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Evaluation of High Shear Viscosity Data from Jet and Concentric Cylinder Yiseometers 

B y  R o g e r  S.  P o r t e r  and J u l i a n  F .  J o h n s o n  

With 2 figures and 3 tables 

Introduction 
T h e r e  is an  ac t ive  in te res t  in  t h e  s t u d y  of  

f luid flow a t  h igh  shear .  S u c h  inves t iga t ions  
g ive  ins igh t  i n to  t he  n a t u r e  o f  t h e  l iqu id  
s ta te .  The  resul t s  are  also s igni f icant  in 
p r a c t i c a l  engineer ing  p rob lems .  U n f o r t u n a -  
te ly ,  t he  i n s t r u m e n t a t i o n  for  h igh  shear  
m e a s u r e m e n t s  has  b e e n  slow to  deve lop .  
This  is because  o f  basic  p r o b l e m s  in a p p a r a t -  
us design.  S u c h  p r o b l e m s  are  i n h e r e n t  in  t he  
two  pr inc ipa l  h igh  shear  t echn iques ,  per  se, 
r o t a t i o n a l  a n d  cap i l l a ry  v i scomete r s .  

One  o f  t he  earl iest  a n d  m o s t  p romis ing  
h igh  shear  i n s t r u m e n t s  was  t he  so-cal led je t  
v i s c o m e t e r  deve loped  b y  Morr i s  a n d  Schnur-  
m a n n  (1, 2). I n  pr inciple ,  t he  je t  i n s t r u m e n t  
is s imp ly  a sho r t  cap i l l a ry  t u b e  v i scomete r .  

(ReeeiveJ September 30, 1960) 

The  cap i l l a ry  is t h e r m o s t a t t e d  b y  a glass  
j a c k e t  a n d  uti l izes a var iable ,  p ressu re  h e a d  
to  o b t a i n  a r ange  o f  shear  ra tes .  T h e  ins t ru -  
m e n t  has  been  used  a t  t e m p e r a t u r e s  a n d  
shear  r a t e s  f r o m  0-100  ~ a n d  f r o m  103-107 
rec iproca l  seconds  (1-9).  T h e  je t  v i s c o m e t e r  
is one o f  t he  m o s t  wide ly  k n o w n  cap i l l a ry -  
t y p e ,  h igh  shear  v i scomete r s .  

The  second  k i n d  of  h igh  shear  v i scomete r ,  
t h e  r o t a t i o n a l  t y p e ,  has  r e c e n t l y  r e a c h e d  a 
s t a t e  o f  re f inement .  One  of  t he  m o s t  sat is-  
f a c t o r y  models  for  h igh  shear  m e a s u r e m e n t s  
was  deve loped  b y  Barber (10). A n u m b e r  o f  
these  v i scomete r s  are  c u r r e n t l y  in use in  
severa l  l abora tor ies .  

I n  t he  Barber viscomete r ,  t he  t e s t  f luid is 
he ld  b y  sur face  t ens ion  b e t w e e n  concen t r i c  
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steel cylinders. The inner cylinder is rotated, 
and the torque transmitted through the 
test fluid is measured on the outer cylinder. 
Shear rate is proportional to speed of 
rotation, and viscosity is a function of 
torque. Uncertainties in test temperature 
and shear rate are minimal because of the 
small clearance between cylinders, below 
1.5 • l0 -3 inch, and because both cylinders 
are thermostatted.  Results from this type 
concentric cylinder viscometer have been 
reported in several publications (10-15). 
Instrumentally, it covers a viscosity, tem- 
perature, and shear rate range s imilar  to 
the jet viscometer described earlier. 

In this laboratory, both types of visco- 
meters have been in use for several years. 
An opportunity has thus been provided for 
comparing results from the two viscometric 

Absolute viscosities derived from densities 
and low-shear capillary flow data are shown 
near the ordinate. They agree with viscosities 
reported by  the API  for the same compounds 
and temperatures. The viscosity of each 
normal alkane, see fig. 1, is found to be 
independent of shear, or Newtonian, from 
10 ~ - > 3 • 105 seconds -1. This conclusion 
holds for data at a series of temperatures 
above the melting point of each n-alkane. 

