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¢ Review last class

« Pressure on a vertical surface

« Pressure on a slanted surface
— Average force due to pressure
— Center of pressure

¢ Problem solving with forces

¢ Analysis and problem solving with
buoyancy
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Review Manometer Problems

 Basic equation: pressures at two depths open
in same fluid: p, = p; + y(z3 — z,) = p; + yh l
* “Open” means p = Py,
— Pam = 101.325 kPa = 14.696 psia

3

e Same pressures at same leve h
on two sides of a manometer
—P2=P3

* Watch units: in or ft, m or mm,
psi or psf, N or kN

Northridge ~ * Forgases yAz~0

1-g---+--- -3

Review Basic Equations

P2 L
s dpldz =y | [dp=p,—p =~ [ydz
P 4
« For incompressible fluid (constant v)
P2+ =Pi+tv4

e For small elevation changes, Az, we can
assume that the density of a gas is
constant
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Pressure in a Vertical Tank

* Pressure distribution for flat surfaces

— Resultant force at bottom, Fg = pA = yhA,
acts at centroid of bottom area

e surface

Slanted Surface

Free surface of liquid, p = 0

pe=0 v
¥
Specific weight = ¥ Specific weight = 7
[ Ey What is
snde force?
I IIIII Illllll
.
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S x axis facing
------------ outward from figure

Area to be analyzed in x-y
plane along slanted wall

y axis, downward along slanted plane, angle 6
with liquid surface, y = 0 at liquid surface
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Free surface - 0
-

. Slanted

h=ysin® -+ Surface

Figure 2.17,

indamentals of Fluid
chanics, 5/E by Bruce
Munson, Donald Young,
and Theodore OKishi
Copyright © 2005 by John
Wiley & Sons, Inc. Al
ights reserved.

Slanted
Surface

FR:J.pdA

- A
= [yhda
A

Figure 2.17,
Fundamentals of Fluid
Mechanics, 5/E by
Bruce Munson, Donald
Young, and Theodore
Okiishi Copyright ©
2005 by John Wiley &
Sons, Inc. Allights 3
reserved. g S|
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Centroid, «

Resultant Force

Frl= J.yysin 6dA=ysin GJ- ydA = yy.Asin 6
A A

« Centroid, y A = [ydA, used to compute Fy

 Center of pressure, not y,, is location of
resultant force

« Moment balance: Frycp = [ AydF

— Single force at point y-, has same moment
as integrated force over plate

Califoeni Seate University 9
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Location of Resultant Force

* ycp definition: Fryep = [oydF
Frycp = [ YOF = [ ypda= [ yyhda= [ yyysin oda
A A A A

; 2 moment of
ysin© _[ y“dA S
n ysinol, inertia
Yep = = = ASinG about x axis
Iy A
Yep =7~
Norihridge e o

Relative and Absolute Values

« Handbook values give centroid of figure
and moments of inertia about centroid

A = ba
a
2
(.@—,\‘ IL.= 1‘12 ba®
| a
\ 72 o= 1—12(.'[}3
\ b | b,
‘ 2 ' 2 S
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L ersil
g 'y
N()l‘t]'lrldge Donald Young, and Theodore Okiishi Copyright © 2005 by John Wiley & Sons,
nc, Al rights reserved

y. for Rectangle

Area to be analyzed in | 4
x-y plane along T t
slanted wall gl T
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Moment of Inertia Moment of Inertia Il

* |, for the moment of inertia is defined for
startingaty =0
— For the orientation shown y, =y, + &/2

Previous result for y.p = L/(Ay,)
Parallel axis theorem: I, =1, + y.2A
Combined:|ycp = L/(AY,) + Y.

 For the rectangle as ‘ « Note that y.p > Yc ‘
shown, I, = ba%12 vy _ 4 « For the rectangle as ¥ _ 4
« By parallel axis i 2 shown, I, = ba%12 i 2
theorem: I, = 1. + T — ' * Vo= Year + &2 T — '
Aye? (A= ab) gt * Yop = ba¥(12aby,) S B S
i et S s FYe=a(2y) tye BT X
Northridge DunaEgvi’fé,1;‘22’+EZSSE,TSE';‘T'&‘SL’?\S”n?ili“z"déil'fgii’ﬁnzv’v:.‘f%:ﬁ;“iigg: 13 Northridge Dana.i‘"‘v”a'fné’,lfn(:"TE!ZSSEGSS‘;‘."SEL‘?Kﬁﬁé%ﬁ%ﬂfﬁé’iﬁ&:@j{%&gi "
Circle Moment of Inertia Circle Moment of Inertia Il
« Centroid at center terk * Problem: yg,,=5m \=7R
of circle L= % and Rz 0.1 m. L %
« Remember to add - * Solution: Y, = Y + -

yCP = lxc/(Ayc) + yc
*y.=5m+01m=51m

Ystart 10 Q€LY
* Problem: A circular opening on a vertical

Figure 2.18(a), Fundamentals of
Fluid Mechanics, 5/E by Bruce
Munson, Donald Young, and

