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" FLUID.MECHANICS

¥ Review of flud propentics:

BNCANAAAN

? The 3{-\«‘2!1 of Flwds ot rest is called fluid shatics.
P The shuy of Flulcls in motion, whore preessuke forees ane not

consdirud, i colled Flu'd kinematics & i +he Phressure foness ane

also consideed fort e Fluids in motion, Hut branch of suehce
As called  Autd défnmu'cs.

* Trepertios of Aludls i~

* M{‘j on ﬂi‘ﬁ}s%’aﬁé@‘ /Om,s”j ot mass dux.sl.{'j of a Auid is defined
as the nalls of the mass of a Flud 4o T
wvolume. Ut —> kjlmi‘ . The dmsl‘g of Ligu'ds may be consideted

’ ds constont wh'le that sf Jases ctwgu with The vardabon of Pne;%s.
- 3 'l:tnr\f ' . o= Mass of €luw’d
’ T alume of Fluid
— 7/

2. Specific nejpht or licgf’\f___ Aenstt= T is the raho bjw the wed
} ) of a Aud 4o Hs volume.. Thus wel
per unit wdume of a Aluld i called weight cdlonsity 2 it s clonsted
by the %mbol w

U-’Cizhj ot ‘“UJ.Q’

™ of Fluid ‘

mass x acceleanadis n dut to jﬁw"b

- C\Jo,’m 01( ’HU}C’

W=

W =

)

3. Speufic Nolume b Spe cific volyme of a Huld fs defined as the yolume f{fa
flod accupied by a undt mass ont velume pere
mass of o £lujd is colled SP o] ™

/SF- wol™ = ~/}1
s
L b/




A, __S_Pe_c_:'ﬁc. @?fﬁ!r Tt s dofined ae the Tebo of Hu wuc'ﬁ/\f 0‘/@‘:1""2!
' of a Hud o He w&ﬁ&w dn.mi{:-, of steandand flud

Fore Lgdd otd: fluid s wikth & Hon guses st flud is ol

=4

-
-

¥ Sueface Tensien 3 (Qf’i{l‘f”’lj:

AN NN A

Suntace  Tunsion A5 chfind abthe Terale —/éﬂmadbgp,gnﬁlm

sufuce of a liguld in confadt with orc on Jthe swefrce bjw
two immisible Liguids duch ot the codut swfare behaves Like.
o membhae. undey fencion. The mdg,w’)’-uzlﬁ. of s Horee per unlt
Length of the free swifoce will have the same walue os the suxface
gy\jj?/lj Per wut  aren. Tt is olenoted b:{ Greck lathrn & . Tn MKg
untt, 1t is expressed os kyf/m in ST unit as Nim

* 5“}"{&%& 'Tensfz.m on ‘bffﬂ,:@_ﬂ_@ﬂijl Constden a s mall sphoucal lrapld
af a l.l:cy.u'i of madius 'rz’. bn the
enbine W of the drpled, the Hensile force. Jue fo surface
Jonelon will be al:a"j/
L&‘f, 5= Swdace fension of te ﬂitubd

P fressune {nlonslly dnslde the cleoplet

d= Dia of (\J)MF,J |
Lot the cheoplef s cut tndo fwe habies . Ghe onces achiny a0 ont

hadf will bt
() Tenstle force. due to surhaee fensivp achiny gwund e  clreumteronce
of the cut poilion as shown ih Ag. 3 this Ts gual P

= & x Cincumterone
- o - (EEr
'. u) Pressww donce o0 the area _}4:_0;2: Px%:ol?‘

e two Prees will be equal £ oppastte under egulbibrium
conditibn, i.¢.




? Px %—dz = & X7y
SIP= AE
>|P= 4]
— // |
P $m-fa¢a "T?u?s\'cr) on a. Ho!low.BubJol.Q = A hollow bubble Like a soup
. . ) bubble in aln has two surface
in confed with alr, one inside £ other pubsicle. Thus 4uo0 sunfbeas
oL .swlg]add to SMQM ‘ttw5f0'9° Ty suhd case we have

p X%‘:—dz = 2 (sxﬁd)

_ 35
p= =5
* Swidace, Tenston o0 a bgufc/ Jet = Opnsider a ﬂjw"cl Tt of dia'd’
o QWlﬁawaniof@&,
—

=>1ﬁorrwclwibf>mssuh4= P x cnee of sems’ yeb

= PXLXd :]%
foru.o_ duw to suh@u -&J)sfor) = O X2L L & :4 i:
—1
S Pxlxd = ex2L | “T ~
L -t et
| - 2F d i
d
7

%‘LQQF’ME” Tt s debined a5 a Plxwmnan o rdse or Hall
ot a U/‘twod suwface in a4 small fube rulative tothe
odjocent W Jovel of Liguld  when L fube A8 held wentically to
the  Uguld. T rse of lig surface I lwmown as copillary wise §
the Al of the iy surbace b kwujgn os caf/ﬂiﬁy def@wnfﬁ-lﬂt}o
alie copends upon The specltic wight of the Lo Myudd,
/’:,imzi'@/) oﬂdﬂfm,af 5 gufa s ¢ Aiguid



k Expression {ar Coptllany Sise o

- e— - .

— pu— -— —-— — -

d- diemelen of tube
h-= "\UW of the JJ‘y:lLl.cl 0 te bube , unden a shte of eguw

> The Jonce of the sundace of the Liguid o The Tube isclue to
éujlp&w tension (&)
0= Jr\g.,(e ot confact blw b’c,.w'd xﬁaﬁ Tube.

