M E 320
Today, we will:

Professor John M. Cimbala Lecture 12

Discuss conservation of energy for a control volume

Do an example problem — energy equation with a comressor
Discuss the kinetic energy correction factor

C. Conservation of Energy
1. Equations and definitions

From previous lecture...the conservation of energy equation for a fixed control volume
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But from thermodynamics, specific total energy
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Steady-state, steady-flow (SSSF) form of the 1* Law of Thermo. for a fixed CV:
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Example: Control volume energy equation applied to an air compressor

Given: A large air compressor takes in air at absolute
pressure P, = 14.0 psia, at temperature T, = 80°F (539.67
R), and with mass flow rate m = 20.0 Ibm/s. The diameter
of the compressor inlet is D; = 24.5 inches. At the outlet,
P, = 70.0 psia and T, = 500°F (959.67 R). The diameter of
the compressor outlet is D, = 7.50 inches. The shaft driving
the compressor supplies 3100 horsepower to the
compressor.

D.

Compressor
(a) To do: Calculate the average velocity of the air entering

Input shaft power
the compressor. P P

Solution: Atthe inlet, M~ o ...V, .., A = oViA where the subscripts “avg” have been dropped for

m___4m__4RTm o h d the ideal gas |
= = , where we nave use e ldeal gas law
LA 7o D12 T F)1D12 J

P = pRT to calculate the density of the air. Substitution of the values yields
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convenience. Thus, V; =

(b) To do: Calculate the average velocity of the air leaving the compressor.

Solution: Similarly, using the pressure, temperature, and diameter at the compressor outlet, we get
V, = 331.051 ft/s, or V, = 331. ft/s (to three significant digits of precision)

(c) To do: Calculate the net rate of heat transfer from the air compressor into the room in units of
Btu/hr.

Solution: First we choose a control volume. We draw the . / V,
control volume around the entire compressor, cutting
through the shaft, and cutting through the inlet and outlet,
as sketched. Note that we draw the net rate of heat transfer

Q.etin into the control volume to keep the signs straight.

We expect a negative value since the compressor will
actually give off heat into the room.

netin

Wshaft netin

Next, we apply the approximate form of the control volume
energy equation,

: : d (. V? (. V?
Qnetin +Wshaftnetin:aj.c > +zm(h+7+gzj_zm(h+7+gz) JTIF Cnt iy e4.
out in

steady

and we solve for Q... .

Solution to be completed in class.
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Example from previous lecture: Velocity profiles in 2-D channel flow
Given: Consider steady, incompressible, two-dimensional flow of a liquid between
two very long parallel plates as sketched. At the inlet (1) there is a nice bell mouth, and the
velocity is nearly uniform (except for a very thin boundary layer, not shown).

e At(1),u=u;=constant,v=0,and w =0.

o At (2), the flow is fully developed, and u =ay(h-y),v=0,and w =0, where ais a

constant. = '
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To do: Generate expressions for constant a and speed umax in terms of the given
variables. = —

Solution:

We used conservation of mass, and integrated to solve for constant a,

Now, since we also know that at locatign 2, u= ay h y) we can solve for Upay.

L( 3 / = "Ln-w
If u; = 3.0 m/s, calculate Uy, in M/s. = : !
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