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» Hydrostatic Force on a Plane Surface

> Pressure Prism

» Hydrostatic Force on a Curved Surface
> Buoyancy, Flotation, and Stability

» Rigid Body Motion of a Fluid
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We have seen the following features of statics fluids

» Hydrostatic vertical pressure distribution
» Pressures at any equal depths in a continuous fluid are equal.
» Pressure at a point acts equally in all directions (Pascal. s law).

» For fluids at rest we know that the force must be perpendicularto the
surface since there are no shearing stresses present.

» The pressure will vary linearly with depth if the fluid is incompressible.

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan
Tel. +962 6 535 5000 | 22888

Classification of Fluid Forces

All forces in fluid mechanics are divided into two distinctive types:

i. Body forces (gravity , centrifugal and electromagnetic forces), are external forces that act
on a small fluid element in such a way that the magnitude of the body force is proportional
to the element’s mass (or volume) (M )m = (dm)g 95 = pdVirg;

» Body forces are considered to be external | Fluid A

forces; i.e., they are thought of as acting Force exerted by fluid A on fluid B
across a fluid—{different) fluid boundary

on a fluid, but not as forces applied by a l l l l l l l l i l

fluid
Fluid B

» They exert their influence on a fluid at A
rest or in motion without the need for

Force exerted by ——
fluid B on the solid

wall across the

fluid—selid boundary
Force exerted by one

physical contact between the external portion of fluid B on ——
. a different portion of
source of the body force and the fluid fluid B across a -
fluid—{same) fluid
boundary /
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Classification of Fluid Forces

ii.  Surface forces, such as those exerted by pressure or shear stress, are forces that act on a
fluid element through physical contact between the element and its surroundings.

» Surface force is exerted across every boundary or interface between a fluid and another
material.

» The second material may be a solid, another portion of the same fluid, or a different fluid.

» These forces exist at every interface wetted by a fluid and are present irrespective of whether
the fluid is at rest (pressure only) or in motion (pressure and shear stress).

» From a macroscopic point of view, surface

==
forces are applied to this interface by the /

piston and by the fluid are equal in magnitude

%mm ﬂma

Fluid Solid—fluid

interface

and opposite in direction (Newton’s second

| —— —

law).

Enlarged view of the
(A) (B) solid—fluid interface
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Classification of Fluid Forces

» From a molecular perspective, the surface forces applied to this interface by the
fluid are generated through molecular momentum transfer through the interaction of
moving fluid molecules with the molecules of the solid piston.

» Surface forces are the macroscopic consequence of molecular momentum transfer

» Surface forces are forces exerted by a fluid on a solid is always equal and opposite to
the force exerted by a solid on a fluid.

» A surface force depends on the contact area between a fluid and a second material.
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Hydrostatic Force on a Plane Surface: Tank Bottom - @

Tea0d

» When a surface is submerged in a fluid, forces develop on the surface due to the
fluid.

» For fluid at rest, force must be perpendicularto the surface since there are no
shearing stresses present.

Simplest Case: Tank bottom with a uniform pressure distribution

p _ ]/h — patm _ patm . Free surface open to the atmosphere For
Specific weigﬁt = ]e |ﬁ’__ )
' 2
Now, the resultant Force: h
Fr = pPA D)
) \  Yly * ez~ )
Acts through the Centroid
PN A\
A = area of the Tank Bottom
Chemical Engineering Department | University of Jordan | Amman 11942, Jordan
Tel. +962 6 535 5000 | 22888 3

q 0 »
Jlla_

Hydrostatic Force on a Plane Surface: General Case = @

N

Tea0Y

» Determine the direction, location, and magnitude of the resultant force acting on an submerged

inclined plane surface.
P . Free surface

The origin O is at the Free v A — . T—

Surface.

0 is the angle the plane makes

with the free surface.

y is directed along the plane
surface.