= The weJ'CfM of Ligud of MJW b in The fube =
= thte.a oﬁ%ubexh)'xgxf

- A 42

7 o hfg)

= Verdicle wmronenf' ot +Hhe swtﬁau_ tensile ~S:-orccz.
= (6" X cjm_um@/wm}x Caos o
= O X/d X(os 8

. Fore egudlibrdum
—L%r»dzhs’g’ R Y

|y = 45-(_@54;[
$9d j/
Q- affrwxr'maj&a’j ZieHo

he AT 7
% %d
‘ /4




¥ Exprassion 4w Copillary fall -

h= WW of clipression io fube
4. -9 AUJ. +o ‘§uﬁfw-2 'lZW«S;OQ a(j-f% in the cl@wnwmd djn&d{&n 2 e
@g&u«/ b = 6 XAJXK 054 1
2= Lu o Ir\ﬂqbwshilc foree cw“ﬁéb Ufwalcj 308 W b infersity
ot PressUkL of a depth h x Amned

= PX%‘:JZ . P=3%h
At Eguilibrium

5 Ad (050 = 5:31,,%:0,‘2-

. /7“ 4o (056 7
7T Tsd
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* @/pnegg?b;y”g 8 Bulk, Madulus -

Cor‘\f‘rless;.‘:ﬂiﬁ js the ﬂeuWCuJ of the bulk madulus of elAS-BaE.’

K which is clefinedd as Hhe talio of compressive shness o volumefy
strain.

—
Corskien o linden fitted with o piston as A
Bbown in £ | f ’5 Prdor
Let \/= Volume of a = enclosed o the ; r “5
Cﬁﬂndﬁfz. 1 H

P= Pressu of ‘H\&gzﬂb when vol™isV >

Let the pressuhe (s increasod 4o ProP, Fhe "Voiﬂ)oﬁjab clocrense s
—prwm VY to V-dV.

TThe increase o pressure = dP K F/ro>
Decrease ig wyolume = AV

o Nolumedrde strady = ~dV

, 2%
- Ve sign reans the wolume Aec

neases with inchease of pressun

BLJ-«K mad,ulué _ Tne hease oc pPrecsune
T QelumedrT  stratn

o P - - o PV
= o VvV

v

k= —dPv

dVv
7/
Za Fiuch ?mcguhc ot 'Fo‘ia‘f’;..
Consider a small emea oA Jo macs of Fluw'd. T the +hud

is S{nil'ona)é(, Hup the Aoree. exerted bj +he swv‘zonalt'gb Auly o0 Hhe
area oA will always be perpendiculan 4o He cunface. oA:
Let oF s the ~sree au‘/»g; on He ame oA in the normal direction,

Ty the rwjjo of c/: i5 l(n,own as the fn}u)snj of Prwsﬁlhz, on
simply  prasswre 2" s mebio is represented by P, Henco mathemuti-
-Au_*j He Presswe. afl a ?ofnf tna Hluld of rest s

. dF
—//




T4 the dorce £ I's um'n‘srtmbj distrabuled oven the areat (A), then
Priessune  ed any point s alivm by

’:F N
;\’PA -

>

> PASCAL'S AW -

Tt shlis thal Prussurt. on infensity
ot priessure el a Foy'vd’ in e stetic Flwd

15 &f[ua.} jo all alireetions. Thi's 1'5_ f?rwvce/
as - Prncj.j.]_
The €lud elomed is of Ve small

climensions e N, Y, &4
Considor an  arbitrary flud  element Py .2

of wml(?m Shﬂf& !'O'G flud mcu's at J’M 6D A qu},; efzzmqﬁi
rest oz shown in 413,- Let the width of ‘ o w b
the  element ?enfeydl'u,uﬁuiz 13 the Phnm_ of Poper ts vty & T
Py & fz ane the Ppressures au"'%v/onm'pau AB, AC 2 BC |
w!’ed""’%'j' Let £ZABC =0. Thn {mfércu, a,:,/’r'rg, on He elomesd
are.!

1. fressune foree pormul to the surface.

% Welght of olement 1o wedicle  clnedhon:

The Hornee on Fhe 'ﬁwes aht

Foee on Hhe Hace AB= FPu x fnea of face AB
= Puxdyxa
Similonly ot Hhe AC = Pyda.a
an 3¢ = Pzds 1
: wuéJAf ofF He elomet = Mass of elomend X %
= Wplume x 8 2
" _ZL AB X ACLX Ex&a
ge.soluiné? e honce o N olirection

A /[ S C

Puxdy - Peols Sin[ge-8) = o

, S Py~ Pods Cos® =0



*

> Bul from +g
dS 056 = AB=dYy
. Pdy - Pedy =0
- P = P=. ——0)
Similany, nesohing -the dorce 1o 4 diceckizg, we get
Pydan —T=ds cos(30-8) - o:'nzjy

£F =0

Pydn— Pads sio ~ M e =0
z

ot dsS08 = do ond alse +he elament s VL‘J’%,SmQUQ_
hence. e we,ld/(/d‘ 1< ﬂ&é/()éubfﬁ

.. Pydm-Podm=o
By = P — (D

[P Rz |

7/

Sivee 4 choice of Flukd element was complofely w,jg,twg{,
\wludq v eans Fﬂessww,a} Q’Z]’ f)amf s +he same o all

ff:fégw vorilioy To o flufd ot Rest [aptic
The pressurt af any point 10 a S —— e
8 —_— —_ - PAA - \Z /:t—:
flutd of rmest s oblained &y He — el =
Hj&nasiahc Law which slafes that the rafe ~—,“F % az T -
of Incresse of pressure ina wertically = =R _’_ -
clowonuend direetisp must be Q}uc.l e  — ( + £ 5 _A, -z

ap. we,g/w of Hhe Aluld of Fhed pofnt.
Congidey a small 4luid  element as .Al/wwn io :ﬁj
Let AA= Cruse seetional cney
LZ = Heijf oF Fluid elemerd
P= fheasure on face AB
Z = Distanee of Aluld elamend from Aree surbace.



