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e Mechanics of Fluids
Irving H. Shames

e Fluid Mechanics
V. L. Streeter

e |ntroduction to Fluid Mechanics
Robert W. Fox & Alan T. MacDonalds

e Elementary Fluid Mechanics
J. K. Vennard

e Foundation of Fluid Mechanics
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Water Distribution and Treatment
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Weather & Climate

Tornadoes Thunderstorm
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&0, Lloyls\Weatherstock

Global Climate

El Nifo / La Nina
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Vehicles

_Aircraft Surface ships
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Environment

Air pollution River hydraulics

Copyright © 1996 EarthBaze £ Liaizon Agency. &1l rights reserved.
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Physiology and Medicine

Blood pump Ventricular assist device

A BVS blood pump
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Sports & Recreation

Water sports Cycling Offshore racing
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Reality
Fluids Engineering System Components | | Idealized
Experimental Mathematical Physics Problem Formulation
Fluid Mechanics

Analytic fluid
Mechanics
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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.

Application in teaching

WMJ*M“C OFluid dynamics laboratory

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



www.mohandesyar.com
http://www.learnelement.ir

S W) u»bw.o J..\.og‘;ba‘ 4 g-oJ

e Scales: model, and full-scale

e Selection of the model scale: governed by dimensional analysis and similarity
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& bewlmo OY Lo Sl
(Computational Fluid Dynamics-CFD)

It (SLdmaw Jo 5l Tlawlro slealig, 3l colisiwl CFD o

o Jo sledg) 9 (et 9 4L )) sl o5 Cowl WYL
Dgud o0 Jol 1y (s old Al 0000S Wdgi O guo (ylodl (b ,Kldi)

00 35 Lyl G puw A (00 Sl (Y guolS gl sl G e @

ENIAC 1, 1946 Personal Computer
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Siw Jow 5l (2 ledb

Developing flame surface (Bell et al., 2001)

Free surface animation for ship in
regular waves

0.4

0.m

'Wigley Hull in Regular Head Waves 0.005F

Fe=436c10° Fr=030 A=0.052, A9%=00032

Forces

=]

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


www.mohandesyar.com
http://www.learnelement.ir

Y Lo Sl a6

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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(Fluid) :Jlew

RS Az a0 (oo SO et g ek 9525 18 pules (L 15 30 Cou STAS cenl (gl esle Jl

QS e oy 0 |, (dyNamic) & e L (static) (Ste oVl s, oVl Sl

20,5 oo i |, 5w b (@as) 5 4 diquid) ule oYl e

/ \

23 oSy (2ol pogaze p)2) nd o515
compressible Incompressible

(Continuum) :aswgw e

ufbg) Jﬁ.w P oolasuwl (Mﬁ.u L:.».‘z'.c) oole 6’0)3 :Lo.wg.u c.*)y )‘ ‘)Dus GLQ‘J?SJ.A L’;’j‘ﬁ u‘)a‘ odu.'z'.u d”'d" LSL‘> O

45 o ob dlias gxe b Job op S>o5 L (Mean free path) Lyl ol lwgio yews a5 olKid atwgn oo
(3,0 0929 Sy alaizs 10 o5 55 lade a5 Sl 0 Mie) &l sed I auils

DS o b Jlgte 9,95 1 90 o Sl sl a5 sl (g1 alols awgio LofgShe of5T lawsgie pns
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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) ;s 5 ABF) 5,0 iy «N) (550 a2y 51CYS 5 USCS Sl s jo i a5 0050 (g5 olasl 5l 9,5
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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) ce .. 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?
Wett 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 o
(specificweigh) osaie sy || T ML2T2
(relative density) i s~ sy g 1
AT
T ReHREAReRt-H )
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Cawds bl Gldae 31 aS cosl (gl dlolee (Ko doles aiwe Sen golal L 51 U8 cwlul SYolso

ol 397 540 oo 44 s 3 5l arls i S oo s el

1000kg K///
p(/nB) (100)3cm3 10 Cm3

4.448N
(0.3048)2m?

