 1196.% 0.01827 2.5312
1820 167.3 373,68 347 2 849.9 1197.0 0.01828 2.5045
184.0 169.3 374.88 3481 849.1 1197.2 0.01830 24783
186.0 1713 37577 3491 8483 1197.3 0.01831 2.4527
188.0 173.3 376 65 380.0 847 5 11975 0.01832 2.4276
18900 1753 7753 350.9 8467 11976 0.01833 2.4030
1920 177.3 378.40 351.9 B459 11978 0.01834 2.3790
194.0 179.3 379.26 35248 8451 1197.9 0.01835 2.3554
196.0 181.3 380.12 353.7 844.4 1108.1 0.01836 23322
188.0 1833 380.96 3548 8436 1198.2 0.01838 2.3095
200.0 185.3 381.80 3355 8428 1198.3 0.01839 2.28728
205.0 190.3 3B3.88 357.7 840.9 1198.7 0.01841 2.23349
210.0 195.3 385.91 3599 539.1 1199.0 0.01844 2187
215.0 2003 387.91 362.1 837.2 1183.3 0.01847 213315
2200 2003 38588 3642 835.4 1189.5 0.01850 2.08629
2250 2103 391.80 366.2 6336 11999 ¢.01852 204143
230.0 2153 393.70 3683 B31.8 1200.1 01855 1.99846
235.0 2203 395.56 3703 2301 1200.4 0.01857 1.95725
240.0 225.3 397.39 372.3 828.4 12006 G.01880 1.91769
2450 2303 389.19 3742 B264 12009 0.01863 1.87970
250.0 2363 400.97 376.1 8250 12011 0.01885 1.84317
255.0 240.3 402.72 378.0 823.3 1201.3 0.01868 1.80802
260.0 2453 404.44 3ra.9 B21.6 12015 0.01870 1. 77418
265.0 250.3 406.13 3817 820.0 12017 001873 1.74157
2700 2553 407.80 3B3.6 518.3 1201.9 001875 111013
275.0 260.3 409.45 385.4 816.7 12021 0.01878 t 67978
2800 265.3 411.07 J87.1 8151 12023 001880 1.65049
2850 2703 412 67 388.9 8136 12024 0.01B82 1.62218
2900 2753 414.25 390.6 812.0 12025 0.01885 1.59482
2356.0 280.3 41581 3923 810.4 1202.7 0.01887 1.56835
300.0 2853 417.35 394 0 8089 1202.9 0.01889 154274
320.0 3053 423.31 400.5 8029 12034 0.01899 1.44801
3400 3253 42899 406.8 737.0 1203.8 0.01908 1.36405
3600 3453 434,41 412.8 721.3 12041 0.01917 1.28910
380.0 385.3 43961 4186 7858 1204 .4 0.01925 1.22177
400.0 3853 444 60 424 2 780.4 1204 6 0.01934 1.16095
4200 4053 449.40 4206 775.2 1204.7 0.01942 110573
4400 4253 454 03 434.8 770.0 1204 B 0.01950 105535
460.0 4453 458.50 4398 7650 1204.8 0.01959 1.00021
480.0 4653 462 82 4447 760.0 1204.8 0.01967 096677
500.0 485.3 467.01 449 5 755.1 1204.7 0.01975 092762
520.0 505.3 471.07 454.2 7504 1204 5 0.01982 (r.80137
540.0 525.3 47501 4587 7457 1204 .4 0.019%0 085771
560.0 5453 478.84 463.1 741.0 12042 0.01898 0.82837
580.0 565.3 482 57 467 .5 736.5 12039 0.02006 79712
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PROPERTIES OF SATURATED STEAM AND SATURATED WATER

Pressure Temper- Heat of Latent Heat Total Heat Specific Volume
Lbs. per 5a. In. ature the of of Steam v

Absolute Gage i Liquid Evaporation hg Water Steam
F P Degreas T Blursib Biv/b. Blusle, - Cir. A e b Cu 1l poeer b
600.0 5853 486.20 4717 7320 12037 3.02013 076975
g620.0 605.3 489.74 4758 7275 1203.4 0.02021 0.74408
B40.0 6263 433.19 479.9 72341 1203.0 G.02028 0.71995
660.0 6453 496 .57 483 9 7188 1202.7 0.02036 0.69724
ER0.0 6653 493 86 487.8 7145 1202.3 0.02043 0.67581
700.0 6853 503.08 481 6 710.2 1201.8 0.02050 0.65506
720.0 7053 506.23 4954 706.0 12014 0.02058 {.63639
740.0 725.3 50832 4991 701.@ 1200.9 002065 061822
780.0 7453 51234 S02.7 697.7 12004 0.02072 0.60097
780.0 766.3 515.30 506.3 6336 11999 0.02080 0.58457
800.0 785.3 518,21 500 8 689.6 11894 0.02087 0.56896
8200 805.3 521.06 5133 6855 11988 .02094 0.55408
840.0 8253 523.86 516.7 581.5 11982 G020 0.53%88
B80.0 845.3 526.60 5201 BI7 6 1197.7 0.02109 0.52631
880.0 865.3 529 30 5234 587386 1167.0 0021168 0.51333
900.0 885.3 53195 526.7 6607 1186.4 002123 0,500
920.0 9053 534,56 530.0 665.5 11957 0.02130 0.48901
3400 8925.3 537.13 5332 6619 11851 002137 0.47759
960.0 945.3 529,65 5363 658.0 1184 .4 0.02145 0.46662
080.0 965.3 54214 5395 654.2 1937 002152 0.45600
1000.0 985.3 544 58 5AZ B 650.4 1192.8 002159 0.445086
1050.0 1035.3 550.53 5501 640.9 1191.0 002177 0.42224
1100.0 1085.3 556.28 5575 B31.5 11801 002195 0.40058
1150.0 11353 561.82 5648 6222 1187.0 002214 0.380713
1200.0 1185.3 567.19 5719 613.0 1184.8 002232 n.ag245
1250.0 1235.3 57238 578.8 603.8 11682.6 0.02250 034566
1300.0 12853 bV7.42 585.6 5246 11802 002269 0.329M
1350.0 1335.3 582,32 5922 5856 1177 .8 G.02288 031536
1400.0 1285.3 887 07 598 8 567.5 11753 0.02307 030178
1450.0 14353 591.70 605.3 567.6 11728 002327 0.28805
500.0 14853 596.20 g11.7 5584 11701 .02346 0.27719
1500.0 15853 604,87 £24.2 5403 1164.5 0.02387 0.25345
17000 16853 £13.13 B636.5 5222 1158 & 1.02428 0.23607
1800.0 1785.3 621.02 5485 503.8 1152.3 0.02472 0.21861
1900.0 1885.3 628 56 650 4 4852 11456 002517 0.20278
2000.0 1885.3 635 80 6721 466 2 1138.3 0.02565 0. 1B831
21000 20853 84276 6838 2467 1130.5 002615 017501
2200.0 21853 549 45 £95.5 4287 11222 0.02669 016272
2300.0 22853 655 89 fov.2 406.0 1113.2 Q.02727 015133
2400.0 23853 g62.11 719.0 3848 11037 0.02730 0.14076
23000 24863 66a.11 ik 3616 109333 0.02859 013068
2600.0 2585.3 673.91 Fdd4.5 3376 1082.0 0.02838 012110
27000 2685.3 G79.53 7573 23 1069.7 Q.03023 0.11194
2800.0 27853 684 96 7oy Z85.1 1055.8 0403134 0.103045
29000 2885.3 630.22 7851 2547 10393 0.03262 0.09420
3000.0 29853 695 33 B01.8 2184 1020.3 0.03428 0.08500
31000 3085.3 F00.28 8240 1623 9933 0.003681 0.07452
22000 38513 705.08 B75.5 56.1 9316 004472 0.05663
3208.2 3183.5 705,47 8060 .0 208.0 0.05078 0.05078
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I%

+ spacific valume. cubic feet per pauned
ho = 1okl heat of stear, Btu per pound

Prassure Sat.
Lbs. per Temp. Totat Tamparature — Degrees Fahrenbeit (¢
Sq. In.
Abs' Gage & a o o c (=] =] o =l a Lsl
1% P ' 350 400 500 600 700 800 200 1000 1100 1300 1500
150 0.3 {21303 | 'V |31.939 | 33,963 | 37.985 | 41,988 | 45875 | 48.964 | 53.946 | 57.926 | 61.905 | £9.858 | 77.807
hy 12162 1 12399 | 1287 3 | 13352 | 1383.8 | 1433.2 | 1483.4 [ 15345 | 15865 | 1693.2 | 1803 .4
200 53 {227.586 V 23900 | 25.428 | 2B.457 | 31 486 | 34465 | 37.458 | 40.447 | 43,435 | 46.420 | 52.388 | 58.352
hy 112154 [ 12392 | 12869 | 13349 [ 1383.6 | 1432.9 | 14832 | 15343 1 1586.3 § 16931 [ 18033
30.0 153 | 25034 'F 15855 | 16.882 [ 18.929 | 20.945 | 22,851 | 24952 | 26940 | 28 843 | 30.936 | 34 818 1 38.8045
hy | 12138 [ 1237.8 | 1286.0 | 13342 | 13830 [ 14225 | 14828 | 1534.0 { 1586.1 } 16929 1 1803.2
40.0 253 |267.25 | v 11.838 | 12624 [ 14165 | 15685 [ 17195 | 18699 | 20199 | 21,697 | 23194 { 26 183 | 29.1583
he p1211.7 | 12364 [ 12850 | 13336 | 13825 | 14321 | 14825 11533.7 | 15858 | 160827 [ 1803.0
a0.0 353 28102 | v 8424 (10.062 | 11.306 | 12529 | 13.741 | 14947 | 16,1530 1 17 350 | 18.548 | 20942 | 23.332
hy | 12089 | 12349 ( 12841 | 1332.9 | 13B2.0 | 1431.7 | 14822 | 1533.4 | 15856 | 16825 | 18029
&60.0 453 fe29271 _'V'_ 7815 | 8354 | 9400 | 10425 | 11,428 [ 12,446 | 13,450 [ 14452 | 15,452 [ 17.448 | 12441
hg | 1208.0 | 1233.5 | 1283.2 | 13323 | 1381.5 | 1431.3 | 1481.8 | 15332 | 1585.3 | 1632.4 | 1802 8
70.0 553 |30293] Vv 6664 | 7133 8032 8922 | 9793 | 10.659 | 11522 | 12.382 { 13.240 | 14952 | 16.661
hg | 1206.0 | 1232.0 112822 | 1331.6 | 1351.0 | 1430.9 | 14815 | 1532.9 § 15851 [ 1682.2 | 1802.4
&80.0 653 (31204 | v 5.801 B.218 | 7.018 | 7.794 | 8560 9.319 | 10075 | 10829 | 11 587 | 13.081 [ 14677
hg | 12040 {12305 | 12813} 1330.3 | 1380.5 | 14305 | 14811 | 15326 { 1584.9 | 16920 | 1802.5
90.0 753 (32028 v 5128 | 5505} 6223 68317 | 7800 | 8277 | 8950 9.621 | 10.290  11.625 | 12.956
fig | 1202.0 | 1228.9 | 1280.3 | 1330.2 | 1380.0 { 14301 { 1480.8 | 1532.3 | 15846 | 1681.8 | 1802 4
100.0 853 (32782 V 4580 | 4835 HBBR| 6216 | 6833 7443 B8.050| B655| 9.258 1 10460 | 11.65%
fg 1 1199.9 | 12274 | 1279.3 | 1328.6 | 1372.5 | 1429.7 | 1480.4 F 1532.0 | 1584.4 | 1691.6 | 18022
1200 | 1053 (34127 | V {3.7815]4.0786 | 46341 | 51637 | 56813 | 6.1928 | 65,7006 | 7.2060 | 7.7096 | B.7130 | 9.7130
hg | 11956 [ 12241 | 1277.4 | 13282 | 13784 | 14288 | 14798 | 1531 4 | 1583.9 [ 1681.3 | 1802.0
140.0 § 1253 | 35304 | v — 34861 | 30526 | 44110 | 48588 | 5.2995 | 5.7364 | 6.1700 | 6.6036 | 7 4652 | 8.3233
hg — 12208 112753 | 13268 | 13774 | 1428.0 | 14791 | 1530.8 | 15834 | 16909 | 1801.7
1600 | 1453 | 36355 V — 30060 ¢ 34413 | 3.84B0 | 4.2420 | 4.6285 | 50132 | 53945 | 57741 | 65293 | 7 2811
Fia - 12174 | 12733 | 13251 { 13764 [ 14272 | 14784 | 13303 | 15822 | 1690.5 | 1801 4
180.0 1653 (37308 | — — 2.6474 | 3.0433 | 34093 | 37621 | 41084 | 44508 | 47907 | 51289 | 58014 | 54704
}f‘: 12138 [ 12712 | 13240 | 13753 | 14263 | 14777 | 1529.7 | 1A82.4 { 16890.2 | 1801.7
2000 1853 | 38180 - — 2.3508 | 2.7247 | 30583 | 33783 | 36915 | 4.0008 | 43077 fA6128 | 52197 | 5.8219
v 12101 [1269.0 | 13226 | 1374.3 | 14255 | 14770 | 15291 [ 15819 | 16828 | 1800 3
2200 | 2053 |389.88 ig — 21240 | 246838 | 27710 | 3.0642 | 3.3504 | 36327 | 39125 | 41905 | 47426 {1 5.2913
74 — 12063 | 12669 | 1321.2 | 13732 1 14247 | 14762 (15285 | 15814 [ 16894 | 180068
2400 | 2253 |397.39] Mo — 19268 [ 2.2452 | 2.5216 { 28024 | 3.0661 [ 3.3258 | 3.5831 { 3.8385 | 1.3456 | 4 5402
Vv — 12024 [ 12646 | 12187 ) 13721 | 14238 } 1475.6 | 15279 { 158092 | 1680 1 | 18004
2600 | 2453 |404.44 | fir — - 20610 232809 2.5808 | 2 8256 | 3.06683 | 3.3044 | 35408 | 4.0087 | 1.4750
v — — 12624 13182 | 13711 | 1423.0 | 14745 | 1527.3 | 1580.4 | 1638 7 | 18001
2800 | 2653 |411.07 | hg — — 19037 | 21551 | 2.3909 | 26194 | 28437 1 306855 | 32855 | 3.7217 | 4 1543
v — — 12600 | 1316.8 | 1370.0 1 14220 | 14742 | 15268 1 16789 | 16884 [ 17994
3000 | 2853 | 41735 hg - — 17665 | 2.0044 | 2 2263 | 2 4407 | 26509 | 28585 | 3.0643 | 34721 | 38764
— — — 1257.7 | 13152 | 13689 1 1421.3 | 14736 | 1526.2 | 153794 | 16880 [ 17995
3200 | 3053 | 42331 ;‘: — 16462 | 1.8725 1 2.0827 | 2.2843 | 24821 | 26774 [ 2 8708 | 3.2538 | 3 8332
S — — 12552 | 13137 | 1367 8 | 14205 | 14720 | 15256 | 15789 | 16876 | 17993
3400 | 3253 |42800! V — — 15309 | 17581 | 195502 | 21463 | 23333 | 25175 | 2.7000 | 30611 | 34186
ig 12528 | 13122 | 1366.7 | 14196 | 14722 | 1528 3} 15784 | 1687 2 | 1799.0
3600 | 3453 [43441 ) V — — 1.4454 | 16525 | 1.8421 | 20237 + 22000 | 2 3755 1 25482 | 2 AR08 §3.2270
hyg — - 12503 | 13106 | 13656 | +4187 | 14715 [ 16424 | 1577.9 | 16863 | 17088
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PROPERT'ES OF SUPERHEATED STEAM V = specific volume, cubic feel per pournd
Mg = 1otal heat of stear, Blu pear pound
Pressure Sat.
Lbs, per Temp. Total Temperature — Degrees Fahrenheit {{}
Sq. In. S S S
A,E,S G?_.,ge : 5009 6000 700° 8OO~ Qoo 1a00= § 1100° | 1200= | 1300° | t400° | 15007