A is the area of the surface.

dA is a differential element of
the surface.

d'F is the.force acting on the General Shape: Planar
differential element. View, in the x-y plane

C is the centroid.
CP is the center of Pressure

Fp is the resultant force acting
through CP
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Hydrostatic Force on a Plane Surface: General Case = @

Y
Frgzat

Then the force acting on the differential element:

dF = vyh dA

—
Then the resultant force acting on the entire surface: h
h = ysin0
Fr = yhdA We note h = ysin0 y
A / AL

= J vy sin 6 dA
A

With y and 6 taken as constant:
Fp = vysin HJ v dA

A
We note, the integral part is the first moment of area (first moment of inertia)

about the x-axis
J vdA = y A
A
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Hydrostatic Force on a Plane Surface

Where y, is the y coordinate to the centroid of the object. f:;::--'_-:_\“%:;-::;:::; ==
T T
Fr = yAy sin b  ——— FR‘ = The A h,
N\ h,
Fyp=1hA

where h, is the vertical distance from the fluid surface to the centroid of the area

A

» The magnitude of the force is independent of the angle 6 and depends only on the
specific weight of the fluid, the total area, and the depth of the centroid of the area
below the surface

» The magnitude of the resultant force is equal to the pressure at the centroid of the
area multiplied by the total area.
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Hydrostatic Force on a Plane Surface

» Since all the differential forces that were summed to obtain Fy are perpendicular to
the surface, the resultant F, must also be perpendicular to the surface

» The location of the force F; ();)can be determined by summation of moments
around the x axis, that is, the moment of the resultant force must equal the moment of
the distributed pressure force, or

Fryp = | vdF = | y sin 6 y* dA where Fp= vAy_ sint
_l.lq. _l.l'i.
Second moment of the area, I, i
«/ V= —— 4y
Vg = ¥
Vp = — — F-:"Li C
J YeA
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Hydrostatic Force on a Plane Surface

» Where [ is the second moment of the area with respect to an axis passing through
its centroid and parallel to the x axis.

» For a submerged plane, the resultant force always acts below the centroid of the
plane.

I/ yveA = 0.

» Similarly, the x-coordinate can be found

- | | 1,_
Fpxp= | vsinflxydA wmp =2 0 | =y,
JA VeA VeA v, A

Keep in mind that h. =y, sin@
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Hydrostatic Force on a Plane Surface

Geometric properties of some common shapes.

Co—x

Pz

A=ha
a
2
143
I"-_IEW
a
2 _ 1 3
!“‘_IEGb
;t_m::D

—a— &

A= mabi2, I, =0.100757ah’

RS

A= IR

2
I,.=0.1098R*

I, =03927R

A =rab, fn.l o= rab4
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Example

H=10 m

Water;
v =9810 N/m?

“Front view”

A rectangular dam ( 20 m wide and 10 m high is shown in the figure below. One side

of the dam is exposed to atmosphere, the other side to water whose top surface is
leveled with the top of the dam. What is the net force on the dam?

W=20 m

h=H/2=5m

“Side view”
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Example

A triangular dam ( 100 ft across the top and 75 ft deep). Liquid water is up to the top
on one side and the other side is exposed to atmosphere. What is the net force on the

()
dam? , W=100 ft ;

h=H/3=25 ft I

“Front view” “Side view”
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Example

A

water

R=1m

(13 : : 2
“Front view” Side view
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Example
> A large fish-holding tank contains seawater (y = 64.0 Ib/ft’) to a depth of 10 ft as shown

To repair some damage to one corner of the tank, a triangular section is replaced with a new
section as illustrated. Determine the magnitude and location of the force of the seawater on

this triangular area.

Example Cont.




Example

Triangular gate CDE is hinged along CD and is opened by a normal force F applied at E. It holds
oil, s.g 0.80, above it and is open to the atmosphere on its lower side. Neglecting the weight of
the gate determine (a) the magnitude of force exerted on the gate, (b) the location of pressure
center; (c) the force P necessary to open the gate y. = 5+8

Example Cont.

F = pgA = vyysin § A = 62.4 X 0.80 X 0.50 X 30 X 13 = 97344 |b

=0.0
@ I
@ Ve = — + Ve
=2 ToyeA
! =13 ft
=032 ft
yr= 13.32 ft

When moments about CD are taken and the action of the oil is replaced by the resultant,

P X6 =07344 X2 P = 32448 1b
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Example

» A heavy car plunges into a lake during an accident and lands at the bottom of the lake on its
wheels. The door is 1.2 m high and 1 m wide, and the top edge of the door is 8 m below the
free surface of the water. Determine the hydrostatic force on the door and the location of the

: . . v
pressure center, and discuss if the driver can open the door. —

Lake

)
g

Hydrostatic Force: Vertical Wall

Find the Pressure on a Vertical Wall using Hydrostatic Force Method

Pressure varies linearly with depth by the hydrostatic equation:

The magnitude of pressure at the surface p, = 0.0 and at bottom is p = yh

The depth of the fluid is “h”

