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oiSazh B.T*QLAnal3si-s

s'i milari L:'e*;-

It is mat-h e-maHco'L tec\n igua

reh w orl< {or dqsi 3n an d for
C <>ndu cttng ,:,crle;l +e,sl-S . f t de-als ruith -the

dimzne\on* cr[- thu ptrysi<e'L qvtonfi fr'e-s inVolve/-

i n 
' the- Thzn omznon '

All ph3s,i c-L qqonfrFta-s are- mQA'strred' Ay

c-om7an'3o.o, r,Jh ich js mailu r'"lith fe's7e'e-l to
en ovbit-ra.rily Pxed valuu.

LangFh ( L), w'taLS (M) and 11mo(T) at?-{\rze-
fixad dirne-nsiDr?s ulhicrr are of i-portanLe-
in trl wiJ lye-chan ics .

r) Tn ass

z) Lengh
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5) e-f eetn c- Curren t-
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131gbiryOimens ion ol

Oi rnarusion of L. H.S 1/- L
T

Dinensiono-L hornT*"iV rne-qns the- cl-irnen-siDns of
each te-rrns in an eqva,Fion oD bofh si,Jas oT?-

eq ual , -fh ,. i f flnc- d., mansio ns ofi @ac[ tp,rrq ontroth -side-s op an e4vtahon ore *\o ,,arn,=- tho_eluq-h'on is {<nor,)4 a.s cLj m,
ePuof-ron: Th' po,,@,€ of- dil1?"i;f.":T:

' Dn both side- o( *1,,0- e_qgnaHo 11 r^l if l be- iden t+ cp.t_
{pr a. dz tne-nsion tJ homogene.avL elua}r'o4

V=@-n
-l

=-LT

is% dimensiona..l!

D imension op R-H-s Jfg-tt =-

f\
eq'. V = @u

h orn oqan uot'tAv

Me$ ods or birnonsl onoL

l) R anl lei I h'" .'nztl.' 4
vv

?) BtxP ngha'n's n -thQ-orem

i.) Bgg lggH 
s 

-'-nqrt""od:-
This vnqfhod is uzo-d f" determi ninl thu
ex pressi oo fo. q Vqn ablo' n h;eh diTends T"'l
frlqxi murn -7-\rc-e- o), fru. Vqfia-btas ""!



6.2

X3 {ana-blu,
mqthod- X i-s
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Let x /s q vana-bru,, r,,ch jch dope-n4= on Xt ,X. end

Then accorcL' n4 to e-aXLagh t
frnc-Fon oF x t txz and y= *,rd

mathern^ti -nLq iF is
J

ac'i rten As N =t L* t lzr-t I
-Gis cao olso be cln tt-en aa

o-bc-
X = [<Xr'Xr'/3

Aher<- k ?s Corlbtant and- arb.,&u orc'- etrLitru4
?oHed.

\o {a\tL "F a, b , o4& e- eYe obtsat n b1
c,nfon \J +1.2 To+or "F tl'te f, n dqtnen|,t-
d;ner1;ion orl both -sioe'S

) B".kJyhot'.'l-l'-{tr^e-ore'n :

Eluc-V)ngham's 71 - fA e-orQrr) sta-te-s," It tt'ero aR-

n variablas (inanpendenf and deTende.ntr
varia.blot) in o- pt=ica.,L Fhen oma2non a^J

iF theso var-ra-ble-s u\ratn rn t-rnd,a.meni"L
djrn enaians (f-1 , l-)T) ,1hen thq vavi ables are-
Are arrq1|."t i n to Cn-m) .Urnensi on LesS terrAs.
€ao-\ term ?s calle-d n - futrD \t

Lef X,,Xr,*s, 'Xn orQ'thuvqrlabLus

tnvolved in a- PhV= ic-J TrobLern ' Latr X 
'

bz the- dzTe-ndani vario.^blo- and XU\g,h "Xn

ore t+-a 'tndeaenden] /o ri obles op1 ihic-h
X I cloaerdg - Than X , is & frn ctron oF

Xz tx st X a q n cl rn ath e'n aH e^t3 i t- is ax'PrLstaL

Xr =tCxorXs 'xn)
e{ trl cc,n also be' Driftan a)

S, C X, , Xz, \3' ' ' 'xn)



E4 Q+) is a- di mension-LLJ homo\ganeou s eguc,bioq .

