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C  2 1. In troduc tion  ■ /
I n  th e  flow of- m o lten  h igh  po lym ers 

th ro u g h  cap illaries, a  s tr ik in g  effect occurs 
a t  sh e a r s tresses n e a r  10® dynes/cm ^. Thei 
co n to u r o f  th e  em erg ing  s tream  changes 
a b ru p tly  fro m  a  cy linder to  an  irreg u la r 
shape . A s th e  sh e a r r a te  is increased  b ey o n d  
th e  c ritica l r a te  a t  w hich th e  change in  
sh ap e  occurs, th e  degree o f  ir re g u la r ity  o f  
th e  em erg ing  s tre a m  increases. T h e  effect is 
illu s tra te d  b y  specim ens o f  p o ly m e th y l 
m e th a c ry la te  in  fig. 1 . • ;

S evera l d iffe ren t ex p lan a tio n s  o f  th e  p h e ­
n o m en o n  illu s tra te d  , in  fig. 1 h av e  been  
p ro p o sed  (1 -4). T hose w h ich  are  d iscussed  
h e re in  a re  R eyno lds’ tu rb u len ce , b u ck lin g  of 
th e  em erg ing  s tream , a n d  fra c tu re  o r  ru p tu re  
o f  th e  m o lten  p o ly m er d u rin g  flow.

R eynolds' tu rb u len ce  invo lves th e  ra tio  
o f  in e rtia l tra n s fe r  to  v iscous d iss ip a tio n  o f  
energy . I n  th e  tu rb u le n t ran g e  o f  flow, 
in e r tia  carries en e rg y  in to  sm all d is tu rb an ces 
fa s te r  th a n  v isco sity  d iss ip a tes  it.

T h e  b u ck lin g  h y p o th esis  invo lves d if ­
fe ren tia l e las tic  reco v e ry  b e tw een  th e  in n e r 
a n d  o u te r  lay e rs  o f  th e  em erg ing  s tream . I t  
is suggested  th a t  th e  la rg e r reco v ery  o f  th e

h ig h ly  s tra in e d  o u te r  lay ers  re su lts  in  buck ling  
w hen  th e  s tra in  is g re a te r  th a n  a  c ritica l value.

T h e  frac tu re -  h y p o th esis  invo lv es  th e  
s tre n g th ' o f  a  v iscoelastic , p o ly m er Kquid. I t  
is  p ro p o sed  th a t  w hen  th e  ap p lied  stress 
exceeds th e  s tre n g th  o f  such  a  liqu id , fa ilu re  
b y  ru p tu re  o r fra c tu re  occurs.

T h e  p a r tic u la r  effect illu s tra te d  in  fig. 1 is 
n o t  th e  o n ly  ty p e  o f  su rface  irre g u la r ity  
o b se rv ed  in  flow o f m o lten  p o lj^ners. A n o th e r 
ty p e  o f  irregu larity ,, o f w av eleng th  m uch 
sm alle r th a n  th e  rad iu s  o f th e  po lym er 
s tre a m , h a s  been  n o te d  (5). Tho d iscussion  
h e re in  is lim ited  to  irreg u la rities  o f  th e  ty p e  
illu s tra te d , o f w av e len g th  com pai'able to  th e  
ra d iu s  o f th e  s tra n d .

II . D iscussion
A . R eynolds' Turbulence

T u rb u le n t flow occurs w hen  th e  v a lu e  o f 
a  d im ensionless p a ra m e te r, th e  Reynolds'

c ritica l va lu e  u su a lly  
1500. T h e  R eynolds’

n u m b e r, exceeds a  
b e tw een  1000  an d  
n u m b e r, R e, is

He s= VgRjr)
w here  V  is th e  m ean  ve lo c ity  o f flow in  a  
tu b e  o f ra d iu s  ^  o f  a  flu id  o f  v iscosity  j; a n d

T a h i t i
Reyrwlds' num ber a t  onset of m elt fracture (3)

M aterial Temp.
C O

Capillary 
Dimensions*) 

R adius Length 
cm cm

A pparent
Viscosity**)

(poises)

D ata a t Onset of F racture

Shear R ate  Flow R ate 
4  Q/rc R^, sec~^ (cc/sec)

Reynolds'
N umber

Polytetra- 3 5 0 0 .2 1 6 0 .4 3 2 IQw 2  X 10 -* 1 .6  X 1 0 -* 4 .7  X 1 0 - «
fluoroethylene