1.3606 | 15598 | 1.7410 | 1.913% | 20825 | 22484 | 2.4124 1 2.5750 | 2.7366 | 28973 | 3.0572
12477 [ 1309.0 | 13645 | 14179 1470.8 | 15238 | 15774 | 16316 { 18885 [ 17422 { 17985

1.2841 | 1.4763 | 1.6489 | 1.8151 | 1.8759 | 21338 | 2.2901 | 2.4450 | 2.6987 | 2.7515 | 2.80537
12451 | 1307.4 | 13634 | 1417.0 { 14701 | 16233 | 1576.9 | 16312 | 1686.2 1 1741.9 | 1793.2
1.2148 | 14007 | 1.5676 | 1.7258 | 1.8785 [ 20304 | 21785 | 2.3273 | 24739 | 26188 | 2.7647
1242.4 | 1305.8 | 1362.3 | 1416.2 | 1468.4 | 1522.7 | 1676.4 | 1630.8 | 16858 [ 1741.6 [ 1738.0

11517 | 1.3315 | 1.4226 | 1.6445 | 1.7918 | 1.8363 | 20790 | 2.2203 | 2.3605 | 24998 ; 26384
12397 | 1304.2 | 13611 1 14153 | 1468.7 | 15221 { 15759 | 16304 | 16855 | 1741.2 | 175977

1.0939 | 1.2691 | 1.4242 {15703 [ 1.7117 | 1.8504 | 18872 | 21226 | 2.2565 | 23903 | 2 5230
1236.9 | 13025 | 13600 | 1414.4 | 14688.0 | 1621.5 [ 1675.4 | 1629.8 | 16851 [ 17409 | 17974
10409 [ 1.2115 | 13615 | 1 5023 | 1.6384 | 1.7716 | 1.9020 | 2.0330 | 21619 | 22300 [ 24173
1300.8 | 1358.8 | 1413.6 | 1467.3 | 15209 [ 15749 ] 16295 | 16847 [ 17406 [ 1767.2
058319 | 1.1584 | 1.3037 | 1.4397 | 1.65708 | 1.60982 | 18256 | 1.8507 | 2.0748 | 24877 | 2.3200
12312 | 12981 | 1357.7 [ 1412.7 | 1466.6 | 1520.3 | 1574.4 | 1629.1 | 16844 | 1740.3 [ 1796.5
0.89466 | 1.1084 | 1.2504 | 1.3813 | 1.5085 | 1.6323 [ 1.7542 | 1 8746 | 1.9340 [ 21125 | 2.2302
12283 | 1297.4 | 13665 | 1411.8 | 14659 | 15197 | 15739 | 1628.7 { 168B4.0 | 17400 | 1786.7

0.8045 | 1.0640 | 1.2010 [ 1.3284 | 14508 | 1.5704 | 1 6BA0 | 1.8042 | 19183 | 2.0336 | 2.147t
12253 | 12957 | 1355.3 [ 14109 | 1465.1 § 15191 | 1573.4 [ 1628.2 | 1683.6 [ 1739.7 | 1796.4

0.8653 | 1.0217 | 1.1552 [ 1.2787 | 1.3972 | 1.5120 { 1.8266 | 1.7388 | 1.68500 [ 1.9603 | 2.0699
12222 | 12939 | 1354.2 | 1410.0 | 146844 [ 13186 | 15729 | 1627 8 | 16833 { 17384 | 17961

08287 | 09824 | 11125 [ 1.2324 | 1 3473 | 1.4593 | 1.5893 | 18780 | 1.7855 | 1.8921 | 1.9280
12191 [ 12621 | 1353.0 | 1409.2 | 1463.7 | 15180 | 1572.4 1 1627.4 | 16829 1 1739.1 | 17252

38007 3653 | 43961

400.0 | 3853 | 44460

4200 | 4053 | 449.40

4400 | 4253 | 454.03

4600 ] 4453 | 458.50

480.00 | 4865.3 | 462.82

a00.00| 4853 | 467.01

52001 5033 | 471.07

540.0 ] 5253 (475.01

560.0 [ 5453 | 478.84

5800 | 5653 | 48257

FIF<IFlg<lg<ig=ig<ig=<lIF<IF<iF=|
Py
[ %]
=

600.0 | 585.3 |486.20 0.7944 1 3.8456 | 1.0726 1 1.1892 | 1.3008 | 1.4093 | 1.5¥60 { 1.6211 | 1.7252 | 1.8784 | 1.9309

12159 112903 | 1351.8 | 1408.3 | 1463.0 | 1517.4 | 1571 9 { 16270 | 16826 {17388 [ 17956
(.7173 | 0.8634 | 0.89835 | 1.0929 | 1.1969 | 1.2974 | 13969 | 1.4844 | 1.5000 | 1.6864 | + 7813
1207.6 | 1285.7 | 1348.7 | 1406.0 | 1461.2 | 15159 | 1570.7 | 16250 | 16816 | 17380 | 17949
- 0.7928 [ 0.5072 | 1.0102 { 1.1078 { 1.2023 { 1.2948 [ 1.3858 | 1.4757 | 1 5647 | 15530
— 1281.0 | 13456 | 1403.7 | 1459.4 { 1514.4 | 1569.4 | 16248 | 1680.7 | 1737.2 | 17943

- 07313 | 0.840%9 1 0.9386 | 1.0306 } 1.1195 1 1.2083 | 1.2816 | 1.3759 | 1.4402 | 1 5419
— 12761 [ 13425 1 14015 [ 14576 | 1512.9 1 1568.2 } 1623.8 | 16738 | 17364 [ 17236

— 06774 | 0.7828 | 0.8750 | 0.9631 | 1.0470 | 1.1285 | 1.2093 | 1.2885 | 1.3669 | 14446
— 12711 | 13393 [ 13821 [ 14558 | 1911.4 | 1566.9 | 16227 | 16789 {17367 ;17029
0.6296 | 0.7315 | 0.8205 | 0.9034 | 4.9830 | 1.0806 | 1.1366 | 1.2115 | 1.2855 | 13568
12669 | 1336.0 [ 1396.8 | 1454.0 [ 1510.0 | 1565.7 | 16216 { 1678.0 { 17349 { 17923

— 0.5869 | 0.6858 (0.7713 1 0.8504 | 0.9262 | 0.9998 | 1.0720 | 1.1430 | 1.2131 | 1 2825
— 12606 | 13327 | 13944 | 1452.2 | 1508.5 | 1664.4 | 16206 | 1677.1 [ 17341 (17918

— 05485 | 0.6449 | 0.7272 | 0.8030 | 0.B753 | 0.89455 | 1.0142 | 1.0817 | 1.1484 | 1.2143
— 12551 | 13203 | 1392.0 | 1450.3 [ 1507.0 1563 2 | 1619.5 | 1676.2 [ 17333 | 17910

— 0.5137 | 0.6080 | 0.6875 | 0.7603 | 0.B285 [ 0.8968 | 0.9622 | 1,0266 | 1.0901 | 1.1529
— 12493 { 13259 | 13896 | 1448.5 | 15054 [ 15612 | 16184 | 16753 [ 17325 | 1790.3

— 0.4521 1 15745 | 0.6515 | 0.7216 | 0.7881 | 0.6524 | 09151 | 09767 | 1.0373 | 1.0973
— 1243.4 | 13224 | 1387.2 | 14466 | 1503.9 | 1560.7 | 1647.4 | 16744 [ 1731.8 | 17895

— 04531 | (15440 | 0.6188 | 0.6865 | 0.7505 | 0.8121 | 0.8723 | 0.9313 | 0.9694 | 1 (468
12373 | 13188 | 13847 | 14447 | 15024 [ 1559.4 | 16163 | 16735 [ 17310 [ 1785.0

— 2.4263 | 0.5162 | 0.5889 | 0.6544 | 0.7161 | 0.7754 | 0.8332 | 0.8899 | 0.9456 [ 1.0007
— 12308 | 1315.2 | 1382.2 | 1442.8 | 15009 [ 1888.1 (16152 | 16726 { 1730.2 [ 1788.3

6500 | 6353 |494.89

7000 | 6B5.2 |503.08

7500 ( 7353 |510.84

8000 7853 51821

8500 8353 |52524

2000 | 8853 |531.95

3500 | 9353 | 538.39

1000.0 ] 9853 | 54458

1050.0 | 10353 | 550.53

1000 | 10853 | 556 28

1150.0 | 1135 3 | 561.82

FlF<lF<iF<lg=liF<iF<iz<U<dF<iz<|
|
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ALPHA-I REFERENCE INFORMATION ALPHA-I SIZING 5.3
Properties of Superheated Steam Page 3 of 3

(7 DeZURIK e
PROPERTIES OF SUPERHEATED STEAM Vo anecific wplume. aubis fes per pound
frg = lolad hiesl b stesrn, Blo per oo
Pressure Sat.
Lhs. per Temp. Total Temperatiure — Degreas Fabhirenbeit ()
8900
AbS Gage [k o =] o n L] n (=] ‘. o 4] n
pi 5 ¢ 650 700 750 A00 900 1000° | 1100 T200% | 13007 [ 1400 1500

1200.0 | 1185.3 | 56715

0.4497 10,4905 1 0.5273 | 0.0815 | 06250 | 0.6845 | 07478 | 07974 | 0.8215 | 3 H0L5 | 0.9584
12718113115 | 13469 | 1373.7 | 14408 § 14984 | 15569 | 1614.2 | 1671.6 | 17234 } 17BV 6

