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ZOOM LECTURE

LINK

hitps://kettering-
edu.zoom.us/my/drberry.heat?pw
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https://kettering-edu.zoom.us/my/drberry.heat?pwd=STlNVWYwMktvRUdXSWJsSGFSK2RPZz09

Hydrostatic Force: Case I - Horizontal Surface

Free surface

The magnitude of the B
resultant force is Slmply: Specific weight = y

3 /p=3'h

fo=pd I

p = uniform pressure at the bottom /\
A =area of the bottom.

/\

(a) Pressure on tank bottom

Observation: Since the pressure is constant and uniformly
distributed over the bottom, the resultant force acts through
the Centroid of the area.




Hydrostatic Force: Case II - Ends of an open tank

Free surface

The pressure on the ends of AN - A [l

the tank is not uniformly = T

distributed. hestIEREE
Determination of the . il yh §
resultant force for this N p=0 /\

situation is different.
(b) Pressure on tank ends

Observation: The resultant force of a static fluid on a
plane surface is due to the Hydrostatic pressure distribution
on the surface.




Hydrostatic Force on a Plane Surface




Class 05: Equilibrium Force System

*%% Statics***

* Distributed Force Systems
* First Moment of Inertia

* Second Moment of Inertia
 Parallel axis theorem

* Moment about a point

* Moment about an axis

* Centroid — Center of Gravity




Class 05: Distributed Forces and Static Equilibrium

Distributed forces acting on a surface
FR

e
—

| A

A . 3

How do we handle this situation?  sss——ps- Equivalent Force System

F =0,
Force: FR:de (_)Z *
1Y F =0,

Moment: FR . dR — jx dlF CC/CWZMA =0



Distributed Forces & Static Equilibrium

Moment:
/ d: perpendicular
'k‘ A

distance from the line
/ of action to the point A.

7: A to F vector.



Class 05: Distributed Forces and Static Equilibrium

: N
Example: If F (x) =) W °x;

Find d,=?

Solution:  Take moment about point A:

e

|
|
|
|

Fy-dy =[x dF
) . S5m N
T 5m g :>(36N)dR = j X (2—2xjdx
m
—1m
N Sm )
F(X)=2£20x :(2Wj .[ x° dx
m —1m
L 2 Sm
N 2x 3
Fo=[2" exdx= _[4 N[ X _
R _(‘). mzox X 5 _(2Wj(?j —82.6(N.m)
—1m
=d,=23m

» Location of the resultant force is right to point A — just less than the 2 way
from A to the edge. 9



Hydrostatic Force on a Plane
SUBMERGED Surface

P.im (acting on

Pam \ both sides) —

o
4l . 1+_
. ' -~
: of
’ Centerof — Centroid
o Praasie » L niron
7
! — Submerged
s Plate, projected

onto x-y axis



PASCAL’s LAW

Observation: The pressure at a point in a fluid at rest or in motion, is
independent of direction as long as there are no shearing stresses present.

LAW OF HYDROSTATICS
dP
E:_yﬂuid Tz \Lg

LAW OF HYDROSTATICS

dP
Z:_I_}/ﬂuid Vz \Lg

6/17/2022 11



Free surface
N/ S 0

3

“yc” measured from SURFACE
along AXIS of plate-to-plate
CENTROID.

“yr” measured from SURFACE
along AXIS of plate to LINE of
ACTION of resultant pressure
FORCE.

“hc¢” measured from SURFACE
VERTICALLY to location of
PLATE CENTROID.

ALWAYS
/ Location of SEE K
prd resultant force K NOWLEDGE

(center of pressure, CP)

Figure 2.17
© John Wiley & Sons, Inc. All rights reserved.
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Class 05: Hydrostatic Force on a Submerged Surface

* Determination of resultant force acting on submerged bodies

Free surface
Y , ik 0

v'First consider a planar arbitrary shape
submerged in a liquid (see Fig.). The plane
makes an angle| ¢/ with the liquid surface. The
depth of water over the plane varies linearly.

v'Now prescribe a coordinate frame such that
the y-axis is aligned with the submerged plane.
Consider an infinitesimally small area,
dA=dx.dy at a (x,y). Let this small area be
located at a depth / from the free surface.

vWeknow | p=p +yh (1)

13



Class 05: Hydrostatic Force on a Submerged Surface

The hydrostatic force on the plane is given by

F, :Ip dA:j(pa+yh)dA
= p,A+y[hdA=p,A+y|ysin6 d4
A A

= p,A+ysin0| y d4 (2)
T

First moment?

