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Appendix A: Centroids and Area Moments of Inertia
SHAPE DIMENSIONS . CENTROID (xo.v,) AREA MOMENT OF INERTIA
y v l = (1/712)bh3
A f Iy = (1/12)hp3
Rectangle =:. h - x' (%b, %h) Iy = (1/3)bh§
' x Jg = (1112)bh(b2 + h?) "
Ore—— p —> S
T !
1] A . _ 3
\ o Iy = (1//36)bh3
Triangle h. ‘}\ yo = (h/3) tx.= (1/12)bh
YR
= - - - X
‘(__, p >
L «——p —> .
. ; |- h3(82+aBb4?)
o . X'~ 36(B+b)
ey /e \ . _ h3Bise)
Trapezoid 2 - Ye = h(2B + b) x - 12
: / / \ X . 3(B + b)
- B > ’ Nofe that this is measured
from the top surface.
Quarter- .
Circle, of < ((4/3m), (4r/3m) I = ly = (1/16)m
radius r - — , ’ ’
Jo = (1/8)m*
Half . =1y = (178t
Circle, of . xm X' ) . x.= ly = (8
di x 4 Z 91,4
radius r =1 (0, {4r/3m) Jg = %m e = A1
. y .
: Ix=1ly= wmd
Circle, of 0 X .
radius r , ' _ ©.0 Jo = wm
: ly = 4h3a/7
Parabolic- : 3
Area (0, (3h/5)) 1, = 4ha3/15
X
: - an3
y , T . I, = ah3/21
= kx :
Parabolic Y Iy = 3ha3/15
Spandre!- <c| h ((3a/41,(3h/10))
. 0 Y x .




10.5 FLOW AT PIPE INJ
FIGURE 10.14
Pipe entrance 0.0 050 .EGL and HGL qt a
] - 0.1 0.12 sharp-edged pipe
“hy =K, V?/2g >0.2 0.03 entrance.
. . . KC Kc .
"Contraction Dy/D; 6=60° 6=180° (2
0.0 0.08 0.50
0.20 0.08 0.49
0.40 0.07 0.42
0.60 0.06 0.27
) 0.80 0.06 .0.20
ho=KcV3i/2g ' 0.90 ° .0.06 0.10
' ‘ Ke = K: '
‘Expansion b D\/D, 6=20 6=180° ]
! 0.0 1.00
0.20 0.30 . 0.87
0.40 . 025 0.70
~ 060 015 0.41
hy=K:Vi/2g ' 080  0.10 0.15
Vanes Without )
» ’ vanes - Ky=11 @37 .
90° miter bend -
With
vanes K, = 0.2 37
vd - ®
: and
90° smooth ! K, =035 (19
bend 2 0.19
. 4 : 0.16
6 0.21
8 0.28
10 0.32
Globe valve—wide open K, =100 ’ 37
Angle valve—wide open K,= 50
Gate valve-—wide open K,= 02
Gate valve—half open K,= 56
Threaded Return bend P Ky= 22
Ppipe S Tee
fittings .
) straight-through flow K, = 04
side-outlet flow K, = 18
90° elbow ‘ K,= 0.9
45° elbow j K, = 04
*Reprinted by permission of the American Society of Heating, Réfrigerating and Air Conditioning ‘ FIGURE 10.15

Engineers,.Atlanta,'Georgia, from the 1981 ASHRAE Handbook-Fundamentals. Head losses in a pipe.
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_APPENDIX

