Dimensional Analysis :Dixyeéh tg'PaJ:eL
o .

similav Hes -

Mdue.ﬁbni-lt (% ma{’he,mal—icol technique
used 1IN research work -For des]gﬂ and '-For |
conducting model 4ests. Tt deals with +the
dimengione of- the physicol quantities involved
in the phenomenon.

All phwjgicaL quantities are measured by
comparison, which is made With respeet to

an orb}l’rah'ly -Pxed value.
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g_) = Lo,ngH\ (L), maoxs CM)-and +me (T) are three

Q® ‘-Q«‘xed dimensions Which are of— ';mpoﬂ:nnco,

3 in Eluud Mechanics .
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-3 3y time T b
4y temperature C. K Cigaivin)
5) electric current I A (ampere)
€) amount of Light C c Ccandela)

¢ luminous intensilty)
Ij mol CMO[Q)

:F)‘amounr' ofF malter PEN
> _n-\QSQ/ fixed dimensiens are c clled ~Pundqmgn{-a.|,

dimension or jzundamenfci qucmHl:y oY
P.r.'ma,},\y dimensions



Dimensional Homogeneity

Dimensional homo\cjo,nejt\, means the dimensions of
Qach terms mn an Q/q'\;‘&h'on on both <Lides are

equal . "I:F\us 'l'@ the  dimensione b(l each term on
bai—h \S’d%ﬁ o(‘- an Q,quaHDﬂ are the <came +he
equaHMN iy Known as CLiansior)oqbc L\Dmojo_no,bus
equation, The powers of fundamental dimensions
By bz;H'w side of the equation will be jdenbical
Lor « dz‘meﬂSthM\Ly homogeneous equakon

= '23H
Dimensisn of L.H-2 V= % T

2 -
imension of R-HS Jog = [L L o |L LT
VT T

@Qq- V = 29H 75@%7 d"lme,nsl‘onali?
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Meth ods _QF j)'lm@r)_%}bgoi Analjﬂg

N Raﬁi@gh‘s rmethod
2) Buvakinghom‘s n-theorem
. 4 ' d:-
1) Rayleighs metn
This omethod 5 used for determining the
expre‘”;’on ~Por a \/ar‘iabb/ Which de,PQndS ufon

maxi mum —three oY four varablos on\l,y
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Let X is a variable, which depends on X, x, and

method x s -F’uhC,H;D") of Xy, Xa and X 4 ond
mat’hema\,h'c_ml.l\,f it s written as X '—‘—F [ %) )XZ)XBJ

. a b ¢
—(’:\TS can 04'3’0 be wr)t't'erj as X = K)(‘ xg_Xj
wkére, k 35 corstant and a,b,&c¢ are oybitr

Powe\’).

The ~alue of a,b.,end c gre phtain b

Comparing the power of the fundamental
dimersion on both sides

2) Buck:'njkam's 1~ Theorem:

Buakjnjham‘s f - Theorem sfat‘%,“ I,L. there gre

n variables (independent and dependent
varia!olg) [0 = F’L‘ff‘g‘@L phenomenon and
i these vaviables  contain yn Lundamental
dimensions (M, L, T) Then the varicbles aro
are arrarjjed in te (N-M) dimension(e8s toyms.
Cach term 1s called 17-ferm

| eb X,,X2,Xs,....--Xn are the vario-bles

involved in a Phy_s;coi. pmbLQ)’ﬂ- Leb X,

be “tHhe d.Q,‘De,ﬂdQﬂt' varioble and Xg_)xg,)ﬂq-»-xlﬂ

are the ndependent variables on yhich

X depends. Then G e o function of

X3 ,Xs, .. .- Xn and ma{'he,mchchj it s axpressed

2 :FCxisz,....xh) b o D)
Ecpr-’(r) con also be written as
£ CX), %Ko, Xa- -Xn) = O (2D



Ea' o . .

Q- &) /s A dvmensrona,ll\mj homogeneous equation
1t cohtmns N variables. If 4here ave
funda_mgntoL dimensions then o_cco“rdfng to

Buakingham‘$ f-theorem, e_qntz) can ba wr tten
in terms of number of dimensionless qroups
or 7 - terms in Wwhidh Nnumber of\- n-terms
:;s. e_qLLaL 1o Cﬂ—m). Hence eqn. (2) becomesS as

-f({ﬂ.,"ﬂQv Y ﬁn_m>:o ,,,,,, 3)

