oa
= P P
S : t - {'-l.— _— —m— = — -L—r il
|
b1/
)
/-l
l Al o
)l )Fixed plate
(a) (b)
U ba
: S -— P P 1s a force tangent to the
L/ B B surface (the shearing stress):
= : /
b | I, P
y —— : l’ T = Z
, /A",’ D J
) ( Fixed plate = ,u—u Eq (19
no-slip condition dy s
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Crude oil (60 °F) Bingham plastic

Shear thinning

Newtonian
Water (60 °F)

Shearing stress, 7
Shearing stress, ©

Water (100 °F)

Air (60 °F) ~—— Shear thickening

—
Rate of shearing strain i Rate of shearing strain du
, dy ' dy

du

Newtonian fluids: T=U E Eq (1.9)
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Dynamic viscosity:

(4 N/m*
— =|Pa-s
# du/ dy {1/5}[ |

Kinematic viscosity:

v=" i)
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Viscosity is very sensitive to temperature:

4.0
2.0
1.0
8
6
4
2
1x 10!
8
6
4
£ 2
z 1x102
= 8
5 6
‘B
4
2 2
S
g 1x 10‘;
e 6
4 Water
2
1x10%
8
6
4
Air
2
Hydrogen
1x10°
¢
20 0 20 40 60 80 100 120

Temperature, °C

Liquids:
=D exp(B/T) Eq (1.11)
(Andrade’s equation)
Gases:

CT3/2
T+S

(Sutherland equation)

u Eq (1.10)
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