Fluid classification by response
to shear stress
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Fluid Viscosity

» Examples of highly viscous fluids
_ molasses, tar, 20w-50 oil

e Fundamental mechanisms

— Gases - transfer of molecular momentum
« Viscosity |MCI€ASES 55 temperature increases.
« Viscosity INCreases as pressure increases.
— Liquids - cohesion and momentum transfer
* Viscosity decreases as temperature increases.
* Relatively independent of pressure (incompressible)

Example: Measure the viscosity
of water

The inner cylinder is 10
cm in diameter and rotates
at 10 rpm. The fluid layer
Is 2 mm thick and 10 cm
high. The power required
to turn the inner cylinder Thin layer of water
is 50x106 watts. What is

the dynamic viscosity of

the fluid?

Outer
cylinder

Solution Scheme

* Restate the goal
« Identify the given parameters and represent the
parameters using symbols
 Qutline your solution including the equations
describing the physical constraints and any
simplifying assumptions
 Solve for the unknown symbolically
 Substitute numerical values with units and do the
arithmetic
— Check your units!
— Check the reasonableness of your answer




Viscosity Measurement: Solution

AU OQuter
H— U= ol A= cylinder
) r=5cm
//Zﬁwrzh t=2mm
Tt h=10cm
P=50x10°W

- ©=10rpm  Thin layer of water
b , 2T y— "t ©=10rpm

R " 2ze'r’h =10(2r)/60 1/s =1.047/s

(50x10°° W) (0.002 m)

= — =1.16x10" N-s/m?
27(1.047/5)%(0.05m)*(0.1m)

Role of Viscosity

 Statics

— Fluids at rest have no relative motion between
layers of fluid and thus du/dy =0

— Therefore the shear stress is 2810 and is
independent of the fluid viscosity

* Flows
— Fluid viscosity is very important when the fluid

iS mOVing -

Dynamic and Kinematic
Viscosity

» Kinematic viscosity (v) is a fluid property
obtained by dividing the dynamic viscosity
(w) by the fluid density

_H N-s 1 [kg-m]
v==— M= 5 N —P‘J, J
P {m-J ] L §°

kg

Elasticity (Compressibility)

» Deformation per unit of pressure change

d d .
Ey :_dVF;V =ﬁ *Bulk Modulus of Elasticity

« For water E, = 2.2 GPa,
1 MPa pressure change = 0.05% volume change
Water is relatively incompressziBbsIe
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Vapor Pressure

8000

Exam ple 7000 /’
o
2 6000 /
» Given: Pressure of 2 MPa is v =— Ap % 5000 /
applied to a mass of water that AV IV S 4000
initially filled 1000-cm? AV = 2Py = 3000 v
volume. E, & /
. < 2000
« Find: Volume after the 2%10° Pa , 1000 -
pressure is applied. = —mmomm —
 Solution: E =2.2x10° Pa X a 0 ‘ ‘ ‘
(Table A.5) =-0.909¢m® 0 10 20 30 40
Vinal =V +AV Temperature (C)
—1000—0.909 » Pressure at which a liquid will boil for given temp.

» Vapor pressure increases with temperature

 If you reduce the pressure in water at this temperature, boiling will
occur (cavitation)

What is vapor pressure of water at 100°C? 101 kPa

Viinal =999.01cm®

Surface Tension

Cavitation Damage

» Below surface, forces act equally in all
directions

» At surface, some forces are missing, pulls
molecules down and together, like membrane
exerting tension on the surface

 If interface is curved, higher pressure will exist
on concave side

» Pressure increase is balanced by surface tension,
o

* 0=0.073 N/m (@ 20°C)

. Net forc
inward




Capillary Rise

Given: Water @ 20°C,

d=1.6 mm
Find: Height of water e—: il F,
Solution: Sum forces in vertical
Assume @small, cosd > 1 \ fSurface—tension force
I:o-,z -W =0 R T
T 2 e
ond cosé —;/(Ah)(zd )=0 w 1 Ah z

———
Ah= 4£ ==== 4 ?.-‘:-l:-_—-
;,d === ===F
_ 4*0.073
9790*1.6x10~3
Ah=18.6mm

Example

* Find: Capillary rise between two
vertical glass plates 1 mm apart.

[l o0=7.3x102N/m

| is into the page ‘g/
» Solution: ¥ Fyertical =0 % ’
20l —hlty =0
h= fﬁ
y t
Lt
_2*73407 |
~0.001*9810
h=0.0149m
h=14.9mm

Examples of Surface Tension

Fy ciocum = 20 ,.r}; outer surface = 2R10
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Lr Fo. inner surface = 2750 e
v i
I 1
|
-— ===
(a) Half of spherical droplet (b) Half of spherical bubble
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(e} Half of segment of liquid jet () Ring being pulled out of

a liquid (hquid wets the ring)

Surface Tension

« Pressure = o
increaseina 5 ;07
spherical droplet 2 ¢ og5
5 @ 0.060
E £ 0.055
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Example: Surface Tension

 Estimate the difference in pressure (in Pa)
between the inside and outside of a bubble
of air in 20°C water. The air bubble is 0.3
mm in diameter.

20 9 72
n = < ~_ 2(0.073N/m)

' ») I

= s o
R 0.15%x10°m o= 0.073 N/m

R=015%10m

p=970 Pa R
P Jraba 0.1 m water
ics! p=/h N=—=———-"—=l.lMwak
Staties! 1=/ y 9806N /m’
What is the difference between pressure in
a water droplet and in an air bubble?

Example

¢ Find: The formula for the gage E, cireum = 2110
pressure within a sperical .
droplet of water? b ")

« Solution: Surface tension force oS

is reisited by the force due to
pressure on the cut section of
the drop

() Half of spherical droplet

Bug Problem

Cross-section

of bug leg
_ 5 mm 5 mm
F F=surface > e
tension on T s s n e e
1 side of leg
(2

Dimensions and Units

Quantity Symbol Dimensions
Density yo) ML-3
Specific Weight y ML-2T-2
Dynamic viscosity u ML-1T-1
Kinematic viscosity 1% L2T1
Surface tension o MT-2
Bulk mod of elasticity E ML-1T-2

These are properties!

How many independent properties?




Exercise:

1.10,1.13,1.54,1.64,1.97




