	[image: ]
	UNIVERSIDADE FEDERAL DO PARANA
SETOR DE TECNOLOGIA
DEPARTAMENTO DE ENGENHARAIA MECÂNICA



Aula 3
Conceitos, propriedades dos fluidos e do escoamento.

1- Condição de estado para líquidos.
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2- Fluido newtoniano e não newtoniano. 
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3- Número de Reynolds.
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4-  Tensão superficial.
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[image: ]   USAR ϒ = TENSÃO SUPERFICIAL
5-  Pressão de vapor.
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34 Chapter 1 Tntroduction

3 B
Example 1.8 illustrates how surface tension causes a fluid interface to rise or fall
in a capillary tube.
B
=
EXAMPLE 18 =

Derive an expression for the change in height / in a circular tube of a liquid with surface
tension Y and contact angle 0, as in Fig. E1.8.

Solution

The vertical component of the ring surface-tension force at the interface in the tube must
balance the weight of the column of fluid of height :

20RY cos 0 = yakh
Solving for , we have the desired result:

ELS

L

2 coso
n== Ans.
“Thus the capillary height increases inversely with tube radius R and is positive if 0 < 90°
(wetting liquid) and negative (capillary depression) if 0 > 90°. X
‘Suppose that R = 1 mm. Then the capillay rise for a waler—ir-glass interface, 0~ 07, 2
Y = 0.073 Nim, and p = 1000 kg/m” is
20073 Nim)eos 0 _ ke _
(1000 ke/m*)(9.81 m/s*)(0.001 m) CRTERIACHTe = MR = e
For a mercury-air-glass interface, with 0 = 130°, Y = 048 Nim, and p = 13,600 kg/m’, IS
the capillary ise is
2048)cos 130 _ _ _ I»
T60008000n ~ 00 m = ~046em =
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34 Chapter 1 Tntroduction

3 B
Example 1.8 illustrates how surface tension causes a fluid interface to rise or fall
in a capillary tube.
B
=
EXAMPLE 18 =

Derive an expression for the change in height / in a circular tube of a liquid with surface
tension Y and contact angle 0, as in Fig. E1.8.

Solution

The vertical component of the ring surface-tension force at the interface in the tube must
balance the weight of the column of fluid of height :

20RY cos 0 = yakh
Solving for , we have the desired result:

ELS

L

2 coso
n== Ans.
“Thus the capillary height increases inversely with tube radius R and is positive if 0 < 90°
(wetting liquid) and negative (capillary depression) if 0 > 90°. X
‘Suppose that R = 1 mm. Then the capillay rise for a waler—ir-glass interface, 0~ 07, 2
Y = 0.073 Nim, and p = 1000 kg/m” is
20073 Nim)eos 0 _ ke _
(1000 ke/m*)(9.81 m/s*)(0.001 m) CRTERIACHTe = MR = e
For a mercury-air-glass interface, with 0 = 130°, Y = 048 Nim, and p = 13,600 kg/m’, IS
the capillary ise is
2048)cos 130 _ _ _ I»
T60008000n ~ 00 m = ~046em =
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Thus the capillary height increases inversely with tube radius R and is positive if 0 < 90°
(wetting liquid) and negative (capillary depression) if 0 > 90°.

‘Suppose that R — 1 mm. Then the capillary rise for a water-air-glass interface, 0 ~ 0°,
Y = 0.073 Nim, and p = 1000 kg/m®

2(0.073 N/m)(cos 0°)

=0015(N-s?)/kg = 0015m = 1.5cm

1000 kg/m’)(9.81 m/s?)(0.001 m) E%
For a mercury-ait-glass interface, with 0 = 130°, Y = 048 Nim, and p = 13,600 ke/m’,
the capillary risc is =
o
2048)c0s 1307 __ _
Tanostooon | OMem T 0dsem

‘When a small-diameter tube is used to make pressure measurements (Chap. 2), these cap-
illary effects must be corrected for.