Polyethylene 125 0 .0 7 9 0 .1 5 8 1 .1  X 1 0 ‘ 1 X 10 3 .9  X 10->

•
/
1 .4  X 10 -»

Polym ethyl­ 200 0 .0 4 0 1 .27 5 X  10* 1 X 10* 4 .8  X 10-* 7 .7  X 1 0 - ’
m ethacrylate 

66 Nylon 2 7 5 0 ,0 4 0 0 .1 2 7 3 .2  X 10 2 .8  X 10» 1 .4  X 10 3 .9

•) Short capillaries are often used since tlie degree of irregularity of th e  emerging stream  is larger than  with 
long capillaries. The critical shear ra te  is substantially independent of th e  length to  radius ratio for va lues of the 
ratio  0.4 to 40 (1).

**) A pparent Yxscoaity r= (PRj2 L)j(AQ!:t R ) where: P  is pressure; R  and L , capillary radius and length, 
respectively; and Q, volume rate  o f flow.



Shear Stress 
(D/cm*)

2 ,6  X 10*

4,8 X 10*

11 X 10*

22 X 10*

45 X 10»

90 X 10«

Fk.
170'

I. Polym ethyl m ethacrylate specimens (1). Conditions: 0.060 cm radius; 0.020 cm long capillary; 
C. The first i^egu larity  occured a t 4.8 x 10*dynes/cm* stress. The bottom specimen was broken in  handling

d en sity  q. T h e  Reynolds' n u m b e r m ay  also 
be w r itte n  in  te rm s o f  th e  vo lum e flow ra te  Q :

Re =  i.QlRn){Ql^)-

A p p licab ility  o f th e  R eynolds’ tu rb u len ce  
c rite rio n  to  onse t o f  th e  flow in s ta b ility  m ay  
b e  considered  from  th re e  v iew p o in ts : (a) th e  
m ag n itu d e  o f th e  Reynolds' n u m b e r  a t  onset 
o f th e  p h en o m en o n ; (b) th e  re la tio n  betw een  
th e  c ritica l flow ra te  a n d  cap illa ry  rad iu s  a t  
fixed v isco sity ; (c) th e  re la tio n  betw een  the  
critica l flow ra te  a n d  v iscosity  a t  fixed rad ius.

V alues o f  th e  Reynolds' n u m b e r a t  on se t of 
th e  flow in s ta b ility  v a ry  fro m  4.7 x  10~i® to  
3.9 (tab le  1 ). T hese R eynolds' n u m b ers  are 
v e ry  sm all re la tiv e  to  1000-1500. In d eed , th e  
in e r tia  in v o lv ed  in  flow o f po ly te tra flu o ro - 
e th y len e  a t  onse t o f th e  flow in s ta b ility  is so 
sm all as to  be neglig ible; th e  flow ra te  is 
ab o u t one-m illion th  cc/sec fo r a  cap illa ry  of 
0.216 cm  rad ius.

F o r  fixed v iscosity , th e  Reynolds' tu r-  
b j^ence  c rite rio n  p red ic ts  t h a t  th e  critica l 
flow ra te  is p ro p o rtio n a l to  th e  cap illa ry  
rad iu s . T h is  is n o t o b serv ed : flow ra te  a t  th e  
oIRset o f  th e  in s ta b ility  increases as th e  th ird  
pow er, r a th e r  th a n  as th e  first pow er o f  th e  
cap illa ry  rad iu s. T h is  is illu s tra te d  for a

th ir ty -fo ld  v a r ia tio n  o f  capiK ary ra d ii in  
fig. 2 .

F in a lly , th e  R eynolds' c rite rio n  p re d ic ts  
th a t ,  fo r fixed rad iu s , th e  c ritica l flow ra te  
is d irec tly  p ro p o rtio n a l to  th e  v iscosity .

Fig. 2. Variation of tlie volume flow ra te  a t  onset o f th e  
How' instabiJitj- w ith capillary radius (2). D ata for 
“ Alathon” 14 polyethylene resin (m elt index 2.0, 

density  0.!)14) a t loO°C.



