CHEMICAL ENGINEERING 141: THERMODYNAMICS
Fall 2020
MIDTERM =120 MINUTES - 100 POINTS

Part | (20 pts): Conceptual questions (select the only correct choice from given
choices)

1. The pressure of H20 in a closed container is 1000 kPa and the temperature is
100 °C. The state of water phase is: B

a. ldeal gas b. Compressed liquid c. Superheated vapor
d. Saturated vapor e. Saturated liquid-vapor mixture

2. The specific enthalpy of atmospheric air most likely varies with: D
a. Its pressure b. Its volume c. Its density d. Its temperature

e. R (ideal gas constant)

3. An ideal gas is compressed in an isothermal process in a closed system. The
process MUST also be: C

a. Adiabatic b. Isobaric c. Isenthalpic d. Isentropic e. Isochoric

4. For which type of process is the equation dQ = TdS always valid? C

a. Irreversible b. Isothermal c. Reversible d. Isobaric

5. The entropy of the universe is conserved: D

a. Never b. In an isothermal process c. Only if you have a
cycle d. In a reversible process

6. When is the following equation always valid? E



T;
AU=.[ CvdT

T

a. Isobaric path b. Isochoric path c.ldealgas d.aandc e.bandc

7. An ideal gas is compressed to double its pressure in a piston along various
reversible paths, and the final temperature remains the same as the initial
temperature. Which of the following requires the most amount of work? A

a. Isothermal compression
b. Isobaric compression followed by adiabatic compression
c. Isobaric compression followed by isochoric heating

d. All the same

8. Two reversible cycles are shown on a PV diagram. Which cycle has a larger
value of Q? B

P
D
B
-
A C E
\")
a. A—-B—-C—A
b. A-D—-E—A

c. Q is the same for both processes

9. An idealized throttling process is: C

a. Isobaric b. Isothermal c. Isenthalpic d.bandc



10. Liquid water is used in a chemical reaction with other reactants. After the
reaction, some of the liquid water becomes vapor. To calculate possible
temperature change after the reaction, how many of the following heat effects may
we have to consider? F

a. Sensible heat b. Latent heat c. Heat of reaction d. b andc

e.aandc f.a,bandc

Part Il (80 pts): Show work and indicate your final answer clearly!

1. (20 pts) One mole of ideal gas with a temperature-independent heat capacity of
cp = 29.3 J/(mol K) undergoes the following cyclic sequence of quasi-static
processes:

1. The gas is heated isobarically from 200 K and 2 bar until the temperature
reaches 400 K.

2. The gas is adiabatically expanded until the temperature drops to 200 K.

3. The gas is isothermally compressed to its original pressure of 2 bar.

a. (10 pts) Calculate the heat, Q, work, W, change in internal energy, AU, and
change in enthalpy, AH, for each step in the process.

b. (5 pts) Confirm that the changes in internal energy and enthalpy sum to zero for
the cycle.

c. (5 pts) What are the net heat, Q, and net work, W, for this cycle?

Solution:

1 mole of gas, ¢, = 29.3 J/mol K
For each step, we want Q, W, AU, and AH.



Step (1) Isobaric heating from 200K to 400K at 2 bar

For closed system with no change in kinetic or potential energy:

AU=Q+W

Q =AU —W = AU + PAV

AH = nc,AT = 1mol * 22L « (400K — 200K) = 5860]
p mol K

For isobaric heating, AH = Q = 5860]

29.3] 8.314]
AU = nCvAT = 1mol * ( — ) * (400K — 200K) = 4197]
molK molK

W= AU-Q=-1663]

Step (2) Adiabatic expansion to T = 200K

Q = 0] by definition of adiabatic

AU CvAT = 1mol (29'3] 8'314]) (200K — 400K) 4197
= = * —_ * _— = —
nev mo molK molK J

W= AU-Q = —4197]

AH = nCpAT = 1mol i‘)j{( « (200K — 400K) = —5860]

