Learning complex rheology from
imaging multiphase flows

Richard Hodgkinson, The University of Sheffield

W

.z
4
%
4
v

“x

Ei:

w
- v W ) ) "? 3 g-l-. -
- < - i# 'n : .'.! B - .‘.;:.-l v,

VLRV B L

oA

AT .,“
' ;$-“":-,y
-‘é'.l‘: s ‘E$
s
Ly Ve g E
2
e
'ct
: L]
e vE
‘vie.r

e
-’-‘. '*.P‘ - L .‘. v
* : a. 0y " I <A )
» 1 . =
" v - .
L e Ty

4

v

id - .S "ﬁ‘d; ‘p L [
3 . “' En -
. e
l g :‘ ." k- ‘_r~;n
ATV A e
»Y
Sy
e Y
b
arg ™, Y o ‘!'._ spll ¥
&ei S el e B U
LI . ..'_.l "
VYW st

/3

.

E T Bt iz

PR ER R i
N D B N e 5
4:

SRR L A W Ty s T
p _I- | et oals AT g% e o
=1, 5 . R, N 2 i » 1 ) d I, L, S e
g 1 ! (P . -
JIn Y- % r". Wit . 1] S “ee
. Ll . A T Y- “‘i' ST Sy Yo "3... N/
s . . o » e . )
' A Hoprl ’

!
»

0 . .
Al o] I N R |
‘ 5 '
. 4 A 1
= N Q: Py et

L,
>
4

]
Vg T Tl N P SR T i
¢ £ ¢ ¢ R Y R O O i
. ___-2 , (AL Y Tt n ’ A .
. 'h;. '-' - - - -

]

RRARt I Tkt he

>

vy
4
VYV VLY

- - O
| e * 3 ‘(! .
\ '.-&» A ¢
- t .‘. "'! f
SRR AUt A 2
-,
Y e i i LN A 35
AL AR AR S\ EREL PARIEY.
. g * - -
=c "9 .'2“" - "‘ :f ': !
(] g Y > & ":' b : 2 % ‘i‘
- - - Uy .“. ip b y-.

744
¥y ¥

AR
,¢:¢;,
LV

e

i1

¥
v

PR AT LYY

L
¥
4
s

L LR

3

A

A
*"
S PRET 13 1S 4 por
ui‘" ‘% "- a .
i
e

Vi

-l
U

o e
v '."-v

%
F
o

bbb

AN H L
AR b b

v
.h'&:! 2t M :- ';_. W o e t%a-“.; .
LS "' ". K -4 y o 'o,,"{_' .- .-“l‘-’._ o]

s P o TR Tl o 4 Y i

i
.
Yo v

"% -

- .

.l"‘\
o
1
iy
H 2

&

{
AR

-

1) Ny . .'." oo

PSR T i BRI T | T
N R R e i tee O >
. - 4 _" "' i 4

k3 v - - X, .

2 - -t . - "%, . - v L[ -
O B Moot R FR
< : . ( PR el S B PP B
b - X « 15y . BEY R K
e ok R 50 Pl % 3

4y

> & ] o ‘ . " %
T » . - "‘. - 3 ’ ! o e A
g -1 " -t h - . v + 1 - G '
- - C e - i f5 L L . 4 Ly J| - - -
v ; - -1 S AL (5 5
- E I - A ke o % £
e, & =

+

AR R
s - g A I ';,:. 4

4
;
:

W ¥ ¥.q
1
W2
IJ.. 'f_
.‘ .
3
-

=

-

o!
X,

Lo

i

w

r
.

\

s
-4
n

&.