Fig. 3. Nominal shear ra te  vs apparent viscosity a t 
onset of the flow instability. Polymers and tem pera tu re : 
1. “Zytel”  101 nylon resin (66 nylon)275®C; 2. “Aku- 
lon” K-2 (6 nylon) 240”C; 3, 4, 5. “Lucite” 140 acrylio 
resin (polymethyl m ethacrylate), respectively 280°, 
220°, and 170°C; 6. “ Delrin” 500 X acetal resin (poly- 
formaldehyde), 185°C; 7, 8. “A lathon” 14 polyethylene 
resin (2.0 m elt index, 0.914 300° and 125°C;
9. “Styron” 475 polyst3rrene, 200°C; 10. Plastized poly­
vinyl butyral resin, 160®C; 11. “ Teflon” TF-1 TFE- 
fluorocarbon resin (polytetrafluoroethylene), 350°C

A ctu a lly , th e  opposite  is tru e ;  th e  c ritica l 
flow ra te  is inverse ly  p ro p o rtio n a l to  th e  
v iscosity , as  show n in  fig. 3. T he obvious 
conclusion is t h a t  R eynolds' tu rb u len ce  is 
n o t  in v o lv ed  in  th e  observed  flow in s ta b ility .

B . A nother D im ensionless Parameter
T h e  R eyno lds’ n u m b er, w hich \ involves 

in e r tia , is w ritte n  in  te rm s o f v e locity , tu b e  
rad iu s , v iscosity , an d  d en sity . A n o th e r 
d im ensionless p a ra m e te r, N j ,  m a y  be w ritte n  
invo lv in g  elastic  s tra in  b y  in tro d u c in g  a  
com pliance, J :

h 'j  =  VnJiR.

I n  te rm s of th e  vo lum e discharge ra te , th e  
expression  is

N j  =  (Ql nR^)r j J .

F u n c tio n a lly , N j  is eq u iv a len t to  a n  a m o u n t 
o f  e lastic  s tra in .

I f  th e  flow in s ta b ility  occurs a t  a  critica l 
v a lu e  of N j ,  th e n  th e  c ritica l flow ra te  
shou ld  v a ry  as R^. A lso, Q jn R ^ ,  o r 4 Q j n R ^  
a t  o n se t shou ld  v a ry  inverse ly  as the  p ro d u c t 
r} J .  T h e  first tw o  o f th e  th ree  req u irem en ts

Fig. 4. Specimens of polytetrafluoroethylene e.xtruded a t  successively higher stresses a t 360°C (1)



a re  fulfilled as show n in  fig. 2 an d  3. The 
re la tio n  b e tw een  4 Qjn a n d  a t  onse t of 
th e  flow in s ta b ility  is v e ry  n e a r ly  a n  inverse 
p ro p o rtio n  fo r a  w ide v a r ie ty  o f  polym ers. 
S u rp rising ly  li ttle  v a r ia tio n  o f  J  w ould be 
r e t^ i r e d  fo r a  critica l v a lu e  o f  N j  to  describe 
o n se t o f th e  flow in s ta b ility . T h is  im plies 
re la tiv e ly  l i t t le  v a ria tio n  in  th e  a m o u n t o f  
s tra in  a t  th e  onse t o f  th e  flow in s tab ility .

M easu rem en t o f  e lastic  com pliance  a t  high 
sh ear ra te s  is d ifficult, a n d  d a ta  a re  scarce. 
H ow ever, e lastic  reco v ery  as m an ifest in  
e x tru s io n  sw elling h as been  u sed  to  e s tim a te  
e lastic  com pliance. A  c o n s ta n t va lue  o f a 
d im ensionless n u m b e r sim ila r to  N j  a t  
o nse t o f  th e  flow in s ta b ility  w as fo u n d  for 
p o ly s ty ren e  (4). I n  th is  p a r tic u la r  case, th e  
sw elling w as c o n s ta n t a t  o n se t o f  frac tu re . 
H ow ever, th e  a m o u n t o f  sw elling  is s tro n g ly  
d ep en d en t o n  th e  len g th  to  ra d iu s  ra tio , and  
ap p ea rs  to  be a  co m p lica ted  fu n c tio n  o f 
co n d itions a t  th e  eritrance  o f th e  cap illary , 
sh ear ra te , an d  dw ell tim e  w ith in  th e  cap illary . 
C onsequen tly , ex tru s io n  sw elling does n o t 
a p p e a r to  be a  su itab le  m easu re  o f elastic  
dtim pliance.

(J. B uckling  and Fracture
E v e n  th o u g h  i t  ap p ears  t h a t  a  critica l 

va lu e  o f  N j  describes co n d itio n s a t  onse t o f 
th e  flow in s ta b ility , th is  c rite rio n  affords 
l i t t le  in s ig h t in to  th e  cause o f  th e  p h en o m en ­
on. C erta in ly , no basis  is p ro v id ed  for 
choosing betw een  th e  f ra c tu re  an d  buck ling  
hypo theses. H ow ever, e x p e rim en ta l evidence 
does a p p e a r  to  p rov ide  a  basis o f  choice.