Concentric cylinder viscometer measure- 
ments have also been reported on six low 
density, low molecular weight polyethylenes 
(13). For polymers with molecular weight 
up to about  3500, Newtonian flow was 
observed for shear rates from l0 s- 2 • 
seconds -I, for temperatures from 1 i0-I 35 ~ 
and for viscosities to above 4 poises. Small 
viscosity losses due to shear heating are 
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Fig. 1. Rotat ional  viscometer data  normal  alkanes 

techniques. A comparison is useful in as- 
certaining both the reliability and differences 
between the two widely different experiment- 
al methods. Each method has been extensiv- 
ely used to measure both temporary (1-15) 
and permanent (4, 6, l l ,  14) viscosity losses 
due to shear. Temporary viscosity changes 
are due to reversible deformation effects. 
Permanent  viscosity losses are caused by 
the rupture of large molecules at high shear. 
The following sections evaluate literature 
data and new viscosity results derived by  
the two commonly used high shear visco- 
meters. 

Results 

The most effective comparison of high 
shear viscometers may be made from data. 
on pure compounds. Fig. 1 shows concentric 
cylinder viscometer data  on five normal 
alkanes from n-dodecane to n-dotriacontane. 

found for cylinder clearances above 3 • 10 -~ 
inch. Newtonian results at high shear have 
also been found for a series of bulk poly- 
isobutenes with molecular weights to several 
thousand (1r The observation of Newtonian 
flow for these systems is real. Prominent non- 
Newtonian flow has been observed with the 
concentric cylinder viscometer for other 
polymeric systems and for higher molecular 
weight polyethylenes and polyisobutenes at 
relatively low rates of shear (10-14). 

For comparison, jet viscometer data .are 
available on tetradecane, one of the com- 
pounds in fig. i. High shear measurements 
have been reported at four temperatures from 
6.4-35.3 ~ (7). These data may be compared 
in table 1 with results from the concentric 
cylinder viscometer. The capillary shear rate 
used, which is of course variable in a capillary 
viscometer, is the maximum value, that 
calculated at the wall. The rotational shear 

6* 
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rate is essentially constant across the narrow 
annulus. The maximum temperature in- 
crease at high shear in the concentric 
cylinder viseometer is near 1 ~ (10-15). For 
tetradeeane, this corresponds to a viscosity 
reduction of about 2%. Since instrumental 
uncertainty is of similar magnitude, con- 
centric cyl inder  d a t a  are N e w t o n i a n  with in  
expe r imen ta l  error  f rom 1 0 2 -  > 105 se- 
conds -1. I n  contras t ,  je t  v i scomete r  d a t a  
show p r o m i n e n t  n o n - N e w t o n i a n  flow for 
t c t radecane .  These v iscos i ty  losses, i t  is 
c la imed (3, 6), are not  t h e r m a l  effects as the  
t e m p e r a t u r e  gradients  in the  je t  capi l lary  
are not  more  t h a n  0.05 ~ 

Table 1 

Viscosities of Tetradecane 

Low ~ Loss Due to Shear 
Test Shear Shear Rotation- Jet 

Temp., Viscosity Rate al Visco- Viseo- 
~ Centi- Seconds -~ meter meter 

poises*) 

20.0 2.335 281,800 3.2 23.6 
35.0 1.734 223,800 4.2 24.3**) 

