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e observations arc fitteu bcst by a 
velocity, lIowc\'e r, the situation is 
ated abo\"(~, qc has bC'en detcrminC'd 
of the obsC'ITa tions from the linear 
dng thc C:ortC'r- ~ [ell ink term \rit h 
'rimental data and thC' linear theory, 
ints de\'iate from thc lincar thC'or~' 
an qc the Corter-:\Iellink term does 
the full mut.ual friction force hegins 
\'C'd a similar bchm' ior and has giYel1 

to thc possible cxistence of "sub-

for deri\'ing ('ritical \'elocitics from 
Ie to the computed cun'cs; and it 

'ally \'alues of the "critical YClocity" 
Iua tions u cd in the eulculation do 
, attempt to do this, certain qualita-
experimental Clll'\'es emergC' rathC'r 

'esults pcrmit \'i:<ual !'('('ognition of a 
tnging, from whi!'h one may infer a 
iubstantially smoother and a c'ritieal 
A comparison of C'tllTCS a, d and thr 
licely,) This i;; to say that although 
i the cxperinH'lItal result, it. fails to 
I the aid of rC'u.'OlHtble arbitrary eri
tit of which are illstructi\'c and per
imentulist may rC'uuily be IC'd astru~', 

calculated ClLrn'::; ill \yhiC'h no Yc k: 
run'es computC'd with and without 
compared; th<' hC'at eunC'llt eorl'e-

tion of the eun'es from caeh othN. 
rent"; from this a "eriti('al \'(~Io e ity" 
'esults are found ill remarkably good 
mined from the eXI)('ril11<'ntal ('urn'" • 
\'cr, above 1.8°!\: the "eriti('al \'e!oc' , 
ro, in ('ontrast to th{' o\),,('f\'('d nt!uC'::" 
rcsniption. Yet thC' ('xislC'nc-c of thi" 
sen'e us :l. wuming to tIl<' cxp{'ri

ntcrprC'tin~ t'ilanges ill thc dw radC'r 
elation to ('haugC's in cxperinH'ntally 
It the eritcrion ll~cd a\)o\'c C'ssentially 

t 

FLO\\' OF LlQt'ID lIE 1I 93 

n'qllires the term a d2q2 oC'C'uITing ill (:20) to bc of the order of a fcw pc("('C'nt and 
111:1 t tills criterion was ill fuc-t suggested earlier by London (20a) , This require
IIWllt implie:; that Vc d is a function of tempcrature alone. :SuC'h n variation of Yc 

wit h :;Iit ::;ize has beC'n found to agree with some experiment;;; but this condition 
:d"o has only a limitcd range of appli('ahility and mu::;t be ton"idered spuriolls 
ItHI 

v, DISCCF:SfO:-; 

In the preeeding section we ha\'e demonstrated the rather remarkable result 
thaL a phcnomenological model of the thC'rmohydrodynami(; beha\'ior for liquid 
I i<' [I ('ontuining no adjustable parametC'r:; fits <,weedingly well the expcrimental 
d:lta obtained for bulk liquid as \\·ell as for liquid eonnned to yery narrow chan
nl'll', oyer a wide tC'mperature range and for extreme tempcrature differences, 
It. L-. significant that to achieve this result it has not been lIecessary to resort to 
;tIlY detailed, mieroscopie picture toneeming the nature of turbulence in liquid 
IIC' II. On t.he other hand we haye noted se\'eml regions where nontrivial, sys
t{'(lHl.tic deyiatiolls occur betwcen the measurements and the predictions of the 
theory, It is believed that at least some of these de\'iations hm'e their origin in 
l'ITerts associated \\'ith the nalTo\n1CSS of the channel \\'idths, and that cOllsidera, 
tion of a microscopic mod{'1 is at thi;; point required for a better understanding 
uf the situation, In particular, ome of the ideas deri\'cd from the Onsager
Frynmn.n quantized vortex-line model appear to be pertinent and may be applied 
to the pre:;ent rcsults, 

On the assumpt.ion that the degencration of superfluidity in liquid He II 
nm1eS about from t.he creation of yortex motion in the superfluid, Vinen has 
interpreted the mutual fridion force in tcrms of the properties of elementary, 
quantized vortiees. According to "inen':; (21) description the Gorter-}Iellink 
l'oeffieient A. (T ) effecti\'ely de<;cribes the interactions bet\\·een the vortex lines, 
nH)\·ing with the superfluid, and the thermal excitations comprising the normal 
lIuid. A (T) is ealculable from the kinetic model subject to seyeral assumptions 
and restrictions, among whirh are two that are of importance when narrow 
"Ii[~ are con~idcred: (1) the turbulenC'e is assumcd to be homogeneous, requiring 
t hat the an>r<.1ge distante I between \'ortex lil1<'S is small C'omparrd to the smallest 
dimensions of the slit; and (2) thc dfeeti\'e \"is('olls penetration depth, 1/ 'A = 
:!'In ! pn (vn - v,) , :;hould he sm,lll eomparcci to the slit dimpnsions, 

The effed of these restric·tions \\'hen appli('d to the calculations for the 3,:3G !l 

"lit i indieated in Fig ... 1. Yalues of line spaeillg ill turbulent flow l ha\'e been 
ohtained aec-orC\ing to "inen's method from his graph of Iv. - vn l vs, T (Fig, 
I ()f rd. 21), It is seen that tiw \'i.-,;rous prnetration depth equals the :;Iit width 
at smallf'r rclati\·c \'cloc-ities than doC's thE' u\,('('age yortex line spacing, :;0 that 
ll\r !'('strirtion on the linC' ;;paeillg is the more stringent. ~inee l deereases as q 


