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Water Distribution and Treatment
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http://www.nab.usace.army.mil/pbriefs/Ihfloodpro.html
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Weather & Climate

Tornadoes Thunderstorm
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Global Climate

El Nino / La Nina
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Vehicles

_Aircraft Surface ships

http://sahand.kntu.ac.ir/~soltanpour/


http://www.galleryoffluidmechanics.com/conden/f18navyb.htm�

Environment

Air pollution River hydraulics
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Physiology and Medicine

Blood pump Ventricular assist device

A BVS blood pump
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Sports & Recreation

Water sports

Offsh

re racing

LI
N Y

=

e
= |

-
=

& chrt racing phalagaphy

http://sahand.kntu.ac.ir/~soltanpour/



Reality
Fluids Engineering System Components | | Idealized
Experimental Mathematical Physics Problem Formulation
Fluid Mechanics

Analytic fluid
Mechanics

http://sahand.kntu.ac.ir/~soltanpour/

Computational
fluid mechanics




BB o 3T Yl Saolus 31 (oo ,l8
( Experimental Fluid Dynamics- EFD)

Example of industrial application

NASA's cryogenic wind tunnel simulates flight
conditions for scale models--a critical tool in
designing airplanes.
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Application in teaching

Fluid dynamics laboratory
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e Scales: model, and full-scale

e Selection of the model scale: governed by dimensional analysis and similarity
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(Computational Fluid Dynamics-CFD)
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Developing flame surface (Bell et al., 2001)

Free surface animation for ship in
regular waves
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0.m

'Wigley Hull in Regular Head Waves 0.005F

Fe=436c10° Fr=030 A=0.052, A9%=00032

Forces

=]

-0.005
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1 3 3

Evolution of a 2D mixing layer laden with particles of Stokes
Number 0.3 with respect to the vortex time scale (C.Narayanan)
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Archimedes Newton Leibniz Bernoulli Euler
(C. 287-212 BC) (1642-1727) (1646-1716) (1667-1748) (1707-1783)

= | Sl : N
Navier Stokes Reynolds Prandtl Taylor
(1785-1836) (1819-1903) (1842-1912) (1875-1953) (1886-1975)
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(Dimension) ax
slel audy ¢ (primary units) Lol olasl 1, Jatase olal .0gds oo ool pus sbdged lo slp a5 cenl Sl lazs
Al e (Secondary units) a gl b e 3 sl |,

(PRIMARY UNITS) Lol sls

International U.S. Customary cas
Quantity Dimension System of Units System (s ;? e )
(SI) (USCS) TR e
(Length) Jsb meter, m foot, ft Cm
: lug, slug / pound
Mass >
( ) p kilogram, kg mass. Ibm gram, g
(Time) b second, s second, s second, s
<l
N Kelvin, K Rankin, R Kelvin, K
(Temperature)

(Aslug=32.21bm) .5 o\ ft/s? .1, otV IDF 5l cos a5 ol oy jlade SO

g= 9.81 m/s?=32.2 ft/ss
(el 1 IDF T 59) ais o 09> Bybal IDf 65,5 L 15T e s a5 cl (gl oolo Slade lbm

dyne,dyn) ;o 5 dbf) 5,5 sigs (N) (59 0y 51COS s USCS Sl s 10 b5 0 g 009 2,8 ol 51 g,
3,5 eolaiwl Lol ozl lgie a5 950 51y sl 4 g5 oo aldl 09l o colalu]
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(SECONDARY UNITS) 5 sl

Sele 5o (28 Sloazly (nyiage Nisd (oo adgi ol laaxls oS 5 5l aS W ls 952g ok (08 slaaxly

5o, le OYlew
Quantity Sl Unit Dimension
(velocity) e o m/s LT
(acceleration) ol m/s2 LT-2
(force) N M LT
’ kg m/s?
Joule J
(energy/work) 575 ! N m, ML2T-2
kg m?/s?
Watt W
(power) s N m/s ML2T3
kg n?/s3
Pascal P,
(pressure/stress) s/ Les N/m2, ML-1T-2
kg/(m.s?
(density) J&x b ogass p,> kg/m3 ML3
’” : o N/m3 —
(specificwaight) coswss s | | a5 ML2T2
(relative density) i s~ sy g 1
it
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(SPECIFIC WEIGHT) _paas 359
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(Newton’s Viscosity Law) : ¥ gu <o ) 4958

SVl 50 WS oo &S > (S5lge g e bghs jo Jlew @l,3 a5 (Laminar flow) ol oL, G o
o35 Gl b Sl canlize 5l y2 slasal p wles (aw (55, 2 (o2 i (Newtonian Fluids) ss.s
o 5] g oges olaal jo Ce

