Pipes
Moody Diagram

10’
0.5 (sharp edge)

e (mm)
0.05
0.002
0.046
2.0
0.26
0.046
0.15
0.002
0.0015
Smooth
0.04
2.0
0.01

Galvanized, new

Commercial, new
Drawn, new

Condition
Sheet metal, new
Stainless, new
rusted

Cast, new
‘Wrought, new
Drawn tubing
Smoothed
Rough
Smoothed

10°

Exit loss coefficient: K = 1.0 (any edge shape)
Roughness Values for Ducts:

Entrance loss coefficient: K

Material
Steel

Iron
Brass
Plastic
Glass
Concrete
Rubber

Re
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1.0

10°

0.8

4
10
0.6

expansion
d/D

0.4
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Sudden Expansion and Contraction Losses
(P minor = KV?/2g); V is based on the smaller pipe (d)

contraction
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Basics Pipe Flow Potential Flow
g =9.8 m/s’ p V2 p V2 (u,—1,) 190, {=VxV=2w
Puaer = 998 kg/m’ —+a 2; tg |- =t 2_2 +g, = 3 “=H, =Hy +Hy, || Streamlines: dy/dx = v/u
Pym =101.3 kPa P8 ;72 P8 , § s § m_ Irrotational, 2D, steady: V=0
I;: :ld Z/gy-'- wk H,, =f sa D H, = k‘; Integral Conservation Laws w=— I vdx+ f,()
= 8
v=pp fiav = 64/Rep, M = f pdv W =+[udy+ f,(x)
SG = p/pmo 1.1 Ay=0/b
b 1 69 ((e/D) dt =| pVdV =0
deal gas: P = p Reu Tz—l-Slog{Re +( T I caemat =[ P V=Vg > u=dx, v=0a¢dy
F = —I pdA f D ' . 24—
N = J‘ ondv Irrotational, steady: V¢ =0
Pgage - Pabs Patm 1 yu % volume I'= IV XVdA = §V : dE
Fou = xF, = fxdF u=u*(3+;1ﬂ( > D m:-jpﬁ-dﬁ w(z) = ¢+ iy, where 7 = x + iy
A dw .
* — - - Ty -
Hydrostatics where Z - T;‘ﬂ” / /()) ;“ = J. V-dA a7
. =9, and xK=U. v 4 1 Lift: L = wp Usl ToTAL
Dy =——"——
p2—p1= pg(z1—z22) Perimeter aN npdV +jan dA
F buoyant = +pwg Vsubmerged . . . dt oM dt
W = +pog Vot Dimensional Analysis o
,00/,0f: Vsubmerged/vo Re=pUL/lu OZEJ:/pdV-FJ.deA
-Vp+pg-a)=0 Fr=V’/gh P S
geir=g—a Cp = FAYspAV?) Loy = [VoepdV + [V, pV,. -dA+ [, pdv
ITtheorem: (n — m) II groups. cv
( ) 1 group . : ) Differential Conservation Laws
Qin _Wnetout =3, _[epdv
Boundary Layers ot &y 0= p) ap . (,0 )
. + V
5 S . . Bernoulli v (‘7 dA) ot
950 Y| =Y (Blasius: laminar) + J. u+pv+ > +gz |p\V - DV oV
x Ux Re%’ P0 = Pdyn +p25tat cs G .= particle _ (‘7 V)V + (14
=1 particle
6 _016 (turbulent) Pam V2/2 PV V.2 3 br o
X e% &+#+g11=&+i+gz2 v (V V)V———Vp+g+'UV2V
' 2 p_2 p p
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Basic Frictionless Compressible Nozzle Information for Air

¢, = 1005 J/kgK ¢, =718 J/kgK R =287 I/kgK k=1.40

Functions valid everywhere on either side of a standing shock:

p=pPRT

5 35
r=nl3)

1 [(1+02Ma?)
Ma| 1728

A

Ma as a function of A: =
A %

a=~kRT

Vim =+ 2¢,T,

0.5
el

5

2.5
pE=p, (gj

M, \RT,

max m= pAV
0.6847315p,

Property changes immediately across the shock (1 = 2):

,  2+0.4Ma’
a

> 2.8Ma’ 04

=(

D 24

2.4Ma;
2+0.4Ma’

Po _ Pu
Py Pn

K

2.5
2.4
2.8Ma} —0.4

Py _ 2.8Ma; -

0.4 Py _ 2.4Ma’
o, 2+04Ma’
A* Ma, (2+04Ma? Y
A*  Ma, \2+0.4Ma;
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