Tf coo Far ns n Vari ab\es . JF thara ave y1

f.rndomenLat- cLi mansi ons -then aags,rdin$ fo
buc-k inghorrl's ;1 - theo rertl, 4 g, Can ba clri tten
in term-s of nurn ber oF di mongi on Lc,ss g**Fs
6, T1 - tetrns i n Dh i e)1 n Lr rn bzr ol fl- terms

|s eq.r.aL to C n - vn). H a'n.e *q^ C z) bectnos as

fCtt1,To, T1 n--)=o "e)

E ach oF tr _ te-rms i s 4i w're-nsi oqLess anr is

ind zpendant. oP tha =v, tern. Divi-sion ol.

rnul h eb'c-a.h'on bt1 a- e-onst-qn( doe> n o L

eh^njo the ohirn t:. of +he' T1 - term '

Eaoh T( - term C-ant-c^-ins t'n + | Va ri &1u,,
dhere. m is the nuynber oP f, n dame'Ye'L

dim er,stoos crncl_ is oJso c_oJLed rVec,A n1

VariobLo>' Le'V in thu cborlQ' co\bo Xu,\g
and Xq a.re C"feabnS Vanablas ,f ttr.a
frrn Aamon?ol d-'rmension 14 CM,,4T) =3

Thnrl a-aeh T( - ternt is t'oitten 4s

nt = x?''^ot' n'Xr
x:". 

"""- xz" x 5 (4J

V.r,net?la of d)roznlt Dn*L

ol A-1 ,bl,L" LtL2.?*
to s,r,bE-tU'Ied in 4qSand

VoJ/Jee of flttt-12"'fl n-'tt aleobtdneA The-sQ'

Vdwtes "p n(t a(p-' snbt-1t''-taA in t4€)

r loA.

,
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6.3

IV'l efhod _1F se-Le<Yr n3 &,p-rolnj vqn abbz.

IL.u nufi ber of re-TeaEng Vanablas Qrz

zqua-L to the- n u rn bor 'of fuo dqvnartt aI .Li rn ensio rfj

of the ?rcble-m '

D Ae f-.'or as ?ossiblo,, the- d+nnden7 Vana-bla

shot^ld nol be- sdec(e-d aa repe-atin3 vario-blu.

L) 1L^n- repe.a.tinj Varifule-s sh odJ be chooSon

in -sr^-"h a. -; c"1 thaf bne Vari a-blu C-on t-aj ns

ynonletrio- ?-hn U, btL-rer Varta-ble contarns

ftorJ ?rD?Qrq and th)rd Vanoblz c-ontc"jns

+t*iJ PY"7z'V'
Vano'bles nith Caecrmo(rie ?*?tfrJ arQ'

ti) Lenjt1,,L lii) dio-q;tzY, d pttt Holkr' H e"t

Van o$les uc )th floD p"tl=nttJ aru
U.t V doi;1 . v (ii) A ccilzral) on e*F

Vana-L'lo Nfh ft*rA P'oFer\
Q) 

^r, 
viscos;flt V) Densif , 9 W,) fl?::,ff',,o

9 -TLe r7e"-ttY yaTia-blet sa1eeted sAo^ J not

{ovn a. d) meQsionla-ls j**?
il -TLta rzpeo&in1 Vari a-ble-s *jather rnv4t 

,

hara -tha s)-a ryturDbe-t' "f f-ndeme"tJ
4imerti on's '

5) No *u o reTe-a-tig van les S/.o"lL havo

t-ha Sa nO & nerut bns -



Sirnflifu do 1== of -S irn iLan+1q_s

Lr is edleA the- s:?I" A"

simi lih-rda- ?s d.fr ned q.s tle- -sirnilanl
bet,oeeo *1^e rnoAal- and ?rDtatyfe- \n e-VQrJ

y?,s7ort, Dhieh w1e.qfi9 +hlf t\o- lrtode)
art4 ?Yiafo{tfe- hovu -Si
trt Dd€I ond prD lotg eo
thr"o Lgfe- op -si mi[qri tte-s rrrr,rsF es<'ts? beffiaon
tl^e- Yt'lodeL and ?-+otJ fu
f) q eo me-t 'ri e- -3i rni tori ty
z) Kin orna'Ei e Sini lori ,
3) Pyn4rni c 3i rrt;larifi-

d' I) Guomude 3i rni laln
-The' ,gb^e-'lm e- 3i rn

bafrJnir't the-- lrYl Dd'e'L

-The.- mEo oP o'IL C-Da{a'5Fo'l-"J Linenr

d.t rncnsi ot) in tl,^e- T) oduL an d i*fou'o are-

d) o 4c'L

o I rnodel

Drn =D)arttoter oP ,'v)E2d-QL

Am = A re-o o( '7r7 odaL

V^ 3 y'otsma- of- ^odaL
and 

.Lp , 
bF rDP, Atr,VP =

frr Jqo-e-tfie -e) r^;/anJt bA ry)odoL and Toto\ea

E=b?=?P=LnLr4 brn Dr1

Vou., ne-:h
V"o= 

L?rbf 
= 

Lr xL, = Lt,
Lm x t2P

3

= L;
A*eA



6.1

{,ki ne-nalie sirn i Iq ri U :-
Kine_malie _simitari$
op wt DH o n boldee-n n1'

-lt^n s Ki n e-moftu -simitq
tha vnodel anJ thz ?a-pl-.tgfa it fl.o-- ra-tros
ol Ve)oitUJ qn& a.cca,Lerol-on oi the- 6nyvr-sf .-djY
poin 5- i n' thu rnod"I an d- rt the- C..'"vosf "',d, V,7olnF ln *I^e- ?ntolf e- ara *hu samL.

