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KEY EQUATIONS AND FORMULAE

| pressure-height relation p=yh=pgh
| resultant force on plane submerged surface A Fresumam =y d g A, Where dg, = distance

| N 2 from liguid surface to centroid of area A
i} location of center of pressure Lo=Llegg+ Ihl with Igz=inertia moment
i )

1 volume flowrate (m®/sec) Q= Av = (area * velocity)
I mass flowrate (kg/sec) M(t) = p Q = (density * volume flowrate)
§ continuity Q = constant = A, vi= A v;

Bernoulli's Equation ( the "head” version ) Pily + 21+ v3(20) = p2ly + 22 + vi(2g)

| General Energy Equation Di/y + Zy + VIH2G) + Hpump =

| P2ly + 2z + V§f(2§}) + Menotor + Hioss
i} Reynolds # for circular flow Ng = l_f?n = 22 = (4 Q)(xdv)
I Reynolds # for non-circular flow Ng =222 = 220 . (4 Q)(x d), V)

I hydraulic diameter (non-circular cross-section) di =4 £ , with WP=wetted perimeter,

, and A = cross-seclional area
friction factor for laminar flow f = -%1_

] friction factor for turbulent flow (Swamee's) f = 0.25( 10g(0.27027 £ +5.74 Ng°° ))?

. friction factor for fittings (Crane Company) f, = 0.25( log(0.27027 "j‘“})'z
| headioss due o friction (Darcy’s equation) et :;9

§ headloss due to fittings using equivalent length Hioss = i (%&)-':-;_%

| headloss due to fittings using headloss coefficient Hioss = k 4

———— =

§ pump:  power delivered to fluid P = 7 Hadges O

power delivered to pump Poump = Pauia / {efficiency of pump)
turbine: power delivered by fluid Paue = ¥ Hromoves Q
|~ power delivered by turbine Pumine = Prag * (efficiency of turbine)
I available net positive suction head NPSH, = hgp * Ns - Nioss = Diaper pressue

& affinity laws for centrifugal pump: for flowrate: Q,/Q; = ny/ny, for head: H/H, = (ny/n; )?
e and for power: P, /P; =(n;/ nz )®

R 1 hr =60 min = 3600 sec ; 1000 mm = 100 cm = 1 m = 10 km = 3.2808 feet = 39.37 in
1000g=1kg, and 1000 N =1 kN =224 .82 b, ., , NOTE:gall=gallon

1 liter = 1000 cm?® = 102 m?® = 4.546"' Imp.gall = 3,785 US gall

159 liter = 1 US barrel , 1000 lit/min = 219.974 Imp.gall/min = 264.2 US gal/min

1 Pa = 1.4503°10 psi or 1 psi = 6865 Pa

1 01.325 kPa = 14.67 psl = 760 mm Hg = 29.92 in Hg = 10.33 m of water

745.7 W = 1 horsepower = 550 ft 1D /5€C

1 poise = 0.1 Pa s = 2.09*10 Iby,,., sec / ft? . 1 stoke = 104 m? / sec = 1.076"107 ft¢/s

f conversions: A R




Properties of Water

i rensity
TFemperature r
“C) (hgfm™)