14052 | 0.44571 | 0.4804 | 0.5120 { 0.57208 | 0.6287 | 0.6822 | 0.7341 { 0.7847 | 0.8345 | } BE36
12619 4 1303.9 | 1340.8 | 1374.6 1 14371 | 1486.3 | 15543 1 1612.0 | 1668 8 | 17279 [ 17863

(.3667 | 0.4059 | 0.4400 | 0.4712 | 0.5282 { 05809 | 0.B31 | 06798 | 07272 | 0.7737 | 08195
12514 112861 | 13345 [ 13693 | 1433.2 | 1493.2 | 15518 | 1609.9 | 1668.0 | 1726.3 | 1785.0

03328 | 3717 1 04049 | 04350 | 0.4894 | 0.53394 | 05869 | 06327 | 06773 (07210 | 0.7639
12402 | 12879 | 13280 | 136840 | #4292 | 14901 | 15492 | t&07.7 | 16662 | 1724 8117837

03026 | 0.3415 | 23741 | 0.4032 | 045585 | 0.5031 | 0.5482 | 0.5915 | 06336 | 0.6748 | 0.7153
12283 | 12794 | 13214 | 135B.5 | 1425.2 | 14B6.3 | 1546.6 | 1605.6 | 16864 3 1 1723.2 | 1782.3
0.2754 {03447 | 03465 | 0.3751 | 04255 | 04711 | 0.5140 | D 5552 | 058951 [ 0.6341 | 06724
12153 | 12705 | 1314.5 [ 13629 | 1421.2 | 1483.8 [ 1544.0 | 16034 | 16625 | 1721.7 | 17810
0.2505 | 0.2906 | 0.3223 | 0.3500 | 0.53988 | 04426 | 0.4836 | .5229 | 0.5609 | 0.5980 | 0.6343
12012 | 12611 | 1307.4 | 1347 2514171 14808 | 1541 4 | 18012 | 1660.7 | 17201 117797
0.2274 | 02687 | 0.3004 | 03275 {0.3749 | 04171 | 0. 4565 | 0.4940 | 0.5303 | 0.5656 | B 6002
1857 | 12513 | 1200.2 13414 { 14129 | 14774 | 15388 | 13991 | 1658.8 | 17186 17764
0.2056 | 0.2438 | 0.2B05 ; 0.3072 | 0.3534 | 0.3942 | 04320 | 04650 | 0.5027 | 0.5365 | 0.5695
11683 | 12400 | 1292 6 ; 13354 | 1408.7 | 14741 | 1536.2 | 1596.9 | 1657.0 (1717.0 | 17771
01847 | 0.2304 | 0.2624 | 02833 { 03339 | 0.3734 | 04090 | 0.4445 1 0.4778 | 0.5101 [ 0.5418
11485 | 12298 | 12B4.0 1 13203 (14044 | 14709 | 15336 | 15947 { 166562 | 17184 | 17757

01836 | 0.2134 | 0.2458 | 0.2720 (0.3161 | 0.3545 | 0.3897 | 0.4231 | 04551 | C.4862 | 0.5165
12392 | 1180 | 12768 [ 13731 | 14000 | 1467.6 | 15309 | 16025 | 1863.3 | 17139 | 17744

13000 [ 12853 | 57742

14000 [ 13853 | 687 .07

1500.0 § 14853 | 59620

1600 0 | 1585.3 | 604.87

1700.0§ 16823 | 613.13

1800.0 | 17853 | 621.02

1800.0 | 1885.3 | 62B.56

2000.0 | 1885.3 | 635.50

2100.0 | 2085.3 | 64276

2200.0 | 2185.3 [ 649.45

i<l eigala<iz<lg<is<lg<l F< F<|

|
i
§
i

— (.1975 | 0.2300 | 0.2566 | 0.2999 | 0.3372 | 0.3714 | 0.4035 | 04314 | 04643 | (1.4335
— 1205.3 | 12684 [1216.7 | 13957 | 1464.2 | 15283 | 1590.3 | 1685615 { 17123 | 17731

— 1824 [ 0.2164 | 0.2424 | 0.2850 | 0.3214 | 0.3545 | 0.3856 | 04155 | 0.4443 | 0.4724
— MG [ 12587 | 12101 | 1391.2 | 14609 | 15256 [ 15881 | 16406 {17108 [ 1771 8

- 1681 [ 0.2032 | 02243 | 0.2712 | 03068 | 0.3390 | 0.3692 | 0.35980 | 0.4259 | 0 4525
— 1178.7 1 12506 | 1303.4 | 13B6.7 | 1457.5 | 15229 | 15859 | 1647.8 [ 1700.2 | 1770 4

— 0.1544 1 0.1909 1 02171 | 0.25685 | 0.2933 | 0.3247 | 0.3540 | 0.2B1D | 041088 | 0 1350
— 11602 1 1241.1 | 12865 | 13821 | 14541 [ 15202 | 1683 7 | 16460 | 17077 | 1769 1

— 01411 101784 [ 0.2058 | 02468 | 02809 | (L3114 10,3399 | 02670 | 0.2831 | 0.4184
11420 [ 1231.1 [ 12B9.5 | t377.5 | 145807 | 15175 [ 1581.5 | 16441 [ 17061 | 1767 §

— 0.1278 | 0.1685 | 019562 | 0.2358 | 02693 | 0.2991 | 0.3268 | 0.3532 | 0.3785 | 0.4030
— 1121.2 1 12206 {12822 | 13728 { 1447.2 { 15148 | 1679 3 | 16842.2 | 1704.5 | 17665

— 0.1138 | 01581 | 01853 | 0.2256 ] 0.2585 | 0.2877 | 0.3147 | 0.3403 | 0.3645 | 0.38B7
— 10953 [ 12036 ; 12747 | 1368.0 ] 14437 | 153121 [ 1577.0 | 18404 {1 1703.0 | 17652

— 00982 | 01483 [ 01750 | 0.2161 | 02484 | 0.2770 | 0.3033 | 0.3282 | 0.3522 | 0.3753
— 1060.5 | 1197.9 | 1267.0 | 1363.2 | 1440.2 | 1509.4 | 15748 | 16385 | 17014 | 7638

— — 01380 : 01671 | 0.2071 | 0.2390 | 0.2670 | 0.2927 | 03170 | €.3403 | 0.0628
- — 118504 | 12581 | 1358.4 | 1438,7 | 16066 | 15726 | 16367 | 16038 | 17625

— 0.1300 | 0.1588 | 01987 | 0.2301 | O.2576 | 0.2827 | 0.23065 | 0.3281 | 0.3510
32000 | 3185.3 | 705.08 —_ o 111723 | 12509 | 1353.4 | 14934 | 1509.8 | 15703 | 1634.8 | 1698 2 | 1761,

— — 01213 | 01510 | 01908 | 0.2218 | 0.2488 | 0.2734 | 0.2966 | 0.3187 [ 0.3400
- — 1158.2 | 12425 | 13484 | 142095 | 1501.0 | 15681 | 162393 | 1696.7 | 17599

24000 | 33853 — — 01120 | 0.1435 | 01834 | 0.2140 | 0.2405 | 0.2646 | 0.2872 | 0.3088 | 00296
11432 [ 12337 | 13434 | 14259 | 14983 [ 16658 | 1631.1 | 1B95.1 | 17585

2300.0 | 22853 |6550.89
2400.0 ; 2386 3 | 862 11
25000 ; 24853 | 663,11
2600.0 | 25853 (67391
27000 | 26853 (67352
2800.0 | 2785.3 | 684.96
2500.0 | 28B5.3 | 690.22
30000 | 29853 | 659532

3100.0 | 30853 | 70028

<l F<iF<lF<lF<iz<ig<lF<I F<|
I

&

32000 | 32852 —

=l F=<|

&
|
i
|
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ALPHA-I REFERENCE INFORMATION
Properties of Superheated Steam and Compressed Water

