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_E}{AMPLE |- Isentropic Compression of a Gas

GIVENMN A cubic foot of air at an absolute pressure of 14.7 psi is
compressed isentropically t-:l-% ft* by the tire pump shown in Fig.
El.6x.

FIND What is the final pressure?

SoLuTiON

For an isentropic compression
P _ P
et Py

where the subscripts { and f refer to initial and final states, respec-
tively. Since we are interested in the final pressure, pg it follows

that
Pr=\ g )P W Figure E1.6a
As the volume, ¥. is reduced by one-half, the density must dou- 400
ble, since the mass, m = p ¥. of the gas remains constant. Thus,
with k = 1.40 for air =50
pr= (2)"*(14.7 psi) = 38.8 psi (abs) {Ans) =
250
COMMENT By repeating the calculations for various values 5
of the ratio of the final volume to the initial volume, V;/V;, the re- = 200
sults shown in Fig. E1.65 are obtained. Note that even though air is -
often considered to be easily compressed (at least compared to lig-
uids), it takes considerable pressure to significantly reduce a given 100
volume of air as is done in an automobile engine where the com- )
pression ratio is on the order of ¥ /¥, = 1/8 = (.125. 50 0.5, 398 pedd
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For Ma > 1 we see shock waves and “sonic booms”:
1) Wind Tunnel Visualization known as
2) Condensation instigated from jet speed allowing us to see a
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Vapor Pressure < Atmospheric Pressure Vapor Pressure = Atmospheric Pressure

Bubbles cannot form Bubbles can form and rise
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----------------- At what value of contact angle 0 does the liquid-solid interface become “non-

SRR wetted”?
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[[STVTINMMY Capilary Rise inaTube

GIVEN  Pressures are sometimes determined by measuring the
height of a column of liquid in a vertical wbe.

FIND What diameter of clean glass tubing is required so that
the rise of water at 20 °C in a tube due to capillary action (as op-
posed to pressure in the tube) is less than £ = 1.0 mm?

SOLUTION
From Egq. 1.22 Note that as the allowable capillary rise is decreased, the diame-
Yo cos ter of the tube must be significantly increased. There 15 always
h= 2 some capillarity effect, but it can be minimized by using a large
Y enough diameter tube.
s0 that
2o cosd
k= vh 100
For water at 20°C (from Table B.2), o = 0.0728 N/m and 80
v = 9.789 kN/m’. Since @ = 0° it follows that for A = 1.0 mm,
2(0.0728 N/m)(1) : B0
- (9.789 x 10° N/m*)(1.0 mm)({ 10~ m/mm) &
— 0.0149 m 0 (1 mm, 29.8 mm)
and the minimum required tube diameter, [}, is 20
D=2R=00298 m = 29.8 mm (Ans)
0 0.5 1 1.5 i
COMMENT By repeating the calculations for various values h, mm
of the capillary rise, h, the results shown in Fig. E1.8 are obtained. M Figure E1.8




