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BasiCl EqUationNeRRPIESSUE
Field

NMAIFIIAINGTUIATOING AMSIAINTTUAIAAT UMIINGIGOVDULAY AAAS U H aAana

Pressurer\anateniprei= te e
rest

For a fluid at restiar= 0, then
Vp+yk=0
or in component form
»_, @_g

0
_p=_7
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Pressure’\VanauenimarE terat
(g5t |pcornorsssiols Fluid

Integrate previeus equation

jp‘f dp = —y[ " dz

4

yield

pz—p1=—7/(22—21) or pl_p2:7/(22_21)
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Pressurer\anateniprei= te e
fg3i-— Iricornorsssiols Fluid

Free surface
(pressure = p)

pl—p2=7h
or p,=yh+p,
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Pressure’\VanauenimarE terat
(g5t |pcornorsssiols Fluid

The pressure different betWeen tWorpeints
can be specified by the distance;, arsince

h= pl_pZ
/8

The pressure head, f, is the height offa

column of fluid that woeuld give the specified
pressure difference.
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Pressurer\anateniprei= te e
fg3i-— Iricornorsssiols Fluid

+ In a work that fltidSFeEXpesertoratmosphenerat
free surface, It 1S CONVERIENTE tor USE fHEEISUIIaGE
pressure asial reference pressure oy

Liquid surface

N
&
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Stanedarcd AUMESERERE

+ lemperature 288.15 K

+ Pressure 10135 kpa (@bs)

+ Density 1.225 kg/m®

+ Specific weight 12,014 N/m?g

+ \/iscosity: 1.789 « 107= N.s/m?

NTIUIATING AMEIAINTTUANAAS HHIINUTATYDULAL AAAS U H aAana

\aratenieiNEmpPERLUENII
Altitude

47.3 km
(p = 0.1 kPa)

32.2 km (p = 0.9 kPa)

Altitude z, km
w
o

n
o

20.1 km (p = 5.5 kPa)
Stratosphere
11.0 km (p = 22.6 kPa)
p =101.3 kPa (abs)
o

Troposphere 15°¢

91 00 -80 -60 -40 -20

Temperature, °C
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Measurement o Pressure

Pressure is designate as either
absolute’ pressure o gdagerpressuke

1

L
Gage pressure @ 1
Local atmospheric
l pressure reference
2
Gage pressure @ 2
7 ge p

(suction or vacuum)

Pressure

Absolute pressure
@1l
Absolute pressure
@2

Absolute zero reference
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VI2RemMEL

Manometers useverticallornclined
liguid coelumns ter mEeasuUrerpPreESSUre

agn] J4919wWwozaild

fluid)

Joj2wWwouely aqnli-n

Pa =71
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VI2GMIELRY

Manometer are ofiten USed! tormeasuiethe
difference in pressure betWeen tWorpoints

AAAS U H aAana

Inclined-T ke VanGRELes:

Inclined-tube manometer cantbertiSed toNmEasUle
small pressure differences acclrately,

Pa—

Pr—Pg =7,0,8IN0 or (,=
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75&
" Bourdon C-tube Diaphragm - 1
t
Cire Lot Outpu stop Electrical connections
Mounting : Armature
block \ = Diaphragm
| ]
|| ’
: : Link pin
| ]
Pressure line : :
Beam (strain gages deposited on beam)
Input
Spring

HYQreStaliCHEeICEearRIaE
Surface

When a surface submerged
in a fluid, forces developron
the surface due to fiuid: Free surface

Resultant force is important
in the design of storage
tanks, ships, dams, and
other hydraulic structure. Fa

For quigiI atlrest, tfp\e forc]:ce is ,
perpendicular to the surface

since there are no shearing SEAEAERSEREE.
stresses present. P = Pan

For horizontal surface, the
magnitude _of resultant force
is simply, Fr=pA.

Specific weigﬁt =y
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HydrestatiCHEerce ehnaiRiane
Surface

Centroid, ¢

Location of
resultant force
(center of pressure, CP)

HYQreStaliCHEeICEearRIaE
Surface

Free surface e

dF = pdA = yhdA

F A yhdA

_[Ayysin GdA

= ysin QIA ydA

Location of
resultant force
(center of pressure, CP)

o A = ~ o ' ' o
NIANIFIAINITULATOING AMSIAINTINATANT UHIINTaTVDULAU FRAZRERARD ENG




22/11/49

HydrestatiCHEerce ehnaiRiane
Surface

[ ydAis tha

‘where y, is the y
coordinate of the centroid.