*) Values from API Project 44. 
**) Measured at 35.3 ~ 

Viscosi ty  d a t a  on cas tor  oil are also 
avai lab le  b y  the  two high shear  techniques.  
As original ly p resen ted  (3), j e t  v i scomete r  
d a t a  on cas tor  oil a t  100 ~ showed a pro-  
nounced  viscosi ty  m i n i m u m  wi th  increasing 
shear  ra te  near  105 seconds -1. These d a t a  
were  subsequen t ly  modif ied to include a large 
kinet ic  energy  correction.  These je t  da ta ,  as 
republ ished,  show a large and  regular  
decrease in v iscos i ty  wi th  increasing shear  
(3, 5, 6, 7, 9). Fo r  cas tor  oil wi th  a low shear  
v iscos i ty  of  22  centipoises a t  100 ~ a 
t e m p o r a r y  v iscos i ty  loss of  24.4% is r epor ted  
a t  234,700 reciprocal  seconds (5, 6, 7, 9). I n  
con t ras t  are concentr ic  cyl inder  d a t a  on 
cas tor  oil. Fo r  tes ts  a t  80 ~ and  100 ~ on 
an oil wi th  low shear  viscosities of  33. 4 and  
].7.7 centipoises, respect ively ,  a m a x i m u m  
viscos i ty  loss of  3 .5% is found  a t  the  ident ical  
shear  r a t e  of  234,700 seconds -1. 

Differences be tween  the  two high shear  
me thods  are also a p p a r e n t  f rom d a t a  on 
pe t ro l eum base  oils. These  compar i sons  are 
m a d e  f rom tables  2 and  3. More ex tens ive  
concentr ic  cyl inder  da t a  are avai lab le  on a 
v a r i e t y  of  p e t r o l e u m  fluids (10, 15). The  
largest  v iscosi ty  losses p rev ious ly  found  in 
oils a t  high shear  m a y  be due in p a r t  to  shear  
hea t ing  (15). 

Table 2 

Jet Viscometer Data on Petroleum Oils*) 

Petroleum 
Fluid 

Low 
Shear Per Cent 

Viscos- Test Shear Viscos- 
ity Temp., I~ate, ity 

Centi- Reduction 
poises ~ Seconds -1 

Light Mineral 
Oil "A" 5.59 13.6 134,900 20.6 
Straight 
Mineral 14.4 100 .0  282,000 26.8 
Oil "G" 37.7 75.0 146.000 14.7 
A-30 Trans- 
former Oil 21 20.0 228,000 18,0 
Medicinal 
Liquid 
Paraffin 28.6 56.1 182,300 17.1 

*) Data from Morris and Schnurmann (7). 

Table 3 

Rotational Viscometer Data at 38 ~ on Petroleum Oils 

Low Shear Per Cent Viscosity Petroleum Fluid Viscosity, Reduction at 
Centipoises 3.00 • 105 Seconds -1 

A White Oil 13.72 1.6 
A Pale Oil 19.53 2.7 
SAE 10 Base Oil 36.03 2.3 
SAE 20 Base Oil 73.59 4.7 
SAE 30 Base Oil 120.6 4.9 

Tables  2 and  3 give da t a  on similar  oils 
over  a comparab le  v iscosi ty  and  shear  r a t e  
range.  The  je t  v i scomete r  gives v iscos i ty  
decreases which are cons is tent ly  larger  t h a n  
the  v i r tua l ly  N e w t o n i a n  resul ts  found  b y  
the  concentr ic  cyl inder  v iscometer .  Cyl inder  
clearances which were used var ied  f rom 
1-3 • 10 -4 inch. Cer ta in  high molecular  
weight  oils measu red  in the  ro ta t iona l  
v i scomete r  show larger  n o n - N e w t o n i a n  effects 
t h a n  those  r epo r t ed  in t ab le  3. 

The  je t  shows, however ,  cons is tent ly  larger  
effects t h a n  the  concentr ic  cyl inder  and  
o ther  high shear  v i scometers  (15, 18-20). 
D a t a  on pe t ro l eum fluids thus  show the  same 
t r end  as resul ts  r epor t ed  on the  t e t r adecane  
and  castor  oil. 

