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\' have report ed measurements of 
quid He Il ftolyin g through narrow 
erellces as large as 10 K. For the 

lces the linear two,fluid equations 
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the lin('ar ('([uations of motion for 
p<'ratllrc and prcsslI\'e cI ifT (' rcnees iu 
ry, h~l\'c IW(,11 reporteu in t\\'O pr('­
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Io'LOW OF LTQUn HE II 

linearized nonintegrated theory, Howc\'er, at sufficiently high heat flows ~atUl'a­

t. ion effects appea red producing significant deviation:; from the predictions of 
t he linear theory, 

In this paper \\'C :;ha l1 di::<t'us:; the relation~hip of menSUl'elllel1 t5 im'o!\'ing \'e'T 
large heat current den;;:itie:; to solutions of the Gortel'-:'IIellink (3) nonlinear 
thermohydl'Odynamil:al equat ions , The integrated nonlinear equat ions a re found 
to reduce to t he linear equat ions for sma ll hea t flO\\'s, For larger heat ('urrents 
the cakulations using Yinen's (ooD \'alues of _-1 ( '1') in t he mutual friction term 
are in good <}tUlntitati\'e agrcenrent with the obscrvations, except in t he neighbor­
hood of the A-point. Ho\\'e\'er, since the Yinen model of dissipation in H e II 
r('sulting from yortex line tu rbuleJ1f'c Ul the superfiuid as app lied to the present 
('xperimentnl arrangement predicts thc bl'eakdO\m of the equations near the 
x-point, the obselTed deyiations may be considered as quulitati\'e support for 
t he theory, 

II. DEnIL\TIU:\ OF [:,\TEG[UTED FLOW EQCATIO:'\::i 

,\, DEltIVATIOX OF 'VP AXD 'IT 

In order to obtain solutions to the thermo hydrodynamic equations of motion 
for He II which a re applieable to long narrow slits and ea pil1arie:;, we begin 
with the following t\\'o-fluid e( luations of motion , incllldu1g mutual friction!: 

Dv. (Pd) P l' F p. Dt = - P 'il + P. s'il -. sn 

p" r;;;' = -(; ),\-P - P. s'l1' + Fsn - 1/n'il X V X Vn + (:21/n + 1/')'i1('1'vn) 

where 

Dv av . ) 
- - -at + ( v· V v, Dt 

(1) 

(2) 

Here the subscripts sand n refer to the suprrfluid a nd the normal fluid, 1/n is 
t he normal fluid \' i5cosity , and 1/' is the bulk or second \' i,.;C'osit:; , The fri ct ional 
force Fsn accounts for inkraction between the sliperfillid and the normal fluid, 
The form of thi::; term \\' ill he discussed later. Postiib le ot her force;;; acting :3('pa­
rately 011 the normal fiuid and on the superfiuid are I\f'gl('ct('d in this treatment. 

I The equations of Illotion la'lVI.' heen writ tl'n in various form~. and t he correct for m for 
lar~c velocities and including il' l'ever~ih l f' Ill'OCf'~Ses is st ill contro\'er~ial. Eqllations (I) 

auti (2) ori{!:iuate frolll th(' idl'a:; of Tisza (5), Landa u (6), London (n , a nd (:ortel' and 
\[ (' lIink (3), and a rc helieved 10 se rve the prese nt purpo;;es 11'('11 t o a good tir~t :tpproxima ­
lion. The IIIore detailed treatlllent of t.he second viscos ity terllls by l\halatnikuv (8) is 
necessa ry for analyzing experiment s on Stich phcnome na as first and ~('c()nd !<ollnd; hut i,; 
I'xpe riments on foullt ain p r(':;~ure and Ia!'a t conducl ion I lac s('conti vi:'cosity pla .\·~ :t stlh, 
Ilrdiuate role and the fo ll owi ng Illore cas ily handled e'luat ions slImee. 