Fach of m-terms is dimensionless and s
independent of tho system. Division oY
. mulbplication by a Ccenstent dpes not
chanﬁa the charactor of the T1-term.
Each 11-Tterm contedns m+| variobles,
heore ™M is the number” of Pundament'al—
dimensions and is also c otled TQFQ“L"’nﬂ
variobles. Let in the above cosl X, X
and Xy are re(:ecutinfj vanobles iF the
£fin damental dimension m (M, L, i)
Then eoch 71 - texm (s wrtten as
a) b, <C
M, = X, - Xg - Xy Xy
Ty = Xj". X';L. xf_"z X 5 - 4)
: Qn-m bn-m Cn-m
F\n_m:xl XKa KL T Xn
Faeh @a? 15 golved Ia\\-f +he pﬁncjpla of dimens)onal
homogeneily and values of a4, b, Ce efc., Are
obtoaned . Thase values are subhtuted in eq"4)and
Vodues ofF Ty, Me - TUn-m are obtaines - These
volues of H's are anbtituted ' Q/c?@)
i, = ¢ Ll Mla- M0
te =P LT, 713 - Tn-m)



Method of SQ_LQCt’;nﬂ E@P@ﬁinj Vo ables.

The number of repeating varnobles are
equm,L to the number of -Fqndqfna,nt'al dimensions
of +the problem. /

1) Ae far as possible, the dependent” variable
should not be selected a2 repeating varable .

2) The repeating variables ghoutd be choosen
iNn such a way that ene variable contouns
ﬂeometn’c prv(?@'f’fj, other variable contains

flow property ond third varable conteins
flwid property.
Varables with Greometric Poperty or¢

() Lenﬂt’ﬂ,L 1) diameter, d (i) HO/"jM'/ H oet
Variables -woith {How Pm/perf\'y are

W) \/Q/foe«,{—j Vv (i) Accalevralion ecl

Variable ith -Pl,wid pwpery
() py \//'5003[8’ U Density, 8 Q/“l)k_ing_m‘aj—:fb R
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Viscos/ 4
3) 71)0/ fQPQ&Hv \/aﬂa.b/w .SQ/IQCJ'Q,J \SZ\DMJCl ot
form a dimensionless  growp
4) The rQPgwtin\aI var ables -fojarher must
have the Same mumber o)& 7Qmo,’4mentvi
dimens ons.
5) Nb #wo repeating varviables showld have

+he Same Jdimensions.



Similitude —'T\Tqu/ of Similarities

similitude is defined as the similanty
between the model and prototype in every
respect, Which means that the model
and prototype have simtlar propestios or
model and pr‘of‘otjpo/ are. Oo'rﬂpf&-l“éﬁ <ymilar.
Three type of similarities must oxist bekween

+H~e model Agnd Pm-}—o-t:\jpe

1) Geometric Simlavd

2) Kinamakic Similarity

3) Pynamic _Sim;lawlab

1) Gieometric i lavi |
The geomedtric gimilarity 7s said 4o exist
Lo bwezn +he model and the p—m#ot‘jpcz,.
The rokbio of oll cowwb/oonolinj Linear
d'ﬁﬂﬂﬂsfbﬂ in the rrodel and P;m/—oi:?;pe are
Q,qua,l_.

Lol Lim = Length of model

Lbm = Breadth ot WH?C{Q/L

and L, bp, Dp, ApNp: Correspending value of
) o Hnz PTDFDEUPQ’
Fovj@om@fﬁc, 2y mi/cnr}ty beff.) model Qnd P—Yofb}v’;g

sheve Lr is called the seale r=fi?

2
BP _LpXPP Lraly= Ly \/D\A-U'Y)Qr!\/f
)

3
= Ly
Avek - Am  Lmzxbp

-—
-—
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VP' -; \/QJDC;E\'\T o-F -PLqu a,t_Poiﬁri N Per’D{":./?Q
\/P = )) 1) )

ap, = Acceleration of flwd ot point1 in protoby pe
O'Fl = o) 1)) ;

" )) 2

)

\/m;)\/mz Qm, ,Qmy = GOKY%POT)c:Lfnj velue o the

Corves = omd,irﬁ

poin"‘S of fluid
\/QJOO'\J]' and accelevralion in model
inemotic s}rm'lar?g Ve _ Vps