' re Y
an aV
z > T=H——
— = \ on
(Strain rate) s # 5
) £(1/s)
ov
I on — V

(MLAT L) ons b Sl e ) oo 0 L (Coefficient of viscosity) co ) oo : U

T N/m2 2 _ kg
— — —Nxs/m?=
H7 v dy (m/s)/m i /n.s

S cogast ab aS wsl o MSIMP L KGIM.S o1 osly SI i o
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D9 oo 00wl (POISE) 5lgs a5 il o GICM.S o uxly COS i ,o

1kﬁy = 1000gr =10poise  lcentipoise = 0.01poise
M.S  100cm.s

Typical values:
Water dynamic viscosity = 1 centipoises (102 poise) = 1.005*102 kg/m.s
(at temperature T = 20 °C and pressure of 1 atm)

cwss (Kinematic VISCOSItY) Silaaws co i oS pumdl ogasis py> o |, Sslos eyl 5

:d.;]
_ILI_ ML—l/T—l_LZT_l_m7 2 P
VR VI

sols Lilei Tt?/S L 55 USCS s wil o (StOkE) Sgl €OS jo s M?/S o] sl ST e o
D9 (58

1m% —10"stoke

Typical values:

Water =1.14 x10™° m?s™, Air=1.46 x 10~ m s~ , Mercury =1.145 x 10~ m’s™",
Paraffin Oil =2.375 x 10~ m’s™.
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Ideal solid

[
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Bingham plastic

Shear-thinning

Shear-thickening

)(ield stress
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Ideal fluid
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gas and liquid pP p, but smal Ap

gas: Ll’l\ Ik Due to structural differences, more molecular
liquid: H\], 1K) activity, decreased cohesive forces

62107 b oo il (oS5 Lad Il L s g slnle c

48 1S Syee o ab oo 20l e il b Olale Cor )
A5l slake lads g,k bsls

aS ol (698 JeSlo po dl> 5l Lol ey ol o
b oo el Les il L

b/T

u==Ce

4 - thedynamicviscosity of fluid (" miu")
C,b - empirical constants
T - temperature

Q5,0 gob ) S g oog 90 S00SS 5l ldgSle a3l8 o
2x10° | &S Ldgsde 0,95 50 g OIS > .l o5 (JShe a3l 1A
2 0

50 100 Dgds (oo o Lo 1381 L conl C i Jule
Temperature, °C
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(Perfect gas) : Job ;&

sl SIS las 55 5 5 b 1o Jlow sledoSle bliie &l 51 a5 el Jlew b5 518
(Specific volume)  pgase v
/" .
pv, = RT  (Equation of State) cJl> aolee

L
p=pRT

R:p: %2 :N.m: J
pT KO eK) kICK) kg(K)

s Sww Jlow Jgsdo (59 4 Laid G5 o) A

ool o U yudady oyl ol SGogi o bl s, 1a) el JoSle adl> JulS Hlodd sl o JulS 515 L3,
Dl o0 590 Jol5 55 LS,
PP
L
PV, B PV, S 29 Pl pol,

Tl _T2

http://sahand.kntu.ac.ir/~soltanpour/



(Avogadro’s law) : g 05 gg! yg5l8
S5 e Jsl | ez 2 YY /F (P=1 atm, 72273 0K) Gl bl o ol adS 51 oo

(O 05051 ¥Y KG o) o Jsslo )2 b ol 58 JsSho £/0¥ XV =TT 5

b Ske ol
rg.a)j LSO).EJ)O = 9)Lu.~5 oo ul.ws.a -EJ‘).«.O o ‘) )lf albosras 99

PV,
T MR Vi=V, T,=T, P =P,
4 >
P> - m.R MR, =m,R,
LT, 22

5 Los Sl Ll 50 La3l5 5l (gglne (Sloaze 9,9 951 (1538 (sl ) el ol B 95 (sledsShe ol Lo
(25l Ly JsShe olows gllaa JLid

Jol 56 51 Jssde N 05> ul @D Jol 35 5 (Use) JoShe £/eY X VT 4
m _ M— M,
m, M, M
2 2 2 _
g0 55 5l Jgshe N > I > @D pgo 55 51 (Use) JoSbe #/-Y X VT 0 >
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Solns &5 Zel 515 5l 02 0 Tl oland G 51 Jgo 0,5 kS ) wil g0 5B 5 Use 2 TskS M Ty oS
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(bulk modulus) : ez J9dw

-1 ov
IB — ( )T (Coefficient of compressibility) s 3 o515 <o o
\ VvV op '
1/pa s=ls L,