H igh  shear  v i scometers  general ly  revea l  
n o n - N e w t o n i a n  flow in high po lymer  sys tems.  
Fig. 2 shows high shear  v iscosi ty  d a t a  on two 
m e t h a c r y l a t e  po lymer  solutions. The  sys tems  
are s imilar  to m o d e r n  mul t ig rade  m o t o r  oils. 
Fig. 2 shows n o n - N e w t o n i a n  flow in a p lo t  
of  reduced  viscosi ty,  i. e., high shear  va lue  
d iv ided b y  low shear  capi l lary  v iscosi ty  
versus  r a t e  of  shear.  The  poin t  of  in teres t  is 
the  v iscosi ty  increase found  b y  the  je t  visco- 



Porter and Johnson, Evaluation of High Shear Viscosity Data 85 

meter above 5 • 10 t seconds -1. The jet 
results in fig. 2 were obtained in this labor- 
atory. An approximate value, not entered in 
fig. 2, was calculated for the kinetic energy 
correction. This correction reduces but  does 
not eliminate the minimum in fig. 2. This 
conclusion is also true for certain previously 
reported jet data (3, 5). Other factors may 
contribute to the apparent upturn in viscosity 
at high shear. A likely cause, particularly for 
polymer systems, is elastic energy. This 
contribution has been extensively studied by  
Gaskins and Philippoff (16, 17). Results 
indicate that  considerable elastic as well as 
kinetic energy can be dissipated at the 
capillary exit. 

05 
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w 0.6 

0.5 

O.'q 
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Fig. 2. MeiGhaory]ate po]ymer solutions 

Viscosity minima with increasing shear 
are generally not found by  concentric 
cylinder and other types of rotational 
instruments (10-15, 18). Viscosity anomalies 
are only occasionally found in data from 
capillary viscometers other than of the jet type  
(17, 19-24). Where they occur, elasticity 
phenomena are a possible contributing cause 
(24, 25). 

Discussion 

Both the jet and concentric cylinder 
viscometers operate at shear rates found in 
machine elements. Therefore, differences 
observed above for petroleum stocks and for 
polymer solutions are important in inter- 
preting the performance of modern lubricat- 
ing oils. An important problem in this regard 
is the apparent increase in viscosity at high 
shear found from jet data. Explanations of 
this anomaly may be offered. In some cases, 
simply a large kinetic energy correction 
removes the apparent upturn in viscosity at 
high shear (3, 6). I f  an apparent viscosity 
minimum remains after the kinetic energy 

correction, an explanation has been made in 
terms of Reynolds' turbulence (3, 5). The 
Reynold's numbers involved, however, are 
generally well below 2000 where turbulence is 
not expected for either Newtonian fluids (26). 
For example, turbulence, as deduced from 
an increase in viscosity with an increase in 
shear, is reported by  Schnurmann at Rey- 
nold's numbers in the range 0.3-2 (5, 6). 
Other data do not indicate turbulence at 
such low Reynold's numbers. 

The rotational viscometer operates at low 
Reynold's numbers. The highest number, 
about 3.0, is developed for dilute polymer 
solutions of high molecular weight, > 106. 
For such solutions, and all other systems 
tested in the concentric cylinder viscometer, 
viscosity minima have not been found. In 
contrast, for comparable systems turbulence 
is reported in a jet viscometer at Reynold's 
numbers as low as 0.27 (5, 6). 

For the system in fig. 2, the viscosity 
increase with shear may possibly be 
explained in terms of molecular relaxation 
times. The volume of a typical jet  capillary 
is about  6.3 • 10 -6 cc. Typical flow times are 
about fifty seconds for 17 cc. of sample. The 
residence time in the capillary for a volume 
element is, therefore, about  2 • 10 -5 seconds. 
This is in the region of relaxation times of 
polymer molecules in solution (16, 22, 27). 
Therefore, the point of inflection in fig. 2 
may correspond to the shear where molecular 
orientation is limited by  capillary residence 
time. For stresses imposed for such short 
duration, the polymer solution will behave 
elastically rather than viscously. A related 
effect has been previously called an "elastic" 
rather than a Reynold's turbulence (28). 
Several aspects of minima in jet data, in- 
cluding polymer degradation, are in qualitive 
accord with this conclusion. 