=V
Vm) v

sz_.
Where Vy is the vuodlj ratio

For dcceleration

ap, _ apz _ ay
Am; dwma

6-4
2) inemalic Similqrit—j;, |
Kinematic similaﬂ'k\y means -the Si'm[lar'lg
of motion between model and prototypa
Thus |kinematic Sim‘)lqﬁiy 18 <Soid to exist bﬂltq-
ﬂo, model and +he waofw;@/ i ~the redios
of- VQJOCH? and qecelerabon ob +he corra;sraoﬁd'm\;j
Roiht’ i the model and ar the C,m—r*o_sroo‘nd/irj
pornt n the waéﬂ)e’ are 4he. same..
1
\

wWhere. Qv is the aepleration yohHD



3)Pynam}c/ \Q}milah'\ly;,
'ZDynGmic, 5)mi/037’\7 means thae aimilav
of- forces Lot! +he model and the Pvﬁ%’D’Qij
Thus dynam{c, s'nmilaﬁtj e coid 4o exist
between -the model and the f:vr‘DH)’i'jPQ/ if |
+he yotHvs DF thae corm&raoﬂd/}nj forycet ac,{—lrj
albt "H’\Q/ Corr&sf?bﬂdJnj PDfﬂf—S are. Q/CNJQ_,L
@\ymﬁnw'c/ sim/'/zwuy
(Fi)p _(Fv)p _ jir - e
=" (Fv)rm (Fg)m

ey s Hhie, foyee e

pimensionless Numeer
Tt s do,,ﬁma,d os the rokio

) Reynold's  Number:—
luud and

of inertia force of a flowing i
t+he viscons forez of the Flecid
Re = SVL  wheare L Characteristic
o (2’{7[”/\/
2) Froudes Number:— The froudes number js
dQHa?ed as the 3Square reot” of the rabio
of- inérBa foree of Plowinj flwid to the
\Cfmwf\—y Force .
" F:Q 24 _Ef_ A ____.\_/_.-
% JE2
3) Euders Numlbef(Eu) =Tt s def—f'r)o_d os the
Squq\“@ rool OF 't'L\Q/ va o OF H . Bl
St . e e
of- & 7C’/D"‘)’nj Huoid te the Pmsﬁu‘rzez;%

gre B . X
Fe v
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4) Webers Number (We)
Tt is defined as the Square ryeot of 4h, raH
0
of +he inerbia force of a -Glomnj flaid to
the Suyrface tension ‘FO"‘w/ |

We =t ..E—{ = ___\_(_.-—— :
s o ‘
/SL

5) Mach's Number (M) Mach's number is defined
. "?”‘Q' Square  root of the rabtic of +he |
inertia force of a .Plowinj Fluid to the E

elastc foree
M = i—% = -\—{—- = % C i/e)wda; "Fd/
K/ =
s o
M O a b@t’lx‘)@e’n —rhe/ moc[Q/L |
|

dynamic ajmilem

Fox
and the PWI‘Otj 7

Lovcas are e achn

point in the model And _?m[—okﬂjPa slhouwtd

Lo equak . The cokic of the Hforces ave

d‘lmel’\b’iDﬂl% Ambers. I pneans {or dynomic

aimilan bet) the model. and pmt—o'li\fpo/l“t\rxe,

dimensiontess number ghowtd b2 game- {or rmodel
is quite difFiewt

and —the megy,g@. Pub ik
to satishy the ~conditien thal odl the dimensioniess

| Re,Fe,We, Eu & M) are the samo
Lor the model ard protetype . Hence ym odels
are designed on the Dasts of roko of the
"FDT‘CQ/, ’I/DI/\(.CJ’\ ;.S d/OVnH’)OhVﬁ }n -H'\Q/ PL\QJ’\'DMQ/“OT)‘
The laws on whieh the models are d%iﬂno;d
for ci?mamfc, s}mflaﬁfj ore colled ynodel Laws ‘

ox. Loms of ;Similourfky
|

humbeY l.a



1) _ngno/d's Model Law
jonalf_wl\s wodel Law is app“@d n -Pollowfrlj
flwid fHow problems’- |

(1) Pipe How
( i) R esistance Q)(Pe‘?r'! ened L Ssub - marines;
airplanes, 'Ful&/ mmers bodies

LRQ]M = LRQ‘J 5
I3 b ;

%E\‘\//'E"Lfmx lipp =t or SiMelr. 4
, £
oo My

The scale rakio —For time, accetera,ﬁoﬂ){lor‘&
and C‘L/LdSChaer/ —’P()‘r Reynold’s mOC]Q/L LalA)

t, = Time seale rabo = Ly {, o
Vr LU° =
Ay _ Acceloraton geale rodio = \/r

tr
Fr = foree scale ralkio = [MMS xa;ui&-:]k

=y xar = G ArVrxr
2
= grL-r \/r¥qr

Gy -Diachare gcalo ot ‘—-kgA\/)r

= SyArVr = Qr'[—-zr'\/_r



G- &
2) Froude Model Laid ;-
Froude model Llaw is opplicable when the 8"“"{*7’
foree is only predeminant foree which controls
the fow in addibion +o the force of inerha.
foude mopodel law s ox?opbted n tHha -PbLlowivg
' —F(/w'cl Ltow Problem_gf,

) Free surface fows Such as flon over spilmcyb,
- wWelrs  glujces  channels edt.

