MECHANICS OF
FLUIDS

Lecture 3 - Fluid Statics 2
Lecturer: Hamidreza Norouzi

Amirkabir University of Technology 1



Note

m All the art-work contents of this lecture are obtained from the
following sources, unless otherwise stated:

— Fluid Mechanics, 8t edition, Frank M. White, McGraw-Hill,
2016.

- Fluid Mechanics: Fundamental and Applications, 3™ edition,
Yunus A. Cengel, John M. Cimbala, McGraw-Hill, 2014.
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Pressure force on a plane surface

Pressure on dA

p=p, + Yh

Free surface

P=r,

Resultant
force:
F :pCGA

dA =dxdy

Plan view of arbitrary plane surface



Pressure force on a plane surface

m [otal force on the plane

F= [[} dA = J'(f?a + Yh) dA = ,ILFAQA)LIT dA

h = &sin 6
F=p,A + 7sin HJ'fdA = p,A + vsin 0 EgA
" \
v/ 1 fCG S1n 9 — h‘CG
g(:G — E J'é-d/-‘l




Pressure force on a plane surface

m The force is the sum of atmospheric
pressure force plus the column high
of the liquid from surface to the
centroid of the plate.

F=pA+ '}’/i‘(?(i;A = (pa T "}’73(:"(3)/4 = PccA
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m Center of pressure:

Free surface

P=r,

Pressure force on a plane surface

— The point at which
the total resultant
force is acting is
called the center of
pressure

Resultant
force:
F :pCGA

dA =dxdy

Plan view of arbitrary plane surface
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Pressure force on a plane surface

m The total force is
assumed to be acting
on a point where the
moment of the total
force around the CG is
equal to the sum of
the moments of
distributed pressure
forces around the CG.

Free surface

P=r,

Resultant
force:

F :pCGA

dA =dxdy

Plan view of arbitrary plane surface
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Pressure force on a plane surface

Fycp = J}'p dA = J}*(;}H + ~Esin B) dA = v sin QJ}fdA

¥

]paydA=0

Fycp = 7 sin 9(59//&4 — [_1‘2 dA) -

0

K
§=E&c—y

—ysin 61

Yep — — 7% sin 6

[

XX

PccA




Pressure force on a plane surface

Fp=(Py+ pgh)ab
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Fp=[Py + pg(s + b/2) sin O]ab Fpo=[Py+ pg(s + b/2)]ab




Pressure force on a plane surface

m With a similar approach, we can find the X, (if there is asymmetry
around y axis):

Fxcp = [xpdA =

x[pa + Y(€cc — ) sin 8] dA

- —'}fﬂillﬂlﬂfdﬁ = —7sin 01,

[

Xy
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Xcp = —7ysin 6 A
Pca:




Pressure force on a plane surface

A = bL

|
H#},r_ ;o bl I Iy = 0.10976R*
J XX — lz /-’ . 'H\\ [ ~ 0
. e

1,\‘_\' =0

. \ 7
4
f e — ]”_EE_ i
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L | Iy =0 50

e b(b — 25)L2
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Example 1

The gate shown in figure is 5 ft wide,
IS hinged at point B, and rests
against a smooth wall at point A .
Compute:

1) The force on the gate due to seawater
pressure

2) The horizontal force P exerted by the wall
at point A

3) The reactions at the hinge B

1| <

2
Pq

15 fi

Seawater:
64 Ibf/ft>

Wall




Example 1

Wa
m Part 1: v P, -
Seawater:
Plate area: A = 10x5 = 50 ft? P
N N =9+3=121t
Hl F =y heo A= 64 (Ibf/ft3)x 12 ft x 50 ft? 15 f
s = 38400 Ibf
< | -
e
Hinge




Example 1

A
m Part 2: N
— Center of pressure
bL® (5 ft)(10 ft)’ F b
Ixy:()and Ixx:—: :417ft4 \ ></
12 12 \(I CG
I.sin® (417 £t (%) cp

— — — — — L=10ft
: Yep = F hcgA (12 £t)(50 ft?) 04171t b, — T
— Calculating P by balancing B,
moments around B

PLsin @ — F(5 — 1) = P(61t) — (38,400 Ibf)(4.583 ft) = 0
P = 29,300 Ibf
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Example 1

m Part 3:

Since the gate is not moving (linearly), Sum of the
horizontal and vertical forces on the gate should be zero.