(Isothermal) <ob slos

E[k] = V( =
(SIL) o> Jgoo
\ /
pa =15t

Qb oo iolidl Lad Gioli8l LA Jlade il o YoPA Mpa jies! Lid g Glbl sleo jo of lp K jlais
.dgﬁ@ﬁ‘ﬁsé UTLS.Q.?OUBM Y...atm )Lié)o)m
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(Vapor pressure) : ko i3

A 0dSS 0,05 SldgSle dlawd a5 Cunl Jimsg Job > 0gld o Al Lo Jlid flee 4 Jolw

Aol é:Lo é‘b“")‘ odigd lo (sledgSe olows b ol o dighs = c.:Lo 35lg dSéJLo éb.w
oLy Leo yiolidl b g atils Les 4 S 3w Jlow )bou Lad cccnl Loo 5l (ool JoShe codled oS L;,’,l-?r-ﬂ 5!
Dgu (o0
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&5 yo blE j0) Al o a0 Ve gleo o o G| V) b JLis o a5 Jb 0wl e lbl sleo
(ool azyo Voo 5l iy 1095 o Llas 0 Voo 5l 2aS g alads

(Cavitation) : g3

S50 asli> g ol o (Evgpqration) TS RN IOV P DN WY - 5 I ) L JOR L g WP Y DR TRV S
g e oawel (CaviItation) ol M (00,5 jieS Lo jlad 5l Jlew jLid) aas (gq, jLad zals

L @ble 4 b,z awgs oals sl M blis o jls 0925 b ()55 (29,5 9 Loy (69955 50 ey glS Hla>
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(Surface tension) : xdaw gaiS

SldsShe orm wdl> 5 (CONESION- Stwgn) s sledgsde (pm adls s 5l ol oo iedS ooy
ol (Adhesion - Soces) LS .8

Jbs 89 50 g s (pl Dolas Juday 09l 0 yidon 55 5 mle uled Joe (Saiz glagys jl S (0 5l
.‘.\-;5 (5'4 | c & :.S . . M% &S_l " &

F. = surface tension force
AIR /‘

Foe—— F,
Interface

O
OO0 w_

Near surfdce forces are increased due to absence of
neighbors such that surface is in tension o per unit length

O
OO¥— Away from interface
molecular forces are
equal in all directions

WATER

O air/water — 0.073 N/m
F_=ox/[L =Force normal to cut, | L=length of cut

o)
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yA
y >F =0
O 2
—P (7R 27R) =0
X Jl ALJH = ' ( ) + O-( )
*l|¢l

020_073'\%n bl s jslome T (sl bl (glod 1o (omba LS s a5yl ol 028,58 a0 L Slie
0.5 mm &wa W Lg‘ o)bﬁ 5O o]

o _ 2x0073

= 05x107 2 M

=0.00288 atm (1atm =101325Pa)

~P(mR?)+20(22R)=0 —> |P =%"
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(Basic and subsidiary laws) : ¢ 48 g Juol cmilgd

25,8 3929 53 (DASIC laW) coobwl 558 lom atwan oo 2 gl wdige )5 Al o
Conservation of matter (continuity equation) ( Swgs dsles) cole las Jool -
Newton's second law (momentum equation) (<. ,> o;lasl dolas) g pgo yeild -¥
(Seelage i Jol 988 (65,1 sl Jol =Y

Conservation of energy (15t law of thermodynamics)

29 l[aw of thermodynamics Sulusge 5 pgs osils -¥

LSl Lly, a5 a5 0)ls 3929 15 (o0 3 (ilgd (solaad 398 (sages (ilS 2 ogdle
Slael> 0 Sen 518 05, oo, 0ole 05 glsil 0,50 40 5 05 0 0uuel (CONSTItUTIVE €QUALIONS)
=2 ooled 5l sle diged g i OYlew o e Ca i 6B g JelS slelE o > dolas (Sl
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(System and control volume) :J yus s 9 piasaw

99y 0 0 28 5 el (lsd Slesliul jo 5 Sl g0

(o) l.a AL goo oolo u.a.:.‘o)‘d.odc U"‘ .QQ; L_SA)‘JSJJ S e W)‘m LS‘)" (_A.c‘ 9 LSCJ‘S u.._,bs—\

Db oo 0duel (SYSTEM)

34 oo 0dwels (SUITOUNAINGS) Liss a5 S50 8lge pl 511y o] a5 ol ool 5l (cams py2 oo
Sl s0 plee

http://sahand.kntu.ac.ir/~soltanpour/



ol 2l T SIS p e S g caale Jg &S oo i ]

123 (oo HLaS (Comed Ol 14y axg5 (5900) (o) 4 S | i SO (9,0 oy 0 <ol iy (slas (9

/>L5J5\°)>m
dm

dt

W’ <l ey

ZF— g (jvdm)

