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Solids, Liquids, and Gases IAns
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Solids maintain a
constant shape Liquid Gas

(A) (B)

Liquids take the shape of
their container

(b)

Gases fill the entire volume of (a) (b) (c)

their container
solids liquids gases
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Fluid Definition and Compressibility

Moving plate ——

fluids — liquids + gases

All fluid elements deform when subjected to shear

“continuously
Weight

A = oy
eig
7 Molecular Molecular
spacing doesn’t spacing changes
Liquid chz;pgg(;n Liquid Gas sxg.l:ﬁcz:lllﬂ)'
a liqui in a gas it
(A) e \_,_/ (B) e

nearly incompressible

readily compressible
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Fluids Continuously Deform
under a Shear Stress

/A" I

Rigid upper plate in contact
with sample over area, A

y

Material
sample

Stationary rigid bottom plate

Shear strain, v, is defined

o

as y = Ax/Ay

Ay

Solid

7 sample

solid

For a solid,

we find 7 = y.

Force, F, results
in shear stress 7

)
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Recall that shear strain SR—
is y = Ax/Ay orce, F, results

in shear stress 7

Same Fand 7

A Fluid
’ 7 sample at 1,
Ay > A, il
2 l//
I
Ay Fluid sample

For a fluid, we
find 7 = dy/dr.

7 allz>’l

| Top plate moves

with velocity U,

The fluid velocity profile, u(y),
varies linearly from zero at the
bottom plate to Uj, at the top plate.

.

B) |

%

fluid

CHEN.3030 Fluid Mechanics

I. Fundamental Concepts and Fluid Properties

(Jan. 2017) 4



74

Newtonian & Non-Newtonian Fluids  umMass
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Crude o1l

Mercury

Water

Gasoline ickening

Inviscid and ideal fluids du

The higher the viscosity, the more
difficult it 1s for a fluid to flow.
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Newtonian & Non-Newtonian Fluids

Eingham
plastic

r
L

Fseudoplastic

Shear stress,

Dilatant

Mewtonian

T

du

Deformation rate, i

(et

Apparent viscosity, n

=~ Fseudoplastic
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Defarmation rate, L4558

n"_‘n'

!
Ihi
LAy

Fig. 2.8 (a) Shear stress, 7, and (b) apparent viscosity, 7, as a function of defor-
mation rate for one-dimensional flow of various non-Newtonian fluids.
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Viscosity vs. Temperature UMass
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3 A 0.5
Viscosity 0.4
A 0.3
0.2
Castor oil
Andrade’s eqn. e
—_ BeC/T 0.06 Glycerin
U= 0.04
0.03 SAE 30 oil
02 Crude oil (SG 0.86)
a 0.01
£
A 6
. . Z 4
Liquids 3 3
> 5 Aniline
Z Mercury
2 1x107 T~ —Hlor
: Carbon tetrachloride
= 6
8 P
I e
2 Gasoline (SG 0.68)
1 x 107
6
4
3 Heli
elium —
2

Sutherland eqgn. e 11 Air Carbon Dioxide

> /ﬁydrolgen

Temperature 2 0 20 40 60 80 100 120

Temperature, °C
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Ex. #1 — Block on Inclined Surface éﬁ&?
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A 10 kg block slides down a smooth inclined surface as
shown. Determine the terminal velocity v of the block if

the 0.1 mm gap between the block and ol 0.1 mm gap
the surface contains oil with p =0.38 a—
N-s/m?. The area of the block in
contact with the oil is 0.2 m?2.

Assume that the velocity profile in
the thin gap is linear. ,
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Ex. #2 — A Simple Viscometer iMASS
Consider a horizontal shaft of length L ﬁ
and diameter d being pulled along the
axial centerline of a bearing sleeve of
diameter D. The clearance is filled
with the fluid of interest. At
equilibrium, the force F needed to pull
the rod through the sleeve at constant | I
velocity v is exactly balanced by the
viscous friction along the sides of the shaft.

a. For this situation, develop an expression for the fluid viscosity
in terms of the system parameters, F, v, d, D, and L. Assume a
linear velocity profile in the thin gap.

b. Giventhatd =6cm,D =6.02cm, and L =40 cm, what is the
Kinematic viscosity of the test fluid (sg = 0.88) if the measured
steady state velocity was 0.4 m/s for a applied force of 800 N?
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Surface Tension UMASS
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Resultant force

tverticallydowmnward Surface tension forces for
several cases (F, = o x length)

F, | o
Resultant force p_‘-l/?‘ p is gage » :j/}‘
i |
IS _»: pressure here e
FO' FO'
(a) Spherical droplet (h) Spherical bubble
F
FO' FO' .
Ring
o Fso i 7 5, 'K,
Surface tension is the force per unit length
needed to separate the molecules on the surface () Cylinder Supported by (d) Ring puIIed out of quuid
(b) surface tension (liquid does (liquid wets the ring)

not wet cylinder)
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Capillary Action PMass
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t
iz
t !
h IL
oy 0
Liquid A Liquid B Liquid
(A) (B)
wetting fluid non-wetting fluid
nd’h 46 COS
Circular tube of diameter d: cCOSG(nd)—pg =0 h="2 0
4 dpg
Rectangular slot of width w: cCOSG(ZL)—pg(WLh) =0 h= 20056
(assumes L >> w) Wpg
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