The width of the wall is “b” into the board
FR = Pav A AV O y

By inspection, the average pressure yg = 2/3h
occurs at h/2, p,, = yh/2

h 2 !
sy (3 )1
2 v )
The resultant force act through the center of pressure, CP: e F >
y-coordinate: 1, bh’ h 2 / i1
I X — 1~ bh yR =V + J—
v = v, -
SR }.r-A i yc —_ :> 2
2 y _h.h 2, e
A= bh R 6 o) 3 (P 2 fm:ﬁ'r"ﬁ
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Hydrostatic Force: Vertical Wall

x-coordinate: | —o Xq = - 0 +9 Center of Pressure:
e | Ty (bh) 2 b 2h
R VoA ¢ Xc — |:> 2 Ee?
2 b
A=bh =7
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Example

» A pressurized tank contains oil (SG = 0.90) and has a square, 0.6-m by 0.6-m plate bolted to

its side, as is illustrated. When the pressure gage on the top of the tank reads 50 kPa, what is

the magnitude and location of the resultant force on the attached plate? Given that the outside
of the tank is at atmospheric pressure.

=N




Atmospheric Pressure on a Vertical Wall

Gage Pressure Analysis Absolute Pressure Analysis But,

YV ___Pan - A 2
: atm

4

—> o
i : y L Patm A

|

|

y
Fy Fo——5

£ \ ~—

y \ S —
\ /
—

So, in this case the resultant force is the same as the gage pressure analysis.

YY v VY Voo

L

It is not the case if the container is closed with a vapor pressure above it.

If the plane 1s submerged, there are multiple possibilities.
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Example

A rectangular gate (2.5 m wide and 3 m high) with a hinge and a stop as shown in
the figure below. (a) What is the resultant force on the gate and locate its center
of pressure? (b) Find the external force required just to open the gate if it will be
applied at depth 1.5 m from free surface.

concrete

Water;
v =9810 N/m? i

=9
external *

“Front view”
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Example Contd.

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan H
Tel. +962 6 535 5000 | 22888

Example Contd.

“Side view of area of the gate in contact with water”

[ 4 -
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Example

Two liquids are attached to a rectangular gate of 2.8 m long and 2 m width
(inside the paper) as shown below. Find the reaction ,R, at the stop.

Hinge
Liquid 1 ; I
= 3 Sm
7, = 8000 N/m Gate
Liquid 2:
¥, = 10000 N/m? 1 Stop

Liquid 1 affects on the gate by force F, at center of pressure Lp,.
Liquid 2 affects on the gate by force F, at center of pressure Lp,.

At the stop there is a reaction R.
Chemical Engineering Department | University of Jordan | Amman 11942, Jordan .
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Example Contd.

Apply the moment balance around hinge:
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Example Contd.
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Example Contd.
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Hydrostatic Force on a Curved Surface

General theory of plane surfaces does not apply to curved surfaces
Many surfaces in dams, pumps, pipes or tanks are curved
No simple formulas by integration similar to those for plane surfaces

A new method must be useii F, Then we mark a F.B.D.

for the volume:
AV
/ ¢
4 B
Isol lum
solated Volume F, and F, is the hydrostatic force on
1 Bounded by AB an AC
I each planar face
and BC
C

Fy;and Fy, is the component of the

resultant force on the curved surface.
W is the weight of the fluid volume.
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Hydrostatic Force on a Curved Surface

Now, balancing the forces for the Equilibrium condition:

Horizontal Force: Fy=F,
Vertical Force: Fy=F +W (0]

Resultant Force: Fr= V(Fy) + (Fy)
C

The location of the Resultant Force is through O by sum of Moments:
Y-axis: Fl X +WXC = FV Xy
X-axis: F2 X, = FH Xy
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Example

» Determine the resultant force on the curved part of the and also determine its line of action.

The bottom corner of the tank is a circle of radius 2.0 m. The tank length (out of page) is 8.0 m

The centroid of the quarter circle wedge is Iz_o -
te = [2.0 m
o 20m

F1 = ~42.0(2.0 x 8.0) iR asE

I.=1I,=005488R"

Fy = 313.6 kN

I, =-0.01647R*

) | . . .
W = *,:--:?r(_}l“)2 x 8.0 » The total vertical force is
W — 9246.3 kN 246.3 +313.6 = 559.9 kN

Fy line of action 1.0 m  from wall.

W line of action 2.0 —0.84883 = 1.151 m  from wall.

il
e aof act] . and T 313.6 < 1.0 + 246.3 x 1.151 o
Line of action for F; and W TR = - = J — =1.066 m
559.9

Example Cont.