The integral, £ v d4| is the first moment of surface area about
x-axis. If, y_ is the centroid of the area, we have

Jyda=y. A (3)

14




Class 05: Hydrostatic Force on a Submerged Surface

From (2) and (3), we obtain

Fo=p A+(ysm0O)y, A)=p,A+yh, A=P. 4 (4)

h, =y sin@ and

P =P +yh, is pressure acting at centroid

Observation: The magnitude of the
resultant fluid force is equal to the
pressure acting at the centroid of the
area multiplied by the total area

Note: Even though the force can be computed from the
pressure at the center of the plane (centroid of the plane),
this is NOT the point through which the Force acts! 15




V Patm Patm Patm

L
YYVYY
A A A A A

4 !
P h ] Patm A > Patm A
_
[ |
P o | |-
Fp =22 = Fr—— t: > |
/ - / et Bl
/ Y / | .

(a) (b)

Figure 2.22
© John Wiley & Sons, Inc. All rights reserved.

Fo=p,A+(ysin0)(y. A)=p,A+yh, A=P, A (4)

We know that the atmospheric pressure p, acting at the free surface also
acts everywhere within the fluid and also on both sides of the plane. As such
it doesn’t contribute to the net force on the plane. So we can drop this term
from Eq. (4) for Fy. 1o



Class 035: Location of Hydrostatic Force

Location of the resultant
force - (Xg.yp)

Force Balance: The moment of the
resultant force must be equal to the
moment of the pressure distributed
force about the same axis, thus we have

Xp Fo :jxp dA, N zjyp dA (5)
A A

17



Class 035: Location of Hydrostatic Force

The term|[’d4| is well-known second moment of

the area (moment of inertia) about the x-axis and
denoted by I,

Vi (Fe)=]y (p) dd ()
ve (75108 y. A):iy (vh) dA= J;y y(ysin@)dA:M£y2dA

2dA
R

= = _ Ixx 6)

y.A y.A

Is the second moment of the area with respect to an
axis passing through its centroid and parallel to the x-
axis.

Using parallel axis theorem:

— 2 — .
]xx—]xC+Ayc (7) yR yCA yc

(8)

18



N .. Observation: Resultant force

R T ey = doesn’t pass through the
centroid but is always below
it, since

[ /[y .A>0.

I

XC

y.A

yR: +yc (8)

19

Unnumbered 2 p61b
© John Wiley & Sons, Inc. All rights reserved.



Class 035: Location of Hydrostatic Force

The x-coordinate, xg, for the resultant < Liquid surace
force can be determined in a similar '
manner by summing moments about the
y-axis. Thus

X I :pr dA = ysin@jxydA 9)
A A

I xy dA
Hence, x,= A _ Ly (10)

yeA y.A
The term |/,,| is the product of inertia with respect to the x and
y axes.

IX C
=+x,  (11)
y.A

where|Z.| is the product of inertia with respect to an orthogonal coordinate system passing

through the centroid of the area and formed by a translation of the x-y coordinate system.

Observation: The point through which the resultant force acts is called 20
the center of pressure

Using parallel axis theorem we can write |*z~




Hydrostatic Force on a

Submerged Plane Surface
“REVIEW”

Ty




Dealing with Hydrostatic Force

 Magnitude of Equivalent Force (Fr)
Pressure at the depth of the centroid (y,)

* Locate the Equivalent Force
Equate resultant moment to distributed moment (yg)

* Apply Equilibrium Conditions
Complete the rest of the problem to find REACTION
forces.

Pay Attention!

Although you found F by determining the pressure
at the centroid, DO NOT LOCATE F at that point.
Fr LOCATED AT yy (i.e. at yqp).