Specific

. Vapor

o Dynamic Kinematic -
Temperature . Density - weight - viscosity viscosity . pressure
kg/m’ N/m® - Nes/m’ m’/s . N/m® abs.
0°C 1000 9810 "1.79 X 107* 1.79 x 107°¢ 611
5°C 1000 9810 1.51 X 107 1.51 x 107¢ 872
10°C 1000 9810 1.31 X 107 1.31 X 1078 1230
15°C 999 9800 1.14 X 107 1.14 x 107 1700
20°C 998 9790 1.00 X 107 1.00 X 107 2340
25°C 997 9781 891 X 10  8.94 X 1077 3170
30°C 996 9771 7.97 X 107*  8.00 X 1077 4250
35°C 994 9751 720 X 10™* 724 x 1077 5630
40°C 992 9732 6.53 X 107*  6.58 x 1077 7380
50°C 988 9693 547 X 107" 5.53 X 1077 12,300
60°C 983 9643 4.66 X 107 4.74 x 1077 20,000
70°C - 978 9594 4.04 X 107 413 X 1077 31,200
80°C 972 9535, 3.54 X 107*  3.64 X 1077 47,400
90°C 965 9467 315 X 107* 326 X 1077 70,100
100°C 958 9398 282X 107 294 X107 101,300
slugs/ft> Ibf/ft® - . Ibf-s/ft? ft*/s - psia -
40°F 1.94 62.43 323 X 10 1.66 X 1075 0.122
50°F 1.94 62.40 273 X 107 141 X 1075 0.178
60°F 1.94 . 62.37 236 X 107 1.22 x 1075 0.256
70°F 1.94 62.30- 2.05 X107 1.06 X 107° 0.363 -
80°F 1.93 62.22 1.80 X 107> 0.930 X 107° 0.506
100°F 1.93 62.00 1.42 X 1075 "0.739 X 1075 0.949
120°F 1.92 61.72 1.17 X 107> 0:609 X 1075 1.69°
140°F - 1.91 61.38  0.981 X 107 0.514 X 10~° 2.89
_ 160°F 1.90 61.00 0.838 X 10™° 0.442 X 1073 4.74
180°F 1.88 60.58 0.726 X 10~ 0.385 x 1073 7.51
200°F 1.87 60.12 0.637 X 107°  0.341 X 1075 11.53
. 212°F . 1.86 59.83 0.319 X 1073 14.70

*Notes: (1) Bulk modulus E, of water is approx.
face tension is approximately 7.3 X 1072 N/ (5 X 107 Ibf/ft) from
SOURCE: Reprinted with permission from R. E. Bolz and G. L. Tuv
plied Engineering Science, CRC Presé, Inc.,

Rubber Co., CRC Press, Inc.

'0.593 X 1073
imately 2.2 G P, (3.2 X 10 psi); (2) Water—air sur-
10°C to 50°C.

e, Handbook of Tables for Ap-

Cleveland, 1973. Copyright 1973 by The Chemical
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1. Determine the head loss, given the kind and size of pipe and the flow rate.
2. Determine the flow rate, given the head, kind, and size of pipe.
3. Determine the size of pipe needed to carry the flow, given the kind of pipe,
head and flow rate. .
In the first type of problem, the Reynolds number and k,/D are first computed
and then f is read from Fig. 10 8, after which the head loss is obtamed by the use
of Eq. (10.22).
Rerl2 = D (Zﬂ/ )1/2
v\l A
2 4 6 '8ygt 2 4 68195 2 4 6
0.100 P Y A N AY - . T L 2
YRR l \ IREIE
0.090 A
0.080 — TP
- R \ . ‘ F .
0.070 e == 0.05
okl - et~ 0.04
0.060 |- t T - 0.03
- — ~
0.050 |— = 0.02
< - N~ -+ 0.015
ey - N
§ 0040 N 0.01
£ o N 0.008 I8
g " - R ~ 0.006 §
» 0.030 £ g
g = NER o 0.004 %
8 - - ]
0,025 s
g ol I 4l 0.002 £
F Ll S 0.001 § '
0.020 ’
0.0008
B Equivalent sand 0.0006
I roughness, k, 0.0004
0.015 | | Boundary material tn millimeters (In feet)
7| Glass, plastic Smooth (Smooth) 0.0002
| Cooper or brass tubing 1.5 x 10-3 (6 x 10°9)
| Wrought iron, steel  4.6x102 (1.5 xol_‘O"‘! 0.0001
. | Asphaited cast iron  0.12 . (4x10%
6.010 .| Galvanized iron 0.15 (5 x 104) 0.000,05
- | Cast iron 0.26 (8.5 x 104) ~
0.009 = Concrete -031t3.0 (103t0107?) i
0.008— P TR A W A W A S rerarssrardl 5| i : -t 0.000,01
103 2 4 6 8104 2 4 3 3105 2 4 6 8105 2~ 4 6 8107 2 4‘ -6 5108-
Re = 22 ’ » )

FLOW IN CONDUITS

FIGURE 10.8

Resistance coefficient f
versus Re. Reprinted
with minor variations.
[After Moody (29).
Reprinted with
permission from the
ASME.]

10.4 TURBULEN

FIGURE 10.9
Relative roughness ;
various kinds of pip-
[After Moody (29).
Reprinted with
permission from the

ASME.]




