Engineering 115: Engineering Thermodynamics

First Midterm Exam

INSTRUCTIONS: You are allowed one side of a standard piece of paper with relevant

equations. Answer all questions and show the steps in your work to maximize credit.

1.

Considering the first and second laws of thermodynamics, and the formal mathematical
relations between state functions, answer the following questions. For each problem we are
considering closed systems. Do not assume the systems are ideal gasses.

a. (10 points) A system undergoes an isothermal transformation at T=300 K, involving an
internal energy change of AU=400 J and an entropy change of AS=2 J/K. What is the
maximum work possible in this transformation?

b. (10 points) A system undergoes a change of state at a constant pressure of P=] atm. In the
process we add q=30 J of heat to the system, while we perform w=40 J of work on the
system. What is AU, AH and AV for this change of state?

c. (10 points) Consider a system that has a negative coefficient of thermal expansion:

a=—]~((—?-‘{) <0
v\dT /),

The system undergoes a constant temperature process in which the pressure increases.
Does the entropy of the system increase, decrease or stay the same?



Mt'cﬂ '}“GQ\Q_ j_’: Seluffong

)

b

=

N AU cie-w 1T L

S < A4S 2 Low

T4

AS2 & 5 Taszq fur (5 g cnna (
T recclyo,

N

W=4-2aU < TAS-AU

| W\ O~ x Wb"-[t- '@f‘ 7o l/'{/'.hé(t #‘M\!‘ﬁ‘(zﬁ"’ﬁvr\

i qua.,n{ = T_/\S "Au - 10JZC 2”_3: —_ %JUJ’

<
I W = L0 T
= o
(1) AU~ 4-w 2 Nete)  we perhom
DH ¢ iele it
W PAV =2~ w< o0

AV ~w/p = w-= -40J




N = 3o+‘10"--7-OJ'
AP 30d
NV SRS YW YT

Qb 1003

(0) /j Y VY,

Mer vrell relohe

Pl T/,
LS,
[2) -« >0
\ 2
=7 Cadopy  inctases




2. The following is the so-called Diesel cycle for a compression-ignition heat engine. The cycle
involves four reversible processes:

(i) 1—2 Adiabatic compression

(i1) 2—3 Constant-pressure heat addition
(iii) 3—4 Adiabatic expansion

(iv)  4—1 Constant-volume heat rejection

Suppose we have 5 moles of a diatomic ideal gas operating in a Diesel cycle. In the initial
state the gas is at standard temperature and pressure. The maximum temperature reached
during the cycle is 700 K, and the minimum volume is 60 liters. The molar constant-volume
heat capacity for a diatomic gas is cyv=5/2 R.

a. (20 points) Plot the cycle on a T-S and P-V diagram. On your diagram label states 1, 2,
3 and 4. Indicate on your plot the step during which heat q;, is added to the system, and
the step where heat in the amount —qo is rejected by the system.

b. (20 points) Compute the total work done in the cycle and the thermal efficiency.
¢. (10 points) Suppose that the maximum temperature in the cycle is increased, keeping the

minimum volume and the initial state the same. Would you expect the work to increase
or decrease? Explain your answer.
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3. Consider the following chemical reaction at P=1 atm:
1
A+ 5 0, —= AO

where A is a hypothetical metal, and AO is its oxide. At STP (T=298 K, P=1 atm) the
reaction is characterized by the following enthalpy change:

AHY, =-800,000 J/mol

The heat capacities of the reactants and products are given as follows (in units of J/mol-K):

A(s): Cp=20-10x10"T 298 K <T<1500K
Oxg):  Cp=29.96 +4.18x10° T - 1.67x10° T 298 K <T <3000K
AO(a): Cp=50+5.0x10" T 298 K <T<800K

AOB):  Cp=-1.0+40x10> T 800K <T<1500K

Note that AO undergoes a structural transition (a to B) at a temperature of 7" =800 K,
and the transformation enthalpy is equal to AH 2-# =1000 J/mol .

a. (10 points) Sketch the enthalpy (H) versus temperature (7) for reactants and products,
from 7=298 K to 1500 K. Label the values of H at 7=298 K on your plot and clearly
indicate the structural transition temperature.

b. (10 points) Compute AH for the reaction at 7=1500 K.
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