22



Class 05: Geometrical properties of some common shapes

A =ba
a
2
‘®@—rx I.= éba3
a
2 1 .3
¥ [\t Eab
{ b e b |
A 2 ! ] i I,.=0
(a) Rectangle (b) Circle
_ R
A=
I, =0.1098R*
1. =0.3927R*
c(? p— i S
2 3r
| | | [ye =0
f R T R 1
(c) Semicircle
_ oR?
4=
4R I.=1,=0.05488R"
3r

I, =-0.01647R*

23

(e) Quarter circle




NOTHING BUT
THE MATH

___?5:

s an O i'ih}-’

chords
;, ;:::..,'.:"shgpotenuse ngles— ... ..

,,,,,,, re three

gonommetry, iz onometrnc .
= MTHERMN. g e H;;nhons mm;“
£ iﬂ]ae‘&ﬂ!opmslte Knownzangle s

s relationshi I
i spherical fables engineering Greek ~navigation B “mathemahcs

— ! Slne circle periodic
s <urvature u c I fixed determi ned H pparchus cofang e

. esldes ‘defined




ENGINEERING




Free surface
N/ S 0

3

“yc” measured from SURFACE
along AXIS of plate-to-plate
CENTROID.

“yr” measured from SURFACE
along AXIS of plate to LINE of
ACTION of resultant pressure
FORCE.

“hc¢” measured from SURFACE
VERTICALLY to location of
PLATE CENTROID.

ALWAYS
/ Location of SEE K
prd resultant force K NOWLEDGE

(center of pressure, CP)

Figure 2.17
© John Wiley & Sons, Inc. All rights reserved.
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A 200 Ib gate of 10ft wide and 5 ft. long is hinged at
point A as shown. The gate is held in place by a brace
that acts “NORMAL” to the gate. =

. . b side opposite 8
sifie : sin@ = — = e CPPOSHE
b c hypotenuse

. a  side adjacent 0
cosine: cosf=—=————
[ hypotenuse

b side opposite @ sin®
tangent : tan@ = — = — , =
a side adjacent 8 cosf

secant : sec@ =
cos@ _ 1 cosB

cotangent : cotd = —— =
sin@ tan®

cosecant : cscf = —
sin@




DRAW a complete free Body Diagram of gate and show

all forces, assumed COORDINATE SYSTEM, and indicate
llyc”’ llyr”’ and llhc”.

Determine:
a.The resultant pressure force AND location?

b.The force of the brace on the gate?
c.Derive the parametric equation/expression
to find the hinge forces at point A and verify

units.

28



FREE BODY DIAGRAM

29



Resultant Fluid Pressure Force

F =y h A “hc¢” measured from SURFACE VERTICALLY
r ¢’ to location of PLATE CENTROID.
O =tan"’ % = 67.40,¢ =90-60=22.6"
G = Verticle Height = (/sin )
h = G _ sin(67.4) 231
2 2

3

F = [62.4 f j(2.31 11)(10 i 05 ft) = 72071bf

Fbrace

30



LOCATION

“yr” (“yp”) measured from SURFACE
along AXIS of plate to LINE of ACTION
of resultant pressure FORCE.

LOCATION
l
=_-=25
Ye =7
Ixc 1—12bh3 %10 e 53
Ve =Ye + =25+ =25+ 3.3

YA, 7 ' 2.5e50ft2 2.5e50ft2 -

31




STATIC EQUILIBRIUM FBD_

BRACE

CCW +

> M=0
A

+F;l—mgcos¢9%—Fr(l—yr) =0

mgcos@é+Fr(l—yr)

Fbrace

A +F sin@—F, cos¢p=0
A =F, cos¢p—F sinb

TZF:O A

y __>AX
A, —F,cosO+F,sing—mg =0 Ay
A, =F,cos0—F,sing+mg 32

{ mg







FORCE RESOLUTION

0= tan"" % —67.4,

12ft =L  Moveable
stop

$=90-0=22.6"

F, cos O(F, sin @)

34



Class 05: Hydrostatic Force on a Submerged Surface

Problem # 1: A gate, shown in Figure below is 5 ft wide, is hinged at
point B, and rests against a smooth wall at point A. Compute (a) the
force on the gate due to seawater pressure, (b) the horizontal normal
force P exerted by the wall at point A, and (c) the reactions at the hinge
B.