0 9.81 w000 1.5 % 1073 175 % 1678
5 9.8t 1000 1.52 % 107 1.52 % 1078
10 981 1000 130 x 107! 13X 107
15 281 1000 115 X 1972 1.15 % 1078
20 8.79 998 192 x 107 102 % 1078
25 9.78 997 891 % 197% 854 % 1077
30 8,717 596 808 % 0™ 803 % 1077
35 4.5 504 718 % 107 722 % 107
40 9,73 992 £.51 x 107 6.56 X 107
45 9.1 990 594 x 107 6.00 x 1077
50 9.69 988 541 % 107 548 % 1077
ss 9.67 " 986 498 % 107 5.08 % 107
50 9.65 984 360 % 107 467 % 107
65 942 081 431 % 107t 439 % 1077
i) b.59 978 402 % 1° 431 % 1077
7% 9.56 915 AT 1t 383% 1077
20 953 LT3 3.50 % 107 3.60 x 107
5 .50 958 3,36 % 107* 341 % 1677
90 847 963 301 X 10~ 332 x 1077
95 944 362 252 x 107° 304 x 1077
o 940 958 28 % 10 284 X 107
PI.O ertl es Of TABLE ma 81 Upits {101 kPs Dynansic
p tals) and Z3°C) Viscosiy
. i Speciiie Feichs Denstey 2
= i ity P (Fars) or
C Ommon quul dS 30 thafm™ {N-sfin"}
Acetene 0.787 (A 87 3.16 x 10
Alzohol. ethyl 0.787 752 187 o x w?
Aleohol, methyl 0.789 774 138 560X 1074
Aleohol, propy] 0.802 1.87 g2 192 % 1g7?
Ammonia {826 £.10 826 —
Benzene 0876 {58 875 6.03 x 107
Carbon 1etrechioride 1.550 13.60 1590 9,19 % 1077
Castor oif 0.960 9.42 960 6.5F % 107¢
Ethyline glycol 1.100 1078 1D 162 x 1070
Gasoline 0.68 6.67 &80 2.87 % 107
Glyeerine 1.258 12.34 1258 960 x 107!
Keroéene 0.823 207 823 1.64 x 1077
Linseed oil 8.936 9.12 930 331 %107
Mercury T 134 132.8 13 540 153 % 1073
Propane 0495 4386 495 110 X 1t
Seawater 1.030 10.10 1830 1.03 % 107°
Turpertine 0.870 8.53 870 1.37 % 10~
Fuel oif, medivm 0.852 836 852 2.99 x 197

Fuei oi, heavy 0.906 89 906 187 % 107t
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Typical Properties of
Petroleum Lubricating Oils

Kinematic Viscosity, v

Specific al 4PC {104°F) at 190°C (212°F)  Viscosity
Type Gravity {mfs) {13} tm?ls} #7s) Index
Automotive hydraylic
sysiems 887 199 x 107% 430 x Mt LB/ X1t 185 x W 141
Machine tool hydrastic
systems
Light 0.887 320 107 344 % 107 479 X Wt 516 x i3 o4
Medium 0.895 870 % 19~ 721 x W% 29k Mt 78RS x 10°Y &6
Heavy 0.901 1.96 x 104 2,13 x 107 140 % 10 1.5 % 10 70
Low temperature 8844 L4g x 1% 151 x i 520 x 1% 560 x 1077 228
Maching tool lubricating
oils
Light .88} 2.0 x 1870 237 x 107 IB0 x 100t 420 X WS 80
Medium. 0915 660 X HF 70 x 4 100 x 107% 7.53 x 0S 83
Heavy 0.898 200 3 107% AL x 197 188 x Y 16T x 101

_ Unit
L Given Ry
L Unit

Poise

bt S 4188 B8
Pa-gb 289 x 17 1 10
poig*® S 08X 9.1 i
cefitipolse . 2089 x 19! oot Sk Units and conver-

* Standwd S units
Equivalent unit: N-sim?
v dyne- sfom®
Equivalend unit: glem:s

sion factors for 3magg§c VISCOS-
dy, u (Multipty numBer in table
by viscosity in piven unit 10 ob-
thin viscosity i desived umil.)

Units and vonver-
sion factors for Kimematic visgos-
ity, » {Muitiply number in table
by viscosity in given unit to ob-
tain viscosily in desired unil.}

i Given
I

S8t mifs Sioke

; S TaBixr0t 9290 x 100 a0
U Fo2mxi0s o1 2 x i 2 xie?

me/xt 076 aeE X106 o
stoket T LSRR TRT T R

centlstoké® 1076 x 107 4.6 w0t 0.1

*  Seyholt Scconds, Universal (conversions approximate for S3U > 1)
For BSU < 100: » = (0.226 S8 ~ 195/SSUMID % nvt/s

