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ME 105 Thermodynamics
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Second Midterm Exam — 50 MINUTES

Three questions, equal weight.

NOTE: Please write your name and the question number on each page of the exam and
answer questions only in the allocated space.

This time pages without names on them or without question numbers WILL BE DISCARDED
since pages without names give many opportunities of manipulating grades. We cannot do
detective work on over 150 exams.

Question #1

Devices can be designed to serve as both heat pumps to deliver heat and air conditioning
systems to remove heat.

- a) Inthe winter the device in a heat pump configuration supplies energy in the form

of heat to a house at the rate of 140,000 kJ/h when the house is maintained at
25°C. Over a period of one month, the heat pump operates for 100 hours to
transfer energy from a heat source outside the house to inside the house. Consider
a heat pump receiving heat from two different outside energy sources. In one
application, the heat pump receives heat from the outside air at 5°C. In a second
application, the heat pump receives heat from a lake having a water temperature
of 10°C. If electricity is used to run the heat pump determine the maximal
difference in electrical energy consumption per month between using the lake .
water versus the outside air as the surroundings temperature reservoir.

b) In the summer, the same device acts as an air conditioning system to maintain the
house at 25 C when the outside air temperature is 35 C and the lake temperature is
15 C. Assume that the energy removed from the house is also 140,000 kJ/h and
the device operates for 100 hours per month. If electricity is used to run the
device determine the maximal difference in electrical energy consumption per
month between using the lake water versus the outside air as the surroundings
temperature reservoir.



QUESTION # ME 105 Name AM SWER KE ‘Ij
Val A) \Ty Th = A9sk Lo.<)

TL7aMK T =283k
Q4 o 2
H=',HX'O KJ Page | 2
Wmf‘

Q_jr\ c@(’ﬂp_iﬂ - Sn Ta [a]

L net Q -Q T-—T
Cof

wPE= 149 [o. ) CoP .= 199
Wheti = 939597,3 kT Lo.s)

Waeta =703516k3  [0.5] (8w, ~ 23c014.7K3 | [_O,S']
‘°>Q L Wnet =0 Sor lake L[]
H -7
- Whet QL_-—/,‘lx(oj T, =298k T, =30% Kk Lo.s)
QL

= [Q] COPR:Q_L-__‘—'- @L T

=

A S]
Whet QH -Qu T -T

Wit = 46479%. TkT P)W"‘*’ 469793, 7 k‘S} f1]




QUESTION # ME 105 Name /AY f\) SWE {i KEY

Question # 2

\

An aircraft engine operates on a simple ideal Brayton cycle with a pressure ratio of 10.
Heat is added to the cycle at a rate of S00 kW; air passes through the engine at a rate of
1kg/s; and the air at the beginning of the compression is at 70 kPa and 0°C. Determine
the power produced by this engine and its thermal efficiency. Use constant specific heats
at room temperature.
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Question #3. (concepts — answer briefly in the space provided)
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L—a‘] a) Canthere be a situation in which a system operates as a Carnot cycle between

two reservoirs at two different temperatures and the heat interaction with the
reservoirs is irreversible? Explain.

s tio o Cacve b ole. s
- rduersible,

-
E&] b) You need to increase the entropy of a system at 200 K by 10 kJ/K entropy. What
would you do to increase the entropy of the systems in a) a reversible process
b) in an irreversible process.
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/" ['9:] c) Anideal gas with k=1.3 undergoes an isentropic process in which the

temperature changes from 20 C to 40 C. What is the relative change in

pressure.
For o (deal 30\5: . Page | &5
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E 9\-1 d) Show on a Mollier diagram a schematic of an ideal and an actual process across
a nozzle
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e) A compressed gas at a pressure P is in an enclosed container with a volume V.
The container is placed in a vacuum chamber, zero pressure, of volume 2V. the
compressed gas container wall breaks and the gas expands to occupy the 2V

P o
volume chamber. Is there any change in the exergy of the system? Explain in age | ¥
words.
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