() DeZURIK

ALPHA-I SIZING 5.4
Page 1 of 1
April, 2020

PROPERTIES OF SUPERHEATED STEAM
AND COMPRESSED WATER

Vv

fi

= specilic valume, cois e eor poong
= tata heat al slean. Biu per paund

Al
P::g?;ﬁ:g Total Termperature — Degrees Fahrenheit ()
Lbs. per o o a a p @ o o
Sq. In. 200 400 500 800 700 g0¢ a00® | 1000° [ 1100° | 1200° | 1300° | 14007 | 1500°
3500 V |00164 | 0.0183 | 0.0199 | 0.0225 | 0.0307 | 0.1364 | 0.1784 | 0.2066 | 0.2326 | 0.2563 | 0.2784 | 0.2995 | 0.3198
ha 1760 | 3791 4B76] 6084 | 7794 | 12246 | 13382 | 14222 | 14055 | 1563.6 | 16292 | 168936 [ 17572
3600 Vo |0M64 [ 0.0183 {0.0198 | 0.0225 | 0.0302 | 0.1206 | 01697 [ 0.1096 | 0.2252 | (0.2485 | 0.2702 | 0.2908 | 0.3106
hy 1763 | 3793 48767 68081 | 7751 | 12163 | 1333.0 | 1418.6 | 14926 [ 15661.3 {16273 [ 16920 | 17359
3800 | V| 00164 | 0.0183 | 0.0198 | 0.0224 | 0.0294 | 0.1168 ] 0.1574 | 0.1868 | 0.2116 | 0.2340 [ 0.2549 | 0.2746 | 0.2938
hg | 1767 | 3795 4877 6075 | 7684 | 11955 {13224 | 14112 | 1487.0 ; 15568 | 1623.6 | 16889 | 1753.2
4000 | V | 00164 | 0.0182 | 0.0108 { 0.0223 | 0.0287 | 0.1052 | 0.1463 | 0.1752 [ 01994 § 0.2210 | 0.2411{ 0.2601 | 02783
fig 177.2 | 379B( 4B7.7 | 6069 | VB3.0|11743 (13116 | 14036 | 1481.3 | 1552.2 { 1618.8 | 1685.7 ; 1750.6
4200 | v | 0.0164 | 0.0182 {00107 | 0.0222 | 0.0282 | 0.0845 | 01362 | 0.1647 | 0 1883 § 0.2093 | 0.2287 | 0.2470) | 0.2645
hg 1776 3801 4878 | 606.4 | 7586 | 1151.6 | 13004 | f306.0 | 1475.5 ] 1547.6 | 1616.1 | 1682.6 | 17480
4400 v | 00164 | 00182 | 0.0197 [ 0.0222 | 0.0278 | 0.0846 1 0.1270 | 0.1552 | 0.1782 {0.1986 | 0.2174 | 0 2381 | 1.2518
hg 1781 3804 | 4879 | 6059 | 7548 | 11273 (12800 | 13883 | 1468.7 | 15430 | 16123 | 16794 | 17453
4600 VYV o|00ed | 0.0182 (0.0197 | 0.0221 | 0.0274 | 0.0751 | 0.1186 | 0.1465 | 0.1691 | 0.1883 | 0.2071 | 0.2242 | 0 2404
hg 1785 3807 48781 6055| 751.5| 11000 | 1277.2 | 1380.5 | 1463.9 | 15384 | 1608.5 | 1676 3 | 17427
4800 | Vv | 00164 | 00182 {0.0196 | 0.0220 | 0.0271 | .0665 | 0.1109 [ 0.1385 | 0.1806 | 0.1800 | 01977 | 0.2142 | 0.2299
hg 1790 3808 | 488.01 €05.0| 748.6 | 1071.2 12652 | 1372.6 | 1458.0 | 15338 [ 16047 | 168731 | 1740.0
5200 Vv | 00164 | 80181 (00196 | 00215 | 0.0265 | 0.0531 | 0.0973 | 0.1244 | 0.1458 | 0.1642 [ 01810 | 01966 [ 0.2114
et 1799 | 3815 4882 6043 7437 | 10169 | 1240.4 | 1356.6 | 1446.2 | 1524.5 [ 15872 | 1666.8 | 1734.7
5600 V| 0.0153 | 0.0181{0.0195 { 0.0217 | 0.0260 | 0.0447 | 0.0856 { 0.1124 | 0.1331 | 0.1508 | 0.1667 | 0.1815 | 0.1954
hy 1808 [ 2821 4BB.4 | 603.6 | 739.68| 9750112148 [ 13402 | 1434 3 1156152 | 16896 [ 1660.5 [ 17295
6000 | V | 0.0163 | 0.01B0 [0.0185 ] 0.0216 | 0.0256 | 0.0307 | 0.0757 {0.1020{0.1221 [ 0.1381 | 0.1544 | 0.1684 [ 0.1817
hy 1817 | 3827 | 4886 60281 736.1 | 9451 | 11888 {13226 | 14223 | 150560 | 15820 | 16542 | 17242
8500 | ¥ | 0063 | 0L.0180 | 0.0194 | 0.0215 1 0.0252 | 0.0256 | 0.0655 { 0.0000 | 01104 | 0.1285 | 0 1411 | 0.1544 | (1888
hg 182.8 | 383.4| 4889 6023} 7324 | 9195 11563 | 13027 [ 14073 |, 14842 | 1572.5 | 1646.4 | 1717.6
7000 v oo 63 | 0.0180 | 0.0193 { 0.0213 1 0.0248 | 0.0334 [ 0.0573 | 0.0816 | 01004 [ 0. 1160 | 0.1288 | 0.1424 1 0.1542
o 1B4.0 | A842} 4893} 601.7) 7203 | 901.8 | 11243 | 1281.7 | 12922 { 14826 | 1563.1 | 16386 { 17111
7500 — | 0.0163 | 0.0179 1 0.0193 | 00212 | 0.0245 [ 0.0318 | 0.0512 | 0.0737 | 0.0918 f 0.1068 | 0.1200 | 0 1321 § 0.1433
;{ 1852 | 3849 | 4896 | €01.3| 7266 8830 (1097.7 [ 1261.0  1377.2{ 1471.0 | 1553.7 | 1630.8 1 1704.6
£000 2 |lootez |oot7e | 0.0192 [0.0211 {0.0242 { 0.0306 | 0.0465 | D.0B71 {0.0845 | 0.0989 | 0.1115 | 0.1230 | 0.1338
14 1863 3857 | 49001 60081 724.3 | 8791 | 10743 | 1241.0 | 1362.2 | 1459.6 ; 1544.5 | 16231 | 16281
9000 Eg 0.0162 | 00178 | 0.0191 | 0.0203 | 0.0237 | 0.0288 | 0.0402 | 0.0568 | 0.0724 | (1.0858 | 0.0875710.1081 | 0. 1179
v 1886 | 3873 4909 | GO03 | 7204 | 8B4T | 1037.6 | 12041 | 1333.0 [ 14371 | 1526.3 [ 1607.9 | 1685.3
10000 hs [ 00161 [ 00177 ] 0.0189 | 0.0207 | 0.0233 | 0.0276 | 0.0362 | 0.04595 | 00633 | 0.0737 | 0.0865 | 0.0963 | 0.10%4
v 1902 | 3882 4918 | 6000 7175 | 8545 10113 | 11726 | 13053 [ 14153 | 1508.6 | 12831 16728
11000 he | 0.0161 | 0.0176 | 0.0188 | D.0205 | 0.0229 | 0.0267 | 0.0335 | 0.0443 | 0.0562 | 0.0676 | D.0776 | 0.0858 | 0057
v 1932 ] 3905 | 4528 | 5989 7i51| 8469 9921 | 11463 | 1280.2 | 13544 | 1491.5 L 1678.7 | 16A0.6
12000 hy | 0.0161 |0.0176 | 0.0187 | 0.0203 | 0.0226 | 0.0260 { 0.0317 | 0.0405 | 0.0508 | 0.0610 | 0.0704 1 0.0790 | 0.0862
v 195.5 | 392.1| 4093.9 | 5939 T133| 8410 977.8 | 11245 | 12580 | 13747 | 14751 | 15645 | 1648.8
13000 hg | 0-0160 | 0.0175 | 0.0186 | 0.0201 | 0.0223 0.0253 | 0.0302 | 0.0376 | 0.0466 | 0.0558 | 00845 | 0.0725 | 0.0783
— 197.8 | 393.8| 4950 6001 | 741.0| 83631 9668 | 11057 | 12385 | 1356.5 | 14804 | 15516 | 1637 4
14000 X 0.0160 | 0.0174 | 0.0185 | 0.0200 | 0.0220 | 0.0248 1 0.0291 | 0.0354 ; 0.0432 | 0.0515 | 0.0595 | 0.0670 | 0.07410
i 2001 | 3955 | 4962 | 8005 | 7108| 8326 39580 (1092312214 (13402 | 14444 | 1538.8 | 16265
15000 V' 10,0159 | 0.0174 | 0.0184 | 0.0198 | 0.0218 | 0.0244 | 0.0262 | 0.0337 | 0.0405 | 0.0479 | 0.0552 | 0.0624 | 0.0800
15’ 2024 39720 4974 6009} 7100 B2DS5 | 9509 | 10006 (12088 | 1326.0 | 14303 | 1526.4 | 16159
16500 V | 00159 | 00173 | 0.0184 | 00198 | 00217 {0.0242 | 0.0278 | 0.0329 { 0.0333 | G 0464 | 0.0524 | 0.0603 | 0 0668
hg on3.6] 3981 4081 | 6012 7097 | B282 | 947 8| 10757 | 12000 | 13196 | 1423.6 | 1520.4 | 16810 8
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COMPRESSIBILITY FACTOR CHARTS
COMPRESSIBILITY FACTOR AT LOW PRESSURES, Z:P;=0TO 0.5
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I / Reprinted by permission of the copyright holder, E.F. Obert,
0.20 Tlr:J.(l)O University of Wisconsin, Madison, Wisconsin.

00 05 1.0 1.5 20 25 30 35 40 45 50 55 60 65 70 75 80 85 9.0 95 100
REDUCED PRESSURE, P,

© 2020, DeZURIK, Inc



ALPHA-I ALPHA-I SIZING 5.5
Compressibility Factor Charts Page 2 of 3
April, 2020
() DeZURIK
COMPRESSIBILITY FACTOR CHARTS (continued)
COMPRESSIBILITY FACTOR, Z:P,=0TO 40
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LIQUID SIZING

DETERMINING CRITICAL VS.
SUBCRITICAL FLOW

Flow through a valve is classified as either crificat or
subcritical. A subcritical flowing condition exists so
long as an increase in the pressure differential (AP)
across the valve will produce an increase in the flow
rate. A linear relationship exists between the flow rate
and the square root of the pressure differentiai (AP) up
to the point of incipient cavitation. (See Figure #1,
Page 7.} At this point the relationship of fiow to the
square root of the pressure differential will begin to de-
viate from linear. The valve will continue to pass an
increase in flow with an increase in pressure differen-
tial, however, there will be a loss in efficiency due to the
cavitation effect.

if the vapor pressure is less than one-half the up-
stream pressure (p, << 0.5 py), then:

Subcritical flow exists when:
AP <FZ2(p, —py

Critical flow exists when:
APz F2(p—pv)

Where:

A P = Pressure drop across the valve in
psi (metric; bar)
Liquid pressure recovery factor,
dimensionless (Ref. F| data for valve
style being considered)

p, = Upstream static pressure, absolute
psia (metric; bar absolute)}

Fu

1

As the pressure differential across the valve in-
creases, a point is reached where an increase in the
pressure differential no longer produces a change in
the rate of flow. At this point a condition of critical flow
(sometimes referred to as choked flow) exists. When
this critical flow condition exists, the standard liquid siz-
ing equations no ionger apply and the critical flow
equations found on page 8 must be used to de-
termine the required valve size.

To determine whether a critical or subcritical flow con-
dition exists the following equations are used.

If the vapor pressure is equat to or greater than 1% the
upstream pressure (py = 0.5 py), then:

Subcritical flow exists when:

AP<F2 | p— (0.96——0.28 /Ei)pw
L Pc

Critical flow exists when:

AP=F2 | p— (0.96 —o028 [P )pv
L Pc 4

pv = Vapor pressure of liquid”, at inlet
temperature, psia. {(metric; bar
absolute)

pe = Thermodynamic critical pressure,

psia* (metric; bar absolute)

*Consuilt reference information found
in last section of DeZURIK Controt
Valve Sizing handbook.
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LIQUID SIZING EQUATIONS FOR

SUBCRITICAL FLOW (VOLUMETRIC)

ENGLISH FORMULA:
Cv = Q1 Gf
AP
c f AP
qf - v Gf
Where:
C, = Valve flow coefficient
q: = Volume rate of flow, U.S. gpm

G; = Specific gravity,
relative to water, std. temp.
A P = Pressure drop, psi

Sample Problem (Solve for C.):

Where:
g: = 4340 U.S. gpm (hot water)

P = 90 psig (upstream pressure)
AP = 15psi

Gy =096

p, = 11.5psia

F. = 0.6 (determined by valve style)

Check for critical vs. subecritical condition:
p, (11.5 psia} < 0.5 p, (105 psia)
F2(p,—p.) = 0.62 (105 —11.5) =
0.36 (93.5) = 34.

Subcritical flow exists since:
AP<F2(p,—p, JOris< 34

Hence:

C., = a /9_=434o /@:
AP 15

4340 . /0.064 = 4340 (0.25) = 1100
C, = 1100

METRIC FORMULA:

C, = 116qg, /] & _
AP
0.86C, 4/ AP
q = 0U. v
t Gf
Where:
C., = Valve flow coefficient
q; = Volume rate of flow, m3/hr.
G; = Specific gravity,
relative to water @ std. temp.
A P = Pressure drop, bar

Sampie Problem (Soive for C,):

Where:
qr = 986 m¥hr. (hot water)
P = 6.2 bar {upstream pressure)
AP = 1.03bar
G; = 0.96
p, = 0.79bar absolute
F. 0.6 (determined by valve style)

Check for critical vs. subcritical condition:

p. < 0.5p;0.79 < 0.5(7.2)
F2(p—p) =0862(7.2—0.79) =
0.36(6.4) = 2.3

Subcritical flow exists since:
AP<F2(p,—p, )or0.79< 23

Hence:

C. - 118a [ % —(116)(e88) /%
AP 1.03

—1144 . /0.93 = 1144 (0.97) = 1100
C, = 1100
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LIQUID SIZING EQUATION FOR SUBCRITICAL FLOW (WEIGHT —
WHERE SPECIFIC WEIGHT IS KNOWN)

ENGLISH FORMULA:

Where:
w =Weight rate of flow, lbs/hr
v = Specific weight, Ibs/ft3
C, =Valve flow coefficient
AP =Pressure drop, psi

Sample Probiem (Solve for C,):

Where:
w  =2,080,000 lbs/hr.
v =60lbs/ft?
AP =15psi

(Assume subcritical condition)

Hence:
2,080,000

W
C =633 \/aPy 633 /(15 (60)

2,080,000 _ 2,080,000 _ 2,080,000

63.3 900  (63.3)30 1899

= 1100

C, =1100

METRIC FORMULA:

w

273 A /APy

w =273C, APy

C,=

Where:
w  =Weight rate of fiow, kg/hr
v =Specific weight, kg/m3
C, =Valve flow coefficient
AP =Pressure drop, bar

Sample Problemn (Solve for C,):

Where:
w  =1946,000 kg/hr
y =963 kg/m3
AP =1.03bar
(Assume subcritical condition)

Hence:
w 946,000
Co= 073 \/APy 273 4/ (1.03)(963)
_ 945,000 946,000 _ 946,000
27.3 992  (27.3)31.5 860
= 1100
C, = 1100
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LIQUID SIZING EQUATION FOR SUBCRITICAL FLOW (WEIGHT —
WHERE SPECIFIC GRAVITY IS KNOWN)

ENGLISH FORMULA: METRIC FORMULA;

CV= C\,: w

R A v
500 4/APG 865 /APG
w=>500C,. /APG; w=2865C,, /APG,

Where: Where:
w = Weight rate of flow, ibs/hr w  =Weight rate of flow, kg/hr
C, =Valve flow coefficient C, =Valve tlow coefficient
G; = Specific gravity, G; =Specific gravity,
relative to water @ std. temp. relative to water @ std. temp.
AP =Pressure drop, psi AF =Pressure drop, bar
Sample Problem (Solve for C,): Sample Problem (Solve for C,):
Where: Where;
w  =2,080,000 |bs/hr w  =946,000kg/hr
Gf - 096 Gf = 0.96
AP =15psi AP =1.03 bar
{Assume subcritical condition) (Assume subcritical condition)
Hence: Hence:
e, = w - 2,080,000 G, = w _ 946,000
500 , /APG, 500 , /(15)(0.96) 865 . /APG, 865 . /(1.03)(0.96)
2,080,000 _ 2,080,000 _ 946,000 946,000 _

500 /144  (500)3.79 865 . /0.989 (865) (0.99)

2,080,000 _ 1100

1895 946000 _ .4,
860
C, = 1100
C, = 1100
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CAVITATION

Cavitation is a condition in which a part of the liquid
passing through a valve is first transformed into vapor
bubbles and subsequently back to liquids. As the liquid
passes through the flow restriction caused by the
valve, there is a rapid increase in fiquid flow velocity
accompanied by a reduction in pressure. This area of
increased velocity and reduced pressure occurs im-
mediately downstream from the internal valve restric-
tion and is referred to as the vena contracta. If the
pressure in the area of the vena contracta falls below
the vapor pressure of the flowing liquid, vapor bubbles
will develop.