1 Standard ST unit
i cwifs
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TABLE F.1

Schedule 40

Nominal  Outside Diameter Wall Thicksess Inside Diameter
Pipe Size
lin) {im) {mm) {in) (im) (n) (mm}

in 0.404 0.3 'n (68 1.73 0,269 0.0224 68 0.000 394 3.660 » 107
D) i 0.540 13 0.088 224 0.364 00303 9.2 0.000 723 6717 x 107
Q__ [ 0.675 ita 0.091 .31 049 004y 125 0.001 33 1.236 = Jo~*
o=t i/ 0.830 213 0.109 217 0.622 00518 15.8 0602 11 1960 % 1074
Q—4 34 L1050 267 0.113 .27 0.824 0.0687 09 0633 70 3437 % 107!
e ! 1S 314 0.133 338 1.049 00874 6 0.006 00 551 x 107
L 14 1.660 422 0.140 1.56 1.330 0.1150 35.1 0010 39 9653 % 107
8 1 1960 483 0.145 368 1610 9342 409 001414 1314 % 107
m 2 2375 0.3 0.354 191 2,067 01223 525 0023 33 2.168 x 107?
T 2 2,875 730 0.203 5.16 2449 0.2058 62.7 0033 25 1090 x 10°°
6 3 1500 H8 9 0216 549 1068 0.2557 779 DO5) 32 4768 x {07!
i 4.000 101 6 24 574 1.548 0.2957 %0.) 0.063 68 6381 x 107}
o 4 4.500 114.3 0237 6m 4036 0.)355 1023 0.088 40 8213 % 107
ﬂ $ 5.563 1413 0.258 655 5047 0.4206 128.2 01390 1291 % 107
. 9 6 65625 1683 0.220 701 6065 05054 1544 0.200 6 1861 x 107
0] E 8.625 9.1 6.322 8.1% 7.981 0.665! bip 3] 03472 3226 % 107*
o 10 10.750 273 0.365 927 10020 0.8350 254 4 05479 §060 x 1077
S_‘) 12 12750 1239 0406 1031 11.932 09948 3032 D7 7.219 % 1077
o 14 14.900 3556 0.437 11.10 13.126 1.094 3334 09395 8729 % 1677

+ 16 16.000 406.4 0.500 12.70 15060 1.250 3810 3.227 0.1140

Q 18 18000 4572 0.562 14.2 16876 1.406 4287 1.553 0.1443

20 20000 508.0 0.593 5.06 18814 1.568 4779 1.931 0.1794

2] 24.000 &9 6 0687 1745 22.626 1.8%6 §74.7 2792 0.2594

TABLE F.2  Schedule 50 Dimension

Neminal  Ouicide Diameter Wall Thickness laside Diameter ;
Pipe Size R —

(in) (in) (mm) (im) (mm) ) (mm) !
s 0.405 103 0095 241 0215 001792 55 0000253 1350107 [
i 0.540 137 o119 1m 0.302 0.025 17 13 0000 497 4617 % 107° E
s 0.675 171 0.126 3.20 0.423 0.035 25 107 0800576 9067 X 107% §
th 0840 213 0147 173 0346 0045 %0 139 000162  1510% 107 §
Ve 1.050 26.7 0.154 191 0742 0061 83 184 0.603 00 2787 % 107 5
1 1318 334 0.179 4.55 0957 007975 243 0002 99 4636 % 107 }
1/ 1.660 422 0.191 485 1.278 D.106 5 325 0.602 91 8278 % 1074 §
1% 1.500 483 0.200 $.08 1.500 01250 384 0012 27 1.140 % 107}

2 23758 603 0218 5.54 1.939 0.161 6 493 0.020 51 1.908 x 107
2 23875 73.0 0.27 7.01 2323 01936 35.0 0.029 ¢4 2738 « 107}
3 3.500 £89 0200 762 2900 0.241 7 737 0,045 90 4264 % 107
3/ 4,000 101.6 0318 8.08 3364 0280 3 854 0061 74 5.736 x 107}
4 4,500 1143 033 8.56 1,824 0ze 91.2 0.079 86 TAI9 % 107
5 5.563 1413 0.373 953 4313 0.401 | 1223 01263 LI73 X 1072
6 6.625 168.3 0432 10.97 $.761 0.480 | 146.3 0.181 0 1.682 % 1072
b 88625 219.1 0.500 12.70 7635 0435 4 193.7 03174 2949 x 1072

