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Density:

Specific gravity:

Specific weight:

Specific volume:

p=-—  (kg/m’)
p
SG =
Pn,0
vy, = pg (N/m)
V 1
V=—=—
m p



TABLE 2-1

The specific gravity of some
substances at 20°C and 1 atm
unless stated otherwise

Substance SG
Water 1.0
Blood (at 37°C) 1.06
Seawater 1.025
Gasoline 0.68
Ethyl alcohol 0.790
Mercury 13.6
Balsa wood 0.17
Dense oak wood 0.93
Gold 19.3
Bones 1.7-2.0
Ice (at 0°C) 0.916
Air 0.001204
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m R,
PV=nRT=—RT=m—T
R I\/IRJ M

PV=mRT — P!:RT — Pv=RIT

m

PV = mRT — PzgRT » P=pRT

R, =8.314 J/mol.K
universal gas constant

For m=constant — P,\V/,/T, = P,\/,/T,.
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TABLE 2-2 &LM\ s

Saturation (or vapor) pressure of
water at various temperatures

Saturation JU Pt UASB- o3le d\ BERYY b u.;La.: ¢« )Lw.e BLIBE
'I;Tgerature ;resskugz Ao S S Ty CLM\ sles \) das o (,uS)
) saty
“10 B.960 BLIgwEY u”jL" o5le Q\)JAS\) Lg)\.w.ec Lgl.»;j;a);
0 0.611
2 0.872
10 1.23
15 1.71
20 2.34
25 3.17
30 4.25
40 F.a8
50 12.39
100 101.3 (1 atm)
150 475.8
200 1554
250 3913

300 8581
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Cavitation damage on a 16-mm by 23-mm
aluminum sample tested at 60 m/sfor 2.5 hours.
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(bulk modulus of compressibility) (gl o3 &5 atwzNl J e
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(7" = constant)

PT = VI = AV<O

K unit:

Pa
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(Isothermal compressibility) Lees (s 1, oS1 5

The inverse of the coefficient of compressibility is called the isothermal
compressibility « and 1s expressed as

| | [0V 1 [ dp
= Rt = sl Bewedl B emd Rome. (1/Pa) (2-17)
K vV \ 0P T p \ 0P T

The isothermal compressibility of a fluid represents the fractional change in
volume or density corresponding to a unit change in pressure.
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water hammer

Small density changes in liquids can still cause interesting phenomena in
piping systems such as the water hammer—characterized by a sound that
resembles the sound produced when a pipe is “hammered.” This occurs
when a liquid in a piping network encounters an abrupt flow restriction
(such as a closing valve) and is locally compressed. The acoustic waves
that are produced strike the pipe surfaces, bends, and valves as they propa-
gate and reflect along the pipe, causing the pipe to vibrate and produce the
familiar sound. In addition to the irritating sound, water hammering can be
quite destructive, leading to leaks or even structural damage. The effect can
be suppressed with a water hammer arrestor (Fig. 2—12), which 1s a volu-
metric chamber containing either a bellows or piston to absorb the shock.
For large pipes, a vertical tube called a surge tower often is used. A surge
tower has a free air surface at the top and is virtually maintenance free.
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Natural convection over a
woman’s hand.
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Moving

Piston wave front
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A second important parameter in the analysis of compressible fluid flow
is the Mach number Ma, named after the Austrian physicist Ernst Mach
(1838—-1916). 1t 1s the ratio of the actual speed of the fluid (or an object in
still fluid) to the speed of sound in the same fluid at the same state:

vV

Ma = = (2-27)

Note that the Mach number depends on the speed of sound, which depends
on the state of the fluid. Therefore, the Mach number of an aircraft cruising at
constant velocity in still air may be different at different locations (Fig. 2-21).