Vp, = Veloag ol +i"-dd at poinf 7 in ?rDfo! fa
t)
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VP^ =

or, =

dr, =

,t ') tt ,t 't 2

A ccelora,Li on o f fL*r'd ol point ! rn pt" f.bf f€-

l) t, ,, tl 2 ,t

Vmr rV-" ,Q-r ,Qrnz. c-orresPomJttS va'l*t'e' ol tl"z
corv.es7ond-iy 'points o( ft^r'a

Ve)o*Y and- acco)eraHo4 in modz.L
.J

k) nrzmoh'c s;'nilon\ lF, {p,J + -: =VrVnt V--

Ahere- Vr is tlte- Vdoc*Ly ra-h>
J

frr accoLera-tion
a7 r &?zd' = ?;"-*a-7

t)hero Or is tAo arc0)e-ra-Lto\ ro.Et o



s) ou t't e Yrt'rt- 3i rn i la nL-1 :-
-J-

rn D da-L and' tho ?'Ddry PL'

T7'us dJ n arnic- -s i rn i t

belne.e-n -fhe- rnodoL
itz faJjDs of rl^u
a? thu C-orraET ond-i

PJranui c- -4ni

(|v)-

,Jhero Fr is tAo {onu ro-ho

Dimens;ionlezs lxLunlrr-r

:- Tt is do\nzd ab

o fr & Pl ot i''' 3 Plu'd
tht V iscnus {--e-e- of '11"o lt"-il'

tAe- rah o

anJ

Re- -- 9VL oohere- Lr Clrara-t(erish c

'i|e
z) Froud d s N.r nber : - rte ft"udd.s rlurnber ,is

dnhned a/5 thu squerL ?oot- o( -tl',o raFio
of- ind-rha- frnu of ploniny fL.,id fD the-
qyav) t-y f-or<e, .vv

FL

tr dels N,r mLer ( e") :

sq uqre rool- of tl-,u
of & f{ "D i^J I tu-t'd

Eu
.1 Fp
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4 Webei-s Nuno ber (W")

f f is d.ft neA as t+^z squQTe- foo?

of *ha inerh* $'.t ,oF & f[ "nin5
+hz 3ur{-aca fensio1 #rco'

Wa=

'tnerha foro- oF a flo.i ng fl*'J fo t-l:,o
elashc {onn-

e.5

of +ho roJl o

+Uuuif, t'
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M = z Y c'tut^'itVf^^
e AS-u-rtd'

fro*u'
M O dr-) LavJs 

"-
Fot d/nomi 

bdrDozo +he' mode/-

and tJra ? 
D of the' cDYYQ'\r*'*.^t

a eFi nq 6f tL'U C-'DYYa';f '"'t nft

odeL *^d ?rDTt Po -+ho*l J v

, , "Jo 
oP *t^'o- {oitnz ' aYe-

d'irn ensionleas f\urn 
I'ovs' lf ^n"i $r dYnomia

ei m ,l'.'.i1':-&f.'-' tha moleL ,.no 
";b{ru'+tr^'u

d i rnensi onYa*s num&,r sh o uJ 4 bq 3.qmo" frr rn odal

and +ha ?ort2*F*l euY tt 's €lrtV- d-,+fi oof
to SA Fr. Q ttr e' candi fi o' th af o'Ll t+'u d)nunsion terl

^r-'bey d' . . Fa)FzrWz, Eu & v) ": tha -%rnQ-

{-or lhr- rr)odeL Q'nd P?t" ? Po '^ Hen.cn-' rrt odQb

axra- d,ol;'tlnzd on thu bazYs oP rzrti o of t{^a'

-frrcz, ,.i ic:h is domin V in tl:.u phonovnLhorl'

ahe- La'|t or)

fr' dynamit-

p h ie-h 1l",0- vnodals arQ'' dasiinol
a,Lled rn odo-[ LP'as

o, Lo'"ls



rJ Re ynold's M ode-l La'l.

eL L-ao is q'?liaA in fotlot^ri13
roblev\s'i'

( \) Pipa f ot"l

(-ii) Ra-sislanca q<Peno@ ?,
airTlqoast f*l! imrn orsa*.

r--,1 -ln"lLK'r^- \- '?

