Dimensional Analysis - Concepts

o Physical quantities: R; = v(R;)[R;] = value - unit, j=1,...,m.

e Units: [Ri] = F - F3¥, Fi,...,F, fundamental units.
=55 I dlm

e Dimension matrix of Ry, ,R,,: A=
dnt dnm

e Change of units = change of values:

aij anj

Lemma 1: F;=xF, x>0 = 0(R)=x"...xa"v(R))

Dimensionless combination: 7= R} ... R} if X#£0, [7] =1.

[ ]
e Dimensional independent Ry, ..., Rs if no dimensionless comb'ns exists.
e Physical relations ®(Ry,..., Ry,) = 0 are dimensionally consistent, i.e.

O(v(Ry),...,v(Rm)) =0 < ®U(R1),...,¥(Rm)) =0
for all changes of units F;. (consistent under change of units)
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Dimensional Analysis - Buckingham’s pi-theorem

(A1) F4,...,F, are fundamental units
(A2) Ry,..., Ry are physical quantities
(A3) ®(R1,...,Rm) =0 is dimensionally consistent.

Lemma 2: Let r = rank A, then Ry,..., R, have m — r independent
dimensionless combinations.

OBS: The rank = number of linearly independent collumns in the matrix.

Buckingham's pi-theorem:

If (A1) — (A3) hold, then there are independent dimensionless
combinations 71, ..., 7™m_, and a relation ¥ such that

q)(Rl)"'va):O P w(’n—lv"-;ﬂ—m—r)zo,

where r = rank A and A is the n X m dimension matrix of Ry,..., Rp,.

It remains to prove Lemma 2 and the Pi-theorem.
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