Note that the pressure at the end of this step is:

Cp

P,= P, * (%)F = 2bar * (%)3'5 = 0.177 bar



Step (3) Isothermally compressed to 2 bar (T:=T>)

AU = nCvAT=0=Q+W so Q = —

W = f PdV = Rf W o R VZ) RTI (Pz)
- - v "V1 "\p1

—8314*200*ln(

o1 77) 4032]=—Q so Q=—4032]

AH = nCpAT =0]
Overall:

SAU = (4197) + (—4197) + (0) = 0]

SAH = (5860) + (—5860) + (0) = 0/

2Q = (5860) + (0) + (—4032) = 1828]

SW = (—1663) + (—4197) + (4032) = —1828]

2. (20 pts) You open the valve of a tank containing an ideal gas at 35 °C and 5.0
bar, so that the gas exits the tank into the atmosphere at 25 °C. The tank has a
volume of 10 L, and the gas is being released from a tiny valve at a constant rate
of 0.01 mol/h. How long until the air in the tank and the air in the environment are
at the same temperature? Take cv = 20.8 J/(mol K) for the air. Assume that there
IS no heat transfer between the tank and the surroundings.

Solution:

The open system, first law balance is:

%=Q+W—A(Hm)

You know that Q = 0 and W = 0. There is only one flow stream, so by a mass balance, m =
- ‘2—7:, where m is the mass of the contents of the tank.



Rewriting the first law balance and rearranging:
dmU)cy . dm
dt 7 dt

d(mU) oy = mdU + Udm = Hdm
mdU = (H — U)dm = PVdm

Now you can rearrange, substitute the Ideal Gas EOS, and integrate:
dm dU  CydT
m PV RT

j‘mz dm_fT2 Cy (dT)
m J. R\T
1

mq

_ 20.8l (298) = —0.08258
8314 "\308) "

ms
— =0.9207
my

So the tank needs to lose 1 — 0.9207 = 0.0793 fraction of its contents. The number of moles in
the tank currently is:

4% 5.0 = 10.

== = 1.95 mol
RT ~ 0.08314 = 308 mo

n

1.95 % 0.0793 = 0.154

So the process will take (0.154 mol)/(0.01 mTOI) =|154h

3. (20 pts) With respect to 1 kg of liquid water (the heat capacity of liquid water is
4.2 JI(g K)):

a. (10 pts) Initially at 0°C, it is heated to 80°C by contact with a heat reservoir at
80°C. What is the entropy change of the water? Of the heat reservoir? What is total
entropy change?



b. (5 pts) Initially at 0°C, it is first heated to 40°C by contact with a heat reservoir
at 40°C and then to 80°C by contact with a heat reservoir at 80°C. What is total
entropy change?

c. (5 pts) Explain how the water might be heated from 0°C to 80°C so that total
entropy change is zero.

Solution:

Assume that the heat capacity of water is constant and equal to 4.184 kJ/kgK.

a)T, =273.15Kand T, = 353.15 K

kJ

Q = Cp(TZ - Tl) = 336 kg_K
T, k]

ASHZO = CplnT—l = 1.079 kg_K
—Q kJ

AS;es = — = —0951 ——
res TTES kg K

k
AS;or = ASp,0 + ASyes = 0.128 kg—]K

b) The entropy change of the water is the same as in part (a), and the total heat transfer is the same, but
divided into two halves.

T

1 1) kJ

=-1.012 —
2 313.15K+353.15K 0 kg K

b kj
ASHZO = CplnT— = 1.079 kg—K
1



k
Astot = ASHZO + ASres = 0.067 kg_]K

c) The reversible heating of the water requires an infinite number of heat reservoirs covering the range
of temperatures from 273.15 to 353.15 K, each one exchanging an infinitesimal quantity of heat with the
water and raising its temperature by a differential increment.