The interpretation of viscosity minima by  
either elastic or Reynold's turbulence cannot 
explain the apparent increase in jet vis- 
cosities reported for mineral oils and for 
tetradecane (3, 5, 7). This is because mineral 
oils do not show significant elasticity down 
to stress times of 10-9-10 -11 seconds (27). 
Minima in these cases may be due to in- 
adequate jet corrections. The viscosity 
variation with pressure is an unlikely cause 
because of the small and regular magnitude 
of this variation. Capillary end effects and 
kinetic energy are possible explanations. In 
capillaries, kinetic energy causes an apparent 
increase in viscosity at high shear (21). 
Moreover, it is difficult to quantitatively 
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correct  this out  of  je t  v i scomete r  da t a  (5, 17), 
as i t  is no t  a t rue  capi l lary  of  cons tan t  
d i ame te r  and  definite length (1, 2). Other  
difficulties wi th  this correct ion have  been 
discussed b y  S c h n u r m a n n  (5). The  essential  
poin t  is t h a t  shor t  capi l lary  v i seometers  
require  ex tens ive  correct ions of  several  types  
(17, 29), which t end  to m a k e  consequent  high 
shear  resul ts  less cer ta in  t h a n  c o m p a r a b l e  
concentr ic  cyl inder  da ta .  

A general  p rob lem in high shear  v i s c o m e t r y  
is t h a t  of  t e m p e r a t u r e  rise wi th in  the  tes t  
fluid. Fo r  the  i n s t rumen t s  discussed here, the  
t e m p e r a t u r e  u n c e r t a i n t y  is p u r p o r t e d l y  low. 
The  je t  v i scomete r  has  a g rad ien t  of  a b o u t  
0.05 ~ (3, 6) and  the  concentr ic  cyl inder  
v i scomete r  a b o u t  1 ~ (10, 11). D a t a  com- 
par isons  indica te  t h a t  the  je t  gives consistent-  
ly larger  t e m p o r a r y  v iscos i ty  losses t h a n  the  
concentr ic  cyl inder  v iscometer .  This is in the  
direct ion of larger  t e m p e r a t u r e  gradients  in 
the  jet.  Moreover,  per  cent  v iscosi ty  losses 
in the  je t  appea r  to increase wi th  r a t e  of  
energy  input .  Excluding  the  first d a t u m  in 
tab le  2, the  per  cent  v iscos i ty  loss is re la ted  
to r a t e  of  hea t  generat ion,  i. e., p ropor t iona l  
to shear  ra te  t imes shear  stress. I t  is no t  
clear, however ,  t h a t  difference in t e m p o r a r y  
v iscos i ty  losses m a y  be expla ined  b y  t em-  
pe r a tu r e  gradients .  Exclus ion  of o ther  con- 
t r ibu t ions  and  more  comple te  viscosi ty-  
t e m p e r a t u r e  d a t a  are needed to ascer ta in  
t e m p e r a t u r e  effects in the  jet.  

P h i l i p p o #  repor t s  t h a t  capi l lary  and  con- 
centr ic  cyl inder  da t a  m a y  be super imposed  if 
the  shear  r a t e  a t  the  capi l lary  wall  is used 
r a the r  t h a n  the  average  capi l lary-shear  r a t e  
(21). These are the  condit ions used here for 
compar ing  da ta .  The  differences on this  basis 
become  larger  for v iscosi ty  compar isons  
using the  average  shear  ra te  in each  instru-  
ment .  I t  has  been  po in ted  out  t h a t  capi l lary-  
shear  ra tes  should be  corrected when  non- 
Newton ian  flow occurs. This correct ion is 
p red ica ted  on a previous  knowledge  of 
v iscos i ty-shear  character is t ics  (16, 17). 

I t  is fel t  t h a t  the  concentr ic  cyl inder  
v i scomete r  d a t a  are correct  because  of the  
(a) uni form,  well-defined shear  r a t e ;  (b) the  
expe r imen ta l ly  de t e rmined  lack  of  t e m p e r a -  
ture  effects; (c) absence  of ex tens ive  cor- 
rec t ions;  e. g., k inet ic  energy;  and  (d) mea-  
su remen t  t imes sufficient to rule out  re- 
l axa t ion  phenomena .  The  je t  v i scomete r  
da ta ,  on the  o ther  hand,  are difficult to  t rea t .  
T h e y  typ ica l ly  show too large decreases in 
v iscos i ty  wi th  increasing shear and  exhib i t  
v i scos i ty  min ima .  
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Summary 