F. =7Ay.sind
or

\ NN AN 3
\ b ~ N
\ NS N <
\ ,
8 O ¥g A2
\ N 7
\ NN < /
\ e N N
R Y \ /
X \ N /
\ S Nl
\
N\ & ™
S NN
b O}
N \
AN . entroid, ¢
e
/
S —
Location of —
resultant force R C
(center of pressure, CP)
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HYQreStaliCHEeICEearRIaE
Surface

h.is the firom the i UIdrSUra CERO
the centroid off therareas

The magnitude of the resultant forcelisTdeEpEnd
only: on therspetifichVEIghROIRLIEN UG RtHERGLC]
%rlga, and the depthroiRth ENCEN LU ROTAHERRESY

Trr:e magnitude of the resultant force isregual to
the

The line of action of the resultant force s
pass through the centriod of the area.

p— A . v = o ) ' 7 o~
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HydrestatiCHEerce ehnaiRiane
Surface

The y coordinate of the resultant
force can be determined by

summation of moments around
¥ the x-axis.

F.Vs = jA ydF = jAysin Oy*dA

= ysin HJ'A y2dA
since F, = ¥ Ay, sin @ therefore

A JA y2dA
Yr = )

NAIFIIAINTTHIATOINA AMZIAINTTUFIAAS WHIINEITATYDULAL [21] AR AT LFUNAH qAnNe

HYQreStaliCHEeICEearRIaE
Surface

The integral term is the Similarly for xg,
second moment of the Fx ={ vsin@xvdA
area ( ), "G '[A;/ 4
I,, thus therefore

. JA XydA h |i
YA YA
by parallel axis theorem

Xg
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HydrestatiCHEerce ehnaiRiane
Surface

NNIIIAINTTUATBINA ANLARINTTHAIAAT NMIANOIAUID LAY AAAS U H aAana

HYQreStaliCHEeICEearRIaE
Surface
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HydrestatiCHEerce ehnaiRiane
Surface

_ nR?
A=

I, =0.1098R*

I =0.3927R*

ye

Iy =0

NMAIFIIAINGTUIATOING AMSIAINTTUAIAAT UMIINGIGOVDULAY HALASATINIE aAnne

HYQreStaliCHEeICEearRIaE
Surface

WA AINEE dANG
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HydrestatiCHEerce ehnaiRiane
Surface

I.=1I,=0.05488R"*

I, =-0.01647R"
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Pressure Prism

+ The pressure prism isiargeometic
representation off the hydrostatic iorCE On
a plane surface.

+ When we draw, pressure Variation on

depth, h, acting on area, A, the Voelumeis
the

+ The magnitude of the resultant fluid fiorce

is equal to the volume of the pressure
prism and passes through'its centroid.
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Pressure Prism

F, = volume = %(Vh)(bh) < 7(5) .
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Pressure Prism

Magnitude: Line of action:

F. = B Fy.=FRYy,+FY,

—— 4 . v = o ) R G w A
NINIFIIAINTTNIATOING AVUSIAINTIUAIAAT UH1INTIa0VDUINH [30] HAPTAAUWN H AN e
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Pressure Prism

Pressure prism for
inclined surface

The resultant fluid
force acting on a
submerged area is
affected by the

pressure at free
surface.

NNIIIAINTTUATBINA ANLARINTTHAIAAT NMIANOIAUID LAY AAAS U H aAana

HYQreStaliCHEeICE e CUIVES
Surface =

+ The development ol a free-bedy diadkaimn
of a suitable velume: o fltidicant bErUSEENO
determine the' resultant fuidNorceracting
on a curved surface:

+ Although the resultant fiuid ferce canbe
determined by integration, as Was doREor:
plane surface, this'is generally a rather
tedious process and no simple general

formulas can be developed for nonplanar
surface.
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HYAreStaliCHEeCE Gl CUIVES
Surface

< An' alternative approdchNSIthENCONSIHERRQUGNIOREHIE
encleosedibystherclived
surface of Interest andrtherhonzontalfandiventical
off thils| surface.

MAIHIAINTIVATOING AVEIAINTIAIANS UNIINOIAOVD UL AAAS U H aAana

S

""""" F =F—F_W

Syeid where F,-F=y(h,—h)A

of displaced
volume

L __2 Fo =7(h, —h)A=y[(h,—h) A—¥]

B #' FBZVV_

Centroid

Archemedes’ 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

Fy
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Stability o

+ Submerged or floatingrboediesTcan ereIthErdinia
stable or unstable position:

+ The Stability: off a body: can berdeterminedrby,
considering what happens WheRNGIS diSplaced
from its equilibrium; position:

Submerged :
body

Restoring

Stable e Unstable

MAIHIIAINGTNATOINA AVSIAINTSHAIAAS HHIINTIAVOULAY HALASATINIE aAnne

Stalility,

;W
CG

v 1 v
N CG! ¥ - i
c‘ ¢
. VA rf M
¢ = centroid of original ¢" = centroid of new Restoring ¢ = centroid of original ¢’ = centroid of new Overturning
displaced volume displaced volume couple displaced volume displaced volume couple
Unstable

Stable

+ The determination of the stability, off SUbmerged
or floating bodies can be difficult sincerthe
analysis depends in a complicated! fashion on the

particular geometry and weight distribution offthe
body.

p— A . v = o ) ' 7 o~
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