1 Stokes flow:
fi=Tij; — D (1)
translates to in non-tensor notation AND dimensional numbers:
nV?0 — VP = gpy — gpoelT — Tp) (2)
Since Ty is 0 (effectively) the equation 2 becomes:
nV?v — VP = gpo — gpoo(T) (3)

Using scaling relations defined in louis’ pdf the scaled equation becomes:

K K
%V/z(ﬁv') -V'Py — %V’P' = gpo — gpoa(ATT") (4)

Where the non-dimensional variables are indicated by the prime.
Using the relation: VPy = —gpo and the scaling relation P = Py 4 25 P’

N oreh 1 NMRoipr /
ﬁv 7V~ ﬁv P’ = —gpoa(ATT") (5)

Now in terms of the Ra number this becomes:

V%' —V'P' = —RaT’ (6)
which in turn is:
T
2y P = 7
V' =V Ra—AT (7)

And to get everything back to dimensional again:
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WP~ o) (PW PO)) = —Ra% (8)

Multiply by n and « and take the constants out the front:

hQVQ(%) — hV(

T
R3nV2u — 3V (P — Py) = —rnRas— (9)
rearrange:
3 2 3 3 T
h°nV*v — h°VP 4+ h°VP) = —myRaE (10)
again:
h3nV2v — W3V P = h3gpy — myRai (11)
AT

and divide by h3

T
2 —
nV v—VP= gpo — KWRGW (12)
So that the dimensional force on the RHS of equation 3 is equal to:
— gpoalT) = gpo — wnRarz (13)
9p0 = gpoclT) = gpo — knRazz7r



So that:

knRa
gpocx = WBAT

Now using dimensional numbers for everything (from blankenbach): o =
25x107°% k=10"% h =10 py =4 x 103, g = 10, AT = 103, Ra = 10* and
n=2.5x 10"

10 x 4 x 10% x 2.5 x 1077 = 10-x25x10°0x107

From this relation pg should be 1.

Now we have found what the density should be, we can run the dimensional
convection model to compare it to the dimensionless one in the Blankenbach
paper. However, even though the Rayleigh numbers are the same, the actual
values of the measurables (eg vrms, Nusselt number) are going to differ by orders
of magnitude due to the scaling. How do we find out what the dimensional value
of the measurables from that paper should be? We use the scaling relations.

Trying vrms as an example, the scaling of velocity is going to equal the
length scaling over the time scaling, that is:

ov = 9L

5t

The length scaling is 105, the time scaling we can find from x which is m?¢~!
in SI units.2

oKk = %

which in turn is 1076 = 51

Therefore §t is 10'® so that dv is 1072 so that the dimensional vrms will
be 107'2x the non-dimensional vrms from the Blankenbach paper. The same
methodology above can applied to all the measurables in the paper.

(14)

1012




