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contain  at least one wnstance of cachh of the r dimensions:

I. BuckincHam Pz Treorem

The Buckingham Pi Theorem reduces a  number of  dimensional variables
into a smaller number of dimensionless 3roups. The resulling dimensionless

groups ore ‘m&cgtnden{ but et wnigue . Additional dimensionless
growps  may be formned hy -h\:iv\j Frolu.d's of the cxis’n‘nj dimensionless grodps-

The basic S+c?s iwolved are hsted below :

® Conjcc,'{'uvc o ]Dkys\'co.l re.lov"\’or\shiP of the {ovm

)((vl)vl)vb)"‘)vVﬁ)=o

wl-\eu VL e ¢m ore all o-F -H\e Jimmsn’onal
Paramc'\*crs +hat  hove a bmr(ng on

the Pfob\cm at hand.

@ List the dimensions of each variable

y = Number of Fﬁmavr &\'mzns\‘ons in the list

@ Form the modrix $ys‘\'cm

ViV Vyoeee v,

d, > |
d, % . O " dimension in the

.f ai( Fro\o\cm (:3 M,L)G,T)
d =

Note :  You must order the columns such that  columns Vv, -\:\f\roujh V

@ Pecform Gaussion  elimination . If o 2ero fow aPPcar$ y (e0-)
|
®  Write expressions o, , O n terms of

y Qreaz, Oerz y XN -
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Write dhe e1ua+iov\s Leom shf: ® as

(e N ]

CLZ T m-r
T -

Qs = b ey, * b Q”’z + « o + b

G

S - - J - 4

There ore ™mM-r dimensiovxlcss 3rouPb defined by

b, b, b, bret b
VoV T e TV,

Each E defines one Jimension\css 3rouF~
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BukkinGrAM P EXRAMPLE

Suppese  we  wish ) ir\\les\'(so.\'t Now FQH“'“S‘ in o lake | ond
we are  inktecested n de‘\’erm'\v\\vxs the nondimensional ?avame{'ers

osso ciated with  the Frob\em.

Bmsul on <&Xxpevience , Wt &ec\it tHhat +he S:o\low(nj dimensiona |
variables ore relevant =

D‘ l@"\s‘”‘\ O‘ \O‘k( (KI. Air‘c"ion)
D'L width o$ lA\(t ( K~ direct ‘b\‘\.)
Ds &tpt\\ of  loke (%;- direction)

V, flow velociby n X, direction
\, " " "N, '

Us " " tXy

P dens\‘\-v ot lake water

f Coriolis  parameter

v lake water Viscosity

9 Sra.v{'\-o:l'ion«] constant

t time

AP pressure

Fo“owinj the 5+¢P5 ou,“iv\e(l b{‘{;bft , we have

5(D\,Dt)‘Ds,U,)U;,U;)())'{')\))a){)bkw.‘O m= 1z

[p]-[p)= 1) = L
3= [u] = v = L7
[P) = Mo

[] - T

[v] = @1

[s] = LT

(el = 7

[2p)

[\

MU T

3 dimensions in the list (M)L,T) , S0 .r:3>
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-1 - -2 \ -2 o] o -l o :
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Perform Gaussion  elimination. Note ¥hat T have chosen V|V, , and

' (r=3) so that this 5‘\'—? s trivials

\A V, V, : Va Vg Ve Va Vs vy Ve v, Vie
ol 300 2 10 v 0
0 I o 1 | 2 -1 2 o] 0 | |
o) 0 I 0 o O o ! 0] 0 0 o)

-\Ar\u; axe NO zevo rows) Se U is 'mécu\ 3.

from row 3 we have 3 %y ¥ &g =0 > ras T T %s ‘

‘F'om fow 2 we ha.vt B

A, + 04 v as t lag —ay3 *lag +ta +a, =0

= Ar® ~&47Gs~Zag tag -Zag 0, " %

fiom row | we have :

&, +a, - da; *lasg +a, ~ag +a, ra, +tO& * QA O

3 ) ) "
a, = -(—&,‘Q.S-Za‘+q;-20.8-a“'0\“_> * 3(""8) “lag~ag YGg -GG, "0, -a
= QT 04745 va, 63 T Ay -0y
Snce T = 3 , we hove  wrikten a, , Qg and ay
in  terms of Qg4 ) Gg Qg vvey Xpg, Gy 0 4q
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-9 r- r7 r7 1 r7orTor1oT
Q, 1 -l | - 0 -l BN 0 0 |
o, |-} -1 2 | 2 0 | L0} N A J
al |0 0 0 0 1 0 0 o 0
Qq | 0 0 0 0 0 ; 0 i 0 1 0
As o l 0 0 0 o 0 0 0
&%=l Ola+ [Ofa+]| lja+|0]arx|{O0lat+|0Ofax|0ia+|0 a+ 0 Q
G fol * ol ol |1l Flol ¢ o] lo "o " o
| Gs 0 0 0 0 | 0 0 | 0 L0
L las) | o 0 0 0 0 | 0 | 0 | 0|
_ Q| 0 0 0 0 0 0 || oo
__ : Qy 0] 0 0 0 O 0 0 i by ‘ 0
H i
f‘i @ There are ™M — r =3 . nond imensional groups
For exam P\z , the first one is V,\ V{' V«' V'VV1 = %_:
1 2 \
The complc#c set of  dimensionless Par&me"'ets s Sivm below :
(Note el T Nove nverked some of i.\c\e,w\)
_9\__ 'Rossby Number ! ratio 04 inerdial ‘Cﬁ“t ) Coviolis *forces’
D,
LA "Reynold " bio of inerk o : &
_‘—v——- eynolds Number ratio of nertial forces viscous dibusion dorces
vt * Froude Number " cadio of inertial forces b %mu‘\*-\' forees
3.
'gl:- ' S+r°\&\'\al NUM\)?J ' fk)‘iO O'F inc(Hc-\ "ofccs )n: 'com:s ‘c!'mm lou,\ acc:(cm"‘iov\s
! (u nateod ine :S)
AE “Euler Number ) tatio of inechial focces
AV f pressure feces.
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