10 10.750 273.1 0.493 15.06 9564 07970 2429 0.498 6 4632 % 1071

12 12.750 19 0.637 174 11.37% 05430 1890 0.705 6 6555 x 1073

4 14.000 3586 0.750 19.05 11.500 1.042 N1 03852 ) 7.916 x 10°*

i 16,000 4064 0842 21.39 14314 1.193 363.6 L7 0.1038

18 18.000 4572 0937 23,80 16.126 1344 9.6 1.418 0.1317

20 20000 5080 1031 26.19 17.938 1.495 4556 1,158 6.1630

24 24.004) 609 6 1.218 10.94 21.564 1.797 5477 2535 0.2344

13 of Stzel Pipe




Dimensions of Steel Tubing

laside Diameter

(A1)
u 118 0.032 0813 0.061 0.00508 1.549 2029 x 30°° 1.885 x 107
0.035 0289 0.055 0.004%8 1.397 1.650 x 107? 1533 % 107*
e 476 0.032 0813 0.2 0.01029 3 £319 x 1077 1.728 % 1*
0.035 0889 0117 000579 2983 7,530 % 107 6.996 % 107*
6.35 0.035 0£89 0.180 001500 4572 1.767 % 107 1642 x J0°°
0.049 .24 01852 0.01267 1861 1260 X 107 1.17) % 1072
794 0.03% 0.889 0243 002021 6.160 3.207 € 107 2980 % 107
0,039 124 0218 001728 5448 23509 =% 10" 2.33) % 1078
We 9.53 0.035 0.£89 0305 0.02542 747 2074 x 107 4714 x 107°*
0.049 )24 0.57 4.02108 7036 4185 x 10~ 3868 % 10°°
12,70 0.049 124 0.402 003150 10.24 8814 x 107 B.189 % 167*
0.065 168 0370 0.03023 940 7467 % 107 6937 % 10°?
S 15 88 0.049 1.24 0.527 0.04392 13.39 1.515 » 197! 1407 # 107
0D.065 1 .65 0395 00425 1257 1336 x 1.242 % J0°*
M4 19.08 0049 1.24 0652 0058433 16.56 239 x 107} 2154 % 107"
0045 1.65 0620 0.05167 15.75 2087 x 1077 1948 x 107*
i 2223 0.059 1.24 0.777 0.06475 1974 32903 % 1677 1059 % 107
0.065 1.65 0.745 0.06208 1892 3827 x 107 2812 % 107"
25.40 0.04% | &5 0870 0.07250 2210 4.128 % 10 1835 < 107
0.083 211 0834 0.05950 21.18 3.794 % 107" 3.524 x 107"
1/e 11.7% 0.065 1565 1.120 009333 28.45 6842 » 107’ 6356 X 1074
0.083 1 | 034 0.09033 2753 6.409 x 1077 5954 % 10°*
Vifa 3810 0.06% 1.65 1.370 01142 34,80 1024 % 1077 9.510 % 107*
0.083 2.11 1.334 0.1412 33.88 9,706 x 107’ 9.017 % 1074
44,45 0.065 )65 1.620 0:1350 41.15 1431 % 1077 1.330 % 1077
0.083 211 1.584 0.1320 40.23 1.368 x 107 1271 x 1072
2 50 80 0.064 1.65 1,670 0.1558 £7.50 1.907 % 107 1.772 % 1073
0.033 241 1834 0.1528 46.58 1.835 x 1077 1.704 x 107?
Di ' ; ‘ Tubi
imensions of Type K Copper Tubing
Nomina) Outside Wail