T h e  buck ling  hypo th esis  m ay  b e  e lim in a ted  
on th e  basis  o f several observ a tio n s. F irs t, i t  
is d ifficu lt to  see how  b u ck lin g  could resu lt 
in  irreg u lar, jagged  em erging po lym er 
stream s, o r in  fra g m e n ta tio n  o f a  s tream . 
T hese  effects a re  i llu s tra te d  in  specim ens B  
a n d  C  in  fig. 4. Second, b uck ling  shou ld  n o t 
a ffect flow in  th e  cap illa ry  system . H ow ever,

a t  on se t o f  th e  flow in s ta b ility , th e  vo lum e 
flow ra te  becom es irreg u la r  w ith  tim e  (fig. 5) 
a n d  th e re  is a  change o f slope of th e  shear- 
stress sh e a r-ra te  cu rves (fig. 6);

T h e  m o st severe c ritic ism  o f th e  b uck ling  
h y p o th esis  is th a t  th e  site  o f th e  flow 
in s ta b ility  ap p ears  to  be a t  th e  in le t to  th e  
cap illa ry  r a th e r  th a n  a t  th e  o u tle t. T his

SHEAR STRESS ( P R / 2 L ;  DYNgS/CM*)

Fig. 6. Shear ra te  vs shear stress da ta  for branched 
polyethylene (polymer 7, 8 in Fig. 3) showing change of 
slope of d a ta  a t  onset o f th e  flow instability  (3). {Short 
marks indicate points a t  which flow inetability was 

detected.)

conclusion w as reach ed  from  considera tion  
o f  th e  shapes o f  e x tru d e d  specim ens (!)  an d  
from  o b se rv a tio n  o f  flow in  glass a p p a ra tu s  
(3). Sm all p a rtic le s  o f colored (black) p o ly ­
e th y len e  w ere in c o rp o ra te d  in  n a tu ra l, 
b ran ch ed  po lyethy lene . T h e  sm all b lack  
p a rtic le s  a c te d  as v isu a l tra c e rs  so t h a t  th e  
flow p a t te rn  could  be observed. A x ia lly  
sy m m etric  flow in to  a n d  w ith in  th e  cap illa ry  
w as n o te d  below  th e  critica l ra te . A bove th e  
critica l ra te , ap p earan ce  o f th e  irreg u la r em er­
ging s tre a m  w as accom panied  b y  flu c tua ting , 
un sy ram etrica l flow in  th e  cap illa ry  in le t.

Fig. 5. Velocity of flow, V, or flow rate  (in arbitrary  units) a t 150° C M tim e, and corresponding polyethylene
specimen (1). (Same polymer as 7, S in fig. 3)



T h e  orig inal w ork  in  glass ap p a ra tu s  
in v o lv ed  sh o rt cap illaries o f leng th  to  rad ius 
ra t io  ab o u t 2 . I t  ap p ea red  possible w ith  such 
a  sh o rt cap illa ry , t h a t  o u tle t effects could 
p ro p a g a te  b ack  to  th e  in le t. A ccordingly, 
s im ila r o b se rva tions o f  flow were m ad e  for a 
cap illa ry  h av ing  a  len g th  to  ra d iu s  ra tio  o f 
25. I t  is n o t like ly  t h a t  o u tle t effects p ro ­
p a g a te  back  to  th e  in le t o f  this cap illary . T he 
re su lts  a re  illu s tra te d  in  fig. 7, F lu c tu a tin g ,