% The Honee cﬂjg o0 He fluid element axe:

1. ?nessune fortce. an #B = Px DA \1/
2. Phressume —onee 60 cA = LP.}__JQ—AZ)XAA' /‘\

B Welpht of fluid elumont = \39 = (sarszxony)

4. %ES.SUFQ ‘cﬂﬂdﬂ, on SLIR.&ILQ,S BL 2 AN ohe CiUA/’ R 0)’?053'\&
fore glwhbmuw) of Pufd element, we have

PAA - (P+.§;'i A’Z) Ap + DAXDZXEXG =D
% /g %P ~Z. DA + LADZ8YF =0
%%M: pANEERY

5¢ - ’ = el |
s[Ee= sa] o) gt dnst
/r

| Hydroskhic Law |
By Tohegraling He above eyuallion
Jszjgé&z A= Freccune head
P=357 |,

7




2% Numerlees -
1, vAn open tank  contains wiltt upto o depth o 2¢® & above i+
an ol of 5Pt 0-9 4o a depth of 4m . Find fhe pres infensity U J
of The infeface of fwo Liglds (i) at the bottom of Hhe fank

Selye -
i"ﬂ) P - . . -' orJ ": '. ."'l' ," ':
Sem| | - matER_ _

Griver Hhat
Ziz2m R Zp=1m
Sy = looo k]/m3

€s= Je0 ké;]mi"

1) fress infenstly af inferkace
P = Sx$*xzZ

P = qo0x33Lx1

%ﬁ)'—‘ 2329 N[mz]'

" . /
(1) $ressure inJensity of 'Bo'!/"bm‘)

P= 8§21 + S232s

P= 1600X3.3) X2 + 960 %33 X1

éﬂ’: 28449 NlmZ
7
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2 /ﬁu diametere of a small pisten & 4 Jafzf»z befoo of a E{TJ’WULCE&Q_
are Zem 4 10(m nesfecﬁue%.a‘} force of Q0N 4 offifea/ on The
soall piston: Find the Joad Lifted by *he Aaﬂé,a pisten when?

@) The piston ane af e same el
(b) Small piston is Hocm absve T W pisten-

Coluton !- \F
\@M

— —_— o — - - —z

P
— — - —_— - 4
e — — -

Bia of small Piston = 3¢ mw
vinea = —Z:dz-—:z’}"(gjl:- F. 0b% cm®
Aia o 1% Plsbo >0 = 100
A= T (10)= IR.54 em?

Griven That 3-

F= QoN
&) The Yiston ome of Hu same \evel
( — - .f_ 4: 80 = , N
Freeseure o) amall P!-s'\'or), P= p) Sy 11.2) [@L

2 Foree 60 fcmiu Pisen = PX A

— 3o - .qL
F = :;.oé%x I3.84 = B38-3tN

b) When small ?1’5{'00 15 40(-m obhsve Hu | 5e
i
-+, hess ;”M‘%:—g— + Priess infensity cue o hejgldt ot Lo m ok Liy

=£ 48%n

- 30 !

> Topt 1000X9IXCTY N
= 1224 62924 = 11-F Nen®

.*, Joree on lwrj,m Pfs{or) = Thece ¥ e = 1-FLX F3.54

[F =9).




=N Pﬂessu*m Y-

[

The ornessuse. on o flud s measuned i0 two dlifferent systers.
In one system, it is measured above Hhe absslde =zeno sr complete
Naccum K T E 15 called the absolite pPressure X in othen 33346—"),
pressune s measunes! above -the cdmosphenic Pressune 8 it is called
qauge Piessune.
1. Abenlute preceunt - 3t is defined as e Pressure which s measuned
' ) ) with neferance o absolitt =ernt 0% Vfaccum Phess.

g‘gﬂi‘#@\%gssym = Tt s clefined as the Pressune whith 1= measuned
‘ with the help of q Ffmsswxe measwd 3@ fostrumedt
W which +the cmosphentc Pressune is daken as cletur. Te. afw- Press
on the scale i¢ manked as —=z=exo.

% Vacuum pressunes- Tt s Slefined as the Pressune belpw the adm

PresSuRe.
The Reja}fam%ip blw +he absolude Preessuke Frye frmss

R Yacuum Pressure  ane Shown

Il

‘Maibema}l'wﬂﬂ A
—T )l Gauge
L o = Yo + %QU&Q f’nisunl‘ Atmas pherje
2. Vac[P) = Pom — Faps s Fressurce.

“[f—' Vacuunm
’sﬁbsduk . Pressune

Fressyne \I B

The pressune of a Flufd #s measunec! by Hhe -fl;l’owf% clerice
2 Mansmefen 2. Mechanical @MJC—?Z,S

4. Manometert i~ Manomelens ame clefined as He cbvices used Hore mcqsum‘%
the Pressure at a r’:voinj' o a fluid by balencing the
Colump of £luid bj te game an ansthen columo of Hu Fluid. %ﬂ
are clussified as:
(@) Simple  Mansmelts 15 Diffexartia) Monsmelders.

v

M Measunment of Preseurne 1=
© t o

———C T




X Medhanical Gauges'- Mechanical Gauges e olefined as the clavices
used -Qm mea_suhl%fg Hhe Fﬂes.‘»wu_ eX MMCJ%

the Hudd columr by He SFTUlVa/ on dead wd(f)d'mn- wmmonb aed
mechanica) f)>ﬂessurze < ane

ta) .ﬂl’uﬁe\nogm Pressune. geure () Bownden +ube press gauge
&) Lead- wu’&)ﬂ Pressure j,au&?,e, ') Beletas Priess Ma

_%C,:I*MF’S M(Lm6m_(‘v—']‘?3§:o’— \A‘ Sl'mPIQ m&l’wm;iﬂ@ 60'7575{3 0[—a 4 GSSW
having one of s ends connected ?ol'nj
where PressuTee 1s 46 be meastned & oter end nemahs spen 4

ahnaspf«zhe. Gommaon) ]‘éfpes of gimple manomelys are!
4 Fezomelen 2. U-Tube monemeler  =. Single column mansmalty

