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CHAPTER 2

: EXAMPLE 2-5 The Capillary Rise of Water in a Tube

: A 0.6-mm-diameter glass tube is inserted into water at 20°C in a cup. Deter-

m mine the capillary rise of water in the tube (Fig. 2-27). L A27Ro,cos &
SOLUTION The rise of water in a slender tube as a result of the capillary \_ /
effect is to be determined. i :T
Assumptions 1 There are no impurities in the water and no contamination Air : : h
on the surfaces of the glass tube. 2 The experiment is conducted in atmos- /l_l,J\l
pheric air. Water b

Properties The surface tension of water at 20°C is 0.073 N/m (Table 2-3).
The contact angle of water with glass is 0° (from preceding text). We take
the density of liquid water to be 1000 kg/m3.
Analysis The capillary rise is determined directly from Eq. 2-15 by substi-
tuting the given values, yielding

20, 2(0.073 N/m)

0s ¢ = 3 2 =
(1000 kg/m*)(9.81 m/s?)(0.3 X 10 °m)
=0.050 m = 5.0 cm

FIGURE 2-27
Schematic for Example 2-5.
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Therefore, water rises in the tube 5 cm above the liquid level in the cup.
Discussion Note that if the tube diameter were 1 cm, the capillary rise
would be 0.3 mm, which is hardly noticeable to the eye. Actually, the capil-
lary rise in a large-diameter tube occurs only at the rim. The center does not
rise at all. Therefore, the capillary effect can be ignored for large-diameter
tubes.

SUMMARY

In this chapter various properties commonly used in fluid
mechanics are discussed. The mass-dependent properties of a
system are called extensive properties and the others, inten-
sive properties. Density is mass per unit volume, and specific
volume is volume per unit mass. The specific gravity is
defined as the ratio of the density of a substance to the den-
sity of water at 4°C,

p
Pu,0

The ideal-gas equation of state is expressed as
P = pRT

where P is the absolute pressure, 7 is the thermodynamic
temperature, p is the density, and R is the gas constant.

At a given temperature, the pressure at which a pure sub-
stance changes phase is called the saturation pressure. For
phase-change processes between the liquid and vapor phases
of a pure substance, the saturation pressure is commonly
called the vapor pressure P,. Vapor bubbles that form in the

low-pressure regions in a liquid (a phenomenon called cavita-
tion) collapse as they are swept away from the low-pressure
regions, generating highly destructive, extremely high-pressure
waves.

Energy can exist in numerous forms, and their sum consti-
tutes the fotal energy E (or e on a unit-mass basis) of a sys-
tem. The sum of all microscopic forms of energy is called the
internal energy U of a system. The energy that a system pos-
sesses as a result of its motion relative to some reference
frame is called kinetic energy expressed per unit mass as
ke = V?/2, and the energy that a system possesses as a result
of its elevation in a gravitational field is called potential
energy expressed per unit mass as pe = gz.

The compressibility effects in a fluid are represented by the
coefficient of compressibility « (also called bulk modulus
of elasticity) defined as

V(aP) (ap) AP
k=—-vl&E) = (&) = - =2
v/ P ap/)r Avlv
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FLUID MECHANICS

The property that represents the variation of the density of
a fluid with temperature at constant pressure is the volume
expansion coefficient (or volume expansivity) 3, defined as

pol(2) - i) o e
v\oT/,» p\oT/), AT

The viscosity of a fluid is a measure of its resistance to

deformation. The tangential force per unit area is called shear

stress and is expressed for simple shear flow between plates
(one-dimensional flow) as

_du
T=pu dy
where u is the coefficient of viscosity or the dynamic (or
absolute) viscosity of the fluid, u is the velocity component in
the flow direction, and y is the direction normal to the flow
direction. The fluids that obey this linear relationship are called
Newtonian fluids. The ratio of dynamic viscosity to density is
called the kinematic viscosity v.

The pulling effect on the liquid molecules at an interface
caused by the attractive forces of molecules per unit length is
called surface tension o, The excess pressure AP inside a
spherical droplet or bubble is given by

20’x 40}
APdroplclzpi_Po=R and APbubblc:Pi_Po=R
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20,
PgR

h =

cos ¢

where ¢ is the contact angle. The capillary rise is inversely
proportional to the radius of the tube and is negligible for
tubes whose diameter is larger than about 1 cm.

Density and viscosity are two of the most fundamental
properties of fluids, and they are used extensively in the
chapters that follow. In Chap. 3, the effect of density on the
variation of pressure in a fluid is considered, and the hydro-
static forces acting on surfaces are determined. In Chap. 8,
the pressure drop caused by viscous effects during flow is
calculated and used in the determination of the pumping
power requirements. Viscosity is also used as a key property
in the formulation and solutions of the equations of fluid
motion in Chaps. 9 and 10.
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