Fo = ~v3.0(2.0 x 8.0)
Fo =470.4 kN

The net foree is

Fr = /559.92 +470.42 = 731.3 kN
tand =27 =1.19 8= =500
Fy

5599 kN
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Buoyancy: Archimedes’ Principle

Archimedes (287-212 BC)

Archimedes’ Principle states that the buoyant force has a magnitude
equal to the weight of the fluid displaced by the body and is directed
vertically upward through the centroid of the displaced volume.

» Buoyant force is a force that results on a floating Hydrostatic pressure (increases with depth)
or submerged body in a fluid. l, ~|, l l l ,j, l,
—_— -
» The force results from different pressures on the — -~
. —_— ———
top and bottom of the object J— |—
‘ —_— -
» The pressure forces acting from below are — | [«
greater than those on top — —o
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Buoyancy: Archimedes’ Principle

» The altitude of a hot air balloon is controlled by the
temperature difference between the air inside and
outside the balloon, since warm air is less dense than
cold air. When the balloon is neither rising nor falling,
the upward buoyant force exactly balances the

downward weight. s Hydrometer

—

Measuring Specific Gravity —3

by a Hydrometer =

Py Zn —

SGJ- = = ZO

Pw  Zot+ AZ

Show this W

i F
Lead \
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Buoyancy and Flotation: Archimedes’ Principle

Balancing the Forces of the F.B.D. in the vertical Direction:

v
FHydro = P2 A - P1 A 4 P
i A LAY A — e 2 : h
Fayio = (p1A+7h)A—piA I | P,

» The net hydrostatic force of the fluid on the body is vertically upward and is known as the
Buoyant Force. The force is equal to the weight of the fluid it displaces.

> The Buoyancy force of a submerged body passes Fuet = (pu — pc)¥g
through a centroid called the center of buoyancy Y

Fp=vV

» The weight force passes through the center of gravity and
does not always pass through the buoyancy centroid.

Fne.t = F, gravity — Fi buoyancy = Hfobj - IrVﬂu'u.i

Fret = (Povj - Pr) VE W =mg
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Buoyancy and Flotation: Archimedes’ Principle

We can apply the same principles to floating objects:

Centroid
of displaced

volume
Fp

» Conclude that the buoyant force passes through the centroid of the displaced volume
as shown.

» If the specific weight varies in the fluid, the buoyant force does not pass through the
centroid of the displaced volume, but through the center of gravity of the displaced

volume.
Chemical Engineering Department | University of Jordan | Amman 11942, Jordan .
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Buoyancy and Flotation: Archimedes’ Principle

Floating
p <py | body

Ik

v Fluid

Suspended body
(neutrally buoyant)

Sinking
Py P =P | body

Buoyancy force Fjis equal
only to the displaced volume
Pr8 Vdfsp/aced-

Three scenarios possible

1. Ppogy<Pruis Floating body

2. Prody Pruis Neutrally buoyant
3. Pboay”Pruig” Sinking body
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Example

» 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. Although the buoy normally floats on the surface, at certain times the

water depth increases so that the buoy is completely immersed as illustrated. For this condition

what is the tension of the cable?

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan
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Seawater

Cable




Example

» A block of wood floating at the interface between a layer of gasoline and a layer of water as
shown. What fraction of the wood is below the interface?

Gasoline SG=0.72

wood
SG=0.96

water
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Stability

» The stability of a body depend on what happens when it is displaced from the equilibrium

position

» The equilibrium is stable if the forces (as gravity) ) acting on
the object act to return it to its equilibrium position

» The equilibrium is unstable if the forces acting on the object act
to send it away from its equilibrium position.

» The equilibrium is neutral if there are no net forces acting on
the object to return it or remove it from the new equilibrium

(It has no tendency to move back to its original location, nor
does it continue to move away)
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Stability of Immersed Bodies

» Stable Equilibrium: if when displaced returns to equilibrium position.

» Unstable Equilibrium: if when displaced it returns to a new equilibrium position.

Stable Equilibrium: Unstable Equilibrium:
- R/ A4
. ‘
- ‘ Restoring Overturning
Stable couple Unstable Gl
C > CG, (‘Higher” C < CG, “Lower”

» Neutrally stable: CG coincides with C Fp
GsB
w
Chemical Engineering Department | Univer: 1 11942, Jordan .
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Buoyancy and Stability: Floating Object

R *“‘ ________ > The centroid (of the displaced volume)
C?; can shift as the body has an angular
Fa m displacement. It is the movement of the
il g Ui RSer cenmoid to the right that gives this
Stable body its stability.