4. (20 pts) The normal melting temperature of water is 273.2K with a heat of fusion
of AH°=6012 J/mol.

a. (10 pts) Find the entropy change of one mole of water freezing at T=263.2K and
normal pressure.

b. (10 pts) Find the total entropy change (system and surroundings) for this
process. What does the sign of the result tell you about the process?

The heat capacities ¢, of liquid and solid water are 75.6 J/(mol K) and 37.8 J/(mol
K), respectively, and can be considered as constant.



2)Sice  we only  Know Jﬁ"r’ﬁ; 2713.2K, we nust constract
M?U’r‘nﬂ'\m\ {m‘HﬂS +o wt'ﬂt! +he, en'i'[‘g” of ’H\t SY5 e,

T=2 1’32K Fmr..n3 u'merm\
e P T.. 273, 2K
L é o . seld ¥ Al 9*&’355 .
oA v@ ore af £=latm
.E )___g_t_,"_r_u_ml eSS .i £ N= 1m0l
T:\ ?EB.QK {'FrtﬁzgﬁLuH_‘ T = ZGE,_(’_‘ K
a <o,

e con  ponstrutt ‘h\HoT‘hﬁic,q‘\ g:ﬁl\‘f, with the Samg mhal and
tinad  stokes because ea’rﬁ;P\f 15 o stde  fuachien

DSy, = A8, +ns, + 0S;
Step 1! \sobaric beating of 1 H,0 from 203%.2K +o 273.2K

JS-: ( )&T N (Br /P,Cnnﬂ 0
d5= Neg 4T
T

S, = Neplo(2) = (1 mol (756 T

V), (H722K 2 5 e0X

mol K/ ?_'23 2K

Step 2 freeziag ot 273.2K

46 = $& & dH 4 Phase draccition oF coast T P
T T
',n'ﬂ".'
r NS, = —nNpwe, — _(ma)(eorz L)) _ _22.0}%
T 2752 K
of solid H,0 from 273 2K to 263%.2%

s¥ee 3. c,ouh'ﬂj
33 -( i+ () Fidal ke s

- \wrearat
5 ds =S ar ¢ Bsszmcw‘&ln(%) :("““)(315%@1:»(?%—;
-ﬂi}%:-—lm%



%) Ceonkiaued)

=(2.92¢ )+ (-220\% )+ (-1.41 %
“2951'5 _5551%\

QEEE—E\-‘ ﬂﬂg\”fr :"”U‘ula be G.Jrl"‘t JOE-C-:!IA‘_")E heq'i' :5 log* ns w.ﬂ-gr‘
qoes from Vg, +o~ sohd

b) NS, = ASg, DS,

chanag D'F He Etwifonmn'*‘ (‘&gsurr)

#$\We ned Yo £ind efftrop
1 an fsc'ﬂ'verrnq'l ﬁmferqhﬂ reservor,

Assume The Lironameat  acts 05
process oCcufs ot c.ons‘f*qrﬁ' pressure we ﬁe?'

¥Since the
Is = .J-[AU PN) = [c\H P4\ - \Idr+PJ\]
@5:_@_"1__‘1 U(Dmsw):c;,p,
eyt Eau +
j .&SSNT _5:[':_ - . D“‘S‘{S"r&m snct hﬁa’f '|05+ [,.,i Q,P.E_m
T - - jnf\ \j Sw.lfl'"ﬂu’\n{ 35
-’b S!-P'l" = D‘l’jl +bH . g b“ (_U.j Aj Same lﬂ‘fpﬂﬂ"ﬂhm\ Pr_ﬂ'hf,)
&H MD?"'" (T, - T) 3 Uf""‘) (75, Qmom)(z?S,ZI&-‘ZEZ.ZH\): 756y
NH, = —A = —L@Di?-f Y\ mel) = -eizS
Bh = Ncp m{T )= (e (3785 T\ je32k —273.2K)= =378 3
o2 3) + (378 7) = —sgsﬂ

—> DHsys *(755“5)+ -
My L (st T) AR u.
= Bur =5+ = ("“sz."s'zm

\'C‘h



