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In addition to the equations of motion we have con:;crvation of mass 

ap 
V· (P. VB + P" V n) + at = 0, 

and in thc counterflow cxperiments to be discu:;scd the total momentum also 
vanishes 

(3) 

where the bars denote il,-craging across the slit width. 
In steady state flo,,' local accelerations yanish so on the left side of (1) and (2) 

only the second ordcr terms remain. Adding (1) and (2 ) we get 

P. (vs·\)v. + Pn(Vn,V)Vn = -\P - 1/,'\ X (V X vo) 

+ (21/n + 1/') \(v ·vo ). 

(4) 

The heat currcnt density q (watts/ cm2
) is tarricd by the normal fluid such that 

q = psTvn = vnf3- 1 (5) 

where {3 == (psT) -I. Since heat is assumed to be consen'ed, \'. q = 0 and 

V,vn = {3,\,.q + q.\{3 = q . \'{3. (6) 

Using the ,"ector identity 

V X (V X v) = \(\ ·v) - V2v 

the t.erms in ( .. 0 im"oh-ing visco ity may be sin1plified to give 

vp = 1/n\2({3q) + C17n + 1/')V(q-\{3) - P.(v. -V)v. - Pn(Vn'V)Vn , (7) 

To solve this equation we now make some as::;umptions which will later be 
shown to be yalid for long narrmy slits. Take the z axi, along the length of the 
slit, and the .1' axis aero::;::; the slit. l..7nit \ "('don; ill th(':;e directions are ez and er • 

\Ve assume that 

q = q(x)e. and T = T(z) (8) 

thereby implyillg that f3 = (3 (z) and 1/n = 1/0 (z). We further assume that the 
:;ccolld order tcrm,.; 011 the right of (7) ar(' ,;mall c'ompar('d to the other term::;. 
Gsing th('s(' :1!<,,;uI1lptions (7) I1l:1.y be separatcd int.o .r and z components to give2 

ap 
az (9) 

: )108t of the followillK I'qllat ions in which t he heat (,lInent ul'nsity appears are not 
vector eqllatioll~. :\('\"ertllt'lp~~ . for convenil'u('e we contiulle to use the boldface notation 
q for thill IJII:lntir~-_ 


