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*FLUID
MECHANICS

*[t is a physical science
dealing with the action at
rest or in motion and with
application and devices in
engineering using fluids



vision of Fluid Mechanics

1.FLUID STATICS - deals with fluid
at rest

2.FLUID DYNAMICS

- concerned with fluids in
motion



*TYPES OF
FLUIDS

1.Ideal Fluids

2 .Real Fluids



1. Ideal Fluids

*Assumed to have no viscosity
*Incompressible

*Have uniform velocity when
flowing

*No eddy currents or turbulence



2. Real Fluids

*Exhibit finite viscosities

*Non-uniform velocity distribution
flowing

*Compressible

*Experience friction and
turbulence



FLUIDS
|
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ldeal Fluids Real Fluids

| |
Newton Fluids Non-Newtonian

Fluids

Pseudo Plastic
Fluids

Delatual Fluids

Bingham Fluids
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*FLUID
PROPERTIES

. Mass Density

. Specific Volume

. Specific weight

. Specific Gravity

. Absolute Viscosity or Viscosity
. Kinematic Viscosity

. Bulk Modulus

. Compressibility

. Coefficient Thermal Expansion



*MASS DENSITY (p,
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Where: B, Maseensity umiks:BBGahagAt’
M, HahPass SI kg/m?® s| kg/m3
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R, gas constant (Air= 287J/kg-KJ
R, gas constant (Air=_287J/kg-K)

T, temperature in Kelvin or Rankine units
T, temperature in Kelvin or Rankine units



*Specific Volume

(Vs)
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*Specific Weight

LIt i the wsighbasrwbyalame

w _mg
01~ vol

Units: BG 1b/ft3

S 1\L]J}1ﬂit§ BG lb/ft3
SI N/m?3



*Speciﬁc Gravity

Tt %§%%Q%%@ﬁw@t%ﬁ%? t‘HE%ﬁWW@ﬁW

Y QNG BRIYPLIERIRE SedtiiBg SPeciiled
WB@&WGNN%%@]CWe@%Sn%H@ erature is
erEpesiafueq s talen at 4°C (392°F

RGP _ 1

pw yw




*Absolute
Viscosity or
Viscocity, p (mu)

L

~ dv/dy
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1, absQluke elSResiYy
v, distauealatuieriePites
V, vgloeibyity



*Kinematic Viscosity, V

>|<VL M!Je: 11, apRetuteyiseasiite viscosity
p, density p, density

V

British 1b-sec/ft? ft2/sec
slug/ft-sec
Metric dyne-s/cm? cm?/s
(Poise) (Stoke)
S.I. Pa-Sec m?2/s

(N-s/m?)



V

British 1b-sec/ft? ft?/sec
slug/ft-sec
Metric dyne-s/cm? cm?/s
(Poise) (Stoke)
S.I. Pa-Sec m?2/s
(N-s/m?)
*Note:

1 Poise = 1 dyne-sec/cm? = 0.1 Pa-s
1 Stoke = 0.0001 m?/s
1 dyne = 10> N



*Bulk Modulus

Hiig a measrrerafflaid rpmpnassjbility.
—Ittis the netecobfhigh ehehgmipepinsprresitutie ptiespoodins puandénig vhlamge in
volume

—dP
Ev

~ dVol/Vol

where; dP, the change in pressure needed to create a change in

WRHERE. dP. the change in pressure needed to create a change in
g
volume dVol, the resulting change in volume

Vol, initial vol :
dVol, the Tesul 11%500 nz?l%ge in volume

Vol, initial Volum%

5V = Gp/p

Where: dP, the change in pressure
dp,the change in fluid density

Where: d® {AERAE§Ein pressure
dp,the change in fluid density
P, initial density



*Compressibility
(B)

= Also Hinownsas he cdefbicien toh compressgibility
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*Coefficient of Thermal
Expansion, o

%t repressend shdhebalityicy it utdekpaxpamebmipress
congprtbesinardase threderceass indedperaase in
temperature

- dVol/Vol _ 1 dVol

B dT vol dT
dp/p
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SURFACE
TENSION

Liquids have cohesion and adhesion which are
forms of molecular attraction. Cohesion permits a
liquid to resist tensile stress and adhesion permits
it to adhere to another body. The surface tension, o
1S defined as the intensity of the molecular
attraction per unit length along any line in the
surface. It has the dimensions of force per unit
length. Its units are dyne/cm or N/m.



CAPPILLARITY

Caused by both cohesion and adhesion. When the
effect of cohesion is less than adhesion, the liquid
will wet a solid surface which is in contact and rise
to the point of contact. If the effect of cohesion is
greater than that of adhesion the liquid surface will
be depressed.

For clean tube, 6 = 0°
For Hg, 0 = 140°

For tubes greater than 12mm, the cappillary effects
are neglected.



