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THERMODYNAMICS QUALIFYING EXAM

August 2013

OPEN BOOK (only one book allowed) & CLOSED NOTES

Answer all four questions

All questions have equal weight

TIME: 3.0 hrs

Prepared by H.Schock & A. Engeda

* Take any required property from your book, approximate values if necessary.
* If you make any assumption to reach a solution state it clearly
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Question # 1a

An adiabatic air compressor is to be powered by a direct-coupled adiabatic steam turbine that is
also driving a generator, as shown in the figure below. Steam enters the turbine at 12.5 MPa
and 500°C at a rate of 25 kg/s and exits at 10 kPa and a quality of 0.92. Air enters the

compressor at 98 kPa and 295 K at a rate of 10 kg/s and exits at | MPa and 620 K.
Determine:

i) The net power developed by the steam turbine,
ii) The net power consumed by the compressor and

iii) The net power delivered to the generator by the turbine.
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Question # 1b
Refrigerant 134a undergoes a closed process in a piston —cylinder device under the condition
pv'=constant. The initial and final states of the process are:
State 1: T\=-10°C & p,=200 kPa State 2: To= 50°C & p>= 1000 kPa
Determine:
1) The work transfer for the process in kJ/kg
ii) The heat transfer for the process in kJ/kg

iii) Sketch the process on a p-v diagram.



Question # 2a
Air at 500 kPa and 400 K enters an adiabatic nozzle at a velocity of 30 m/s and leaves at 300

kPa and 319 m/s. For enthalpy and entropy values use variable values from the tables.

Determine:
i) The exit temperature,
if) The change in entropy

iii) Sketch the process on the T-S diagram

Question # 2b

Consider a non-insulated mixing chamber. Liquid water at 200 kPa, 20°C and 2.5 kg/s; and
superheated steam at 200 kPa and 150°C enter the chamber and mix. The chamber is estimated
to lose heat to the surrounding air at 25°C at a rate of 1200 kJ/min. The mixture leaves the

mixing chamber at 200 kPa and 60°C.

Determine:
i) The mass flow rate of the superheated steam and

- ii) The rate of entropy generation during this mixing process.



3. Air at 35C, 100kPa, 10% relative humidity f:)asses through a chamber into which
cooling water at 15 C is sprayed in a steady state steady flow process. The
amount of water added is such that when it evaporates into the air stream, the
exiting air-water vapor mixture will be 25 C, 100kPa. Calculate the exiting relative
humidity.



4. An unknown hydrocarbon fuel is burned with air and a volumetric analysis of
the combustion process yields the following percent composition on a dry basis.

€O, =10.5%
0,=5.3%
N, =84.2%

Determine the composition of fuel on a mass basis and the percentage of
theoretical air used in the combustion process.



AE Solutions 1-a

Cengel & Boles 5" ed Problem 5.184
P, =12.5MPa
T, =500°C |
T, =295 K — > Ji = 295.17 kl/ke
T, =620 K —> h, = 628.07 kl’kg
P, =10kPa |
xg =0.92
Compressor:  Weomy in + gyl = Myiehy = Weomy in = Mg (1) — )

Iy = 3343.6 kl’kg

bhy =D+ xghy =191.81+(0.92)(2392.1) = 2392.5 ki/kg

s

Turbine: " sream] I3 = H.';urb, out + steamh-l - Hmrb out =mn steam (1"3 _]?4)
Substituting,

Weompin = (10 kg/s)628.07 —295.17) ki/kg = 3329 kW

Woshont = (25 ke/s(3343.6 —2392.5) ki/kg = 23.777 kW
I'T}net,out - ’mrb out — Wcomp,in =23.777-3329=20,448 kW

_ > WGen

10 kPa



AE Solutions 1-b
Moran & Shapiro3.53

SctmaTic L Grvsnv DATA:
P 2
+— Jooo kfPa
e i ﬂazooEPa, s;,% "
| peige | b, Tl g P
i - a
e T, = 50%
pv = const <
v
Va. yop
Y j d f * comst:
™ - pey = duv
v, vy <
P:..v?."' P; U-, Qk)
/-

To find the @0\1\'\'0(\'& exponeut w ,we first must
determivie +he twitial awd $final S?ect{-ic volume s. U.su?\j Table .

P =200kPa , T, = -10°%C => v, = 0.09938 m3/ kg
p,= 10co kfa, T, = So% =P 12.=0.0217( M¥/lg

Thus, for the polytrepic grocess
FU " = B =D Log(R/R) = m Log(ti/w)

| : | / 2o0)
pedoalRin) log (woorzon)
lnﬂ(‘U‘,/U“) loﬂ(.0q433/.01l1l§

In secting Valueo in EB.GQ

W _ (1000kP0) (6.02111 mM¥/bg) - (200)(-04938) 10°Nlw?|| LT
m - (1-1.058) L1efs || 10"N-m
=-3L62 k¥/lyg
with 83U 2mllez-L,)
W
% = Uyu)) + 5e
From Table s W, =221.50kTy and w,=258.48 kT/kg
Y% = (258.48-221.50) + (-31.62 kI kq)