SF.=0=B8B.+ Fsin@ — P = B, + 38,400 Ibf (0.6) — 29,300 Ibf
B, = 6300 Ibf
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S F.=0=B.— Fcos 6 = B. — 38,400 Ibf (0.8)
B. = 30,700 Ibf




>
a0
o
o
c
<
8
-
Y
(@)
>
=
n
.
()
=
c
o
=
o
©
e
=
S
<C

Example 2

P,

A tank of oil has a right-triangular T
panel near the bottom, omitting p,
find:

Sm Oil: p = 800 kg/m?

(a) the hydrostatic force

|| <

[

m

(b) the center of pressure on the
panel
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Example 2

m Part A:

Oil: p = 800 kg/m?>

A=05 X12m X 6m = 36 m?
hCG:5+%6:9m

F = pghegA = (800 kg /m?)(9.807 m /s*)(9 m)(36 m?)
= 2.54 X 10° (kg - m)/s* = 2.54 X 10°N = 2.54 MN

YA




Example 2 .

5m Oil: p = 800 kg/m?>

m Part B:

bL> (6m)(12m)’ .
. = = = 288
XX 36 36 m

~ b(b—25)[* (6m)[6m — 2(6 m)](12m)*

_ 4
‘ir.r_\: 79 77 - 72 m
[, sin 6 (288 m*)(sin 30°)
}:‘CP = — — > — _0.444 I
hCGA (9 Iﬂ)(36 m-)
[, sin 6 —72 m*)(sin 30°
S - )6 0 m

Xep = —
r hegA (9 m)(36 m?)




Pressure force on curved surfaces

Curlvedl surface FI 'a_FW i Fl
projection onto |

Fy vertical plane
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Pressure force on curved surfaces

m Horizontal component:

It equals the force on the plane area formed by the projection of the
curved surface onto a vertical plane normal to the component.

m Vertical component:

It equals (in magnitude and direction) the weight of the entire column
of fluid, both liguid and atmosphere, above the curved surface
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Example 3

Neglecting p,, compute the vertical and p,= 0 Ibf/ft2 gage
horizontal forces on the dam with the
width of 50 ft (x, = 10 ft, z, = 24 ft).
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Example 3

p,= 0 Ibf/f2 gage
Horizontal force:
heg = 24/2 =12 ft
A . =50%24 = 1200 ft?

proj

Ibf 3

898.560 Ibf =~ 899 x 10’ Ibf — X (
=9

A
Fy |
<0
N
x )2
=
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Example 3

Verctical force

{ x0 .
' z0x

X0

dx

Area=z0x0 —

\ 0

Area = % z0x0

Ibf )| 2
Fy = YAgectionl = (624“—1)13 (24 ) (10 ft)](SO ft) =

499.200 Ibf = 499 X 10° Ibf

4, &

p.= 0 Ibf/ft2 gage




>
a0
o
o
c
<
8
-
Y
(@)
>
=
n
.
()
=
c
o
=
o
©
e
=
S
<C

Example 4

A long solid cylinder of radius 0.8 m —

hinged at point A is used as an
automatic gate. When the water level
reaches 5 m, the gate opens by turning
about the hinge at point A. Determine:

(a) the hydrostatic force acting on the
cylinder and its line of action when
the gate opens

(b) the weight of the cylinder per m
length of the cylinder.

|—s5=42m




I

Example 4

| —5s=42m

The horizontal force is the pressure force acting on
the vertical projection of the cylinder (per 1 m of

depth): 1 o
N /

Fy=F, = P,,A= pghcA = pg(s + R/2)A

Sm

1 kN
= (1000 kg/m’)(9.81 m/s*)(4.2 + 0.8/2 m)(0.8 m X 1 m)( ,,)
1000 kg-m/s-
— 36.1 kN

Amirkabir University of Technology
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Example 4

The vertical force is the weigh of the fluid column
above the surface. The volume above the surface
IS (per 1 m of depth):

Vol = (4.2 x 0.8 + m/4x0.82) x 1 = 3.8624 m3

F. = Vol x y = 3.8624 m3 x 1000 kg/m3 x 9.81 m/s2=
37890 kg.m/s2 = 37.89 kN

Fo= VF% + F2 = \V/36.12 + 37.92 = 52.3kN
tan = Fy/Fy = 37.9/36.1 = 1.05 — = 46.4°

L
| —5s=42m
L
Sm
A _
\ > R=08m
. g
0.8 m \ Wen
J o 7
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Example 4

Part (b): taking a moment around point A and
equating it to zero (equilibrium):

W = Fgsin@ = (52.3kN) sin 464° = 37.9 kN

>
o0
o
o
c
<
8
-
Y
(@)
>
=
n
.
()
=
c
o
=
o
©
e
=
S
<C