Vapor Pressure Vapor pressure s the pressure at which a liquid boils and is in equilibrium with its
own vapor. For example, the vapor pressure of water at 68°F is 49 Ibf/f, while that
of mercury is only 0.0035 Ibf/fc. If the liquid pressure is greater than the vapor pres-
sure, the only exchange between liquid and vapor is evaporation at the interface. If,
however, the liquid pressure falls below the vapor pressure, vapor bubbles begin to
appear in the liquid. If water is heated to 212°F. ts vapor pressure rises to 2116 Ibf/f,
and thus water at normal atmospheric pressure will boil. When the liquid pressure s
dropped below the vapor pressure due to a flow phenomenon, we call the process

L

cavitation. Tf water is accelerated from rest to about 50 fts, its pressure drops by B
about 15 Ibf/in?, or 1 atm. This can cause cavitation [31].
‘The dimensionless parameter describing flow-induced boiling is the cavitation number
Pa = Py
Ca=fatr 134
2=TR 134) m
v
I»
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« Comments: The steam tables would yield results quite close to EES. The perfect-gas
estimate of p is 4 percent low, and the estimate of c, is 9 percent low. The chief reason
for the discrepancy is that this temperature and pressure are rather close to the critical
point and saturation line of steam. At higher temperatures and lower pressures, say, 800°F
‘and 50 Ibf/in?, the perfect-gas law yields properties with an accuracy of about =1 percent.

Once again let us warn that English units (psia, Ibm Btu) are awkward and must be
converted in most fluid mechanics formulas. EES handles SI units nicely, with no con-
version factors needed.

The writer knows of no “perfect-liquid law” comparable to that for gases. Liquids arc
nearly incompressible and have a single, reasonably constant specific heat. Thus an
idealized state relation for a liquid is

p=comst ¢, =c, = const

dh ~ G, dT' (1)

Most of the flow problems in this book can be attacked with these simple assump-
tions. Water is normally taken to have a density of 998 kg/m’ and a specific heat
¢, = 4210 m*/(s* - K). The steam tables may be used if more accuracy is required.
The density of a liquid usually decreases slightly with temperature and increases

‘moderately with pressure. If we neglect the temperature effect, an empirical pressure—
density relation for a liquid is

r ey

B ”(p.) B (1.19)
where B and n are dimensionless parameters that vary slightly with temperature and
Pa and p, are standard atmospheric values. Water can be fitted approximately to the
values B ~ 3000 and n~ 7.
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1.9 Viscosity and Other Secondary Properties 31

Shear
S Ideal Bingham
. ‘Plasic
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Fig. 1.9 Rheological behavior Gl
of various viscous matcrial:
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Pseudoplastic. A shear-thinning fluid is less resistant at higher strain rates. A very
strong thinning is called plastic. Some of the many examples are polymer solutions,
colloidal suspensions, paper pulp in water, latex paint, blood plasma, syrup, and
molasses. The classic case is paini, which i thick when poured but thin when brushed
at a high strain rate.

Bingham plastic. The limiting case of a plastic substance is one that requires a finite
yield stress before it begins to flow. Figure 1.9a shows yielding followed by lincar

behavior, but nonlincar flow can also occur. Some examples arc clay suspensions,
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applied stresses.

Generally speaking, the viscosity of a fluid increases only weakly with pressure.
For example, increasing p from 1 to 50 atm will increase u of air only 10 percent.
Temperature, however, has a strong effect, with j increasing with T for gases and
decreasing for liquids. Figure A.1 (in App. A) shows this temperature variation for
various common fluids. It is customary in most engineering work to neglect the pres-
sure variation.

‘The variation u(p, T) for a typical fluid is nicely shown by Fig. 1.7, from Ref. 25,
‘which normalizes the data with the criical-point state (s, p., T,). This behavior, called
the principle of corresponding states, is characteristic of all fluids, but the actual
‘numerical values are unceriain to 20 percent for any given fluid. For example. val-
ues of pu(T) for air at latm, from Table A.2, fall about § percent low compared to the
“low-density limit” in Fig. 17,

Note in Fig. 1.7 that changes with temperature occur very rapidly near the critical
point. In general, critical-point measurements are extremely difficult and uncertain.

The primary parameter correlating the viscous behavior of all newtonian fluids is the

dimensionless Reynolds number:

_eVL_VL
P

where V and L are characteristic velocity and length scales of the flow. The second

form of Re illustrates that the ratio of j to p has its own name, the kinematic viscosity:

Re (1.24)

y=£ (125)
»

It s called kinematic because the mass units cancel, leaving only the dimensions
{LAT}.
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