QUESTION # 1 ME105NameA NSWER |< EY
AVO Ll 557.1%  STD:5.93

ME 105 Thermodynamics

First Midterm Exam — 50 MINUTES

Three questions, equal weight.

YOU ARE RESPONSIBLE TO WRITE YOUR NAME ON EVERY PAGE. WE WILL SEPARATE TH
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QUESTION ON EACH PAGE

Question #1 (easy question)

Two kilograms of steam at a pressure of 100 kPa is contained in a rigid sealed tank whose
volume is 3.97 m>. The steam begins to cool as heat is transferred to the atmosphere. When the

internal pressure reaches 10 kPa, the tank wall will collapse.

L—a] a) Sketch a P-V diagram of the process !
[3\] b) What is the initial temperature in the tank? |l
[;’.} c¢) What will be the temperature in the tank when the walls collapse? \
[3] d) How many kg of water are in the liquid state at the instant of collapse. |
[a]e) What is the total change in the internal energy for the process. —
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Question # 2 (difficult question)
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Compressor Combustor Turbine Nozzle

AIR

A Simplified Jet Engine is to be analyzed.

Air enters an adiabatic compressor on the intake side of the jet engine at atmospheric pressure
and a temperature of 25°C. Air exits the compressor at a temperature of 127°C and goes into a
combustor. The combustor can be modeled as a heat exchanger which inputs heatinto a
system at a rate of 1500 kJ/s. The stream coming out of the combustor is sent into an adiabatic
turbine where work is extracted. After the air exits the turbine it is at a temperature of 625°C.
The air is then passed through a nozzle with an exit cross-sectional area of 30 cm” and
exhausted to the environment at atmospheric pressure and 25°C.

You may assume the air behaves as an ideal gas and maintains an average constant specific heat
of 1.07 ki/kg K throughout the entire engine. You may also assume that all of the work
produced by the turbine goes into operating the compressor. The gas constant of air is 0.287
kJ/kgK, atmospheric pressure is 101.3 kPa.

Find:

A) The temperature of the stream after it exits the combustor
B) The mass flow rate of air through the system

C) The power produced by the turbine

D) The exit exhaust velocity
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Question #3. (concepts — answer briefly in the space provided)

[_:l c.)] a) Is athermodynamic system always defined by two thermodynamic properties Page | §
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intensive propecties. (state Postulate)

[Q 5] b) Using the ideal gas relations to calculate from P and T the volume, V, near the top
of the two phase dome of a real substance will result in an overestimate or
underestimate of the volume? How did you reach this conclusion?
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[2 5‘] . c) A pump at room temperature, 22 C, pushes 5 | of water from 100 kPa to 300 kPa.

' W What is the minimal power that needs to be supplied to the pump?
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this violate the first law of thermo?
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