1. ?}“7,@£{ER S~ T 15 the sfmp/esi’ ﬁlzm of manomo}vz used l"

for. measury A
W Phessunes. one end of |
this manomeden is conn o th Fol'nff K h

1o be open ts the ahmasplore - Uhe riise of @
ijg;ufd ves the pressune head ot that poid Nt
TF ot a poinh A, fe heipht of Liguld sty weler e ln) B plezomtliy
tube, then Pressure ot A

f}; ga,h Nm2

~ _U_ivmbeMi‘@m,@}ﬂﬁ’ Jt eonsids of place
.}U/be bent 10 U-—Sha’&
one end of whith is conneeded 4o 4 goint ot 3
which Pressure s o be mensmmed 2 other  ——-— 8
‘ b He ecmasplere . Tl tub -~
end remains open ’ ) 9 fer Jetre preecsung
genenally confalns mercwey or ey othey biguda PP
wWhese 579(?/‘( ,,&Jﬁeuﬁ/) Fhay He sP 1

o f He L}tu'c/ whose PhaLssihe it be <

Mmeasiied.-
'b) 4or. Vacum Pressung,




) @_.g%ﬁ,_mésum ! Let B the poirt af which Preessure fs te be
messuned, wWhoce aolue o P. The clodum bineig An
= Hel'aw of .U&,M Ligwd abeve He cledum line

he = Hu’:’lrd o4 heauy Ui. above Fhe oladum lne

_Qn +he hardzon‘r‘af 5urz1[a¢e - Hente fmc&
Line A-p inthe left eolumn R TH
oden chould be same.

s The pressure s the same
obove the horizonds] clatum
+he TU%W column of U- tube manom

e P 5IGh = Seghe

W
- ‘\9:— 3;3/‘02 "'fsj),r);l

1/

(b) forn (ucuum pressune - fart measurdng Vacaum przusunc,ﬁu

lewa! ot the bemﬂ Ujl:w'cl i te maname:)v(
will be ghown v —(1'5]1 L) . Thep

Coybe +8 5 TP =0
‘1}9: —rg)g,hy‘)’g;,}lﬁl.)l )
J_,-—————\f 7/

*_‘?”_{HQ_? 1- A U-Tube manemeer is used +o measume the preess of
waker in a pipe Line, whith s 10 excess of admasphuic Preess

The ruglaf Limb of he manomeliy confains meTuy 3 is open to almes.
The condaet b|uw way & Hy is in the left lmb. Aekermine the pressune

of walih i0 the main Lne, i Md/‘{’érzww in loved of MUY ‘o
the Limbs of U-tube s doem & the free sundate of merwwy s

in level with the confre o('rﬁu_?)i)uc. Tf the pressure <'3F welty o
pive line 1¢ peduced 4o 9510 Mk colawlalt the e ditference [ The

level of MR- Sketeh +he o both cases
Sduhon !~ Giyen: '

Qifference of MERURY = 20Lm= 0+4M




* Yant A :-

— 0 —

Let Pressume of Hr waker in
Pipe Une = fa !'ieed )
At point B -
T Zfa+85h
= Pp + 1obox 3 31X D4

- PA + 931 N/"f)”‘

M point ¢ —
= Zgh = 1Zx1000x3-B1X LA @
= 133446 N/m>

M Eyudlibreur,

PA+331 = 133440
Pa = 12360-5] N/m>
7/

> Fant B -

At poin 3 —>
D At 8&ight+ S ¢ ha

= 9D10 + 1600%9.215K([10-M) + 13(60%98IX N
joo loo "}I

=980+ 981 [0:1-%) + 13400xs R x Moot BN
= 3810+ 93.4 - IBIY + 15 32,4 Axom01 |
=3 I'ZZ%S_‘PL'{— 9963-1

vtt point ¢ =
= 13606%x9,31% [16-9)
l6o
= 122414 Lio-9)

106
= 13341t {1 -bbIm)

= 13344.0 - 1334.06 U

224259 439091 = 133416 = 132416
LLSB61N = Z483.5
M- 1-29Cm
o shz 102N = R420m Ane.



Sg'r)a.'e. eolumo Mcmmmasz Is a modi-ﬁ'ul -é‘rtn) ofa U-tube
\mwemalj) in which a TIESUIVDD'() kmha, a .\o’%&- Ctwss-Seetona) onea
as cempared to the anea af Hhe, +by (s conneeted 1o one of i—ﬁ\q_
Limbs of Hwe moensmedn as ghewn 0 -93,- Due to | Cross-sectonal
afea of mesewsin, forn NarjaHor  fn PrEssuns +Hhe 'n
Hu bpuid Tevel to M Teserwnin will be veouy small w.lu'ch may be
neylected R hee -t Pressure fa qiven bé, ‘the. MCTJ/\f of b{g«ud
1o —the othor Umb. ¢ i st Umb % be verdied] on oclned. “Thus
Arere ane Fwo 'Iéf,fes of sirgﬂc ooluron mersmeler ast
1. Ventical sirzcﬂe column Mansmeter,

Z TIrnelined sha\e column Mommej'e)t-

‘ o o] Mcu'\c\m@ihn‘?’
. e Column)

1 \khh'ccg S\'\’nle C_b‘\{mf) ‘\fg\rzome}&)}r

Ah= Fall of heany JJ'&LUOQ( in Nesenvols
ha= Rise of heavy Ly in nigld Limb

hy = Hu(‘j“ of cantre of ’ff)"& obovex-x| hy
A = (rioss-sechonal arey ok rece- h
A= Cress- sechional area of Ha T .
M&M Urob .Jz.-x A atid B AN
R — : v oo

fal] of heavy lisuid in reservein b
will cause a tuse of %ew:f ﬂl}tw'd Jeuel in Hu

Tdd»’/\l Umb-
. A‘)‘Ah = QXI’)Z_

A .
Now constley Hu datum Line Y-y as shown fo 'ﬂc'f Thu presswe fo $he

7!{?“ Lmb above Y-Y.
= K x4 x [ah+h)

fhessune i left Lmb above -y = x3 X [Ah +h )T 1A

)

AB:—%— hz, '
//r

' ‘?23/(&}’.%‘12) = Slg'(ﬂh‘}‘[m)-}- PA ?

fa = -2— %hy, L},_g—g,gj—k hy 327 —H.sg,
Ad>a - 0|/A -ne_gﬂcd&!

