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Pressure

e Fluid at rest — can not Py,
. -
support shear stress ‘—’ ’ |
|
« Normal stress on any plane v ' - pAdsinG
: AL~ '
1s pressure (+ for L lwgigm P
compression) = LTTTTTL S
Ay a T S

| Ax = Al oS o

p.Ad cosa

>F, =0=p, AvAlsina — p,AyAlsina = Pn = Px
1 :
> F, =0=p,AyAlcosa — p,AyAl cos —EyAl cos Al sin aAy

= Pp =Pz

Pn=Px=Py=Pz=P



Example (3.4)

e Prob. 3.4: How many bolts are 20 bolts,
needed at B-B? 2.5 cm dia
p” D
F; 4= !
bolt,A—A 20 A:EE - R :,:I:A
pzd2
= = Fpolt,B-B
n
d 2 B j -« ] —» Lj B
n= 20(—)
D




Pressure, Absolute & Gage

1 W P =Py

p4 = 200 kPa gage
(p, = 29.0 psig)

Local atmospheric pressure (gage ref.) p =0 Pa gage = 101 kPa abs.
p, =301 kPa abs. ‘ | (p =0 psig = 14.6 psia)

(p, = 43.6 psia) pp = —50 kPa gage
(pp=—7.25 psi or 7.25 psi vacuum)

P=Pp
Patm = 101 kPa abs. T

( = 14.6 psia)
< pg = 51.0 kPa abs.
(pp=7.35 psia)
Absolute zero (3PS0}Ut€)

/ p =0 Pa abs.
(p =0 psia)




Pressure Variation with Elevation

g
» Static fluid — pressure 6 2l
varies only with elevation -
in the fluid. .

> F =0
- Fleft _Frighz‘ _Fweight
= pAA—(p+Ap)AA—yAAAlsin

pAA

Weight = yAAA¢L




Pressure Variation with Elevation

dp

« Ifyisaconstant s ==y
P2 )
Jdp=-y |dz
P1 |
p2 —p1=-7(22 571)
Ap =—yAz
h=P + 7= constant (piezometric head)

VT
'\ Elevation head
Pressure head

Piezometric head

2T 2P TP

Ap =—yAz
ﬂ-I—Zl Ip—2+22
Y Y

2T 2P TP

e R



Piezometric Head

I||<—

t f T
)2 P2y
71 @ ‘F §+z = constant
O—F— Zy
71 l
v z=0

Open Tank



Piezometric Head

P

T

~— 4+ z = constant

/4

I

3
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Pressurized Tank



Example (3.6)

e Tank contins fluid with y, > v,

*  Which graph depicts the correct pressure distribution?

Liquid B

N

Liquid 4

2t L
Lo -

P P P
(a) (b) (c)




Leaking Storage Tank

Water has seeped in to the depth shown

Find: Pressure at gas-water interface,
pressure at bottom of tank

Assume: Fluids are at rest ]
Pa zZ, = Pb zp

Y Y _“4@
po—pr1=-5Gy,(z0 —21)
0— p; = —(0.68)(62.4)(20—3)

‘Pl :7211bf/ﬁ2+144=5.01psi 17 ft
p1— P2 =-7w(z1 —22)
P2 =PI 7w(E =) i N0
p2 = 721+(624)(3—O) \_water 14 @
3 ft

‘pz :9081bf/ﬁ2 +144 = 6.31 psi




Example (3.5)

e Find!/
.. A | []
 Forces at surface inside tube
ZF _ O = < d:OS mm
L=
=-I;+F,+F;
=-piA+ p,,A+ond 10 cm
PiVi =Patm" tube l | F,
0.104
Pi = Patm fube _____________.____l____ 1l E _11 ____________
(0.08 +/ )Atu be =T E —3:—_:———T;—— _:JE S om o
= Patm ﬂ water F _T_
0.08+1

Pw = Patm +



Example (3.8)

Fy

10-cm diameter
*  What 1s maximum force F), that . l .
can be supported? L
P1—P2 =Yoil(21 = 22) . o I vertiea
p2 :p1+7/0il(21_22) —>| l |<—4—cmdiameter |
21 | oil(s=0.385)
:A_+SG7/W(ZI —Zz) Y =
1 200 e oom— ]
= +(0.85)(9810)(0—2)
1 2
—(0.04) - 5
4 Fy = prdy = 142,500(2)(0.1)
— 142,500 N / m*

| Fr =1119N |




Compressible Fluids

* Density 1s nearly proportional to pressure

dp = — but y=pg and p© # constant
dz
* For perfect gasses
p dp __p
= pRT = .
p=p = PSRt T & R

* Need to know 7'= 7{(z2)

— Constant (Isothermal): T =T = const.

— Linear: T'=Ty—-a(z-z)



Compressible Fluids
* Assume constant and integrate

p z
J d_p:_ & _[dZ 30f
RTO ZO :

—g(z—z¢)
p(z) = pge A fo

* Assume linear and integrate

POp

25 |

—
(&)
T

Altitude, km

lj’ dp g : dz 3
R Th—a(z—z :
pO ZO O ( O) QSOHH—6DHH—4OHH—20IH‘OHHZOHHﬂfO
g Temperature, °C
(2)= Ty — a(z— ZO) ak Temperature variation with altitude
P\zZ) = Po T, for the U.S. standard atmosphere
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