VAPOR PRESSURE

Molecular activity in liquid will allow some of the
molecules to escape the liquid surface. Molecules
of the vapor also condense back into liquid. The
vaporization and condensation at contact
temperature as equilibrium processes. The
equilibrium exerted by these free molecules is
known as vapor pressure or saturation pressure.



PROBLEMS

* Arrﬁs’mm ey cgiycdwvin almasssaointd® ¢ 32008ckgreantd

51;1 61" gszmwe'#lhdb)ﬂ%“ WFWEig M@y ulitsWefFHL
eacés'c é—?lvslllé’ and (d)specific gravity.

wven: m =

Giveryon. 5 4200 kg
Vol = 0.952 m3
(a) W= mg = 1200 (9.81)

(a) W= mg= 1206 [b.81)

R 772 N
(b) ¥ _E =11,772 N/0.952 m3

= 12, 365.55 N/m?3
(b) = 0.952 m?

(c) p = AV 2,1360KsY N/AAI M3

(€) $5= /v 24260 £§900.952m3
=1.26

= 1260.5/ 1000
= 1.26

(d) SG



1: ilfhdhecamedifimeverlvanginahs e Ut adng Biskgls
048I gtiowhabHe its specific weight?

1 3
B S 0.7848 1.27 kg/m



3. Find the mass densityosf hxtlimmant44ECwiikthaa
presswef dB4k@4KPa dbsitstapsalute ipreSARKPais
R85202KPhg K= 2079 J/kg - K

B 529839751007 harb(Ad7s7 7 3)
2 005§< S ms



4, Airiiskkppttah arpiesswfe200 200 IcPsiuabsetite
santb ardemepef 30iceiroh M Linoatai@6r.L.Wian taities.
Wdiabfisithe mass of air?

B =— =200Q 101028280(303%273)

= 23K9gPns

B =T = Q7 573699057) 0.7 kel ko



5. A sylindricairiank 80 divmdiermatieycand 9Ghcm
hiigl vistHibleduwlitiiha theurbd.lidihe wanghe®i4A0qrud
Wied gleeghtdd QHeg adlhie A0elighw ok thehéamlk iseitOtlog.
Whatiiskthimanit weight of liquid in KN/m3?

Masoplidiguid 420424 = 480kg 380kg
Vel =piphy4 F=48A5m?

mg

W5 =2 = 380(9.81)/0.45
= & 38BKRNmMs



'Ift'the"iﬁSEBSPEX*ﬁfewatéP°&t‘37®9’84ﬁz (P‘()tfﬁlwpy&fgecafffd
ﬁﬁ‘é‘-sﬁaeﬂigcog@m%@gn‘) 7% Determiné 'its- absolute
viscosity in Pa‘s and its kinematic viscosity in m?/s and
stokel Poise = 0.1 Pa-s

1 Stoke = 0.001 m2/s

Nd@ude Redsssiey),l Pa's
1 = .- @YRPise YOI iy Poise

pn = 0.000402 Pa-s

Absolatte Wiscosity,

=0 100402 Paisex 0.1 Pa-s/Poise
=306 041 Pals

Kinematic Viscosity

V=411x107/s
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Conretitinng koostoke

Q ?n& 1 stoke

4 03 StoREIM/S
103 stoke
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Pa*s
= B S m?

gqQ

m _ N M?-s
kg /M3

~

= m2/s



7. TWodarbergefasuforam abarund apaspaendetileen spase
bseftitted wittha tiqusl 6léstosityh. a Ai9fisid aof. YEsupsikythe=
0Bty gxsdientitmgbthtraighddite.giadidatceds beqsiradght
Hulé. aViesy fovioe it @hifed’to’ palta versothianplsaredf
g=973mfeH e phistiagt4gpe dPro20ehibeisutiaceplate is

8.4mm from one of the surface?
Given: n =0.958 Pa-s

Given: = 0.958

$2Fx =0

FSIFt =Y

F=F1+ F2

T F/A FY

= dV/dy;_p' 3 vy’ =y




‘ _0.958(0.37)(0.3) _

)7 N

i




3. An13&gkpistabeslides thowncli®Y preléineda glame
oimich fimof WhlioktHilmcoditpidf with0viscosidy:.off the=

QG4 dreasis If. 3he, domd stbe aremiisal viaocitiind thlee

tatmileglecvelocidistanfe.the slab. Neglect air
resistance.

i Fy  4513x1073)
$§F’}E L 0) = = Ve UA  0.0814(0.3)
Wx =9 0 V = 5.61\%5.61 m/s

F =WX%iBitb15°
F =1796588011545746.7 N



Y, Wiatiisiheaodus ofctberfausfaceibensionmdlia
siaxpl Wd eep0 S akerir) ddametan whiiom et evntabdelitis
at1ifaled preddareamithih tHeedrpprtdsnbé1 Radduin the
droplet is 561 Pascal?

o
B =d
rq 561(0.3)(107)

& =ooR4 R A
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