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Chapter 2. Fluid Statics

Fluid mechanics (M E &) - &2 L& J|= 20t

2 HIW A2 RAMOIsS, WEt B2
285, 2L 22N S =cl2H2 JIx

“Engineering science dealing with the behavior of fluids”

!
liquid, gas, vapor
Fluid Statics (= Xl &S
. treats fluids in the equilibrium state of no shear stress
Fluid Dynamics (R Xl S <&

. treats fluids when portions of the fluid are in motion

Incompressible fluids (Bl 2 =& = Ml) — density changes are neglected ( o = const.)

Compressible fluids (2 =4 = Al) — density changes are significant
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Hydrostatic equilibrium
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W i All forces on the small volume of fluid 2> 0
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z j_ i } 2 Poiia iyt o) F, (the force acting in an upward direction)
= Pressure = p L pS
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1 - £ Density = p F, (the force acting in a downward direction)
L=
H o : (p+dp)S
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sl Area = 5 F, (gravitational force): goS - dZ
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S pS—(p+dp)S—-gpSdZ =0

< upward direction: positive (+)

dp + gpdZ =0f ------

For incompressible fluids ( o = const.)

Ppb —Pa = pg(za B Zb) ------ (2.4)

=, Ap = pgA”L

- Head of a liquid (2 X2 =012

. the relationship between pressure and the height of a liquid column

Z=plpg

(Z: head)
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- Barometric equation (012} &t & Al)

For an ideal gas, (o #0)

pM m
=—— <«— pV=nRT =—RT =m/V
P="nT p Y (p )

Eq. (2.2) becomes

dp+gM dZ =0
p RT

Integrating between levels a & b, (assuming that T is constant)

P — exp(— gM (Z,, - Za)) : barometric eq’n (2.7)
P, RT

— 23

X|: Prob. 2.2

[0
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40

- Rotating centrifuge (2 & =2I00)

Pressure drop over any ring of rotating liquid,

S (BIESIE fA200] = Rl ore2tEh)
Ap

dF = rw?dm
«— F=ma, ..dF =adm
a=ro’
dv vdé 2
— a=—-= =Vo=rw
dt dt

dm=2zorbdr <« 2zrdr(*d %), b(5°])
«—dm=pdS-b
dS = 2zrdr

o dF = 2zobw?ridr

jorie "ol f-dr

Do |
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Assuming p is constant,

P, — Py

_ a)zp(rzz - r12)

X|: Prob. 2.6
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- Manometer (2 & Xt & 0))
04 J| M= U-tube manometer2| & 2|

p(at pt.1): p,
P> (at pt. 2): py +9(Zm +Ry)ps
p3(at pt. 3)=p,
P4 (at pt. 4): p3 —gRyn oA
Ps(at pt.5): ps —9Z 08
= Pp

U2t Ot 0l 8
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(Ex. 2.1) Pressure drop across an orifice (orifice meter)

&
5.2
E5 50
= £ —————p—
g2
EE_ — ___._H-——-'-F—-:J:-
_ |
1= i

p, =0.14bar

streamline
(gauge pressure)

P, =—250mmHg
(gauge pressure)

Fig. 8.17 (p. 228)

Liquid B (brine)

1260 kg/m? Liquid A (mercury)

13,590 kg/m?3

U 2icvam
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p, =0.14bar p, =—250mmHg
—0.14x10° Pa _—250
1000 97F
=14 ,000Pa
— _33318Pa

From Eq. (2.10):

pa o pb — ng(pA _pB)

. R =0.391m (391mm)

cf.) Absolute p = Atmosphericp + Gaugep (B =CHI1 + HOIXI L)

Hjgtoz= p, =latm+0.14bar=1.153bar
p, =latm—-250mmHg=510mmHg
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Related Problems

(Probs.) 2.1,2.2, 2.6, 2.11, 2.12 and 2.13