5wb - Tn lnALsz
boA) et

= ^rrlrxQr
:- grhV; X ar

Qr =:D igc7tcrc- -scpJa raFro -t[3 A"l ),

z grArVr = gY't, V'

of SrVr Lr - L

Y.

tr = Time' sc'a-t

er =ftccdanelion 
sc-alu raho = Vr

Lr
Fr - frr-e scalp' rybto =ft"ta'ssxoo&']"



6.6

e) Froudo- Mode-L Lar'D :-
Froudz modeL La) is

frrcn 'Ls Dnly 7r<dorninqlf-
the- f+oD in qd&Hon to thz for..e- oF 'tne.rFia_.

fibwd.e- mo 4q2L LAI,J 'Lb Tfl/zd 'rn t|^,o Polto,lirg
ft-.,'d *foD p-Llzms:-
0 Frez -gurfao- f!-ouo_s -sucl-1 a^ fl"A oVey Jp; tlr.lEs-,
' (/,)d =, _51.U,^ co-s . chann ilb et .'iD 

frlorJ op jer f-rq an on lt ce- 6r l\ozzle--.
iii,t tJhere- c;,avea qre.- UKeJy t bu {ormad on su,}oru,

(iv) t^)h ere. f l-,id op dlpFrJr, d.en3.1hez fl o, ovLrDnL en other.

tF")rn "art = €ro- totpe
v

5r:3r f 'sqrna- Ttara)

.[t. 9 Vr= ut-r.

nrl

\, I

-\Vm- L = I-/ v?^C-VB
Jtt

LP Vrn: X-'Lrrl Vp

a) scolz rafi'o fr'' tr=k
tho

mo
Yr)r

Lt

= (Ltv)n

L; 3 ca'lz roli' for a-Lcal era-bton q

Qr --%
e_yn

b
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C)

a) scolu nrtio frt, &''.-
frre- - rrlc,-l;sx al/.-Lteralion

2-5
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=*^(-*)=
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3 rr o I

- gf "Y = !;LV-rtrr

- stv-

e) ccrJz ruYo frr v'7o{?' en LryJ ' *:u 
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D/Y1 enY

To'1 -tonn:

. To -.luu ro-ho Tt
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3) Euleis Modd Lar"r

Eu^Le.ls Tno de-L La^)
thc- Tossurp- for.t*
in oddiFi on +" thu

t5')-oad =

= -Ve-

s.t

is q?Lic^Lle' Phon

aYo a)onc- predominont-
inerH a- f-ov-z

lt- \
\Eu )VvoEoV?o

+ +MJ is

Ewteis rnodal L^'s is q.,?UzJ {or f{"'d fl"^
prcbl or4-c ,;1hore- ft or^l is td<nq plate in a*

close-d- pi?e- in r,'fhic-h C.aaa tY,tf ,)onLz' [s
dzve)r?d s- thog visc-ott+ forc* arL
qLblu a"nd qrav\tY S-a- and sur(atz

ltrr $v-e-'r"" ,-'slr' -flio Lqd i: aLso

Uzsed rihe rz the- phenornanon of- cpvip2'Eor1

ffl<a-s Pla-oa'

4) \A/eber l+od,L LG'"l 
"-

ery e) 
^oJ'tr = [ryt) P"of" \Pu

Vr

na rr-oD Tazs<a-s
nt- o f urafer in saL
-n e-L.anndtS
lj for srn ilL he-od's '



5DI4ac\ @ La"^s

U )- ,,duL = t4 )P'r'!rrc-

- CLa*sift co'tr "n oF fq od"ls:'

r) Undi-sl.rfe,& MoJeL z)OisForFal MoJr:/-

i ch arQ- qo.ornetri t^l\ -g i rn i La r to

tl-ur p.obLJ?ut,
t-,' 'o Jov ifru lsnear d)rnensions op -ff,a rnod,el-

an4 il-s rli+.ry7r- ts 3aft1@., the- 'model is caLLeA

Unctista:'-:eA m oaol'

e) pistovte-L ModQLs. A noJzl is sa-iJ +o be-

Ji stor te,J ', I i t- is n ol-' 3 
e-om atrr e^tjg -g i rn iLa r to

its pr-abttpn.frr a .litcl-t?d rylo ;.ic-;L &FPe.rent-

seolz vebi"os for ahe- ltneqr d)nensions oYL
'r n <abQ- oF a;tVe16, harboql.l*

te-nF se'"'la fo-H'os'
mQ^siory and- otAer for

verh coL s!-t mensioor Qrz fxkea . frus tlre-
mole.t-s o( riVers- ha'bou' an& re-sQ(Vois Aill

bez-orne- as &*Lo-rte'J tt'tr,dett ' i t +-' tAo- frrq( '
*[^O Lo;zDntJ an& terhL-a,L 3ca1o-- Yoho arQ-

Mc^uh rn o LQL Let/; rs

loVeJoa*
ems-