|0(Ibf (2) = = 47.88pa

ol 0018 (59, 2Ll Lot ails S oty asiliz 0,5 S clgpm 4 ol oo |, dolae G b b slaal
:a)b..‘s Ql.io‘ Mo
30 kg/ms=30m!
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Py 4 by yo ple=

(MASS DENSITY) _pguase o>

D o Glas |y ez 9y o 0> KGIM3 oxlg L (*rh0” - p) ogass p,>

ML-3 ey

(1.013x10° N/m2 ,L:s 4 288.15 K (4 °C) sles ;o) iigas ol
13546 Kg/m3 =s5.> 1000 Kg/m3 (62.4 Ibm/ft3) =1
800 Kg/m3 = -.3l,L ¢, 1.23Kg/md = 150

& ol Slpea [YL 6 pdy o515 0 g
ol sy oSy sl

23S (0 oo S e )48 5 D)l a0 e L Lol o0y S Ly lole IS
p=p (iqud. T, p)

1K) p\v
p p

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


www.mohandesyar.com
http://www.learnelement.ir

(SPECIFIC WEIGHT) _paas 359

ADO s QL‘“" ‘) = d..‘>‘3 )O U)9 N/m3 d..>‘9 l.> (y' “gamma") L)agm L))9

! (9.81 m/s?) &b olis g ol o a8

ML2T2 o,

(1.013x105 N/m?2 Lz 5 288.15 K (4 °C) (sles ,5) :aiges yolie

132.9 KN/M? —o5.> 9.79 KN/m? —_i
7.85 KN/M® =301 s, 11.8 KN/M? -ga
v LEEHAELROaeRtITc o m
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(RELATIVE DENSITY) i JE&=

ol pegaze (35 4 Jlow (ogate (3 Cum

g — Y fwid P fluid
Vwater — Puwater
b el ol ol Sl az 0 Ve glod 10 0gun  cond I Mie s a0 (oo B
3
S, =t ™ 136

' o 9BLKN/m*
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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
S liae b Gl canliie by Slael g wlew (e (59, p o ois (Newtonian Fluids) 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
P . SNV

“dv/dy (m/s)/m
RYIRE fmm%mgmﬂ L AGIM.S )] s>l Sl qinens 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 %10~ m s, -
wnvLEEHAIELROaeRtITc o m
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(NON-NEWTONIAN) 25 gx sué g (NEWTONIAN) 5 g ¥ Lo

Slule #5145 Baw OYlw ,LS o
SYlw gh o Jold 1) a5 g ool
Slurry olegs paste os) &5,ls v¢4
ol slo ouls (grease . 5

F 59 o akl) a5 (..high polymer
L o il o 13,8

Ideal solid

Bingham plastic

Shear-thinning

T
Newtonian fluid /ﬁ
1

m A

wm

=

17

= Shear-thickening e 9 o513 BB e Jlo JT oyl Jlos
> ]~ sop o ol e & (W0 el )

cl M’Jcom Ded (god dloml (S5 > go gb oT
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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

35,0 60l S5 g 009 90 0aSe l ldgSe a8 o
0 LJsShe 5,95 5 5 SIS > el o JoSLe a3l 13

2x10°® |
0 0

5 100
Temperature, °C i
P vw-GSFREIEmeRkIr. o m
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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,
D9l (o0 y90 oS 55 LS,
v Py . V_ll_ = V_ZI_ =R 5EM 5l asin e
V1 _ V2 _op : Pl P2l
Tl T2
v LEEHAELROaeRtITc o m
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(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

m, _ M, —
m, M,— ) .
P95 55 51 Js5dbe N = N L GernElementir, P90 5 5l JoSde #/-¥ XA T >
. L. com
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M1R1 — Msz