Immediately downstream from the vena contracta
there is a rapid decrease of flow velocity accompanied
by an incréase in pressure. This increase in pressure
causes the vapor bubbles to collapse. The continuous
formation and subsequent collapse of these vapor
bubbles causes localized pressure impulses which in
turn may result in vibration and noise. Evidence of cavi-
tation is often detected by the characteristic noise of
the collapsing bubbles which sounds like gravel flow-
ing through the pipe. Severe cavitation may also cause
mechanical damage and eventual failure of the valve
and downstream piping.

As vapor bubbles begin to form, they displace the
liquid, thereby choking the flow and reducing the
efficiency of the valve. The early stage of bubble
formation is called incipfent cavitation (K.} and is
represented by the area of inscribed arc at the
intersection of the two lines

As the pressure differential increases, a point will be
reached where an increase in pressure differential
(A P} across the valve will no longer produce an in-
crease in the rate of flow. At this point the condition is
referred to as critical or choked flow (F_2) and the de-
sign engineer must resort to some other solution for
flow control. Typical solutions 1o this problem include:

1) Selection of a larger valve size.

2) Select a valve design having a greater K, factor.

3) Reduce the individual valve pressure drop by install-
ing two valves in series.

4) Lower the elevation of the valve in the system,
thereby increasing the system pressure nearer to or
above the vapor pressure of the liquid.

5) Introduce air into the low pressure area.

Each valve style will produce cavitation at a different

ratic of pressure differential to upstream absolute
pressure less vapor pressure,

__aP
P, —pPy
which must be determined by test for any given valve
style by the valve manufacturer. With this K, factor the

design engineer can determine the pressure differen-
tial at which cavitation will begin to occur.

A P (Allowable) = K, (p, — pv)
Sample Problemn:

This ratio is expressed as a K, factor

Where:
K = 0.24 (Valve fully open)
p, = 105 psia
AP = 15 psi
p. = 11.5 psia

AP (Allowable) = K. (p, —p.)
0.24 (105 — 11.5) = (0.24) (93.5) = 22

Hence:
Actual A P (15 psi) < Allowable A P {22 psi)

Therefore: Cavitation will not occur in this
instance:

If the actual differential pressure is found to be greater
than the allowable differential pressure, cavitation will
occur. If this cannot be tolerated, then the design en-
gineer can gasily determine what vaive size is required
to avoid cavitation by substituting the allowable pres-
sure differential for the actual differential pressure in
the standard liquid sizing formula.
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Example:

Where:
K. =0.24 (Valve fully open)
p, =105 psia

A P (Allowable) = 22 psi
A P (Actual) = 25 psi

p. =115 psia
Cif ==().9(5
Qf =’4340
G
C, =4 ol

A P (Allowabie)

c, —a340 |22

22
C, =4340 , / 044
C, =(4340) (.210)
C, =911

This C, value of 911 compares with a C, of 851 if the
actual pressure differential of 25 psi had been used to
size the valve. By substituting the 22 psi allowable
pressure differential for the 25 psi actual pressure dif-
ferential, the engineer has increased the vaive size
and has avoided the cavitation condition which would
occur at the 25 psi differential pressure.

As outlined above, when the ratic of pressure differ-
ential to the upstream absolute pressure less vapor
pressure( AP \increases beyond the stage of
Pi — Pv

incipient cavitation, a choked flow condition will de-
velop. The point at which choked flow occurs is also a
function of the valve style and is described by the
equation:

4 P (At Choked Flow) = F 2 (p, —p.)

This choked flow equation determines the maximum
pressure differential which will produce an increase in
flow rate. The valve size can be increased to compen-
sate for choked flow by substituting the maximum
choked flow pressure differential from the equation
above for the pressure differential in the standard lig-
uid size equation. However, the preferred method of
valve sizing for liquid critical fiow is outlined on the fol-
lowing pages.

LIQUID FLOW (GPM)

{Note: Presented as an example only. Additicnal data
must be obtained for the valve style being
considered.)

TF000

I I T T I I I

K AP (incipient cavitation)  (3.36)
4 p,~p, 55—115
gooe 4 P (at chokad fiow) (3.95)2
Fi- = = 0.36
S, P,—P, 55—11.5
5000 N
\ ‘,— -

4000 7 a

4

3000 /

/ﬁ'—“——-— Slops of Line =

/ ) ‘Vaive Liquid Flow Coefficiant (C,)

2000

1000 /

Figure 1. TYPICAL K ANDF 2 DATA.
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LIQUID SIZING EQUATIONS FOR CRITICAL FLOW (VOLUMETRIC*)

ENGLISH FORMULA:

c. =% G
F ps—Fepy

q =C.F, [ P—Fepv
Gy

Where:
C, =Valve Fiow Coefficient
q¢ =Volume Flow Rate, U.S. gpm
F. =Pressure Recovery Factor of Valve
Gy = Specific gravity,
relative to water @ std. temp.
p, = Upstream static pressure, psia
p. = Vapor pressure of liquid, psia
&
Pe

Fe =0.96—0.28

Where:
p. = Thermodynamic Critical Press (psia)

Sample Problem (Soive for C,):

Where:
q, =4000 U.5. gpm
p, =Upstream pressure 40 psi
AP =24 psi
p, =11.5psia
G, =096

F_  =0.6 (determined by valve styie)
p, =3206 psia

METRIC FORMULA:

c.-116 % [ G
FL p1_Fva
q -086C.F, /P _FePo
G;

Where:
C, =Vaive Flow Coefficient
Q: =Volume Flow Rate, m3/hr
F. =Pressure Recovery Factor of Valve
G; = Specific gravity,
relative to water @ std. temp.
p, = Upstream static pressure, bar

absolute
p, = Vapor pressure of liquid, bar absoclute
Fr =0.96—0.28 Py

P.

Where:
p. = Thermodynamic Critical Press (psia)

Sample Problem (Solve for C,):

Where:
Q¢ =910 mdhr
P =Upstream pressure 2.76 bar
AP =1.66bar
p. =0.79 bar absolute
G =0.96

F.  =0.6 (determined by valve style)
P. =221bar absolute

*Use conversion factor if rate of flow by weight is required.
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Check for critical vs. subcritical condition.
Isp,<05p,7

{0.5) (55 psia) = 27.5

Therefore p, (11.5 psia) < 0.5 p, (27.5)
A P (Critical) = F 2 (p, —p,) =

0.62 {556 —11.5) = (0.36) (43.5) =
15.7 psi

AP (Actual) > A P (Critical)

Therefore critical condition equation must be used.

Hence:
c,=% [ G
Fe (ps — Fepy)
Fr=096—028 | > —o.94
3206

o _ 4000 0.96 _
06 YV 55—(0.94)(115)
ee67 [ 096 -
44.2
6667 \/ 0.022 =

(6667) (0.148) = 990

C. =990

METRIC FORMULA:

Note: Assume critical flow conditions,
Hence:

=116 [__ G
F. (pr —Fepy)

Fr=0.96 —0.28 979 504
221

C.=(119) (?19) \/ 0.96 -
06/ V 8.77—(0.94) (0.79)

1760 [ _ 096 -
3.77 —0.74

1760 N/ 0.317 =

(1760) (0.563) = 990

C, =990
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LIQUID SIZING EQUATIONS FOR VISCOUS LIQUIDS

Liquid viscosity produces a resistance to flow through
pipelines and fittings. The following formulas may be
used to size valves for viscous (non-turbulent) Newto-
nian fluid applications. (Note: This is a simplified for-
mula to be used only on high viscosity fluids which
exceed 6500 centipoise.)

ENGLISH FORMULA:

2/3
C, =0.07 ﬂif.'_) or
AP

C, =0.07 \/E ?
AP

Where:
@ = Viscosity, centipoise
AP = Pressure drop, psi
q, = Flowrate, U.S. gpm
C, = Valve flow coefficient

Sample Problem (Solve for C,):

Where:
q:  =4340U.S.gpm
AP =15psi

w = 9000 centipoise

Hence:

AP

007 . ((4340) (9000)) 2_
15

2
007 (39,060,000) _
15

007 .+ (2.604,000)2 =

{0.07) (18.900) = 1323

*6500 equals printers ink at 80° F

METRIC FORMULA:

2/3
C, =0.032 <_°'"‘) or

AP
2
C, =0.032 _,/{9*
AP
Where:

i = Viscosity, centipoise
AP = Pressure drop, bar
q, = Flow rate, m3/hr

C, = Valve flow coefficient

Sample Problem (Solve for C.):

Where:
Qv = 986 m3hr
AP =1.03bar

& =9000 centipoise

Hence:

C, =0032 o {HAHY =
AP

0.032 . ((986) (9000))2:
1.03

2
0.032 3/ (8,874,000) _
1.03
0.032 .3/ (8,620,000)2 =

(0.032) (42,000) — 1344
C. = 1340
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A more general formula which may be applied to the
full viscosity range may also be used. This formula in-
corporates a correction factor (Fg) for the fluid
Reynolds Number (R,). In addition to the Fg value, &
factor (Fg4), which correlates the valve flow coefficient
to the Reynolds Number for the valve style being con-
sidered, must be used in the calculation. This F4 factor
is supplied by the valve manufacturer.

ENGLISH FORMULA:

wFq
0= ——————
AP G¢{Cy)y
Where:
6 = Viscosity Correction Index
I = Viscosity, centipoise
Fys = Reynolds Number Factor for

valve style being considered
AP = Pressure drop, psi
G; = Specific gravity
{C,), = Uncorrected C,

(from standard equation}

Sample Problem (Salve for Corrected C.):

Where:
gqr =4340U.S. gpm
G, =096
AP =15 psi

»  =9000 centipoise
Fs =1.0(determined by valve style)

Hence;

First solve for uncorrected
flow coefficient (C,),:

(Culu=a

4340

The first step in correcting G, due to viscosity is to
solve the theta (63) which is the viscosity correction
factor. The viscosity correction factor is used to find
the Reynolds Number correction factor (F.) on the
Reynolds Number graph {(Figure 2, Page 12). The
corrected C, is then found by dividing the standard
uncorrected flow coefficient [(C,} ] by the Fg factor.

_Cu)s
Fr

C.

METRIC FORMULA:

0.262 u Fy
o= _Temm i d
£/ APG((C).
Where:
O = Viscosity Correction index
H = Viscosity, centipoise
Fs = Reynoids Number Factor for

valve style being considered
AP =Pressure drop. bar
G; = Specitic gravity
{C,}. = Uncorrected C,

(from standard equation)

Sample Problem (Solve for Corrected C.):

Where:
q¢ =986 m¥hr
G; =0.986
AP =1.03 bar

n =9000 centipoise
F, =1.0 (determined by valve style)
Hence:

First sclve for uncorrected
flow coefficient (C,):

(C)o = 1.16 Gr _

viu . qf AP_
0.96

1.16) (986 - _ 1100

(1.16) (986) 1.03
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Then solve for &, Where:
F
G- #hra
APG{C.],

(9000) {1.0)
\/ (15) (0.96) (1100).

%000 oo
/15880 = (g = 71E

Then tfrom the graph (Figure 2 below) find Reynolds
Number corraction factor (F) for Oof 71.5:

Fator Qof 71,5 = 0,62

Therefare:

(G, Meo
"R 082
Corrected G, = 1780

C., =1780

METRIC FORMULA:

Then sclve tor H, Where:
0.252 2] Fu

L /P GG,

(0.262) (9000) (1.0)
| \/ (1.03) (0.96) (1100)

8=

2358
2 2358

./ 1088 “T298

Then from tha graph (Figure 2 below) find Reynotds
Number correction tactor {F,) for ©of 71.5:
Fafor®&of 71.5 = 0.62

Theretore:
1
o, (G _ 1100 o
Fa 0.62

Corrected C, = 1780

J 4 5 b TAS 2 I 4 5§ TE I ki A2 4 5 6 7891
T T

Fa

"-g LY T AP AT Lt Y X i s T i LI e O O VI AL AT B S RN RN LK
e 4 E
7 [ E
E- —
5 | E
= K
-+ 1\
aF . .
2 F - -
- h
= "\ :
D4
]
B
T
6»—
5 =
- -
d
- |
‘E ‘\ H
e =
= ol
2_ ] .
o | b,
= . -
'E :
s E FOR
- 4 WALYE
5 | [ SH’E
4 L%
LN H
2 H
L
oot Ll Lig BLgJIl | llelI IR R FR SR IT TN | RN NEET) R BN A 11 17 1 [ e NNV N ||11|L||.uuul 'R PErAfann
L 1 il ] 1500 [[:Fr ) 10,000

re 2. THE VALVE RATED C, MUST BE MULTIPLIED BY THE FACTOR Fa WHEN THE STREAM REYNOLDS NUMBER IS LOW,
HIGH VISCOSITY, LOW AP AND SMALL CvALL CONTRIBUTE TO LOWERING OF REYNOLDS CRITERIDN.
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LIQUID SIZING CORRECTION EQUATIONS FOR CONSISTENCY

The consistency level of fiber (pulp stock) suspensions
contributes to flow resistance through pipes and fit-
tings. A pulp stock correction factor F_ is used in liquid
sizing equations to compensate for these frictional
losses. While this F, factor is used primarily in pulp and
paper suspensions of wood fiber and water, it may also
be used to correct for the flow calculations on other
fibrous slurries such as sewage sludge.