I

+5. 30 “T/"-ﬁ



AE Solutions 2-a
Cengel & Boles 5" ed Problem 7.167

Alr

500 kPa 300 kPa
400 K 319.1 m/s
30 m/s

The gas constant of air is R = 0.287 kJ/kg.K (Table A-1). For enthalpy values use

table A-17
Energy balances on the control volume for the actual and isentropic processes

give

72 qu
2 72
2 ke 3 i
400.98 ki/kg + 22 ( ke J = 35049 kl/kg +V_2(_1 kllke ]
2 1000 m*/s* 2 L1000 m*/s”
V, =319.1mls
ASa.ir :S_'(J_] —‘S]G'—'Rh‘]——“-
1
300 kPa

— (1.85708—1.99194)kJ/ke.K — (0.287 kJ/ke.K)In
( Jl/keK ~( e P

=0.0118 kJ/kg.K



AE Solutions 2-b
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|

7-145 Liquid water is heated in a chamber by mixing it with superheated steam. For a specified mixing
temperature. the mass flow rate of the steam and the rate of entropy generation are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions.

Properties Noting that T < Ty @ 200kpa = 120.21°C. the cold water and the exit mixrure streams exist as a
compressed liquid. which can be approximated as a saturated liquid at the given temperarure. From Tables
A-4 through A-6.

P =200kPa| M=h,

T, =20°C ] 5p =8

axc =83.91klke 1200 kJ/min
.. =0.2965 kl/kg- K

F@20c
20°G 4
P, =200 kPa ]7 hy =2769.1kJ/kg ®2_5 kg,;-sa MIXING
T, =150°C s, =7.2810kJ/kg K el -
P; =200 kPa ] hy=h oo =251.18 K/kg @_% 200 kPa
T; = 60°C J 325 as0c =0.8313kl/kg-K

Analysis (a) We take the mixing chamber as the systeni. which is a control volume. The mass and energy
balances for this steady-flow system can be expressed in the rate form as

g . : . R AQ (steady) _ S e s o
Mass balance: Nty — g, = _\Eﬂ.mm =0 —— iy +1ity = 1ing



Energy balance:
F0 (steady)

‘Em - ‘Eom = AES}'stem 0
Rate of net energy tansfer  Rate of change in internal, kinetic,
by heat, work. and mass potential, etc_energies
Eyp = Egy
mnhy +nshy = O, + 1iishy

Combining the two relations gives Q,

Oue = titghy + tityhty = ity + 1ity g = ning (hy = hy )+ vy (hy — by )

Solving for 5, and substituting. the mass flow rate of the superheated steam is determined to be

LA 200/60kJ/s) — (2.5 kg/s - 251.18)kI/k
yin, = Qou =1l —hy) _ (1200/60kY/s) — (2.5 ke/sk83.91- 251 18)kTka _ o o Kais
i hy = hy (2769.1-251.18)kI/kg

Also. iy =my =11, =2.5+0.166 = 2.666 kg/s

(b) The rate of total entropy generation during this process is determined by applying the entropy balance
on an extended system that includes the mixing chamber and its immediate surroundings so that the
boundary temperature of the extended system is 25°C at all times. It gives

S =S S A=

in out - gen system

v o g v
Rate of netentropy transfer  Rate of entropy  Rate of change
by heat and mass generation of entropy

. o~ . Quul . s
NSy + M8 — N385 — + 80 =0

b,sumr

Substituting. the rate of entropy generation during this process is determined to be

Ssen = NS5 — NySy — s, +....QL“-
b.sur
= (2.666 ke/s0.8313 ki/kg - K ) (0.166 ke/s)7.2810 kI/ke -K)
2 / J/s
—(2.5 kg/s{0.2965 kI/kg- K )+ Q200/60%s)
) 28K

=0.333 KW/K



3. Air at 35C, 100kPa, 10% relative humidity passes through a chamber into which
cooling water at 15 C is sprayed in a steady state steady flow process. The
amount of water added is such that when it evaporates into the air stream, the
exiting air-water vapor mixture will be 25 C, 100kPa. Calculate the exiting relative
humidity.

4
nix
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Yorg =6 Pj\ = O lx 5,628 = 0.5¢28 kVa

W, * 0,622 x 05628 < .00352
(100 - 0.5628)

\

ch =0 = 'V{"a. [(% B'ﬁa,) + W, ﬁ’l’é -w
— (‘”3' w,) “ﬁ%_]

110035 (25-35) 4w, X 25472 ~ 0,00352 x 25653

— (W, -0,00352)x £2.99 =0

bae

(

“ Wy: 0.00159 = 0.622 P""3

)OO - Pm}
?/V' - \,20%5
3
I R
3,164



4. An unknown hydrocarbon fuel is burned with air and a volumetric analysis of
the combustion process yields the following percent composition on a dry basis.

COZ =10.5%
0,=5.3%
Nz =84.2 %

Determine the composition of fuel on a mass basis and the percentage of
theoretical air used in the combustion process.

Caby+ c0, t dN, 5 10.5¢C0, +eH,0+530, +842

e- 2 (2294 -158) 2132

\_\‘L: \-:')-' : & :o b: 26 4
2-

Mass bacres o C - \O.5x ¥& % 100 = 82.-'7%
(10,511 4(6.4 \)

{’ % v 2 \ L 3%
AF~~ c+d - 21,4 1gd.z =\0C.b kma\oM/kMW
! %m Hagy 41010, T 643N, = 105 ¢h, +13.2Hh0 +643 N,

V06,6 6
/TL‘WAWV"(_)'?,l—téL}ﬂ 131/0