L s

MR = cte

b el ol Ll o slT s 40 9 045 (0 00wl b8 Slo> <ol MR

MR =8312J/
7 8312
E— —

Y kg’K
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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
.dg.&ts,oﬁ‘).gsé uTW&JgM Y...atm )Lié)o)m

v LEEHAELROaeRtITc o m
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(Vapor pressure) : ko i3

@ 0uisS 0,55 ledsSde dlawd a5 cl Sixsg Job Cls gl o as Ll (o Jlis flee a4 ol el

ML: éaLoc.b.w)‘ od.:g.w ‘d.> LsLQJ}iLo o‘d.:u‘.:).:‘).: A.:B.M:Ls.oéal,o o)|345@LocL:.w

oo ol oo Liuldl bg atilo oo a0 Ss 58 Jlow [0 jlid el Loo 5l ol JoSde Q'A.:JL‘!ééS(Si‘L?L.J 5
O gl

4O ol b SadlS SU o 4 jLid STV a0 ole il b Jbu Jlis ol ol (gg, jlid oS Sloj
&5y bl jo) Wlhg> o a0 Ve loo o gT(M‘ V) b Jlis o a5 Jb oy alige o sl sleo
(ol azyo Voo sl i 1oy o Llas o 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>
098 (oo yrie Slls (50,95 g ledily el a4 Wigd (oo p S e g oad Jiie VL jlas

v LEEHAELROaeRtITc o m
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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
I—>(C-b~ﬁu~L°~°
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P S i 50 Jobas J 0 1) B Gawes jlad sloie J3Io jlid) (JSls o jlad g R glads 4y (gl o ks S

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)
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: (Nonviscous flow) z sy b = g (Stationary fluid) 5le Jlow jo g5

g Syl 09l Gk (W)lo Gl S p Liledl pled) e eiSs Gl slilo Jlw 9 ST Jlow 50

X (04
L

Tnn
z < — 7, dydz+ 7 dsdzcosa =0
T <d——a INCE -7, dydz+7, dydz=0
y
: dx i \/dz —> T =T
y dXdZVdZ ! 7, Z Fy =0
~ 7, dxdz— mx‘;ydz +7_dsdzsing =0

ydy

— Tyt Ty = =

—> Ty =T
(ol S>o5” AY)
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dxdydz

-7, 0ydz+ 7, dsdzcosa = p———— > a,

dx
_ el S5 A
T T T = P8 ( 755 %)

——> Txx:z-nn

ZFy_

o dxdz PV dedzsing = p PV o
2
d
Ty T T :?y(y_'_pay)
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y . (Properties of stress) i yemili ol
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\
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(AO L (OB)& AO L (OC)
— AO L (OBC)

OH L (BC)

BC L (OAH)

m

A ):( a'nx:COS(n’X)
nl AH & x_1 OH

— a,, =C0S(AH,0OH) = cosa

/ H x B(y
(OCB)
S poc, = AH X B%

\OH = AH x cosa

=——> |Soce) = Jasc) X COSA
= S(ABC) X Ay
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Ton S(ABC) o TxxS(OCB)a‘nx B TxyS(OCB) any B szS(OCB)anz
o Tny(OAB)anx B Tny(OAB)any B z-yzS(OAB) a,,
- szS(OAC)anx - szS(OAC)any — TzzS(OAC)anz =0

2
Ton = Z-xxanx + Z-xyanxany + szanxanz
2
+ Tyxanyanx + z-yya'ny + z-yza'nya'nz

+ T @8 + 78,8, + 7,8y,
— Z-xxa'gx + z-yya'r?y + z-zzarfz + 2(Txya'nxa"ny + sza'nxa'nz + z-yza'nya“nz)

(1) @¥olas 5 613800 &

18,9] Cawds XV'Z7 aulaie piaw j0 |y 25 g e Ml a0 Z 5 Y o X 6,050 L

Z-x'x' = z-xxa)%'x + z-yyai'y + z-zza’i'z + 2(Z-xyax'xax'y + szax'xax'z + Tyzax'yax'z)