[;/_\:: "f)zf?,f - l’hfl] 7
- —/)




2' :E’V\LUY)GQ, an%,]e C\c)fumb MC\V)OF?.@}ETL:P

This mansmeder is more senstive. Que to {nclinadion the distance /
maved by the heawy U;ydc’. 10 Hhe &
Tq'g(lv)' Limb will be mesxre.
et =
L= Lengt, o heany Liguid
me:?eel in nﬁ,h;}- Lk from -
X=X A ’Ah K e — — X
B » Trclinaon of mj’/\i > Y
Umb with heru zonte)
7)

-

.. Pa +'h|3,3, = hZPLj/

Pa = 102_923—- h)f’n&

(% = LSinG %3 - h,g.g.J/
- /

¥ ﬂi%ncmﬁa‘ ymmmqﬁﬁ‘i(;t-

Ritfenentia) mansmefers ame he dowices used Hor mw.sum'rcx},
He difference of pressuxes blw +4wo points 1o a ppc er in oo
ditfenent” pipes. o clifferential manemélyy consbls of a U-tube, condehie
a heawy ligul, whose 4wo ends ane connected +o the polafs, whase

ditference of pressune !s to be measured . Most commonly Types of
differential manpmelers are!

1- U-Tube differential manemelip.
A Trverded U-tube manometert.

P amand

1. U-tube ditferential manometerc .-

& — s

(9 Twe pipes at iff leyels (B) AR are af e same leve)



qhsg-3ufag- Pl =g-yy €
4B wbes-ny < by - -
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H METHODS oF DIMENSIONAL ANALYSIS

Tt the number of vaniable {ovolved in a PW
Pl\mommao ane known, then the melalion omary e yardables
con be difermined by e -&»Huwn'r& +we methsds !

4 Rdﬂlug,ln’s Methed
2."Buck|'rnhqm';7‘- theorem

< &“;‘1 I_Q'j}”_g Methed: This Mathed is ssed fon cldenml'm'g_
“the expressisn 4o a vaniable whih
clepends upoh maximum three or Howr Varsables cmfj- T+
numbey of inclependent wariables beeomes mone -than Jour, then

it is vey difficult b find -fhe expression for the dlependunt
vardakle.

Let X is a QIWWe, whith defemls on X;, Xz Xg
Varlables. (Then aecondl’gf Ao Rostlasah's mefhod, X is funcho
of X, Xy & X5 § Mathamalically if is wnitten as

X:'f[;(l/x&,Xg]
Ts can alsp be wrlten as
X= KX % Xz
whene K s conston? £ a,p, ¢ ane anbitrary powers.
The waluts of a, 65 C ane obtained by compaining the powers

of tu fundamerdal dlimengion on both Sicles . He
expressisn b obtained & fot dzfuulwf yardable

froblem.t= oy Fime perded (t) ot a pendulum depends upoy the Jenyth()
of Hhe fenéulu\mg accelowaion cue +o jﬁw)’lﬁy’ (8) Aovre
an e)(PNLSS"OO «ﬁn He Hime ?enfo&

Seldlion i “Time perisd t is o Hunélion of i) L (1) g
t=kl'y ,
éubé‘b\"hllﬁ djmwj_sfaos an bo'ﬂl side

b
T=K L (LT ——(0)




4 Rwexof T 1 :=-2b

- b= "")/2
Fouerof L 6=a+b
a= /2,
t=KkL" gl
t= %

K =27 from eapemimeri
/7‘5::27r/__é_./
. & /|
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+ Buckinghaws - Theonem'~ 7 Ruyleiph's methed of o
o men-

Jabordous if the py, —Sional s becomes more
fmiamwiaj dzh‘:/wud':[& ane mont( than -the numbey of
overesme by u&memé s hp;l'o:’/ 7). s diffielly T
b TF Hune are fmﬁf( ot £t e ol
; . ‘
Qhr::a':wn[if) if "j“‘e Variables an@b'm‘ﬁundajr;mﬂ&d
ions | M,L,T), Hhan the weriasbles are arnassed info (n-m
dimensisnless ferms. Facly form is aé&/ Wffenm” ()

Lej' X'/ Xz x y
. AT f -Xn Qe ‘ﬂt'- W&b[&s l'nVDIVQJ nq
physical problem. Lot K, be the cependent vaniable £ Xe,xg-x,

ane the ;’nd?omM varjables on whi clepen
. whueh ds. Thar X) £
a Huncliwvn of Xe, Xz - - X & m;dhmailcwlfy it 1s arq’mss’:“

x’:f()(z,xz --- Ko _______.(')
& olso can be whitten as )

£, %2, %8 ---x0) =0 — &)
Ei“d:t‘i"”@ Js a dimensionally pome :
Tt conkalig n vasdables. 3F there ane m _ﬁmdafnw}ﬂl dimensis
Hun accondif " Buckingham’s T - Theanam, ey7(g) ean be

ST P
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’ . R The rtefcah' vardables should be chosen in such a w«.\j +that
metrlc fnopmig, othon varuable

pne wyawdable confains | '
contains flow Pprep 43-:"6 Variable contains £ uid vapm‘g

Nariables with Gegmadtic Trwre&i'g
L) lengtfl) Cij o iV Heipht 1 ete.
\bveiables with flow properly are.
(i) Velouy v (1) Accelerdlion a  ete.
q{wu'wles with £lwd Prwfe,it7
) A i)e  Gil) wete.
5. The )ze.fedl’réf, Variablas seleofed shoud net 4orm a dimensiopless

?&buf.
B A The nepeahing wariobles fegether must have the same Aumbesn
of fundamendal olimensiors.
e same dimensions.

