I-107E It 1s well-known that cold air feels much colder in
windy weather than what the thermometer reading indicates
because of the “chilling effect™ of the wind. This effect is due
to the increase in the convection heat transfer coefficient with
increasing air velocities. The equivalent wind chill tempera-
ture in °F is given by [ASHRAE, Handbook of Fundamentals
(Atlanta, GA, 1993), p. 8.15]

Toquiv = 91.4 — (91.4 — Typien)
X (0.475 — 0.0203V + 0.304\/V)

where V is the wind velocity in mi/h and| T, ;. . is the ambi-
ent air temperature in °F in calm air, which is taken to be air
with light winds at speeds up to 4 mi/h. The constant 91.4°F
in the given equation is the mean skin temperature of a rest-
ing person in a comfortable environment. Windy air at tem-
perature T, ,. . and velocity V will feel as cold as the calm
air at temperature T, .. Using proper conversion factors,
obtain an equivalent relation in SI units where V is the wind
velocity in km/h and T ;.. is the ambient air temperature in

°C.

Answer: T =33.0—-(33.0—-T )

Sy ambient’

x(0.4[75 — 0.0126V + 0.240VV)

1-107 E (b) For the problem provided above, find the
equation when the wind velocity is expressed in m/s.

1-110  Balloons are often filled with helium gas because it
weighs only about one-seventh of what air weighs under
identical conditions. The buoyancy force, which can be
expressed as Fy, = p. #1000 Will push the balloon upward.
If the balloon has a diameter of 10 m and carries two people,
70 kg each, determine the acceleration of the balloon when it
is first released. Assume the density of air is p = 1.16 kg/m’,



and neglect the weight of the ropes and the cage. Answer:
16.5 m/s?
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FIGURE P1-110

1-118 The average atmospheric pressure on earth is
approximated as a function of altitude by the relation P, =
101.325 (1 — 0.02256z)>2°, where P, is the atmospheric
pressure in kPa and z is the altitude in km with z = 0 at sea
level. Determine the approximate atmospheric pressures at
Atlanta (z = 306 m), Denver (z = 1610 m), Mexico City (z

= 2309 m), and the top of Mount Everest (z = 8848 m).



1-119% When measuring small pressure differences with a
manometer, often one arm of the manometer is inclined to
improve the accuracy of reading. (The pressure difference is
still proportional to the vertical distance and not the actual
length of the fluid along the tube.) The air pressure in a cir-
cular duct is to be measured using a manometer whose open
arm is inclined 35° from the horizontal, as shown in Fig.
P1-119. The density of the liquid in the manometer is 0.81
kg/L. and the vertical distance between the fluid levels in the
two arms of the manometer is 8 cm. Determine the gage
pressure of air in the duct and the length of the fluid column
in the inclined arm above the fluid level in the vertical arm.
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FIGURE P1-119

1-123 It is well-known that the temperature of the atmo-
sphere varies with altitude. In the troposphere, which extends
to an altitude of 11 km, for example, the variation of temper-
ature can be approximated by T = T, — Bz, where T}, is the
temperature at sea level, which can be taken to be 288.15 K,
and # = 0.0065 K/m. The gravitational acceleration also
changes with altitude as g(z) = g,/(1 + 7/6.370,320)% where
g, = 9.807 m/s? and z is the elevation from sea level in m.
Obtain a relation for the variation of pressure in the tropo-
sphere (a) by ignoring and (b) by considering the variation of
g with altitude.