2

sin9=£—>L: 0
L

’D(I

=10'

1| <

sin @

Seawater:
64 Ibf/ft>

The gate areais 10 /x5 ff =50 ft°

“hc¢” measured from SURFACE

15 ft A _

VERTICALLY to location of PLATE
CENTROID.

F — PCA — 7/H20hCA Hinge L¢8“'—J

pfr

35




“yr” measured from SURFACE along || “hc” measured from SURFACE
AXIS of plate to LINE of ACTION of || VERTICALLY to location of PLATE
resultant pressure FORCE. CENTROID.

Solution: (a) By geometry the gate is rectangular,
10 ft long (see Fig. below) from A to B and 5 ft

wide. A - : Wall
0 -1 =
0=37 =tan (6/8) 6 ft
Seawatcrq:
The centroid of the gate is halfway B 8 ft e
between or at elevation 3 ft above -
point B. e Al
Thus the depth h, = 15-3 =12ft

Neglect P, as acting on both sides of the gate.

The hydrostatic Force on the gate is
F=PRA=y, h.A= (64lbf/ﬁ3)(12ﬁ)(50ﬁ2) =38,4001bf

36




“yc” measured from SURFACE along
AXIS of PLATE, to CENTROID.

sin6=2—>L1: .9 =15
L, sin @
y, 15+ L 215419 g
2 2

])(l

G

Seawater:
64 1bf/ft

L1

i1

'Ud

Hinge L——s ﬁ’—J 37



Class 05: Hydrostatic Force on a Submerged Surface

(b) We must find the center of pressure (CP) of F. A free-body diagram of the
gate is shown below. The gate is a rectangle, hence

3 3
[.,=0andl = bé = (Sft)l(;Oﬁ) =417 ft*

The distance / from the CG to the CP is:
I/

XC

+ V. | “yr” measured from SURFACE along
v A AXIS of plate to LINE of ACTION of
resultant pressure FORCE.

l — yr T yc B

Distance from point B to force F is :
10 +15 —y =4.583

SUMMING THE MOMENTS COUNTERCLOCKWISE ABOUT B GIVES:

> M, =0=Pe6fi—F(4.583)=P(6r)—(38,400ibf )(4.583 i)

cCwW+

= P =29,300/bf

Yr—

38



Class 05: Hydrostatic Force on a Submerged Surface

(¢) With F and P known, the reactions B, and B, are found by summing the
forces on the gate.

— > F.=0=B +Fsin0-P

= 0=B, +(38, 4001bf)(%j —29,3001bf
F
= B_=6300/bf .
Similarly, B
TZFZ:O=BZ—FCOS¢9 B
=0=B. - (38,4001bf)(%j

— B =30,700/bf

39



Class 05: Hydrostatic Force on a Submerged Surface

Problem # 2: A reservoir filled with water has a 4cm diameter circular plug at
3cm above the bottom of right corner. The plug will pop out if the hydrostatic
force acting on it exceeds 30N. For this condition:

a. What will be the pressure at the bottom of the reservoir?

b. What will be the reading, 4, on the mercury manometer on the left side?

Solution:
F, = yHZOZCA
N T 2
= 30N = [9800—3J Z. (—(0.041%) j
m 4
= Z.=2.44m
Mercury Plug
N D =4cm
[ =7sin50° =0.02m x sin50° = 0.015m Cent
H=Z.+1+0.03m=2.44m+0.015m +0.03m = 2.49m $$ l 40
//
&




Class 05: Hydrostatic Force on a Submerged Surface

(a) Pressure at the bottom:

R=y,,H= 9800% x(2.49m) = 24,402 Pa = 24.402kPa

m
(b) Use Manometry:

Vi, =13.550y, , = 132,790%

B+740 x(AZ=O.O2m)—7/Hg xh=F

P+ 7.0 %(42=0.02m) i

132,790 %

m 2

h =

Plug
D =4cm

h
Me

—>h=0.19m

41
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