Tlie o b se rv a tio n s o f  flow in  glas.s a p p a ra tu s  
ap p ea r to  d em o n s tra te  th a t  b uck ling  is n o t  
responsible fo r th e  irregularly* sliap ed  stream s. 
H ow ever, th ese  o b se rv a tio n s do n o t d e ­
m o n s tra te  p la in ly  t h a t  fra c tu re  o r ru p tu re  o f 
th e  po ly m er liq u id  causes tlie  flow in s tab ility . 
T h e  conclusion t h a t  fra c tu re  o r ru p tu re  is 
th e  cause m ay  be ap p ro ach ed  in  tw o  co m ­
p lem en ta ry  w ay s: first, fro m  d ire c t e x ­
pe rim en ta l ev idence; second, from  rJieological
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Fig. 7. Photographs of flow o f polyethylene in glass apparatus showing irregular flow a t th e  in let to  the 
capillary. T he line drawing indicates th e  dimensions of th e  glass capillarA' and entrance tube. Three particles 
o f pigm ented polyethylene, identified respectively as 1, 2, and 3, illustrate th e  irregular flow a t  the capillary 
inlet. The numbers below each fram e indicate the position of the fram e in  a sequence filmed a t  64 f/sec. 
T he polymer was “A lathon" 3 polyethylene resin (melt index 0.3, 0.923). The tem perature and shear
stress were, respectively, 125*0 and 2.7 x  10* d_ynes/cm*. (Photographs were retouched to  delineate the

capillary bore.)

u n s te a d y  flow occu rred  n e a r  th e  in le t o f the  
c ap illa ry  a t  sh ea r ra te s  above th e  critica l ra te . 
T h is  critica l ra te  w as th e  sam e as th a t  found  
w ith  th e  sh o rte r  cap illaries. N o  d is tu rbance  
o f flow w ith in  th e  c ap illa ry  w as noticeable.

T h e  irreg u la r shape  o f  th e  em erging 
s tre a m  is th e  re su lt  o f u n sy m m etrica l flow 
a t  th e  cap illa ry  in le t, follow ed b y  elastic  
reco v ery  a t  th e  o u tle t. R eco v ery  p a rtia lly  
re s to res  th e  v a rio u s vo lum e e lem ents to  the  
re la tiv e  positio n  th e y  h a d  a t  th e  in le t. T hus, 
u n sy m m etrica l flow a t  th e  in le t re su lts  in 
em erg ing  s tre a m s o f  irreg u la r shape.

considera tions re la tiv e  to  flow o f  viscoelastic 
liquids.

E x p e rim en ta lly , i t  ap p ea rs  t h a t  frac tu re  
o r ru p tu re  o f th e  p o ly m er liq u id  does occur. 
Som e e x tru d e d  p o ly m e r s tre a m s h av e  th e  
ap p earan ce  n o rm a lly  a sso c ia ted  w ith  frac tu re  
o f  e lastic  solids, i. e., jagged  a n d  rough 
surfaces— even sep a ra te  frag m en ts  [fig. 2 
a n d  (2 )]. T ea rin g  noises a re  som etim es 
aud ib le . T h e  noise a n d  th e  specim en shape 
s tro n g ly  in d ica te  f ra c tu re . F o r  th e  case in  
w hich n e ith e r  noise n o r jag g ed  shapes 
o b ta in , m ore flow a n d  less ex ten siv e  frac tu re



seem  to  occu". H ow ever, th e  o f  irreg u la r­
i ty  o f  th e  e x tru d ed  s tream s is th e  sam e, b u t  
th e  degree o f irreg u la rity  is less th a n  th a t  for 
m ore ex trem e  cavses o f frac tu re .
^ T iie  rheoiogical considera tions re la tiv e  to  

occun*ence o f fra c tu re  invo lve  th e  n a tu re  o f 
a ,  v iscoelastic  hqu id . As th e  sh ear ra te  
im posed  on  such  a  liqu id  is increased, th e  
n u m b e r of m odes of m o tio n  whose re ta rd a tio n  
tim es are  sh o rte r  th a n  th e  tim e  co rresp o n d ­
ing  to  th e  rec ip rocal o f th e  sh ea r ra te  
decrease. T he response o f th e  liq u id  is m ore 
an d  m ore like th a t  o f an  e lastic  so lid : th e  
fra c tio n  o f th e  defo rm atio n  th a t  is viscous 
decreases w hile th e  frac tio n  w hich is e lastic  in ­
creases.O rderly  flow will n o t persist if  th e  sh ea r 
ra te  is increased  indefin ite ly . E i th e r tu rb u le n t  
flow o f  th e  liqu id  will se t in  o r th e  lim it o f  th e  
elastic  d e fo rm a tio n  will be reach ed — in 
w hich  case ru p tu re  o r frac tu re  will occur.