L LB
bodd

L b
b

%
oF 'y o L Al . o p %1
: ‘. '£'$}5¢‘ $‘¢ —4"\ £: ‘ II
G ARER AR A AL AR AR S 7 L

J e A

- N, o T O -
"!. . » X -
G ‘el #
L] ‘-
. 3 A
-8 i lalls .

il
R 1.
NRT

&
ok
*

w 4

5

021,71

. 47 oi/§
LU
a “-" ' -". ? - . 2o ; _: ‘ - ."1l

3
TR, ®
»

R AR TR AR AT L E 10 P L Ol
v

Nk

&

3
%
L 1 A "--‘. .
i ;$£.i,
Y. -.._ ;
}
» aé ., - ]
At o » PR
. ‘, o, et
_,J‘ ‘9 .i.
T e B el

[ A L oy oy 1 -
P » o § “Tip ' ‘1 -
e : - - RO |

A 3 ‘i‘ s T ;" ;

i
,, Fi
Visy

% ) %

‘. L
N il . 6'1.'
" _al et - C g
1y o
sy
..:v
e
- -
]
2 »

PR Ly
. ﬁl.,.‘l,'. - Ve

fi¥y  "
7
)

A
*

:1’. -!t'i'“ ..".i .
.

-+ Eos
"

. o g RV ¥

LS

e " P ’ .
) ? . FATA S L4

-
"3
—
. Ny - * s
T, v » es_.r g
. ' : - 4 .
- f\ & b . ?‘O N . w il -
: 7y \ ’ '?"“' - ‘*-.
" . . ﬂ, ® . ¥ Aot e ‘\qﬁ;j O T gt o
: N GR . ,:, v e P dm, )
h . s . - ¥ . 'ﬂ". v L]
. "; i g 4'F ! " tl' . '-‘f':: o PT 52 R S ..
s - ,‘ et s P T ‘.4_ » - ., .q L] -
] ‘; "._-.‘ . N - ‘.-:‘ » "I.- . '_5 .-”l 7 ﬁ\._.. . I‘ “ree T g .. ‘.’._
’ “*' _l' - : L -"' - a. - - 3 + . o 2
= . - . ‘l’.-'. "'-I.‘ - . S, -.IF"Q ¥ -
o R ) b' . 5 -i"d"-‘ " ‘;."'-'\qﬂ'.rr o -._"-:. '=;)..' .. )
- . - . 5 e A& . ] 'y # o - b - 4 - 3
y B e e Ly S e L e ~»
. -,'.‘,y-_"b I "' 4@. . - “ . ‘ﬁ" - P\r - - .t S -
) Cwgra L T eene DIV Rt o - o, b, T -
: MY gy YT e . R T ks i
ERREDR S O P T q T o « PE “" ?’&‘ F
A -7 P L T IR T R AR -~ 7ol
IS S AR Ll 3% BRI L —>

In this experiment, we learn how complex fluids behave under so called “kinematically mixed” rheological
flows — flows with shearing and stretching — which we know little about. These flows are present in examples
from when toothpaste is squeezed out of a tube, to the injection moulding of everyday plastic objects.

This new "ToPSREF" (Two Phase Shear Rheology under Extensional Flow) technique consists of flowing a fluid
with simple, known behaviour alongside (here, above) one with a unknown, complex behaviour (top photo).

The fluids stretch as they pass through a profiled contraction, whilst simultaneously shearing against each other.
Here, a dye in the complex fluid is made to fluoresce to mark the interface. Particle image velocimetry with a laser
and camera (e.g. right photo) allows us to measure their relative flow behaviour locally across the interface (left
photo). Since both fluids are subject to the same stresses, we can use the known rheological behaviour of the
simple fluid to thus infer the behaviour of the complex fluid under a simultaneously shearing and stretching flow.

UnlverS]_t Of Find out I-l-:-x’.té.r'lsic;naliil‘lowaff.e‘c’AtiAng shear viscosity: EI:J-'T:FE How this

Sh E E ld Experimental evidence and comparison to models 'ﬂ; r.l'l WOrk iS being

more: Richard Hodgkinson ; Stephen T. Chaffin; William B. J. Zimmerman @ ; Chris Holland @ ; :"l-‘: " !ﬁ
c [m] A advanced:

r.hodgkinson@sheffield.ac.uk doi.org/10.1122/8.0000380 rshlab.com

iy )




