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1. Use of steam tables to analyze a steam table (30 points)

It is amazing what ideas have been turned into TV shows.
On the Food Channel, there is a show called: “Dinner
Impossible” where chef Robert Irvine has to create “theme”
dinners under various restricting circumstances (e.g., using
food only obtained from containers in a shipyard and being '3 Well Unit Pictured
cooked on devices that he put together from available *
materials ... barrels and metal grates!)

For this problem you will need to analyze the steady state operation of a “steam table”
which is designed for use in a kitchen. The analysis will be done inside for its intended
use and outside, say if Chef Robert needed to keep food hot for a dinner for the NHL
Winter Classic -- perhaps in Montreal in January.

Steam tables can be purchased with either electrical or gas heating (i.e. essentially like
clothes dryers).

When running at steady state and just holding food at constant T, a steam table gives off
heat to the surroundings and a steady stream of steam that is generated inside the
device and which flows past the pans of food (where it also keeps the food moist). It is
vented out the top. For this problem steam is boiling away at 10 kg/hour (=3600 s).

Note that at steady state the water inside has already been heated to 100C and for the
purposes of this problem, this amount stays constant (even though there is a steady
venting stream).

a. Obtain the form of the energy balance that can be used to analyze this problem
starting with eq. 2.64 in the appendix. Justify any terms that are crossed out with an
explanation. Consider the case where electricity is used to power the device and
hence is a shaft work (input).

b. The sensible heat loss can be modeled with Newton’s law of cooling,

0 = hA(T,

steam table (= 4 m2), the temperature of the metal is 80C and the room is 25C. The
heat transfer coefficient will have a nominal value of 10 W/m2K. How much electrical
power (Watts), will be needed to run the table?

T. Ywhere his a heat transfer coefficient, A is the surface area of the

etal room



c. Now suppose that this unit is placed outside in January in Montreal. Now the “room”
is at -20C. Further, heat transfer coefficient is now 25 W/m2K because of some wind.
The temperature of the metal is lower at 70C. How many Watts are needed now?

For outside use, he probably needs a unit that is powered by portable chemical fuel
(saves on a long extension cord!). Propane is a good choice.

d. Analyze the steam table with a gas input as the heat source. Write down an energy
balance that describes this situation and again justify canceling the appropriate
terms.

The heat of the combustion reaction for propane is 44 kd/mole (= 1000 kd/kg). You can
assume that CO2 and water leave the combustion chamber of the steam table at the
appropriate reference conditions_for the heat of combustion calculation.

e. What is the propane mass flow rate necessary to run the steam table?



2. Just a piston and cylinder filled with ideal gas (40 points)

-

For this problem, consider a piston and cylinder arrangement where 1 mole of “ideal
gas” is confined by a piston. This ideal gas has a Cp = 5/2R and Cv = 3/2R. We will
use this device in a three-step cycle and examine the various steps and the values of
heat and work.

The initial state will be T4, P1. The first step will be to T2, P2, the second step will be
from T2, P2 to Ts, P3. The third step will be back to T4, Pi.

a. What does the internal energy change for the complete cycle have to be? Why is
this the case?

b. Using the energy balance given as equation 2.64 in the appendix, derive the form of
the energy balance that you will need to solve this problem. For each term that is O,
state why. (You don’t have to comment on the kinetic or potential energy terms.)

c. Step one is isothermal compression from T1 = 273K and P1 =1 ATM to T1= T2 = 273K
and P2 = 5 ATM. Derive the necessary algebraic expression then calculate the heat,
work and change in internal energy for this step.

d. The next step is constant pressure heating to T3 =798 K and P2 = P3 = 5 ATM. Derive
the necessary algebraic expression then calculate the heat, work change in internal
energy for this step.

e. The third step is an adiabatic expansion back to P+ =1 ATM and T1=273K. Derive the
necessary algebraic expression then calculate the work and internal energy change
for this step.

What value of change of internal energy for the entire cycle did you calculate?

. What was the total work for the cycle?

. What was the total heat for the cycle?

Calculate an efficiency for this “heat engine” as: (work out in step 3)/(work in for step
1 + heat in for step 2).

j. If we continue to require a cycle with the same three steps, will the efficiency change

if T1is changed? Show the answer.

k. If we continue to require a cycle with the same three steps, will the efficiency change
if P2 is changed? Show the answer.

- oGQ



3. Analysis of a steam catapult (30 points)
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While the newest generation of aircraft carriers will have electromagnetic catapults,
steam has been the chosen propulsion method for launching airplanes from the flight
deck for the past 60 years. This device can accelerate a 45,000 Ib (20,000 kg) airplane
from 0 to 165 mph (75 m/s) in about 2 seconds. (This acceleration is almost 4 g’s! To
compare this, the “Top Thrill Dragster” at Cedar Point does 0 to 120 MPH in about 4
seconds or only about 1.2 g!)

Use MKS units for this problem.

You can calculate the kinetic energy of the aircraft at take-off as 56,000kdJ. The jet
engines contribute 35% of this and the catapult contributes 65%.

For each catapult, there are two piston-cylinder assemblies (symmetric across the axis
of travel) that are driven by steam from a feed tank. You will be considering just one
piston assembly.

Each piston is 0.535 m in diameter and travels 100 m. The force exerted by the piston,
which is roughly constant during the launch, is 180,000 Newtons (kg-m?2/s2).

a. Write the version of the energy balance that will allow you to analyze cylinder behind
in which steam will be entering and pushing the piston forward. Note that no heat
exchange occurs during this short launch time.



After a short initial transient, the pressure and temperature behind the piston remain
constant during steam injection. (You might think about why keeping T constant is a
really good idea!)

b. What pressure is necessary to produce the force (i.e., 180,000 N) needed during the
launch?

Note that the source of steam is separated from the cylinder by an adiabatic valve.

c. Write down the version of the energy balance that tells the behavior of the steam as
it enters and leaves the valve.

d. If the work done on the piston is (-) 18,000 kJ, how many kg of HP steam are
needed? Note that once the steam is inside the cylinder, it will be saturated!

HP steam is 5 MPa and 264C. Note that the working pressure during launch is constant
at your value from “b” and the temperature is constant at value for saturation at the
working pressure.



Appendix 1.
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Figure 2.9 Schematic of a general system.
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Where superscripts “in” and “out” denote properties of the streams which cross the boundaries,
which may or may not be equal to properties of the system.
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684 Appendix E Pure Component Properties
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Section E.6 Propertics of Water 685
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690 Appendix E Pure Component Properties
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