£ Ns two ﬂefedfg, Yasdables Should have
Ty most of flu mechanics yrwb/ems, He choice of rcpe,d"ﬂ

Vanables may be (i) oV, & Ul) LiV,8 Uil 4w, m (V) &V, 4
%’fﬂiwwe ;@m sol;:i%t ?wao}e.ms Lj *;gudqr'\ymmlb A~ theoream ..

E’Ef!’_@.'.’l!” The ﬂ&ﬂlsb'nj fornee K of-q supensonic P(ane_ dwg ?bjhf

Can be aoné.ﬂ%ee/ as olefwc/mf’ upor) Jutha of cureraftL,

s Veloedly Ve qisasity 4, alx Qt%fgg 2 bulk medulus of airK.
5‘7’7’&55 the {jqnd’lbna_, ﬂdW%LJP b/w These variebles F He

nejgﬁyﬁp force.
S'olw{"l'd_[)ff.&z = Rys qdunchonef AV, M2, K
R = f[llvlulfl K)
arc ﬁ(blvlulf,K,R)-'—'O

(Toted no of wwuables n=¢
Ne of chlamw}u—( altmanstions, m=3
[ m is obtained by wm"H’(‘f dimensions of cach yariables as
R MLT™ vz 11" = MU'T) 32 M, K= ME'T T
as fundaments) dimensions in the probsane M, LT. 03]




Numbep of T-texm = n-m = 6-3=3
< JF( NI/ 7T2, 773) =0

E.E’.P .2.."" Each TT4erm = m+1 Vardables,

out of 4 wardables z <houd be nepeatinn. . R is
dependent™ wamible £ ghould not be seleted ag Fepeating watisble

"+ Repeatiny wariables are v, 1 3 ¢ The repeating vaniables them—
Selves shoudd not domm a ddimensisnfess term § should have

Hhamselves fundamnte! limensions egual to m fe 7 here
_S_t_&f_g:_/» Each 71- tenm 1s wnltten as acwfzall'nGQ to ey
a
-X;_,___ 1 / Vbl, fCl’ R
as. b
Pez | VT 8%
. as b
Tz=l) V7 6 Kk
SPAr Fach 71-texm is solved by Fhe principle of dlimansiono!
/wm(féhd{ﬂ fore the 13t Z-+enm, we have
- b -3 .G -
A= MGLOTO: La‘ [LT '/ '[ ML3} . MLT g
. O: Cl"”ﬂ. .‘.C..‘-’-"i
0= Q,+b, -3¢, +4
a; put -b,‘~3 -4 = -2
6= ".‘:I'Z = b,=-2
STl v eTR
-5 7‘|::. __._L ._.CD
$ L%y
SI'W'/ h _g L2 -, -
aly Moo= MOLOT = [ (L) T (mE3) MLT
6=Cs+1 . (o =-1

8=Qetbs-3lp~L -+ Cz=-1
b=-bp-1 . bs=-1

/



A
lve

JTz:.[lV-’f-.,M =
Similarly >
T = M7 L (LT" ;,3( M) B
.0 Cg+l ot tzg= -
O=AQzgtbz-3¢z-1 .’ .6(3: o
0= ~ba -2 ‘. bp3=--2

® -2 -
Nz =1"v. ¢k = ‘V"’;
Steps - R MKy

--—&———— = ¢ M , K
SLEy2 Ive Tole
? - 2.2 M
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2K Moado| Aﬂa!jﬁ’g -

—— e &

Fon Pned:z/v'g the pertonmence of The hydraulic
Stuctunes [such as oams, Spillways ete) ot A;(obzau&k machine
(such as turbine, pumps ete), bofore ackually construeding. on
manu&fw‘zf%, medels of thy shuckurces op machines ane made.
A tests an ?&tﬁartmed on tham 1o oblkaln The desited informubier

(The model s the small scale replica of the actual sk

o machine. My aclial ghuwelwre on machine |s called prots-
“Ygpe. It 15 pot pecescary that the medids should be ;:d/&t
than -the profebypec, they mey bz/%ﬁw:nm?rm‘u e.
(The 31;47?,,{ gizds of achual machives 1= caflea" Maced

8ls. NModel s is an experimental method

oF ft'nd!'g‘ solutfons ~of camf/ex flow problems.
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- g @ Wy

4 K@jnold’j Number (Rc) = 9t is clefined as Hu trealblo of
inthetlq force ofa B Flawl'&»,t
fudd 8 viscous foree of e Fluid

Trentta ferce F/= Mxaq ? Velume. per sae

= Sxvx ¥ -
+ = VXA

= OxAx x.
= kax‘v-'z'

Viscous Aorce (F}) = shean stnecs X< Anea

= TXA
:M%XA = M"'ZL'XA
P R—-—-@EE““ SHL
HYop “
for P'PQ""/ - d/‘l:l(f d - diamefer of Plpe
7/

Py Fﬁoudes Numb@l‘((F) T4 iy defined ae +he ywado O’F'ﬂ\l
inenkfq fonee +o "H\tdfld-ulh force .

‘/};‘ ) NJ .?iAL\;
E =[5 ] Z/

B Eulerce Numbers- £, 5 Radis of Przesgwte—@me to inerHa
fince |

._FP

(L'
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Kinemahis s Aefined as +hat bna—ncj\ of science which
deals with motion of fonticles wot thoutt const'dw'na, the forees
ousing A wotion - The welacity at any peint gin “Flow fiald
ot anyy Hme is ctudied (n this branch ef {luied mechanics.
Onee ~the we,loug is Known then th pressure clishra'button
2 hence fonce ad'fg. an the {luwid can be dlefermined.