» A rotational disturbance of the body in
such cases produces a restoring

moment to return the body to its
original stable position

!:W
G

c
A
¢ = centroid of original ¢’ = centroid of new Overturning

displaced volume displaced volume couple
Unstable

» The buoyancy force and gravitational

force act to create an overturning

torque.
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Stability of Floating Bodies

» Consider a floating body given a small angular deflection.

=

The magnitude of the buoyancy force will stay

the same, (weight force does not change) but
the location of the centre of buoyancy changes.

O = Water line point about which boat rolls.

B, = original buoyancy point.

B, = buoyancy point after displacement.

The line of action of the original buoyancy force (through the center
of gravity) and new buoyancy force intersect at the metacenter.

Metacenter M: is the point of intersection between the original line of

action and new line of action of the buoyancy force
G The center of gravity
d(GM) The metacentric height, the displacement of M from G.

dO: The angular displacement should be small, e.g. less than 20°
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Stability of Floating Bodies

Positive Stability The ship is stable if GAM > 0 |

i.e. the metacenter lies above the center of

gravity.

GM = d(BM) — d(BG)

Negative Stability The ship is unstable if

GM < 0, 1.e. the metacenter lies Below the

center of gravity.

Neutral stability Occurs when GAM =0

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan
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Stability of Floating Bodies

1. One determines position of center of gravity

2.  Determine water level

3. One determines center of buoyancy of displaced volume

4.  Then d(BG) is known.

5. Finally, d(BM) is evaluated with d( BAM ) = % V' = displaced volume

_ 22
Stable if d(BM) — d(BG) > 0 Iy, = I,c+a;A

Unstable if d(BM) — d(BG) < 0
To improve stability
Increase width. Makes I, larger
Lower position of & Add ballast (near the bottom). This also
tends to raise B and raises the position of M.
Chemical Engineering Department | University of Jordan | Amman 11942, Jordan g
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» A wood block of 60 cm long and 30 cm square in 60 cm
l30 cm
Id
Chemical Engineering Department | University of Jordan | Amman 11942, Jordan g
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Stresses in Circular Pipes and Tanks.

» If pressure variation is neglected and if the thickness of the pipe or tank is small compared to
the diameter.

» A section of pipe of length Z, an internal diameter d, T
contains a fluid whose pressure is p; the
: . . : ~
circumferential tension stress in the walls is s, . 4
2T — pdl = 0 )2 "

T is the total tension force in the wall of length I and thick ness ¢ due
to the stress sy,

I = S;ﬂ
23;5; = ?dg
_1pd
T 0T
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Stresses in Circular Pipes and Tanks.

» The stress caused by a given pressure may be reduced by decreasing the diameter d, or
increasing the wall thickness

» Since increasing the wall thickness increases the cost, it becomes evident why small-bore
tubing is in general use in high-pressure work.
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Rigid-Body Motion

» There are special cases where a body of fluid can undergo rigid-body motion: linear
acceleration, and rotation of a cylindrical container.

g Axis of
Free rotation
surface \ w
A z max |
Free ‘
f a, surface
Ba Liquid \\ h-_/
Iy ! hc
X
hﬂ

|
b i
{

» In these cases there is no deformation, and thus there can be no shear stress,
* Newton's 2nd law of motion can be used to derive an equation of motion for a fluid

that acts as a rigid body
Chemical Engineering Department | University of Jordan | Amman 11942, Jordan
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» Taking the pressure at the center of the element to be P

surface forces

) Pd: Pdz
{3F5_; = (P — ll—”%) dvdy — (P + ‘Z—H?) dxdy = _G_P dv dv dz

A L T

&,

Similarly,

P P
aF; = —a—d:r dy dz aFg, = —(?—d:r dv dz
dx h ay '

0Fs = 0Fg 1 + 6F; ,j + oFs .k — —(Z—P T+ E—P? + :P E) dx dy dz = — VP dx dy dz
X v iF4

body forces
6F, .= —gdm = —pg dx dy dz
» Then the total force acting on the element becomes
SF = 5?-“5 + 5,753 —) SF =dm-d = pdxdydz - g
= —(VP + pg:_l:J dx dy dz
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Jor,-

