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In addition to the equations of motion we have conservation of mass
L dp
V'(pa Ve + Pn vn) + (?t" = 0)

and in the counterflow experiments to be discussed the total momentum also
vanishes
Ps‘_’s + puVn = 0: (3)

where the bars denote averaging across the slit width.
In steady state flow local accelerations vanish o on the left side of (1) and (2)
only the second order terms remain. Adding (1) and (2) we get

Ps(vs'v)vs =fe Pn(vn'V)vn = —VP — mV X (V X vﬂ)
+ 2o+ 7)) V(V-va).

The heat current density q (watts/em?) is carried by the normal fluid such that

#)

q = psTv, = v,8" (5)
where 8 = (psT)7". Since heat is assumed to be conserved, V-q = 0 and
Veva = 8V-q + q-V8 = q-VB. (6)

Using the vector identity
VX (VXvV) =Y(Vev) — Uy
the terms in (4) involving viscosity may be simplified to give
vP = ﬂl‘vz(ﬁq) + (77n + ﬂ’)v(qvﬁ) - Ps(vs'v)vs — Pn (VD'V)Vn . (7)
To solve this equation we now make some assumptions which will later be
shown to be valid for long narrow slits. Take the z axis along the length of the
slit, and the . axis across the slit. Unit vectors in these directions are e, and e, .
We assume that
q=q(x)e. and T = T(2) (8)

thereby implying that 8 = 8(z) and M = 7a(2). We further assume that the

second order terms on the right of (7) are small compared to the other terms.

Using these assumptions (7) may be separated into v and z components to give®
ar d* d*

i 9, v "o &2
e M B I + (2 + 1 )q s (9)

*Most of the following equations in which the heat eurrent density appears are not
vector equations. Nevertheless, for convenience we continue to use the boldface notation
q for this quantity.