Size Diameter inside Dianeter Flow Area

(in) (mm) (i1 (mm) nh (m?)
/s 0.250 635 0034 0889 0180 00150 4512 1767 % 107 1842 % 107°
s 0315 953 0.049 1245 0.277 0.6231 7036 4185 % 107¢ 3888 x 1077
e 0.500 12.70 0.049 1.24% 0402 00335 10.21 8814 X 107 2189 x 1070
f 0.62% 15.88 0.049 1.245 057 0.0439 13.39 1518 x 10™? 1407 % 107
M 0.750 19.05 0.049 1.24% 0652 0,054 16.56 2319 %X 1077 2154 X 1074
0875 2123 0.045 1.651 0748 00621 18.92 AT X100 2812 %107
1 1.125 28,58 0065 1.651 0595 0.0829 8.7 $400 x 167! 5017 % 107*
1ts 1.375 1493 0.065 1.65} 1.245 0.1037 31 .62 8454 % 107? 1854 x 10°*
172 1.62% 41.28 0072 1,829 1481 0.124 37.62 1.196 % 1077 1.4 =107
2 2.12% £394 0,083 2.108 1958  0.1632 49.76 2093 x 1077 1.945 x 107?
h 2.625 6668 0.098 2413 2435 0029 61.85 3234 %1070 3004 x 107
3 3125 0.109 17469 2.907 0.2423 73.84 46/ X 107 am2x 107!
3443 3,625 0,120 3,048 3.385 0.2821 £5.98 6.249 x 1077 5.806 % 107
4 4.12% 0.134 3404 3.857 03214 §1.97 2114 ¥ 10°F 7.538 ¥ 10™?
5 5125 0.160 4063 4805 04004 122.0 1.299 x 107! 1.170 % 1672
6 6.125 0.192 4877 741 04784 145 8 1.798 % 10 1670 ¥ 1077
8 B.125 8.1 6283 7583 04319 192.6 3,136 X 107 2914 x 1077
10 10.128 0338 8585 9449 07874 240.0 4870 % 107 4524 % 1077
12 12125 0405 10.287 11318 09429 2874 6983 » 107" 6487 % 107?




lass 150 for 150 psi

Dimensions of Ductile Iron Pi1

TABLE 1.1

(51.03 MPu) pressure service

laside Diameter

8.13

4.E0 121.9 0350 889 4.10 0.342 104.1
6.90 175.3 0380 9.45 6.14 0.512 155.0
4 9.05 2299 04X 1041 823 0.626 200.0
i0 131.10 2819 0.440 11.18 10.22 0.852 259.6
12 13.20 335.3 0.481 12.19 }2.24 1.020 310.9
14 1565 391.5 0.510 12.95 14.63 1.219 3716
16 17.20 452.1 0.540 13.72 16.72 1.393 4247
! 19.92 506 0.580 14.73 18.76 1.563 £76.5
2 22.06 06 15.75 20.82 1.935 528 8
24 26.32 668.5 0730 18,54 24,86 2072 631.4
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FIGURE 10.11 Resistance coefs R e
cient—Gradual contraction. ]
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FIGURE 10.12 Gradual contrac-
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diameter.
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FIGURE 10.13 Entrance resistance
coefficients
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Relative radius /D

TABLE 104 Resistance in valves Eguivalent Lengih
and fittings expressed as equivalem in Pipe
teagth in pipe diameters, L, /D Diamcters,
\ LD
Globe valve—fully open 340
Angle valve-—fully open 150
Gate valve—fylly opes 8
~— 34 open 35
—{1 open 160
—1fa open 50
Check valve—swing type 100
Check valve-—ball type 150
Butterfly vaive—{ully open 45
Foot valve—pappet disc type 420
Foot valve—hinged disc 1ype 75
90° nandard elbow 30
H0* long radius elbow 20
90° sueet clbow 50
45° stapdard elbow 16
45° sirect elbow 26
Close resurn bend 30
Standard tee—with flow through run 20
~—with flow through bracch &0
Source: Crane Vilves, Jolizt, [L
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FIGURE 1027 Resistancs dae 10
90% pipe bends. (Source: Beij, K. H.
Pressure Losses for Fluid Flow in
% Degree Pipe Bends. Journal of
Research of the National Bureau of
Standords 21 (July 1938): 1-18.)

FIGURE 1028 90° pipe beud.