— 2 2
{ Ty rxxayx +T Q. H LA, + 27,8, t T,a,,a,, +7,8,,a,,)

T, a’ a’ a: +2(r a a,.a,

7'z (% zx yy zy Tx Xy 2z'x zy Ty %yx zz yz zy zz)

\
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T Ty B Ty 8y 8y + 7,68y
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+7, (@8, +8,85) + 7. (a8 +a,85) + 7, (a8, +a,,8,)
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18,9] Cands X Y'Z7 dalaie gl o0 1) Ty o5 lgie Sl 0 Z 9 N sl a0 X7 (6,351 L

z-x 7 = z-xxax xaz X +7 ax yaz y + Z-zza'x'zaz'z

+7 (aXX zy y ZX)+T (a'XX ZZ Z ZX)+T (axy ZZ Z zy)

1)l ey el iy, 55 Tz s Ty Sleetis sl Ol
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+T (axx yy ey yx)+T (a.a yz 1 yx)_H- (a"y vz T S yy)

Tyy —rxxayxazx+ryyayyazy+rzzayzazz

+7,(a,,a )+7.(a,a )+r,(ay,a,, +a,,a,)

y'X zy yy zx y'X zz yz zx
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. (R= Aoy Ay Ay, D) ol eSS o ple olgF a4 axgi b L

Z'X zZ'y Z'z

2 2 2
a><'x + ay'x + az'x — 1
2 2 2
a., ta, +ta,, =1
2 2 2
ax'z + a'y'z + az'z — 1
ax'xa‘x'y + ay'xay'y + az'xaz'y — O
ax'xax'z + ay'xay'z + az'xaz'z — O

ax'yax'z + ay'ya'y'z + az'yaz'z - O

| =T T Tyy T T4

=Ty t7,+7,=ClE
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Qex By | cosé cos(%—@) | cos@ sing
a. a cos(%+6’) coso —sind cosd

y X y'y

Ty = oo + Ty By + 20, BBy = T,y COS° O +7,, SiN° O+ 27, SiNH cOSH

— _ - 2 2 n .
Tyy rxxayx+ryyayy+21Xyayxayy T SIN“0+7,C0s" 6—2r, SIndcosd

z-x'y' — Txxax xayx + Z-yya’x yy'y + Txy (ax'xay'y + ax y yx)

2 in2
=(r,, —7,)SiNOcosd +r, (cos™ & —sin” )
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(Fluid statics) : el s bow!
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oP dz
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y | oX 2
X /
. ydxdydz ¥ dy
(-5 Dy — T Py )t
oy 2 dz /
oP dx
+——)dydz |~
(p+— )y I
oP dz
(p———)dxdy

0z .
wvwvam. m%lrcom

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


www.mohandesyar.com
http://www.learnelement.ir
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O dF, = - dxdyaz
OX
oP
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< aF, oy y
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b Sl plp e 32 200y G932 o (nl b
dF =dF,i +dF, ] +dFk

oP. oP. 0P
=1

——k —yk)dxdydz
oX oYy 0z pic)cely

(Adv=dxXdydz ) sgs 48,35 a5 o ao> axly 1 04lg (69,0 S
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Vv oX oy 0Z
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;eslio (GAOE Pressure) s s |, PP, 3

S5 o3lail sl Lis sles (Absolute Zeroy cul ,ao @xtra terrestrial) e 5l oyg,m lad jo jLas
gl oo 0duzmiw (ADSOIULE PreSSUre) sgs o ool glhe jLid a5 Lid pl 4 Cod oo

oy iz 50 (Glhas yao b JolS M 50 -Fyy iSTas ) ol caie jauedl Lid 5l 268 slajlis o A
D¢ oo i a5 (VACUUM PrESSUre) s ,Lad 0gd (o ghie o jLiS aS

P.=-P =P

vac g atm

P
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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.
(pB =7.35 pSia)
Absolute zero (3P