T h e  conclusion seem s inevitable: neitheriJe^- 
nolds' tu rb u len ce  n o r buck ling  ap p ea r to  be th e  
cause o f th e  flow in s tab ility . R heoiogical consi­
d e ra tio n s  a n d  exp erim en ta l evidence, in d ica te  
t l ja t  fra c tu re  or ru p tu re  o f  th e  m olten  po lym er 
is  responsib le  fo r th e  flow in s tab ility . O rderly  
f l ^  o f  th e  poljTOcr a t  th e c a p il la ry in le t is te r -  
m m ated  b y  on se t o f fra c tu re  w hen  th e  s tre n g th  
o f th e  v iscoelastic  liqu id  is exceeded.

T he suggestions o f  W. E . Langlois  a re  
g ra te fu lly  acknow ledged.

Sum m ary
In  th e  flow of molten higli polymers through 

capillaries, an instability  occurs a t shear stresses near 
10* dynes/cm*. Tlie instability results in emerging 
stream s o f irregular shape. Several explanations have 
been proposed: Reynold^' turbulence, buckling during 
elastic recovery o f th e  emerging stream , and rup tu re  
or fracture of th e  molten polymer a t th e  entrance to 
th e  capillary. The first two are  found not to  applj'. 
The la tte r appears correct on th e  bases of experimental 
observations and rheoiogical considerations.

Zusammen/asaung
Das FlieOen von geschmolzenen Hochpolymeren 

zeigb Instab ilita ten  der Scherspannung in der Nahe 
von 10* djm/cm*. Die Instab ilita ten  haben Irregulari- 
ta ten  in der Form  der austretenden Strange zur Folge. 
Verschiedene Erklarungen wurden vorgeschlagen; 
Reynolds^Qhe Turbulenz, Aufkriimmung wahrend der 
elastischen Erholung des Ausstromenden und Zer- 
reiQen oder Bruch des geschmolzeneai Polymeren bei 
E in tritt in die Kapillare. Die ersten beiden kommen 
nicht in Frage, die letztere Erklarung scheint au f Grand 
der experimentellen Beobachtungen und der rheologi- 
schen B etrachtungen das Richtige zu treffen.
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1 . E in ieitung
D ie Scherbew egung vo n  Stoffen m it n ich t- 

lin e a re r  Z ah ig k e it laB t sich n ach  Schultz- 
G runow  (1) d u rch  die B eziehung

darste llen , w o y  d ie Schergeschw indigkeit, 
T d ie S chubspannung , t die Z eit, t* eine Z eit- 
k o n s ta n te , G den  S chubm odul u n d  A  u n d  C 
zwei M a te ria lk o n s tan ten  b ed eu ten . I n  d e r  
vo rliegenden  A rb e it is t  b eab sich tig t, m it  
H ilfe  o p tisch er M ethoden , insbesondere  
po la risa tio n so p tisch er U n tersuchungen , d ie 
rh fo log ischen  E ig enschaften  vo n  A c ro n a H F , 
w elcher StofF zu r B esta tig u n g  von  [1,1] m e ist 
herangezogen  w urde  (2), (3), w eite r auf-

*) Die A rbeit wuvde au f Anregung von H crm  Professor 
Dr. Schultz-Qrunow im Institiit fu r Mechanik derTechn. 
Hochschule Aachen durchgefiihrt.

I
(E in g e^ jr\g ?n  am  24. A p ril 105 8)

zuk la ren . D abei in te re ss i» « n  di»-Abhftngigkei- 
te n  d er D oppelb rechung  u n d d e s  A usloschungs- 
w inkels vo n  d e r D eform ationsgeschw indigkeit, 
d a  sich n ach  (4) d a ra u s  R iickschliisse a u f  d ie Mi- 
krorlieologie d e r  S u b stan z  ziehen lassen  u n d  d a  
sie a ls E ich k u rv en  bei d e r U n te rsu ch u n g  ebener 
S trom ungsfe lder ve rw en d e t w erden  konnen . 
W e ite rh in  soil v e rsu c h t w erden , m it H ilfe  der 
S tro m u n g sd o p p elb rech u n g  F es ts te llu n g en  
iiber d ie  K o a x ia J ita t des S p an n u n g s- un d  
F o rm an d eru n g sten so rs  zu  m achen.

2. B eschreibung der V ersuchsanordnung
D ie  M eC anordnung, insbesondere d ie 

CoweW e-Apparatur w urde  so g eb au t, daB 
p ra k tisc h  gleichzeitig  op tische  u n d  m ech an i­
sche GroBen in  d e r  R in g sp a lts tro m u n g  ge- 
m essen w erden  k o n n ten . Im  G egensatz zu 
den  so n st iib lichen  A p p a ra tu re n  zu r M essung