) Flow of jeb fiom an o kice or Mozzle. ;
1) Where cyaves gre UKOJj to be -Fbrmed on SUYS\‘““’)%

) ‘
(V) Where fluid of different densities fHow over
oOne  gnother

(Fedmedal = LFQ')PYD*@@P& = Vm V

9o =95 [ Sama lej
\fm .__\if_ é\bx._\__— .-_'

{om Jop Ve [
V =
s AT o8

a) Scale maHo for time

'tr’:: ;tf = ._Q—/_V)’D = TL:-P Vi "'er_’——
b (b)Y B Ve b

b) Seale rabo for aecelerabion  a = Y/

ar =2 :Q/_/E)P L e L =J_I:r L=q
Al L\//l.)m Vim tp



Q-‘-‘— AV = I_KE =

d) scale rebio for- .Fomp/
3
Force = MassSX acceleyalion - QL x

— \/

‘:“"\ gmbm\(m
IF the £lwid used in model and PYDHJB{FQ'
{s Samé —t’L\Qﬂ

gm =£¢

A= ()= (3 \‘LYX\FQ C

40 moment

o) ccale robiv for Lok, @hnergy, ToHHE
- FxL

F:DH.Q/ x P zst’anc,e/ =

—

Togque =
Torgque ratio T\r .—IE b L/);» Ferbr
'T' (FXL-DYY) 2
;er‘—\’
y i ’i
(4)  scale rakiv for powet -
Powm . oYk per onil time
= /”(L‘
A= P (FXL/t)r Fe Lp, tm _ 1 5xlerl
™ Q:KL/L“)M Ev Lm JL—F E’_'S "
= —r



29 EuleFS_Modd Law iy

Eulers model Law is O»PPUUA’[Q/ when
the pressure forces are alene predeminant
in addition 4o the inertia foree

&g“ >ded = (Eu >onl-ob\'ffef
\lm V

— .
— —er

P%m PP/ Sr

TF fuud s same g, =%
Vm _ Vp
I {Fe
Eulers model Law is Q,PPUQ/CL Lor flwid flow
Problem< shore flow js taking plote jin &
closed pipe in wWhich caze turbulence (S

ful dq/\/e/[.ope,d s thol viscous ‘F’DYC% ave

ne -aile/ and 3«.@\}] ‘@one/ and Surfout@
+ension Povee 15 albsent. Tlhus Law 13 olso
Lwsed Where the phenomenon of cavitation
tol<es ploee.

4) \Webey Modgl Law .-
QNQ/) model = QNQ) onfof‘jPQ’
. R i

me mr’

) C&-P}l‘lm\’j Yise in nearvow ‘Pa/sst'«f]%

2) Capillary wmovement” of eterin soll
2) C&f’ithrj Loves in elhagnnels

4) Flow bvey weirs for <mall heads.




5) Mach ModO/[- L arn
QM )\modd = (M )PYDI—O’L:\)OPQ/
Vm V/ |

JK/em JKe/sy
lied in Lollew g cases

al Su_FQY-SDnic. speed *
2) Aerpdynamic 'teﬁ'inj_
3) L)nd,erjwa»ter’ thHr\j D]& —601?2/6[00/5

4) Water— [nammes pwbiems,

i.ACLo,sSiPic.aﬁor\ OPW:»
1) Undistorted Model D) Distorted Model
Model .- Undistorted models are
hich are geometricol aimilar te
ov in other ovdsYif +he sceale

mensions of the model
the model ig called

1) Undisterted
+Hhote Modeld 3
Haoir prototypPes

rokio for the Linear di
ond ks  prototype s same,
undistovied m odel .

2) D?Sf‘m’fed Models. A model is <2aid +o be
distovted if it is no(’\c}eomo:t‘n'e <imilar to
its . Pwi-o-t:jpe- For a duvtovted model different”
geole yobos -For +the Unear dimensions aye
adDPb@d° For exampl% -'lf) carse OF r’,\/en/harbowf}
rese¥voirs ect. Twe deffrerent” scale vobivs,
one For horizontel dimensions and othey fov

Vortical dimensions are token. Thus the

modeﬁﬁ D/‘ 'r'n/ers,' hoybours and re_servoir} p\)f/[
bocome. 65 dutorted wmodels. i for the vivey,

4o horizental and Vvertical sScale ativ are
+oden 1o be Same Se gl b piedel A
g_)nd/’u:b‘!'b‘fi‘e,d—fl'ﬁ\@ﬂ dﬂ—PH') of wAker in rnogal Df’
+he »vey Wil be va,aa(—\/ y small zohgch maprdl
be MeASured ﬂczﬂngﬁ,