* ti’fi‘:‘_?g‘s of &Sc)zﬂoia% eaid Maohen -
The Flud motion is deserubed by fws meatheds

L) ijsm Mathod -
Ui) Euleian Mathed:
In ¥k st method a sh:zj’e ahy fwzHe,h, /s bllowed
dweng Tts mekon £ its fudodﬁi, aceslaresdivn , clepsity ete-

ahe discrubed! .

In cace of Fulerian mothed, the velod ,accelcrtdwﬂ,}’l:tess
censily ete. axe déscribedat a point i flow Lol The Evlerian
methed is cpmmow'7 ceed 10 lid mochanies.

¥ Types af Fladd Alpw-

e

1.% 2 uns.{-eﬂ f[vw{, Sfﬁcu% +How iisolaffnw/ as that ‘laft ot
. Pow 1o which the fluld chanactenistics Like
VeloelBy , prieacune. , clonsity , te, ata poinf ole ot chagge with time.
,S_LJ o , [BP]) - 5 1
(5& e (ét/ " (:sT)’”

Jo,Zs ')(o/ o, 20 %/jb/Zo

And  Hont unskaxz/ﬁ' tlow all fumm C/I"-ﬁ'ﬁQS with ne_s/i’ef%om

& —L—J—'—‘—J—L—@“g X N‘”M’G"’P,ﬂ’ﬂ—” Unitortm low 1s dedined as that
' ' - _bype of Flow fn which the vebdy
a:f’aynﬁ gwen Hee dees not duwaf@ with ru:sfeaf' f”sfm-(ﬁer\mﬁh
of dircaction s Hu Howj,Mdhmoﬁv'wJ’\ly
(é\% - @ "pmn Nen Um:érlm ng
6% +-Cons (,&y__\ +0

65 /‘t -to"
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v = ._TL (d2) = -%L (3ox103~)
Ar= t:l"-Oé“D&!c;’z o=
As = Z. 14 X l(J‘G'n)&
Az = 1-Fb X 16% %

A= 0-1F6F ™33

Q= Qo+t Qz
Qs = 00622

7. Qg = 0-1133 ™3[$ |

Ne= 8% - congms
Az

-
Vz = 6-44 “)}
lf—/i—Z/
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Considin a Fludd clemed of length dou,dyRdz o the dircechon of
",Y4,z- Lot u,vLw ane the inlet q/e/iau‘\b} components 1o M,z
dircechions Tléfo‘cd’ft/oJﬁ- Mass of Fluid ””fw'}’}" the fuce. ARLA

pert seeond.

= £x ‘Uo_!ou‘{-'l Frn n-dinecHon x area of ARCD
= exuyx(dyxdz)

(Then  muss gf Fluid lecwfvgr? e foee. EFGH pen second

-*. Galn of mass fn a1-cirection
- muss ﬁ,,w,t?}, ABLA - rﬂassq%w%% EFGH
= ousydz - Qugyd= —TS% (Sadjdz)o'%
- —-_5_ (gudyom-)dn
M

= =5 (3u) INdII=
s

. vy y-clirech
Sim?l“"‘iya +he net (7‘2!10 of musg i YmSHTEEon

-5 o
_ ,:S,ﬂ_tgv)ol‘ns:i Z,

<Z -dineetion =— i(gw)dﬂdﬂ dz.
SZ




. . __ .8 4 & '
. Net Jedo of masses = [;5,1 (5‘4)"'?5—5— (8v) o L&WJD‘%&JJZ

sz sinee The muss is nefthen be cneatid W%hoaed
in the Hluld elemwj’ Hhe nel increase af muss pen wnt
e 0 the ‘Plclele,menfmusi' beeﬁmv/’ 6 the rate of
increase of rocse ofF Hudd 10 He element TBud maces of flud
in the element fs S.dn.dydz g its wealy of incneage wih

time s 5 (gcm dy.dz ) on cSJ’ J-dY-dz -
Eﬁuwﬁ gf e Two e)(}?%ctéé.whs.

-6 &
ZwT(gu) *’5’((5"7) +,§g;(§,ﬂA%djdz = 2‘5{1 dNdJdz

£S’ S 5 =
9 +z_{§u) +.9(§v) +.,_(§W 6

This equalion s af,vb‘cable +

i) Steady & unsleady How

(2) Unifonm & (Nen unifonm flow

|Z.) Compressible incompreassible Hudds
- fon ebf’caebj fow _gi—g

Lilsu s+ (s =0

O

"5

for( (n- wmfmssflolc flud

_SU 4 SV 4 Sw D)
sm 84 * 5Z =0
G Fioo dimensional £l

Su 4 Sv -
s T T =0 @



¥ Ve _ouf‘j S’c’('erd‘!ab funchon X Sbtem @unc}ton

< deofined 0sa acolon Funchbn
of space £ Hime sudh ‘that Tt =ve

doydvahive with mespeet to ovy irechon gives the +luid velou' Y
tr) thed olireehon. Tt 15 clefined by lf Mcd*ne,ma%cdij

¢ =Flon9,2) dorcstesdy flow
/ U= "._8_95_.

‘. 61
4%"6

=
The welseity onuvfs n caﬂndfu'cad "Fb’a)l Co-ondinates in
towms of welodly %l:en}'dl funchon are Fiven by

Y - s
un_én/ueng_éL

Uy = Velou'ty wmfonwf in eadral oirechon e wdin®)
Up = Velotity comfonenj' in '[’mfn}fa/ liraton ifocb‘n”)
(The Cﬁnﬁf')u)y cyuhion for o0 $nwmfmssfb}e steady flow ¢'s

(Su ..!,_CS‘U éw -0
S 89 ez

Mhmg +w value of 4, Vv, W

“Su> s | 5y% =z Loflace. e

D \/&\ouH FokmhaJ —Fund—lon - Tt

J/ v
Ay valuz of § ot cutisties the taplace e w1l corvaspondl o
gome (26 s8¢ Fluid pr.
*Mﬁé of EJW‘J "’C/OW Lr (Th rw/'w‘lbnu/ aomfonenﬂ ohe
él"uen b,:{