/

solute
ref,

)

p =0 Pa abs.

http://sahand.kntu.ac.ir/~soltanpour/
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(Pressure measurement-M anometery) : g yweilo— ;Lid g 55 o310

(Manometers) : b zwogilo

w3 o b | ,Lad M) layle slosgies 4 azgi b a5 st Lilug b agils

(Barometer) : ywg,b

0 pressu T g yog b j0 05 oe ooliiwl lgn gllas (Lid i gl (gl ogu iag b
at normal temperature % O glus (G gj 9 0d adss ‘3..(15 )‘1 00y Al AJ9J Lgl.e‘;’.}‘
| | r-o
P:Pa[m % I:)A = I:)atm = 7/th
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(Piezometer) : ywog i

SVl HLid (6.5 o3lail gl a5 siis gl ool sl yiogile W yiog
39 09 b B 1 aigd oo oolaiwl el Cline s Jlis oS K

/\ HLad o9 e Gjgo ;0 A Sl sppos bl oo 5L Ao sleil e ileg r
P-FPam B 5 55 655 o3l 1) JLid s a5 oot o g algd o, 51 g e pon
|
/1
|
% —* A Q% I:)A - Patm + 7/h
Piezometer PA(g) - 7h

2,5 605 o3l ]y jLlad e ced g oals ol 8lg dod ol 5l lam ¢ s JLid 0g i Dygo 40 AS el o
Ol Il ol yo 0,5 eolaiwl S U dyd 5l e o SooS cuie b e cons sl )Lid (6,05 o5lusl sl
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adgl Jhw b sl sole cpl 09 o oolisnl (g ptin JB> sl molo 5138, Cuie b hie (oo sl Lid o

P,=p; (same elevation)

Po=prt Y BN=y, AD

é | pa= Py+y = p,+yl =y, AN
Ps= Vm Ah - yl

Yn(manometer liquid)

5 03,5 9,5 14kl 8,90 Cawas 1 olgsds aladi ya ,Lad 08, ooliiwl s 5 alal, 5l Wl o (S5 Il o
o Hlid gals 4 Vb a4 &S > g jLid iolial a4 ol Ceens 4 ES o eiS p0 &S > T Alal Cos

(9% (0
pm:pn+zdownyi/7i'zqui/7i
Pi=pit+ v AN-l F o ) abi 5l eSS > LG9 Jlo o

= vy, AN -yl
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(Differential manometer) sl sb pogile

(Differential manometer) Lol sl vagile
Jlad o5 Jb o wes o plad 1) blas oy jLas s

13 ,9] Cewdy O!g&bwjuﬁ@.@p Gélg

Po= Pt Yo (DyAAN) — v AN -y, (D)t 2,-2))
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(Pressurevariation for a static compressiblefluid) : 4515 BB Jlow yo Lid Ol puuss

oS Sgazee JolS 5wl cou ST cll pgaso ()9 cpdy pfljs Jlew o

(Isothermal perfect gas) : Jbo 59! Jol5 315 -

P_ B _
el ply ———> B—E—C L pg:plglzc
T =cte Lo rooon
(Bzﬂzc' DS s J&5 Ll a5 alls (ol 4565 4 el Ol ysd sogame aSLl (5,8 L
<7/ 71
dp

dz 7 Gl oSl s ndy o515 Jlews o jlad s Lol alolae)

\

dz P

dp 71 P dp V1 (4 P _— )1 Z P V1
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(Pressuretransmision) : ,Laé s

e Jleel > 5 Las Sl ¢ €ONfiNed) Logaome (o515 BB i b o515 hB) Jlow 5,0 51 Sond 4 S
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Hydrostatics (2)
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oS b o5y BB gl Jlaw o 59 ab gl mhamo zobaw p 0 )lg SCiliwlg o (59

(Static incompressible submerged fluid)
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Centroids and moments of inertia of plane surfaces
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(Hydrostatic force on curved submerged surfaces)
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