This work compares and evaluates viscosity data 
obtained on similar fluids by two widely accepted high 
shear techniques. Both the jet and concentric cylinder 
viscometers are useful high shear methods. The major 
limitation of the jet viseometer is an inability to 
distinguish quantitatively between energy losses in 
laminar flow and those due to capillary geometry and 
experimental conditions. For example, the jet visco- 
meter gives minima in viscosity-shear rate correlations 
which are difficult to treat. These minima are not found 
in concentric cylinder viscometer data for the same and 
similar fluids. The apparent viscosity increase at high 
shear in the jet may be due to factors other than 
Reynold's turbulence, as previously supposed. This 
effect may be due to molecular relaxation phenomena 
in certain cases. The jet viscometer might thus be used 
to evaluate molecular relaxation and/or other pheno- 
mena contributing to this effect. 

For a variety of systems, the concentric cylinder 
viscometer gives significantly smaller temporary 
viscosity losses due to shear than do the jet viscometer 
data. These comparisons are made using the maximum 
jet shear rate at the capillary wall. The differences are, 
of course, larger if average shear rates are used to 
compare the data. It  is concluded that the jet visco- 
meter results tend to be erroneous. This is possibly due 
to capillary end effects or problems with kinetic energy 
corrections. 
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Der Band enth~lt die Mehrzahl der auf der 
31. Jahrestagung der amerikanischen rheologischen 
Gesellsehaft in Pit tsburgh vom 31. 10.-2.11. 1960 
gehaltenen Vortr~ge. 

Die fiinf ersten Vortri~ge stehen im Rahmen 
eines Symposiums i~ber die Mechanilc der Kontinua : 
~I. W. Johnson, jr. (S. 9-21) berichtet fiber Va- 
riationsprinzipe, mit  deren Hilfe man station~re 
StrSmungen nieht-Newtonseher Flfissigkeiten bei 
vorgegebenen I~andbedingungen, sowie die tur- 
bulente StrSmung Newtonseher Flfissigkeiten be- 
schreiben kann. J. L. Ericksen (S. 23-34) formu- 
liert Erhaltungss~tze ffir flfissige Kristalle, die 
einer verallgemeinerten hydrostatischen Theorie 
entsprechen. B. Bernstein (S. 35-40) diskutiert die 
Anwendbarkeit  yon NoIls Bestimmtheitsprinzip 
auf Stoffgleichungen yore sog. ,,rate"-Typ. B. D. 
Coleman und W. Noll (S. 41-46) erweitern die 
lineare Theorie der Viskoelastizit/~t bei kleinen 
Scherschwingungen zu einer Theorie zweiter Ord- 
nuf~g und finden einen interessanten Zusammen- 
hang zwisehen der Schubspannung und der Normal- 
spannungskomponente in Fliegriehtung. A. J. Zie- 
genhagen, R. B. Bird und M. W. Johnson, jr. 
(Referat S. 47-49) wenden die obengenannten 
Variationsmethoden zur Bereehnung des nieht- 
Newtonsehen Fliegens um eine Kugel an. 

Weitere ffinf Vortr~ge stehen im Rahmen eines 
Symposiums i~ber die Rheologie der Suspensionen: 
W. F. Ames und V. C. Behn (S. 53-66) wenden 
Regressionsmethoden zur Analyse des Konzentra- 
tionseinflusses auf das Reibungsgesetz struktur- 
viskoser Suspensionen (Abwasser-Faulschl~mme) 
an und kommen so zu einer Verallgemeinerung der 
Ostwald-de Waele-Formel. A.  F. Gabrysh, T. Ree, 
H. Eyri~ W und N. McKee (S. 67-84) untersuchen 
die FlieBeigensehaften yon w~Brigen Attapulgit- 
Suspensionen in Abh~ngigkeit yon der Temperatur,  
der Konzentrat ion und dem pR-Wert mit  einem 
Rotationsviskosimeter. Je naeh den Versuchs- 
bedingungen beobachtet man Rheopexie oder 
Thixotropie: Nebeneinander sind sowohl struktur- 
aufbauende als auch abbauende Einflfisse vorhan- 
den. R. H. Haynes (S. 85-101) gibt eine Ubersicht 
fiber die rheologisehen Eigensehaften yon Blur, 
insbesondere fiber die Abh~ngigkeit tier Viskosit~t 
yore Sehergef~lle und dem Kapillardurehmesser. 