Pulp Stock Correction Factor {F)

Mechanical
% Chemical (Groundwood)
Consistency Stock Stock
1% 1.0 1.0
2% 0.97 0.99
3% 0.90 0.95
4% 0.84 0.92
5% 0.80 0.90

To determine the effective corrected C, of an existing
valve, muitiply the standard published C, by the F,

factor.

To solve for flow rate use the formula:

AP
Gy

Q¢ = Fch

To solve for flow coefficient (C,) use the formula:

C., AP

Where:
C, =Valve flow coefficient
q: =Volume rate of flow, U.S. gpm
Gy =Specific Gravity,
relative to water, std. temp.
AP =Pressure drop, psi
F. =Pulp stock correction factor
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Page 1 of 2
April, 2020

GAS AND STEAM SIZING

Sizing valves for compressibte ftuid applications is
more complicated than liquid sizing because of the in-
creased number of physical variables. Two series of
compressible fluid sizing formulas are presented on
the foliowing pages. The first series of formulas are
simplified for general use and are limited in accuracy.

These simplified compressible fluid sizing equations
may be used if the ratio of the pressure differential to
the upstream pressure (absolute) is less than 0.1.

x < 0.10
Where:

A P (Pressure Differential)

P (Upstream Pressure Absolute, psia)

Under this condition the error should not exceed 10%.
Ifthe " X" value is greater than .1 or greater accuracy 1s
required, the universal sjzing equations for compres-
sible fluids beginning on page 19 should be used.

SIMPLIFIED SIZING EQUATIONS FOR COMPRESSIBLE FLUIDS

(VOLUMETRIC GAS FLOW)

ENGLISH FORMULA:
C . Qg Gg T‘.
" 7963 YV AP(p, +p,)

AP(p +p,)
GQ T1

q, =963C,

Where:
Q, = Volume rate of flow, SCFH
C, =\Valve flow coefficient
G, =Specific gravity,
Air = 1.0 @ std. temp.
T, =Upstreamtemp. (° F + 460}
AP =Pressure drop, psi
p, =Upstream pressure, psia
p, =Downstream pressure, psia

METRIC FORMULA:

C - qg GQT1
Y208 YV AP(p, + ps)
q, =208c, AP TP

G, T,

Where;
g, =Volume rate of flow, m3hr
C, =Valve flow coefficient
G, =S8pecific gravity,
Air 1.0 @ sid. temp.
T, =Upstreamtemp. K (*C + 273}
AP =Pressure drop, bar
p. = Upstream pressure, bar absolute
p. =Downstream pressure, bar absolute
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Sampie Probiam (Soive for C,):

Where:
Q, =873,0008CFH
G, =10
T, =60+ 460=519°R
p,. =65psia
[+ =GDpsia
Hence:
Cy = q; G:rT1 —
963 Y AP(p: +p2)
873,000 {1 {519}
963 {5) (65 + 60
806.5 EE = {806.5) (0.912) = 827
' gas (005 (0812 =
C, =825

METRIC FORMULA;

Sample Froblem (Solve for C,).
Where:

q, = 24721 m/hr

G, =10

T, =15°C+ 273 = 2885°K
p. =448 bar absolute
p: =4.14 bar absolute

Hance:

o = QQ Gll T" -
" oo8 Y AP = pa)
24721 {1} (288.5) _
{0.34) (4.48 + 4.14)

. fl = (53 56) (9.914) = 828

G, =825

Note: Conversion of 1 fL.° x 028317 = m® from ANSI 22101
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SIMPLIFIED SIZING EQUATIONS FOR COMPRESSIBLE FLUIDS
(WEIGHT RATE OF FLOW)

ENGLISH FORMULA: METRIC FORMULA:
w w
C.

= C, =
322 . /AP(p, +p,) G, 214,/ AP(p, +p.) G
w=214C, /AP(p, +p,) G,

w =322C,, /AP (p, + p,) G,

Where: Where:
C, =Valve flow coefficient C, =Valve flow coefficient
w = Weight rate of flow, Ibs/hr w = Weight rate of fiow, kg/hr
AP =Pressure drop, psi AP =Pressure drop, bar
p, =Upstream pressure, psia p, = Upstream pressure, bar absolute
p. =Downstream pressure, psia p, =Downstream pressure, bar absolute
G, = Specific gravity, G, =Specific gravity,

Air = 1.0 @ std. temp. Air = 1.0 @ sid. temp.

Sample Problem (Solve for C,): Sample Problem (Solive for C,):

Where; Where:

w  =70,450 Ibs/hr w  =32,020 kg/hr

G, =10 G, =10

T, =60+ 460° = 520°R. T, =15°C + 273° =288°K

p, =65psia p, =4.48bhar

p, =60 psia p, =414 bar
Hence: Hence;

w w
v = cv =

VAR VLIRS

70,450 32,020

3.22 \/ (5) (85 + 60) (1)

21.4 \/ (0.34) (4.48 + 0.14) (1.0)

70450 70,450 32,020 32020
322 .,/ 625 (3.22)(25) 214 /293 (21.4)(1.712)
70,450 32,020
—-—= 875 =

80.5 36.64
C, =875 C, =874
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SIMPLIFIED SIZING EQUATIONS FOR COMPRESSIBLE FLUIDS

(STEAM FLOW)

ENGLISH FORMULA:

w
21 [aP®, +p)

w =21 Cv AP(p1+p2)

Where:
C, =Valve flow coefficient
w = Weight rate of flow, Ib/hr
AP = Pressure drop, psi
p, =Upstream pressure, psia
p, =Downstream pressure, psia

C, =

Sample Problem (Solve for C ).

Where:
w  =90,000Ibs/hr
p, =75psia
p, =70psia
SATURATED STEAM
Hence:
c w
v 24 -
A/ AP(p1 + p2)

90,000

21 {5) (75 + 70)

20,000 90,000
= = 1590

2.1 725 (2.1)(26.9)

C, =1590

METRIC FORMULA:

w

14 AP, +p,)
w =14C, ./ AP(p, + pa)

Where:
C., =\aive flow coefficient
w = Weight rate of flow, kg/hr
AP =Pressure drop, bar
p, =Upstream pressure, bar absolute
p, =Downstream pressure, bar absolute

C, =

Sample Problem (Solve for C,):

Where:
w  =40,900 kg/hr
p, =5.17 bar absolute
p, =4.83barabsolute

SATURATED STEAM
Hence:
w
Cv = =
14 AP({p, + p2)
40,900 40,900

14 \/ (0.34) (5.17 + 4.83) . (14)4/ 3.4

40,900 40,
- 20800 .80
(14) (1.84) 25.8
C, =1580
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SIMPLIFIED SIZING EQUATIONS FOR COMPRESSIBLE FLUIDS

(SUPERHEATED STEAM FLOW)

ENGLISH FORMULA:

w {1 + 0.0007 Tsu)

21 ./ AP, +py)

210G, AP(p, +p,)

W =
1+ 0.0007 Tsy

Where:
C. =Valve flow coefficient
w  =Weight rate of flow, Ibs/hr
Tsy = Steam superheat, °F
AP =Pressuredrop, psi
p, =Upstream pressure, psia
p, =Downstream pressure, psia

Sample Problem (Solve for C ):

Where:
w  =80,000 lbs/hr
Tey =350°F
p, =75psia
p. =70psia
Hence:
c w1 + 0.0007 Tgy)

2.1 f AP(p, + p,)

90,000 [1 + (0.0007) (3507 ]

21 (5) (75 + 70)

(90,000) (1 + 0.245) _

2.1) \/?

(90,000) (1.245) 112,050
= = 1980
56.54 56.54

C, =1980

METRIC FORMULA:

. w (1 + 0.0007 Tey)

126 L/ AP{(p, +py)

126C, \/ AP(p, +p,)
1+ 0.0007 Ty

W =

Where:
C, =\Valve flow coefficient
w  =Weight rate of flow, kg/hr
Tsw = Steam superheat, °C
AP =Pressure drop, bar
p, =Upstream pressure, bar absolute
p. =Downstream pressure, bar absoiute

Sample Problem (Solve for C,):

Where:
w  =40,900
Tsyw =177°C
p, =5.17bar
p. =4.83bar
Hence:
c w (1 + 0.0007 Tg,)

126 /AP, +p,)

(40,900) [1 + (0.0007) (177} ]

12.6 \/ (0.34) (5.17 + 4.83)

(40,900 (1.124)
{12.6) (1.844)

45,970 1980
232

C, =1980
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ALPHA-I SIZING 6.2.5
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UNIVERSAL SIZING EQUATIONS FOR COMPRESSIBLE FLUIDS
(VOLUMETRIC FLOW — WHEN SPECIFIC GRAVITY IS KNOWN)

NOTE: See Notes Regarding Universal Sizing Equa-
tions below.

ENGLISH FORMULA:

C, =— Gz
1360 p, Y

= C.en Y
q, =1360C, py G.T.Z

Where:
C, =Valve flow coefficient
q, =Volume rate of flow, SCFH
P, =Upstream pressure, psia
G, =Specific gravity,
Air = 1.0 @ std. temp.
T, =Temp., °R(°F + 460)
Z =Compressibility factor

Y =Expansionfactor, Y =1 —
3 XT

METRIC FORMULA:

Cv = qg Gg;r‘z
arp vy ¥V

q, =417C.py Y

G,T.Z

Where:
C, =Valve flow coefficient
q, = Volume rate of flow, m3/hr
p, =Upstream pressure, bar absolute
Gy =Specific gravity,
Air = 1.0 @ std. temp.
T, =Temp.,°K(°C + 273)
Z  =Compressibility factor

Y =Expansion factor, ¥ =1 —
3%

NOTES REGARDING UNIVERSAL SIZING EQUATIONS

The Universal Sizing Equations presented in this sec-
tion for compressible fluids are applicable to all De-
ZURIK valves and are based on Instrument Society of
America Standard ISA—S39.3.

These equations include a fluid expansion {Y) factor
and compressibility (Z) factor. The compressibility {Z)
factor can be found in the Reference Information sec-
tion in the back of the handbook. The fiuid expan-
sion (Y) factor is determined by the calculation:

Where:
AP

P,
xr=085F.2

X =

Where: .
AP =Pressure differential, psi or bar
P =Upstream pressure, psia

or bar absolute

X; =Terminal pressure differential factor
{Determined by valve style)

.2 =Critical flow factor
{Determined by vaive styie)

The fluid expansion (Y) factor ranges from 1.0 t0 0.667.
If the calculated value is iower than 0.667, then substi-
tute 0.667 for the calculated (Y) factor. Check to be
sure that the (x) factor does not exceed (x+). If by calcu-
lation, (x) is found-to exceed (x;) then the (x,) value
should be used to repiace (x).
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ALPHA-I SIZING EQUATIONS
Universal Sizing Equations for Compressible Fluids
(Volumetric Flow — When Specific Gravity is Known)

() DeZURIK

ENGLISH FORMULA: METRIC FORMUILA:
Sample Problem (Soive for C): Sample Problemn {Soive for C )
Where: Where:
Alr @ BO°F Alr @15°C
a, =900.00C SCFH 9, =25485 m¥hr
B, =85psia P, =5.86 bar absolute
AP =10 psi AP =0.69bar
G, =10 G, =10
T, =519°R T, =288.5°K
Z =10 Z =10
F. =08 Fo =06
Xy =0.85 F|_2 = 0.3 Xr =085 F|_2 =} 31
Hence: Hence
AP 10 AP 069
x=—=——= (118, x =0.118 X=———=—= 0118; x =0.118
p, 85 p, 586
0.118
Yot 28 ¥ a8
3% {3} (0.31) 3x; 133 (0.3%)
!—M-W—GIET“OB?S' ¥ =03873 1 m—1 0.127 = 0.873; Y=04873
0.63 ’ R R 083 m TEE
c, = s G, T, Z - C. - 2 GgT 2 _
1360 p, ¥ X a17p,Y V  x
900,000 / (y(s201(1) 25,485 (1) (288} (1)
(1360) (85} (0.873) 0.118 - (417} 15.86) {0.873) 0.118 -
900,000 {520) B 25485 208
106,918 0118 2133 0118

