EME 303 - FLUID MECHANICS
SUMMARIZED EQUATIONS AND CONCEPTS
Some Useful Conversion Factors

SI BGS EE
Temperature: K="C+273.15 °R="F+459.67 °R="F+459.67
Force: IN = (lkg)(Am/ s*) 1b = (1slug)(1 ft / s*) 1Ibf = (1Ibm)(32.2fi / s°)
Mass: kg slug Ibm
Density: lkg |/ m’ 0.00194 slug/ f£*  0.06243 Ibm/ f’
Prvcier 1000kg / m’ 1.94slugs | ft* 62.4lbm/ ft’
Pressure: 1Pa=1N/m’ 0.0209 b/ fi* 0.0209 Ibf'/ fi*
Work, energy: 1J=1N.m 1/tlb=T778.2Btu —
Power: W =INm/s lhp=550ftlb/s —
General [Topic:1]
£ a,
F =ma or Fy =mja,
. a,
Isothermal : P _ const.
p=pRT P

Isentropic : % = const.
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[1:3] Fluid Properties

Recap

Definitions

Dimensional homogeneity

Fluid properties
Mass and Weight M = p¥~, W = Mg
Equations of State p = pRT

Compressibility E =— dp — 4 dp
d¥-/ ¥ dp / p,

Outline
c = @ or \/Ev /p

Wave Speeds http://www.youtube.com/watch?v=629em0OmPpUY

v,

Viscosity T=

Vapor pressure (airfoil)
Surface tension (vinometer) :

10,000

supercritical

1,000
fluid

Topic 2 Pressure

Fluid pressure at a point

pressure
P (bar)
=
o
o

Incompressible (water)
Compressible (atmosphere) *°

1 T T -

200 250 300 350 400
temperature
T (K)

http://en.wikipedia.org/wiki/Supercritical_fluid
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1.3.2  Compeasson) [ E>PANSION OF GASES
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The action of a fluid may be described as a series of very thin sheets
each of which slip relative to the next.

Through experimentation it has been shown that the velocity gradient

(du/dy) times the viscosity (u) is equal to the shearing stress (7)

between the thin sheets.
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The capillary rise (or depression) as shown in the figure below is
expressed as:

o= 20 cos 6
yr

o = surface tension in units of force per unit length
6 = wetting angle
v = specific weight of the liquid
r = radius of the tube -
h = capillary rise (from inflection point of meniscus)
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Figure 1.8 Capillary rise.

For tube dodiamebers > //Z 4 (/Qmmj] ca,,;//o.7 e#cclls are ney//g/'é/c .



Fluid Statics [2,3]

px:py:pZ:p
9
aax 0 a,
~Vp—yk=paor - (P70 [=P
1 a
i z
oz
Simplifies when: a, =a =az=0tod—p=d—p=0andd—p=—7;%=— e
7 dx dy dz dc g+a,
z=% +¢
Rigid body rotation: a_p: pra)z;a—pzo;a—pz— ; 222g
or 0 oz p=2C _yrtc

Incompressible fluid: p = yh+ p,

Compressible fluid: ap = —% and integrate w.r.t (p, z).

dz

Manometer rules: (T —ve)(d +ve);Z—p = j_p =0; p, if evacuated; y,,, — 0.
29 y

Fy=yhd; F,=\F:+F’

y R = yxj4 + y c
F, acts through center of pressure ]C
Xp=—"4X,
y.A




PRESS0LE AT A POINT

INCOMPREESIALE FiuiD dp — ¥
Az
R Fa e
g olp =—“( Y d¥
f 2
Ingart lants as’ Pa-pP, = = ¥(@.-3)

oe: P/ = Y(%-,-_"%,) .8 P:...
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[2:2] Fluid Statics

Recap
Fluid pressure at a point (static) »r.=p,=p.=»r
g 0
~Vp—yk=paor — 9 p—-yy 0 (=p Zz Simplifies when: a =a =a_=0to z—pzz—pzo and Z:—p:—y

dy 1 . x dy 'z

9

0z

Incompressible (water) Incompressible fluid: p = YA+ p,

. . . 4 :
Compr'eSSIble (aTmOSpher‘e) Compressible fluid: L —% and integrate w.r.t (p,z).

dz
Outline
Pressure measurement (manometry)

Manometer rules: (T —ve)(d +ve); dap = ap =0; p, if evacuated; y__— 0.
dx dy v e



PeESSeRE AT A PoNT (Cot’dD
CoMPReZSIBLE =D —~  GASER /:> o ¥ = 'F C P,T)
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FRom TARLE |.€

Yu = 9.8 kN[m?
Yy = 133 Kntf o ®

0
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Pa = “2% + ¥y = -2(28) +¥(133) Kmo

Pa = 94 KR = Knjm™
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ACEXS § MNOMENTS 0F WERTIA

a A = bg A = xR?
z )

Ixe = E ba3 Iye = ch = #
a
5 1
2 Iy(’ = i‘E ab3 Ixyc =0

Irye = 0

zR?
A=

Iye = 0, 7
4R ye = 0.3927R4 J—
3x

Iyye = 0O
(e}
xR?
4R A=
3x
4R Ixe = Iyc = 0.05488R*
3x

Iye = —0.01647R%

(e)
B FIGURE 2.18 Geometric properties of some common shapes.

rov" er"/j’ gl/l__q,‘al_ Lf‘jmw U\J:"'t‘ j



The 6-ft-diameter drainage conduit of Fig. E2.9a is half full of water at rest. Determine the
magnitude and line of action of the resultant force that the water exerts on a 1-ft length of

the curved section BC of the conduit wall.

EXAMP;S

FRon qeo MeTRY

B = B

Fv - W

F = Yh A =

W= ¥t = (62-4) b (T 3’"){& (e = Gl 1o =K
¥ fe 4

Resulfek o = \/ﬁfz+ Eo= 522 b

Direchin o'lg resoltert Pressone- A 4o conduit wall .- all
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HNDLOSTATIC FeRcE CON CURVED SURFACE
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B FIGURE 2.23 Hydrostatic force on a curved surface.
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. 54

2.84 The 9-ft-long cylinder of Fig. P2.84
floats in oil and rests against a wall. Determine
the horizontal force the cylinder exerts on the wall
at the point of contact, A.

The. l‘)or;'?m{a/ -érces ac‘mq oM

the #free-bedy-diagram ave Sshown
on The 'ﬁjur‘e By QZu”a'bnu'm)

G e AR
where  F, 1s The horﬁr»ﬁ.] force Tthe wall exerts on The ylinder.
Since, ey A

= (570 2, ) (e ) (Lt < afe)

= 9230 Ib
and

Fom ¥ e, Az

= (510 28,) (3 4+ S#)(3££ x 940

= 930 Ib
+hen

I.:;:- 9230 Wb ~69301 = 2300_21—7 on The wall
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ExampLe
2.10

A spherical buoy has a diameter of 1.5 m, weighs 8.50 kN, and is anchored to the sea floor
with a cable as is shown in Fig. E2.10a. Although the buoy normally floats on the surface.
at certain times the water depth increases so that the buoy is completely immersed as illus-
trated. For this condition what is the tension of the cable?

Pressure enveiope

(o) B FIGURE E2.10
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LINEAL MOTION
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