S\/ Q':a
Pressure Variation, Rigid Body Motion: Linear Motia;n@\\cs-

g

Governing Equation with no Shear (Rigid Body Motion): VP + pgk = —pa

The equation in all three directions are the following:

_dp _ap _ pa ap N
ax - pa\ a}, ¥ z - ’}’ paf
» Consider a container partially filled with a liquid. The container is moving on a straight path
with a constant acceleration

» The projection of the path of motion on the horizontal plane to be the y-axis, and the
projection on the vertical plane to be the z-axis

Free surface
slope = dz/dy

et e S i =~—_/ P1 Constant |:|' > v
TT=—___"+ P2 pressure

P3  lines
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Pressure Variation, Rigid Body Motion: Linear Moti(m@ﬁ-

g

Estimating the pressure between two closely spaced points apart
some dy, dz the total differential of P:

dp ap o .
=—dy+ e dz Substituting the partials

d
P dy oz

—> dp = —paydy — p(g + a,)dz

P, — P, = —pa,(y, —y1) ——p(g + az)(z; — z1)

Taking point 1 to be the origin (x = 0, z = 0) where the pressure is P,

point 2 to be any point in the fluid Free

surface

Pressure variation: P = Py — payy — p(g + GZ)Z |
a.
4

» The vertical rise (or drop) of the free surface at point 2 ¢ dy

relative to point 1 can be determined by choosing both 1 and DR
2 on the free surface _ :
PiI=D> isobars
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Pressure Variation, Rigid Body Motion: Linear Moti(m@g

Tea0d

Along a line of constant pressure, dp = 0: dz _ __ %  ==> Slope=—tan#
. dy g+ a,
Inclined free surface for ay;é 0 -
) ) dy
Vertical rise of surface:  BZs = Zsy — 25y = — g+az (y2—n)
Now consider the case where a, =0, and a, # 0:
op P _, P
Recall, already: —=0 —=0,—=-plg+a
y ox Then, oy pe P(g z)

So, dp B

A plg + a;) ——> Non-Hydrostatic

» Pressure will vary linearly with depth, but variation is the combination of gravity and
externally developed acceleration.

» A tank of water moving upward in an elevator will have slightly greater pressure at the
bottom.

» If aliquid is in free-fall a, = -g, and all pressure gradients are zero—surface tension is all that

keeps the blob together.
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Jor -

Pressure Variation, Rigid Body Motion: freely falling boaﬁ n

» A freely falling body accelerates under the influence of gravity.

» When the air resistance is negligible, the acceleration of the body equals the gravitational
acceleration, and acceleration in any horizontal direction is zero.

a, =a, =0and a, = —g.
dp |
—— = —plg +a)
, dz
r - i
h Liquid. p i Liquid, p
X 2
— 1 1
l Py=P Upward acceleration of T Pz P 2ogh
4. =—g a liquid with a, = #g
: a=g
aP  aP 4aP .
Free-falling fluids: —=—=—=10 dPldz = —Epg.
dx dy  az

— P = constant
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Axis of Container is rotating about the z-axis with angular

rotation

(Dw velocity ® a =—re’,a,=a =0
|
P P P
s L prot, 0.5 =g
‘ r z
\--{-%\'f
<+ |[ it Total differential of P p = p(r 2).
ko ' ap ap 5
| => dp=—dr+——di = dP = pre’dr — pgdz
|‘ L r Along a line of constant pressure, dp = 0:
1 2 2
ey YO, O

/ dr g isobar
P2
? Q | The surfaces of constant pressure are
P4

/ . 022  parabolic
2g
r ——‘ W Equation of the free surface «

Constant /2
pressure

o
P

2
¥ Z, = h0 _Z)_g( R? — 2r2) Show this please

Jor,-

Pressure Variation, Rigid Body Motion: Rotation = @ n

N

Trgz0t

Now, integrate to obtain the Pressure Variation:

w2r?
Jdp:pmgjrdr—y‘[d; [ p:pz — 7z + constant
po® .
P, =P, =T[i'§ —ri) — pglzy — )
Taking point 1 to be the origin (r = 0, z = 0) where the pressure is P,
pw®
Fr: !U||+I - Ir'—||_ll",_:___

i

Pressure varies hydrostaticly in the vertical,

”
and increases radialy.

. . . Constant P2

» The maximum height difference between prostire:

lines \
the edge and the center of the free surface ms

the difference at at » = R and also at r = 0,

-

R - L
-'ia:,f. man o -:,-.l.RJ - *.-.x-l-'r-' )= "_,- R
<5
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