[y By
e =4 (B 5
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H Fluid flow -phenomena >k

X e behayior of a Flow?nér Fluid alepends s’cru:% on whdfher
or not Hiw fluid is undey the iofluence of solid bourdaxies.
¥ Tn the weaion whene the influence. of the wall 1s small, the
Shean stress oY be_ Meﬁ/‘ﬁjb)@. £ Hhe. £lutd behavion malf
Oﬂ"rwcm‘« et of an fdea! Flwd, Gne That is :'nwwtfnessl‘Me ]
has =eteo Wfsw&”“j- The €low of such an Pdeal Fluid, one that
is Incompressible 8 hus zewo wietasity. The flow of such an fdesl
fluw'd s called Po%en}fal flow & fs cmmflu‘eﬁ( Aeceribed bY
the principlec of -pesdsnial newtonian mechanics & conservation
of maecs.
~ * Rientin] Flow has +wo impo rdent Chareacternistics
() Neither clrudations nore eddies can Joxm within the stream, seo
“Hhaf foien}fal Flow 15 olse called irrstationad Flow
(&) Frichon can not develop, sp that” there is no olesffaﬁ”” ot
mechanicad enerepsf in o heat.
Sk The effect of the solid boundany on the Flow 15 confined 1o (oa,wz
of the Flus) immidintely adfacent to the eolid woll This Japer
6 called the bounda}ot( .L%efz, and shean 3 shuan forees ane confined
o this pust of fhe Flutl Outsile fhe bowndasy Luger potentis

low s wuwiels.
" f

S T, coma situations suth as flow Iva wnvm(/ﬂ'ry zvwzzle, He
foouncioy 10:7/24 mat/ be neplected 8 in athors sudh as o w ‘H'vwlﬁ‘?
Ffpcs.'m, b@undw‘vj faau-é fills the entire Chamel, § there isne

Fofcn}fal Flow,

3k The cve/LoJElf fold- When a shrear of Aluld 1o Flowing 1o buk
T T T pusta solid well, e flud adhenes” o the
alid of He actual interfaes blu solid & Flulde The odhesibn
14 a nesult of The —(;pnce, flalds of the baundajvj, whith are also

rzeSfonsfblff& for the interfactal fenbion blu zolid z Flud

s T veloety of the Alutd cd infenface ts zeno f wall ot
Tes




X Shean stness 1+ The force per tnit ovea af the Skw*d'gf Plane.,

o colled the sheen stres< R densted by T om
T = E A5 - \J4rle0 O-I' ?‘fabe,
A y

> Sheon fomces are (?Qne).aa‘&d 'r both laminan & ‘f‘un.bula.nj’

Flow -

% Newtonian & Nen- Newfonian fluid > bt constast T% P

1

. m e Nn<) o
bt e i

N

n=|
Newtfoniew)

Sheoy nate Mrm}g N>l

Dilafont

v

f\/e,lo(jf’j 3)\04‘6!\’ EC%L e
T = Threshold sheor stress
Slfww‘: _S{’ﬂess

= 'ﬂ:u}(o:hwffc - Tha' e afparzutf fvt'sags#j deereases with Hme

* Rl%qf&}f’_'é'-’ Thsmr apporent viccasity & sheay strece  increases
with Hime.

> /\/ew{oon’j Law oof cv:'scas{‘f_tl__t- Tn a newlsnian £luid the s hean
Otrese 1¢ }Drwforcﬁ'ma/ 4o the shear
rafe & the propurctinality constant s called thel wiscosMts.

N TN s NS K
- AN
m = m7§

7




D Momendum +ranster is Cma,lofuus Lo condudrve heat tranncfes
'TLCSUU‘QQT from a temprealure 3Aaebud;

% \iscosiy oﬁfasec g lguid ;-

(ViSCDSH’\I ofa newionian £ lwd &e,oends ?rdmwr-br on Mmfmfl&
R 1o a lescen QL%M, sn Priessure.
1+ .
(qus) = with femprafuie
M?Ai{ n M= viscosn:l*/a:l'oloSMTK

vT ' )
Mo ( Z¥5 Mo = \h‘_sco_ﬂﬂoj Oc [?,:FSK)
N= Conslont

a}' I’M;i/t) fﬂessune M (JAS) ”K——D with FHCSSUTIC-
M [UGL)}r —> PT
>k kir)e,maffcb iscosity 1~ The rakio of the absokte Viscasty to
He denstly of a fluid-

_m*
S

- M
-

=~>i0ﬁ 3

1 shke ::l_C._gaE
> forc [‘:‘Z'wadf' k"’)“fmmt’z ‘V’:SCDS;’&] welas with femP oven somewht
NuANOWeL Feargl than absolute qzisw_sfg

2 Fofrfases (L ¥ Intheases mofe Wué{ with -/e,mfnalluﬁc e
M

S /?cu'? 0015 514uu7‘ fU/s Shean féﬂ&ss ﬁ;rc Non- I\)wé:y’an —p/wZJf:__

[ = & k] o Bighan g

Powwl leww ¢ — k, [—quh’ 'H’—;F}owggnsi o
v —
n'el ?i'ew!@f’ds#k “ = Flow behavion indox.

n>! L latant.



A Regrads quober >
Re= =
M

R&LQIOO Laminan Flow

Re bjw 2160- 4000 —> Fransi fon n?fn
Re> 4ove — ~Tonbulasd

R’pe +low

% Nature o{ Turb wlance. /-
(1) Wal) Tunbulance — Closed on open channels
2) Fee Tanbulance —> JTet

e Flow within on eesfeij Is laminer
s ~Tunbulant flow 1< neta ma Jexlasy P’LMWM)@V)

?k':En-lw_sfﬂ;.S Senle S{ﬁfﬁmbd&nw /-

“Tur bulesd ‘Ft'elels arne char(ad’ﬂdzed bj Jwo MC? 'Pahamofe)(s The
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