ME 420 Professor John M. Cimbala Lecture 03

Today, we will:

Continue to discuss isentropic relations for an ideal gas, and do some example problems
Discuss speed of sound and Mach number and do some example problems

Begin to discuss compressible adiabatic flow in ducts

Do Candy Questions for Candy Friday

Recall, for an ideal gas, the 7ds equations simplify to
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Isentropic relationships for an ideal gas:
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Manipulation of Eq. (21) yields D = 7 (31)
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Similarly, manipulation of Eq. (11) yields |— = 7t (41)
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[Note: These equations hold for ideal gases only. From now on, we will deal only with ideal
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gases, and I will drop the “1” from equation numbers. ]

flows nearly fseNtropically from lg€ation \to location 2. The follywing are
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Splution:
Assumptipns a Approxiﬂnations

\l; Thelfair is pn ideal gas.

27 Thelflow fs approximatgd as fsentropic.
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Mach number regimes (sketch by Gary S. Settles):
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Example: Speed of sound and significant digits
Given: An aircraft flies at speed V' =423.1 m/s through air at 7= 300.3 K.

e

To do: Calculate the aircraft’s Mach number to the correct number of significant digits.

Solution:  Speed of sound a =./yRT . Mach number M = V/a. The ratio of specific heats of
air is y= 1.40. The specific gas constant for air is R = 287.0 m?/(s’K).
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To be completed in class
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Example: Mach number and the incompressible approximation
Given: An aircraft flies at a high altitude where the pressure is P = 30.09 kPa and the
density is p=0.458 kg/m°.

To do: Calculate how fast (in units of m/s to 3 significant digits) the aircraft can fly to
stay within the “incompressible” approximation, commonly taken as the speed at which the
Mach number is less than 0.3.

Solution:  Speed of sound a =./yRT . Mach number M = V/a. The ratio of specific heats of
air is y= 1.40. The specific gas constant for air is R = 287.0 m?/(s°’K).

To be completed in class.
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The First Law of Thermodynamics in terms of the Reynolds
Transport Theorem (RTT):
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FIGURE 4-55

Com), DF Q_’mjj &, G CV) The Reynolds transport theorem
(RTT) provides a link between the

system approach and the control

b'o\ ully, &0 volume approach.
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