


1. Introduction

_ (Polymer rheology)

_ (Suspension and Emulsion rheology)
_ (Electro- and Magneto- rheology)

- (Food rheology)

—~ (Biorheology)

- (Chemorheology)

_ (Lubricant rheology)



- Shear thinning viscosity,  7(7)

— Normal stresses in shear, 7Tu -~ T2 >0
- Time dependent relaxation modulus, G(%)
— Extensional thickening viscosity, g (€)

Rotational rheometry drag flow

Rotational rheometry cone and plate
parallel-plates concentric cylinder



body force surface force

— Body force
— Surface force . Surface force
(deformation) shear stress
pressure
3 3 , 9

(stress tensor)
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e Material element stress
(constitutive equation)

(rheological
equation of state)



1. Schematic of steady simple shear flow.



(viscosity coefficient)

vm'rlé/',, (2)

(first normal stress difference coefficient)

P = (ryy— 1)/ 7 3)

(second nor mal stress differ ence coefficient)

(2'22“- 2'33)/ .72 (4)
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3.2

Shear strain

Shear rate

. vy = L/h

y = dy/dt

(5)

(6)
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(Denn, 1980).



3.3
1)

(shear thinning)
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Cross equation: 1= _ i

M= To  (1+(K9)™) (7

Carreau modd:

7= Noo 1 (8)
M=l (1+(K, 7)?) ™"

Power-law model:
p = Kyy"! (9



2)

(shear thickening)

(Denn, 1980).
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3) Bingham plastic

(yield stress)

<——Yield Stress =17 Pa

5. (Denn,1980).



4) (viscoelastic)
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5)

shear rate
— log-log graph (master curve)
N 720{T) Topoo (10)
T 20(To) T o
. 70 T ) = 7 (7, T)T, 11
7, = 77(7,.T) 7 CTy = P (11)
. T
T, ,Cr, Ty) = gp'r‘a_zroi‘" (12)

.79' = CZT‘)’ (13)
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3.5

— stress growth on inception of steady shear flow
(t=0)

— stress relaxation after cessation of steady shear flow
(t=0) :

1
. (Table.1)



Table 1. Material Fnctions in simple shear flow

Flomr Material Functon Defining Eguation
1. Steady shear flow ol ¥ Tz = Y
¥ = constant il x) m—Tte= 97
¥l ) f— g = Py
2. Small amplitude 7' aw) fiz = @ ¥ cos wt
oscillatory shear 7 ar) + 5" Psinat
r= y"cos et Gla) =5"w riz = G"y'sin et
= Yecos ot C'w) = 5w + & Y cos ot
3. Stress growth upon 571, ) Te=8"7
inception of steady shear TrlE, ) Ty — Cay = b?'f‘.r"g
= 58 ¥ (e, 7y tm—tn= ¥7 7
4. Stress relaxation after 5 0L, ) Tz™ 8 ¥y
cessation of steady shear ol m— e = ¥ ‘-':'E
y= rll— &) ¥ (4 7o) fm— tm = P7 75
5. Stress relaxation after G, ) ri = Gry
a sudden shearing G o (¢, 7p) n—ftm = Geyi
displacemeamnt
r= rdlf)
6. Cregp "jll:'t, Tl i, £ = Jry
Tz = l'.:.-ﬁf_:'
7. Constrained recoil A0, t, g Y= fnr}-{r']df
after steady shear flow Foal Tp ) Y= = lim ¥,
| el
Ta= ﬂ]I.I._'a:-f.:'] Jr:lr':rl]} r..:.=_.|'],(ru:|r.:.

* Adopted from Ref. 4.



— small amplitude oscillatory shear flow

7o sin (wt+ &)
G yosinwt+ G’ yycos wt (14)

7 ypcos wt+ 7’ 7, sin wt

»
N
I

G=wr', G’ =or , tand=G"/G 1)

v, = (7, cos wt) x;
- -

1

8. Schematic of small amplitude oscillatory shear flow



log (modulus, Pa)

9. Storage modulus versus
reduced frequency for 4 narrow

L e M 4 molecular weight distribtion
- A polystyrenes having M,, Values of:
% =4 3 =2 -t 0 1 3 1 4 3 L14, 2.89 104 L16, 5.87 104,
) L15, 2.15  10°, L19, 5.13  10°.

The reference temperature is 160

10. Storage and loss moduli for
g e a polystyrene sample having M, =
m R B R 313 10cand M /M, =18.




3.6

Cox-Merz rule:
2(y) = {7°(w)l =,

Laun'srule:

w(y) = 22 (@) ';)“’ [14-(—’77;','—)2]0'7

Gleissal’ s mirror rule:
1(7) = It (@ ey

T(y) = 187D y_pyy; . 2.5<k<3

w=7

(16)

(17)

(18)

(19)