@)b 6L‘°9)-*-’ @L“ M‘f i 0, 35 po CaS
(039 yolds (oo slogys

http://sahand.kntu.ac.ir/~soltanpour/



WJrS wm 00,5 o )18 Lad 5l e p sl 28 g Lol oled (control volume) oS gz o
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(Reynoldstransport equation) :julgu y JUS! dloles

(Extensive properties) ,lais b 00,53 olg> -\
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Absolute Pressure, Gage Pressure and Vacuum (example)

p4 =301 kPa abs.
(py = 43.6 psia)

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

Local atmospheric pressure (gage ref.)

p = 0 Pa gage|=|101 kPa abs

3

Paim= 101 kPa abs.
(Patm = 14.6 psia)

pp = —50 kPa gage
(pp =—7.25 psi or 7.25 psi vacuum)

Y

(p = 0 psig = 14.6 psia)

A

pg = 51.0 kPa abs.
(pg = 7.35 psia)
Absolute zero (°

/

solute
ref,

)

p =0 Pa abs.
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(Differential manometer) sl sb pogile
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(Pressurevariation for a static compressiblefluid) : 4515 BB Jlow yo Lid Ol puuss
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(Static incompressible submerged fluid)

TR (ol SR S92y pae o
: 59 abge zokaw poslg (g9
 —— )L:;;.é )‘1 6.»[., )L'Z..é S 9y

b el ol (P <3168
J atm atm'[ dA atm

e ek a8l

, A g Jlw Ssbislg,ome

Ui pl e e Sl Bl
Do ool andle Sl gee ol bl
dAJ: d)‘s 69)..; ;)> Mla ? yh))‘)) 9 w‘yia ..laLQ; 'aLo.a » &)‘9 )LW.B &./Jl> LJJ‘ )Q

LR,

A-A st

dF = shdA

http://sahand.kntu.ac.ir/~soltanpour/



x
= A 5oy o IS onl ple
— F, _jAdF =_[A(7h)dA:;/sm¢9_[AydA
/
. AY= o X jyme Jo> gl Silisl los

—>

FR - 7Sin6ycA: 7hcA: R:A

DS o Sl amio pled a4 (v 35 0 0 ,Li8) Pc A S50 HLad (S (0,8 el (oo el plo

S (o0 55 5o )l X jemme 4 JLad 55 S (V) Fpanlp sy 51 Joee (0959] Caws (sl
aF

1
Fay'= ], (h)dAxy

aMm,

http://sahand.kntu.ac.ir/~soltanpour/



M AY'= _[Ayysi nGydA

ysinéy Ay'= yénejAysz

ySny Ay'=ysind o
= |¥'=—

el b X jyoe s> zedans pgo low £yy 3] 4o oS

& b 3550 5l 6500 § e Joo haw pgo (e /gg S s 181, /§§+’4y02“3’)L:-¢ /XXLQL?“-.’;‘
ol oo b X jamme Oljlae

A+ |
y'= ==yt
Ay Ay,

C C

JLid 58 e 098 0 0auel (CENLEr Of Pressure) |Lis 5 . g absé maw 5 3lg ol gg,m il akas

22,5 0,8 e S e p)eleen
|
£ >0 = Y>>V,
Ay

c

http://sahand.kntu.ac.ir/~soltanpour/



o Y jgme 4 S jlid w595 S g Fpanly 9w S da Y/ jemma 5l Lid 55 0 alold X aule ol

Fex'=[ (wsing)dRxx OV 8k B ghe o
aMm,

(ysineycA)x':ys:neijydA

Y AX=1, = |X'=—"

el Vg X la 950 a5 s oSws (Product of inertia) o ol o,0 Jol> /yu )5 as

e )3 1) s 3550 51 (6500 90 (los /577 ‘ /XyLSL? 4 S|

X' — AXCyC+I§77 =X+ Ién
AY, AYe

65.1.0[.1;"«.’1.0;\3‘33(50/4:774\5(5{[.751)“.A.Z.'.f.al.g@Q‘}T@g%}‘bﬁ&j&gé}‘&o%;@779§
OB yse 1] 5 6 sloysome 5l (S aziliz 0,:% 518 Canl (S XEX, s Bk g0 ,m p0 Lid 55 50 il
255 o A XEX b (5, 5 5La8 S 50 500 jho /577‘“\*"["@'@“

http://sahand.kntu.ac.ir/~soltanpour/



Centroids and moments of inertia of plane surfaces
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(Equivalent height) : Jtww Jolzo glas
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(Hydrostatic force on curved submerged surfaces)
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