D. W. Criddle und J. Cortes, jr. (S. 103-111) 
untersuchen die Viskosit~t und das Relaxations- 
verhalten yon Schmierfetten in einem weiten Scher- 
bereich. J. G. Savins, S. G. Wallick und W. R. 
Foster (Referat S. 113-114) schlieBlich stellen der 
, ,Integrationsmethode" zur Beschreibtmg derFlieB- 
eigenschaften eine ,,Differentiationsmethode" ge- 
genfiber, die yon gr0Berer Allgemeinheit sein soll. 

AnsehlieBend folgen 19 Vortrage, die auBerhMb 
der beiden Symposien gehalten wurden: H. H. Hull 
(S. 115-131) versucht, eine Beziehung zwischen 
der Gibbsschen Freien Energie und der Normal- 
spannung in Gradientenrichtung bei ebener Sche- 
rung herzustellen [ g e l  kann diese Zusammen- 
h~nge nieht einsehen]. A. B. Metzner, W. T. Hough- 
ton, R. A.  Sailor und J. L. White (S. 133-147) be- 
reehnen die Normalspannungsdifferenz einer Weis- 
senberg-Flfissigkeit (d. h. Pe2 = Fa3) aus der Auf- 
weitung eines aus einem kreisf6rmigen Rohr frei 
austretenden Strahls und wenden diese Methode 
auf verschiedene hochpolymere L6sungen an. 
W. Philippo# (S. 149-162) zeigt mit  Hilfe einer 
neuen Anordnung zur Messung der StrSmungsdop- 
pelbreehung, dab hochpolymere L6sungen Weissen. 
berg.Flfissigkeiten darstellen, da~ hingegen in 
Suspensionen yon starren Teilchen alle drei Normal- 
spannungskomponenten versehieden groB ausfallen. 
In  einer weiteren Untersuehung formuliert W. Phi- 
lippo# (S. 163-191) die Beziehungen zwischen den 
elastisehen Spammngen und der Str6mungsdoppel- 
breehung insbesondere ffir Weissenberg-Flfissig- 
keiten. F. D. Dexter, J. C. Miller und W. Philippo# 
(S. 193-204) beriehten fiber StrSmungsdoppel- 
brechungsmessungen an Poly~tthylenschmelzen und 
bereehnen daraus den reversiblen Dehnunganteil  
(recoverable strain). Vergleiehe mit  Messungen im 
Rotations- und t~apillarviskosimeter zeigen gute 
Ubereinstimmung. J. G. Brodnyan und E. L.Kelley 
(S. 205-220) bestimmen FlieBkurven yon konzen- 
trierten Polyacryls~ure-LSsungen bei verschiede. 
nen Konzentrat ionen und Neutralisationsgraden 
in einem weiten Scherbereieh, der sieh in vielen 
F~llen sogar bis in den oberen Newtonschen Bereieh 
hineh~ erstreekt. Aul3er bezfiglich der l~elaxations- 
zeit seheinen sich Polyelektrolyte nicht wesentlich 
yon anderen Hoehpolymeren zu unterseheiden. 
W. H. Fischer, W. H. Bauer und S. E. Wiberley 
(S. 221-235) untersuehen die Flie~eigensehaften 
yon Carboxypolymethylen-Wasser-Systemen und 
finden dabei eine seharfe, sieh nach dem FlieBen 
kurzzeitig wieder einstellende Fliel3grenze, aus- 
gepr~gte Strukturviskosit~t und hSchstens geringe 
Thixotropie. E. W. Merrill, H. S. Miclcley, A.  Ram 
und G. Perkinson (S. 237-246) vergleichen die 