; nR* Blrtoah
wall in a water tank starts 5 m from the top I — R2 Attt eserve
and has R = 0.1 m. Findy, and yc, for Yop =5+ Y. = g +Ye=—+Yc
the gate in this opening. AYe TRy, 4y.

i 2
* Solution: yc = ystart + R’ yCP: Ixc/(Ayc) + yc (Olm)

Yep = +5.1m=5.1005m

4(5.1m) 8

Callfoenis Sase Linlyensiy Figure 2.18(b), Fundamentals of Fluid Mechanics, 5/E by Bruce Munson, 15 Callfoeni Sease Linivensiy
N()l‘t]'ll‘ldge Donald Young, and Theodore Okiishi Copyright © 2005 by John Wiley & Sons, Northﬂdge
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Force on a Circular Gate
Resultant Force
100000

_ —
» Data and results for the circular gate: /
10000

Yot =51 M, R=0.1m,y,=51m, e
vertical wall (6 = 90° = n/4) wopr ] —R=05
R=1

+ Find resultant force for water at 20°C
(y = 9.789 kN/m3)

10 / :Ezio
M(S.l m)r(0.1 m)? sin(ij //

100 —R=2

Force on gate (kN

Fr =71Y:.Asin0 =

3 1
m 1 10 100
° FR =1.11 kN Depth of Top of Gate (m)
Californis Seate Universit 17 Californis Seate Universit 18
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- Vi * A submerged
f N object will
weigh less
because the
pressure on its
bottom is larger
than the
pressure on its
top

Californz Seate Unierity Figure 2.24(a), Fundamentals of Fluid Mechanics, S/E by Bruce Munson, 19
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Buoyancy |l

- » Buoyant force, Fg, due to
difference in pressure
between top and bottom

* Analyze Fg by
examining forces with
solid not present

» Here Fg = force solid exerts on T
ﬂU,ird gglpposite of usual Fg) E

Figure 2.24(b,c), Fundamentals of Fluid Mechanics, 5/E by Bruce Munson, 20
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Buoyancy Il

* Analyze a parallelepiped around the

h, space the submerged object occupied

— A = area of upper/lower surface of
parallelepiped (facing top/bottom of slide)

A + V, = volume of body

s * Vi=A(,-h) -V,
= volume of fluid

| * W =9V, = weight of

T " fluid
R+ +Fg =F)

Figure 224ty ot i ics, 5/E by Bruce Munson, 21

ate Liniversity
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Buoyancy IV

h2 Fl+97ﬂ+FB:F2 = FB:FZ—F]__OZ%

hy W =Wy =y[Alh—h)- V]
F=RpA=YhA F,=PygA=7Ah

- vy 1!‘,

FB = F2 - Fl—O}//
= YA, —yAR —
VAl —h)-V]

* Fg =7V,

Califioenin State niversity Figure 2.24(b), Fundamentals of Fluid Mechanics, 5/E by Bruce Munson, 22
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Bouyancy V

< Archimedes principle: The buoyancy
force, Fz on a submerged body is the
specific weight of the fluid, y, times the
volume of the body, V,, or Fg = vV,
« The buoyant force passes through the
centroid of the submerged body
— This result can be proved by analyzing
moments of the forces used to determine
Fg

x'_.’hfm-_. Seate Lniversit 23
Northridge
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Buoyancy VI

« If the object is
light enough, it
will float on the
top of the liquid

.

~._ Centroid
" of displaced
F volume
B
¢ This analysis ignores the weight of the
top layer of fluid assumed to be air

— Can consider buoyancy of an object be-
tween two fluid layers with different densities

Califioeniz Seate Uniyersit Figure 2.24(d), Fundamentals of Fluid Mechanics, 5/E by Bruce Munson, 24
N()l‘t]'lrldge Donald Young, and Theodore Okiishi Copyright © 2005 by John Wiley & Sons,
Inc, Allrights reserved
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Problem

| | « An object weights
110 Ib; in air and
64 Ib; in water
* Find its volume
and specific weight
* The difference in weights is the buoyant
force, Fg = 100 Ib; — 64 Ib; = 36 Ib; = vV,

o 63;54'% —osr e, _Whar _ 1001b; 1731
w222 V, 0577 f2 ft]
r..[l.r.u- o State |_:||\|'I|t|. 25
Northridge
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