8.92 4410 = (8.92) (86.4) — 582.2

C, =591

(12.02) (45.4} = 503

c, =591

Note: Conversion of 1 1.2 x 028317 = m® from ANSI 2210.1
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ALPHA-I SIZING EQUATIONS
Universal Sizing Equations for Compressible Fluids
(Weight Rate of Flow—When Specific Weight is Known)

() DeZURIK

UNIVERSAL SIZING EQUATION FOR COMPRESSIBLE FLUIDS
(WEIGHT RATE OF FLOW —WHEN SPECIFIC WEIGHT IS KNOWN)

MOTE: See Notes Regarding Universal Sizing
Equations ALPHA -1 SIZING B.2.5 Page 1

ENGLISH FORMULA:
0.0158 w

b 2 KR
w =633C.Y ./ xp 7,

Where:
¢,  =Valve flow coefficiem
w  — Weight rate of How, Ibyhr

W

METRIC FORMULA:
0.0366 w

Y \/ P

w —273G,Y ,\/”x"m "
Where:

C. = Valvo flow coefficient
w  =Yeight rate of flow, kg'hr

v

¥  =Expansionfactor, ¥ — 1 — —-- Y = Expangion factor, ¥ =1—
dxr 3x
AP AR
%  =Pressure drop ratio, —— ¥ =Pressure dropratic, ——
1 ’ 1
py = LUpsiream pressure, psia py = LUpstream pressure, bar apsolute
¥ = Specific weight, Ibwft? ¥, - Specific waight, kg/m?
Sample Problem (Solve for ). Samipie Probfem {Sofve for C):
Whera: Where:
Air @ BO°F Air @ 15°C.
w o =72,630 lbthr W =33,010 kghr
p, =85psia B, =586 bar absclute
a P =10 psi AP =089 bar -
¥, =04668 @ 85 psia v =7.448 kg!m? @ 5.86 bar absolute
F. =086 F. =08
¥ =083F =031 ¥ =0BSF2=031
Henge Henge:
AF 10 AP 059
X =——=——=011§ x=71118 X ——— - ——— = 0HE x=0118
p. 85 Py 586
x 0.118 018 b4 0118 o118
¥o1— =1— =1= =1- == — =
g {3) (0.31} 0.93 ax, {3) (0.31) 0.83
=1—0127 = 0.873 =1—07127 = 0873
Y = {873 Y =0.873
q.m S8w (0,58 (72,630) c 0.0368w (0.03883) (33,010}
Y [Py, 0873 _ [{0118)(85)(0 4886] v,/ xpy, 0873 Vﬁ {0.118}(5.86)(7.448)
1148 1148 1208 1208
0873, JABBD (D873 (218 0873/ 515 {0.873) (2.27}
1148 1208
ey 008 1.98
C. =608 C, =609
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UNIVERSAL SIZING EQUATION FOR COMPRESSIBLE FLUIDS
(VOLUMETRIC FLOW—~WHEN MOLECULAR WEIGHT IS KNOWN)

Note: See Notes Regarding Universal Sizing
Equations on ALPHA -1 SIZING 6.2.5 Page 1

ENGLISH FORMULA: METRIC FORMULA:

c - q, MT, 2 c q, MT, Z

Y 7320p,Y x Y 2240p,Y X
q, =7320C,p. Y _ [—— 2240C, p, Y X
: o MT, Z % = “P MT, Z

Where: Where:

C, =Valveflow coefficient C, =Valve flow coefficient

4, =Volume rate of flow, SCFH q, = Volume rate of flow, m3/he

p, =Upsiream pressure, psia p, =Upstreamn pressure, bar absolute

Y  =Expansion factor, Y = 1 — —>— = i =1—-=

Xpansion factor, 1 3x Y Expansion factor, Y = 1 3%,
_ AP .
X =Pressure drop ratio = p— x  =Pressure drop ratio =
1 1

M =Molecular weight of fluid M =Molecular weight of fluid

T, =Temp of fluid, °R T, =Temp of fluid, °K

Z  =Compressibility factor Z = Compressibility factor
Sample Problem (Solve for C,): Sample Problem (Solve for C,):

Air @ 60°F Air @15°C

g, =900,000 SCFH Q, =25,840 m3hr

p, =85psia p, =586

AP =10psj AP =0.69

T, =60+ 460° = 520°R T, =15°C + 273° = 288°K

Z =10 Z =10

F L = 0.6 FL = 0.6

X; =0.85F2=0.31 X; =0.85F2=0.31

M =2897 M =28.97
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(Volumetric Flow—When Molecular Weight is Known) April, 2020
METRIC FORMULA:
Hence: Hence:
AP 10 AP  0.69
x =——=—= 0118, x =0.118 X =——=——=0118; x =0.118
p, 85 p, 5.86
X 0.118 X 0.118
Yol — == Y=1——=1— =
3%; (3) (0.31) 3% (3)(0.31)
0.118 0.118
1————=1—0.127 = 0.873 1————=1—0.127 = 0.873
0.93 0.93
Y = 0.873 Y =0.873

v

c s MT, 2 c a, MT, Z
"~ 7320p,Y x Y 2240p,Y x

900,000 \/ (28.97) (520) (1.0) 25,640

(7320) (85) (0.873) 0.118 - (2240) (5.86) (0.873)

900,000 /15,064 25640 / 8340
543,180 0118 1460V 0118

\/ (28.97) (288) (1.0)
0.118 N

1.657 \/127,661 = (1.657) (357.3) = 592 (2.24) , /70,680= (2.24) (265.9) = 595

C, = 692 C, = 595
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UNIVERSAL SIZING EQUATIONS FOR COMPRESSIBLE FLUIDS
(WEIGHT RATE OF FLLOW-WHEN MOLECULAR WEIGHT IS KNOWN)

Note: See Notes Regarding Universal Sizing
Equations on ALPHA-1 SIZING 6.2.5 Page 1

ENGLISH FORMULA: METRIC FORMULA:
0.0518w T.Z c 0.0105w T.Z
Y opY XM Y pY xM
M
w=193C,p, Y XM w=948C,p,Y X
T,Z T.Z
Where: Where:

C. =Valve flow coefficient
w  =Weight rate of flow, Ibs/hr

C, =Valve flow coefficient
w = Weight rate of flow, kg/hr

p, =Upstream pressure, psia p. =Upstream pressure, bar absolute
Y  =Expansion factor, ¥ =1— X Y  =Expansionfactor, ¥ =1— X
3x; 3%
AP . _ AP
x  =Pressure drop ratio = T x  =Pressure drop ratio =
1 1

M = Molecular Weight of Fluid
T, =Temperature of Fluid, °R
Z =Compressibility Factor

Sample Problem (Solve for C,):

M = Molecular Weight of Fluid
T, =Temperature of Fluid, °K
Z =Compressibility Factor

Sample Problem (Solve for C ):

Where: Where:
Air @ 60°F Air @ 15°C
w  =72,630Ibs/hr w  =33,010kg/hr
p, =85psia p, =5.86bar absoiute
AP =10psi AP =0.69bar
T, =60°+ 460° = 520°R T, =15°+ 273 =288°K
Z =10 Z =10
F. =06 F. =06
Xxr =085F2=0.31 Xr =0.85F2=03
M =28.97 M =2897
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Hence Hence:
AP 10 AP 0.69
X=——"=—= 0118; x =0.118 X=——=——= 0118, x =0.118
p, B85 p, 5.86
0.118
Y =1— X =1_ﬂ__.= Y=1— X =1 =
3x; {3) (0.31) 3xr (3){0.31)
0.118 0.118
{ e = 1 0127 = 0. tome——— =1—0.127 = 0.873
) 0.127 = 0.873 093
Y = 0.873 Y =0.873
c 0.0518 w T.2 c - 0.0105 w TZ
YTOPY xM o PY Vo oxM
{0.0518) (72,630) (520) (1.0) (0.0105) (33,010) (288) (1.0)
(85)(0.873) V (0.118)(28.97) (5.86) (0.873) (0.118)(28.97)
3762 [ 520 3466 [ 288
742\ 3418 5.12 342
50.7 152 = (50.7) (12.3) = 625 67.7 \/ 84.2 = (67.7) (9.18) = 621
C, = 625 C, = 621

METRIC FORMULA:
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COMPRESSIBLE FLUIDS SONIC VELOCITY EQUATIONS

As in the case of liquids, there is a maximum rate of
flow for compressible fluids which will result in choked
flow. For compressible fluids this maximum rate of flow
occurs at sonic velocity. Sonic velocity may be
reached when the ratio of pressure differential to the
upstream absolute pressure AP exceeds the ter

minal pressure drop ratio factor (x;) for the valve style
selected.

Sonic velocity may produce shock waves, pipeline

ENGLISH FORMULA (FOR GASES):
For Volume:

d, (TI M)“/z
P2 k
For Weight:

w /T, \ 12
d > 0.047 ——
P2 \Mk

d > 0.0024

Where:
d = Valve outlet diameter, inches
q, = Volume rate of flow, SCFH
p, = Downstream pressure, psia
T = Upstream temperature, °R
M = Molecular weight
k = Gas specific heat ratio

See Specific Heat of Gases Chart
(Air = 1.40) on page 80-34 of the
Reference Information section.

w = Weight rate of flow, Ibs/hr

ENGLISH FORMULA (FOR STEAM):

d> 012 e
P2
Where:
d = Valve outlet diameter, inches

w = Weight rate of flow, Ibs/hr
p. = Downstream pressure, psia

vibration, and considerable noise. Ultimately, sonic
velocity will cause valve and/or pipeline damage and
should therefore be avoided.

Sonic velocity is a function of both the fluid characteris-
tic and the downstream pressure. The following equa-
tion can be used to determine the minimum valve
outlet diameter required to avoid sonic velocity. To
avoid sonic velocity the outlet diameter (d) must be
greater than the calculated value.

METRIC FORMULA (FOR GASES):
For Volume:
dg T, M\ 12
o 50)
For Weight:

W T,\%
d > 0.539 —_— (———)
p: \Mk

d > 0110

Where:
d = Valve outlet diameter, mm

g, = Volume rate of flow, m3hr

p. = Downstream pressure, bar absolute
T, = Upstream temperature, °K

M = Molecular weight

k = Gas specific heat ratio
See Specific Heat of Gases Chart
{(Air = 1.40) on page 80-34 of the
Reference Information section.

w = Weight rate of flow, kg/hr

METRIC FORMULA (FOR STEAM):

d > 1188 —_—
P2
Where:
d = Valve outlet diameter, mm
w = Weight rate of flow, kg/hr
p. = Downstream pressure, bar absolute
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SIZING EQUATIONS FOR MIXED PHASE FLUIDS (LIQUID/VAPOR)

Sizing valves for mixed phase fluids is similar to sizing
for tiguid subcriticat flow (by weight). The variation is
that the specific weight factor must be modified to ad-
just for the percentage of each fluidin the process flow.