Fluid flow regimes are often described in terms of the flow Mach number.
The flow is called sonic when Ma = 1, subsonic when Ma < 1, supersonic
when Ma > 1, hypersonic when Ma >=> 1, and transonic when Ma = 1.
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(Surface Tension) odaw s

Some conseguences of surface tension:
(a) drops of water beading up on a leaf,
(b) a water strider sitting on top of the
surface of water,

(b)
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Hydrophilic Surface Hydrophobic Surface Superhydrophobic Surface
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High pressure inside MBs (self-compression effect)

Using Young-Laplace equation (Eqg. (1.2)), the pressure in a
bubble (AP) whose diameter is d increases to that larger than

the surrounding pressure due to the surface tension o.
AP=4co/d (1.2)

For example, the inner pressures of bubbles whose
diameters are 1 um and 100 nm are 3.87 and 29.7 atm,
respectively, using Eq. (1.2) (surface tension of water at 20°C:
72.8 mN/m, the surrounding pressure of bubble is 1 atm).
With decreasing bubble size, the pressure in the bubble
increases. With decreasing bubble size, the partial pressure
of dissolved gas component, that is, the driving force of
dissolution, increases and the gas dissolves easily.
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Meniscus
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W = mg = pVg = pg(mR’h)

S F =621 r cos

surface

f
l ff W=F —>

Liquid

pg(mR*h) = 2mRo cos ¢

20,
cos ¢ (R = constant)
pgR

h =




EXAMPLE 2?7 TheCaplillary Rise of Water in a Tube
A 0.6-mm-diameter glass tube isinserted into water at 20°C in a cup.
Determine the capillary rise of water in the tube (Fig. 2-39).

20 B 2(0.073 N/m)
ek % ? T 1000 ke/m)(9.81 m/s)(03 X 10-m)

1ke-m/s?
h— 2 )

(cos 00)(

= 0.050m = 5.0 cm

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 capillary 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.



456‘4.;7—\.:&\.*.&w‘oMWfffujijswwaWm&To#JL’.’A
MUJ%OM&S&jﬂ@L&YL&QM‘ML&O@‘OMGJ}.U‘

ol el ANE o 1 S50 s Of plad s slml O s JSL




AP = Rn_P :cy(lI 1) +r1="‘Zt[-98Cm=+5cm

out




t="7 rl

M

i ‘t V=rrit — t= V20.025c:m
T

r, = % =0.0125¢cm

)

AP:G(£+1):72.9><10_3(L— =
o 0.05 0.00125

— AP =-56.86 Pa P

out

>R



F=AP.A=APx 1’
F =56.86x7 x 0.05°
F=0.44N
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Velocity V
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Shear stress, 7

Oil

Viscosity = Slope

T a

u o e m—
duldy b

Rate of deformation, du/dy

du 5
T pbd— (N/m)

The rate of deformation (velocity
gradient) of a Newtonian fluid is
proportional to shear stress, and the
constant of proportionality is the
Viscosity



Bingham Sge O 5l 5es — A
plastic

Pseudoplastic

Newtonian

Shear stress, 7

Dilatant

Rate of deformation, du/dy

Variation of shear stress with the rate of deformation for Newtonian and non-
Newtonian fluids (the dope of a curve at a point is the apparent viscosity of the

fluid at that point).
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Absolute viscosity u, N-s/m?
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Consider a fluid layer of thickness € within a small gap between two con-
centric cylinders, such as the thin layer of oil in a journal bearing. The gap
between the cylinders can be modeled as two parallel flat plates separated by
the fluid. Noting that torque is T = FR (force times the moment arm, which
is the radius R of the inner cylinder in this case), the tangential velocity is
V = wR (angular velocity times the radius), and taking the wetted surface
area of the inner cylinder to be A = 27RL by disregarding the <hear ctrecc

acting on the two ends of the inner cylinder, torque can be expre: :
Stationary

cylinder

2nR°wL 4m*R°nl
¢ A

= BR S

Fluid
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dM ™ = rdF = I‘M%D(Zn rdr) =

R R
M Fluid — j Zn;w) gy = 2O jr?’dr = 271::0) (jr R*)
r=0

r=0
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