ENGLISH FORMULA:

w

63.3 . /APy,
w=633C, ./ APy,

Where:
C, = Valve flow coefficient
w = Weight rate of flow, Ibs/hr
AP = Pressure drop, psi
ve. = Effective specific weight of mixture,

C, =

Ibs/ft3
3 W
Ye = Ve + Vi
Where:

w = Weight rate of flow, ibs/hr
V.. = Effective volume rate of flow of gas,

CFH
Ve = Volume rate of flow of liquid, CFH
107 T, wy
Vg =———————
Mp, ¥2
Where;
T, = Upstream temperature, °R
w, = Weight rate of flow of the gas phase,
lbs/hr
M = Molecular weight
p; = Upstream pressure, psia
Y = Expansion factor
Vi= —
’yf
Where:

w; = Weight rate of flow of liquid, Ibs/hr
Y, = Specific weight, Ibs/ft3

METRIC FORMULA:

w

273 .,/ APy,
w=273C, /APy,

Where:
C, = Valve flow coefficient
w = Weight rate of flow, kg/hr
AP = Pressure drop, bar
¥e = Effective specific weight of mixture,

C, =

kg/m3
w
Yo TV F Vs
Where:

w = Weight rate of flow, kg/hr
V.. = Effective volume rate of flow of gas,

m3/hr
V, = Volume rate of flow of liquid, m3hr
0.0836 T, w,
ge = M P, y2
Where:
T, = Upstream temperature, °K
we = Weight rate of flow, gas, kg/hr
M = Molecular weight
p, = Upstream pressure, bar absolute
Y = Expansion factor
V= N
'Y f
Where:

w; = Weight rate of flow ofaliquid, kag/hr
Y = Specific weight, kg/m
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Sample Problem (Solve for C):
Where:

w, = 7800 Ibs/hr
w; = 350,000 lbs/hr

p, =140 psia
AP =25psi
T, =60F

F. = 0.6 (determined by valve style)
Hence:
(Step 1 — Solve for x-)

xr =0.85F 2=0.31

(Step 2 — Solve for x}

(Step 3 — Solve for Y)

X 0179
Y = — = — —— =
3xy (3) (0.31)
0179
— =1—10.192 = 0.808
0.93

{Step 4 — Solve for V)
107 T, w,

ge B e e ]

Mp, Y2

(10.7) (520) (7800)
(28.97) (140) (0.808)2

43,399,200 43,399,200
= = 16,380 CFH
(4056) (0.653) 2649
(Step 5 — Solve for Vy)
V=2 850000 _ 5644 oEH

¢ 62.4

(Step 6 — Solve for Total Volume Effective)
Ve = Vg + V¢ = 16,380 + 5609 =
21,990 CFH

(Step 7 — Solve forw)
W =W, + wy = 7800 + 350,000 =
357,800 Ibs/hr

METRIC FORMULA:

Sample Problem (Solve for C.):
Where:
w, = 3550 kg/hr
w; = 159,000 kg/hr
p: = 9.66 bar absolute
AP =1.72 bar
T, =15°C
F. = 0.6 (determined by valve style)
Hence:
(Step 1 — Solve for x;)

Xr=085F 2= 031

(Step 2 — Solve for x)
(AP _172

— =0.178

P, 9.66

(Step 3 — Solve for Y)
X 0.178
Y =1 — =] — =

3%, (3) (0.31)

0.178

— =1—0.191 = 0.809
0.93

(Step 4 — Solve for V)
0.084 T, w,

9e -

Mp, Y2
(0.084) (288) (3550)

(28.97) (9.66) (0.809)2

85,880 _ 85,880
{279.9) (0.654) 183.2

= 469 m3/hr

{Step 5 — Solve for V)
v, =M 159,000
Vi 996

=159.7 m¥hr

{Step 6 — Solve for Total Volume Effective)
Vo=V, + V=469 + 159.7 =
628.7 m3/hr

{Step 7 — Solve for w)
W =W, + w; = 3550 + 159,000 =
162,550 kg/hr
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METRIC FORMULA:

{Step 8 — Solve for v,) {Step 8 — Solve for y,)
W 357,800 _ w 162,550
TN, T 21890 TN, T 287
16.30 lbs/ft? 258.5 kg/m3
(Step 9 - Solve for C,) {Step 9 — Solve for C, )
w
C, = = C, = w =
633 L/ APy, 273 ./ APy,
357,800 _ 162,550
633 ./ (25)(16.3) 27.3 ./ (1.72) (258.5)
357,800 _ 357,800 B 162,550 162,550
63.3 407  (63.3)(20.17) 27.3 445  (27.3)(21.1)
357,800 _ 280 162,550
1277 576 202
C, = 280 C, =282
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PIPE REDUCER EFFECTS

The installation of pipe reducers or expanders in a
pipeline create added flow resistance in a pipeiine.
When installing a control valve between reducers, itis
general practice to consider the total effect of the com-
bined parts in calculating the required valve flow coef-
ficient (C,).

In valve sizing equations, the effect of adjacent reduc-
ers onliquid or gas flow is the factor F,. The F, factoris

ENGLISH FORMULA:
1

Fo =
[2 KIC?
14—
890
Where:
F. = Piping effects correction factor
— Cv
Where:

C, =Valve flow coefficient
d =Valve size expressed in inches
{rmm in the case of metric)

3, K = The algebraic sum of the velocity head coef-
ficient of the reducers and/or expanders
(TK=K + K + Ko — Kaz)

Where:
K, =Coefficient for upstream pipe reducer (See
reference information)

K, =Coefficient for downstream pipe reducer
{See reference information)

K = Iniet Bernoulli Coefficient
Kez: = Outlet Bernoulli Coefficient

{Note: Where the inlet and outlet fittings are
identical, Kg, and Kg, are eliminated from
the equation.)

a function of the valve C, and the pipe diameter and
can be calculated for any given valve and pipe size
combination. F, factors are dimensionless. Once the
F. has been calculated it is multiplied by the selected
valve C, to determine the eftective C, of the combined
valve and adjacent reducers.

F. is determined by the equation:

METRIC FORMULA:

F, = !

P
S KIC.2
1+[Z 1Cy
0.00214

When the inlet and outlet fittings are of different sizes
Kg, and Kg, are caiculated:

d I
Ko =1— (D—)
d 4
Kgz =1 (D_)

Where:
d =Valve size in inches (mm in the case of
metric)
D =Pipe size in inches {mm in the case of
metric)

Note: If charted values for K, and K: are not available,
then they may be calculated:

d2\2
K,+K,=15 (1—‘0—2)

(Where the inlet and outlet reducers are the same
size.}

dz2 2
K, =05 (1——5) (Inlet reducer oniy)

d2 2
K, =10 (1 —'E) {Qutlet reducer only}
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Sample Problem (Solve for effective G }:
Where:
qr =4340 US. gpm

AP =15psi
Gy =0.96
Fluid = Water

Pipe Diameter = 8inches
Valve Size = 6 inches (C, = 1310}

(Step 1 — Solve for £ K)

d2\2 62 \2
K=15 (1_~—) ~1s (1” ) -
D2 82

36\2
15 [t——) =15(0.432)2=
64

{1.5) (0.191) = 0.287
2K=0.287

(Step 2 — Solve for )
C, 1310 1310

C, =364
(Step 3 — Solve For F,)

fo__ 1 _

[2 K]IC42
1+ =%
890

1 —

\/ (0.287) (1324)
g
890

1 1
\/ 1+ 0.427 \/ 1.427
1

= 0.84

1.195
F., =0.84
{Step 4 — Determine effective C,)

Effective C, = (Valve C,) (F,)
Effective C, = (1310) (0.84}
Effective C, = 1100

METRIC FORMULA:

Sample Problem (Solve for effective C.):
Where:

q; =986 m¥hr

AP =1.03 bar

G, =0.96

Fluid = Water

Pipe Diameter = 200 mm

Valve Size = 150 mm (C, = 1310)

(Step 1 — Solve for Z K)

d2\2 62 \2
EK=15 ({1——7] =15 |1— =
D2 82

15 (1——) ~15(0.492) =
" 64 - . " =

(1.5) (0.191) = 0.287
SK=0.287

(Step 2 — Solve for C,)

C, 1310

Cy =—/—=——"—"—"—=0.058
d? 22,500

Cq =0.058

(Step 3 — Solve for F,)

1
F, = =

[SKIC.?
1
0.00214
1 —_—

- (0.287) {0.00339)
0.00214

1 _ 1 _
L /1+0455 /1455
1

= 0.83

1.208
Fo. =0.83

(Step 4 — Determine effective C,)

Effective C, = (Valve C,) (F,)
Effective C, = (1310) (0.83)
Effective C, = 1087
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NOISE

High rates of fluid flow through valves and pipe fittings
will produce noise. The source of this noise may be
aerodynamic noise in the case of gases or sleam, cavi-
tation inthe case of liquids and/or mechanical vibration
of the valve components.

Aerodynamic noise resuiting from high velocity gas or
steam flow is usually of greater intensity than noise
produced by other sources. It is caused by turbulence
due to flow obstruction, expansion in the pipe size,
and sudden turns in the flowing stream. All three of
these conditions are found in typical control valve
applications.

Cavitation in liquid flow processes will produce noise
at the discharge port of a control valve and in the im-
mediate downstream piping. Pressure differentials
which equal or exceed the value necessary to produce
choked flow will result in noise generation.

Mechanical noise is produced by fluid flow impinge-
ment or pressure fluctuations which cause vibration of
the mechanical components in the valve. Noise from
this source should be avoided at all costs as it will lead
to rapid valve failure.

Several steps can be taken to avoid or reduce noise.
First, select a valve having rugged construction to
avoid the problems of mechanical noise and potential
costly faiture. Secondly, size and select a large enough
valve to prevent sonic or choked flow conditions. Re-
duce system velocities to prevent severe noise produc-
ing shock waves. When system noises cannot be
avoided in any of these ways, sound attenuating de-
vices may have to be used. Sound can be attenuated
by using heavier downstream piping, special insuia-
tion, or a more sophisticated type of muffled sound
diffuser.
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NOMENCLATURE

a  Area of orifice or valve opening, in.2

C  Coefficient of discharge, dimensionless. In-
cludes effect of jet contraction and Reynolds
Number, Mach Number (gas at high velocities),
turbulence.

Cs Relative capacity (at rated C,) C4 = C,d2
c, Specific heat at constant pressure, Btu/lb.°F.
¢, Specific heat at constant volume, Btu/Ib.°F.
C, Valve flow coefficient,

d  Valve inlet diameter, inches.

D  Pipe diameter, inches.

F  Velocity of approach factor = 1

1-m2

F. Percent consistency correction factor.

Fs Experimentally determined factor relating valve
C. to an equivalent diameter for Reynolds
Number.

F. The liquid critical pressure ratio factor,

FF = pvc/pv'

F. Pressure loss factor, to convert valve coefficient

to choked flow conditions when capacity is gov-

erned by the apparent pressure atthe valve vena
contracta. When the valve is not ¢choked.

FL A (p1“p2) /‘ (p1_pvc)
F .2 Critical flow factor.

F. Correction factor for piping around valve (e.g.
reducers) F.C, = effective C, for valve/fitting
assembly.

(FU)» Pressure loss factor F| modified for vaive/fitting
assembly.

F» Combined pressure loss and piping geometry
factors for valve/fitting assembly.

Fr  Correction factor for Reynolds Number, where
FeC, = effective C,.

g  Acceleration dueto gravity (taken as 32.17 ft./s?).

G; Specific gravity of liquids relative to water at
60°F.

G, Specific gravity of gas relative to air with both at
standard temperature and pressure.
h Effective differential head, ft. of fluid.

2K Sum total of effective velocity head coefficients
where K(V3/2g) = h.

Kes Bernoulii coefficient = 1—(d/D)*

K. Cavitation Index.

K: Resistance coefficient for iniet fitting.
K. Resistance coefficient for outlet fitting.

k Ratic of specific heats of gas = ¢,/c,, dimension-
less.

M Molecular weight.

m  Ratio of areas.

p  Absolute static pressure, psia.

p. Vapor pressure, psia.
Static gauge pressure, psig

q  Volume rate of flow, q, = gpm, q, = SCFH.

R Gas constant = 144 pv/T.

Re Reynolds Number.

T  Absolute temperature, degrees Rankine.

U  Average velocity, fps.

v Specific volume (1/y), ft3/ib.

vV Volume flow rate, ft3/hr.

w  Weight rate of flow, Ib/hr.

X Ratio of differential pressure to absolute inlet
static pressure, x = (p1—p2) / p1.

xr  Terminal or ultimate value of x, used to establish
expansion factor, Y.

Xrp  Value of x; for vaive/fitting assembly.

Y  Expansion factor; Ratio of flow coefficient for a
gas to that for a liquid at the same Reynolds
Number (includes radiat as well as longitudinal
expansion effects).

Z  Compressibility factor = 144 pv/RT.

¥y (gamma) Specific weight (1/v), Ib/ft3,

A (delta) Difference, {e.g., AP = py—pa2).

& (mu) Viscosity, centipoise.

O (theta) Index for viscosity correction.

SUBSCRIPTS

Upstream

Downstream

Effective value

Liquid

Gas

Theoretical

Terminal or ultimate vaiue
Uncorrected value

Vena contracta (point of
minimum jet stream area)

C 4w -~ 0o n =

<
[}

© 2020, DeZURIK, Inc




	1_0 Table of Contents Alpha I_Version 20
	Flow Characteristic
	Reference Information
	Sizing Equations/Liquid Sizing

	4_0_installed_characteristics
	4_1
	BAW / AWWA Butterfly Valves
	BAW / AWWA Butterfly Valves
	BAW / AWWA Butterfly Valves

	4_2
	4_3
	PEF Eccentric Plug Valves
	PEF Eccentric Plug Valves

	4_4
	4_5
	4_6
	4_7
	4_8
	5_1
	5_2 Saturtd Steam_Water
	5_3 Sprheat Steam
	5_4 Steam_Cmprss H2O
	5_5 Cmprss Factors
	COMPRESSIBILITY FACTOR CHARTS
	COMPRESSIBILITY FACTOR CHARTS (continued)

	6_1_1
	6_1_2
	6_1_3
	6_1_4
	6_1_5
	6_1_6
	6_1_7
	6_1_8
	6_2_1 
	6_2_2
	6_2_3
	6_2_4
	6_2_5
	6_2_6
	6_2_7
	6_2_8
	6_2_9
	6_2_10
	6_3
	6_4
	6_5

