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Problem 1: (15 points)
True or false exercise (12pts 1 error; 10 pts 2 errors; 8pts 3 errors;
2pts 6 errors; Opts >6 errors)

Statement

1 — Hydrogen has a higher gas constant than Oxygen

2 — Autoignition increases the efficiency of reciprocating engines

3 — Temperature is an extensive system property

4 — No device can transfer heat from a cold to a hot object without work input
5 — Heat transfer by conduction is less than by convection

6 — A system with constant volume cannot produce boundary work

7 — Electrical heating is regarded as energy exchange by work

8 — System entropy is reduced when cooling it

9 — An ideal thermodynamic process must occur at constant temperature
10 — The Carnot cycle is internally reversible

11 — The efficiency of a hydroelectric installation can be higher than that of a diesel engine

12 — In a gas turbine engine the air enthalpy increases in the turbine

6pts 4 errors; 4pts 5 errors,
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APPENDIX

Universal gas constant: R = 8.314 J/mol - K

Gas constant for air: Rair = 287 J/kg - K

Specific heat at constant pressure for air: ¢, = 1008 J/kg - K
Ratio of specific heats for air: k = 1.4




Problem 2 (15 points)
A wind turbine is rotating at 15 rpm under steady wind. The air flows through the turbine at a rate
of 42,000 kg/s. The tip velocity of the turbine is measured to be 250 km/h. If 180 kW is produced
by the turbine, determine

a) The average velocity of the air

b) The conversion efficiency of the turbine

Take the density of the air to be 1.31 kg/m?®

Solution (2 ANSWERS REQUIRED 1)

2-74 A wind turbine produces 180 kW of power. The average velocity of the air and the conversion efficiency of the
turbine are to be determined.

Assumptions The wind turbine operates steadily.
Properties The density of air is given to be 1.31 kg/m?®.
Analysis (a) The blade diameter and the blade span area are

v (250 km/h)(3 2 rl':/ S/hj

D=_tP _ 5 MM/ _gg.42m
7(15 L/min)( m'”]
60s
2 2
Ao D" _ 7(88.42 m) 61402
4 4
Then the average velocity of air through the wind turbine becomes
m 42,000 kg/s

PA  (1.31kg/m>)(6140 m*<)
(b) The kinetic energy of the air flowing through the turbine is

KE = % V2 = % (42,000 kg/s)(5.23m/s)? = 574.3 KW

Then the conversion efficiency of the turbine becomes

n :ﬂ_ - M =0.313=31.3%
KE 574.3kW
Discussion Note that about one-third of the kinetic energy of the wind is converted to power by the wind turbine,
which is typical of actual turbines.



Problem 3 (15 points)
A friction-less piston cylinder device initially contains air at 200 kPa and 0.2 m®. At this stage a
linear spring (i.e. the spring load is proportional to the displacement) is touching the piston
without exerting a force on it. The air is now heated to a final volume of 0.5 m® and a pressure of
800 kPa.

a) Plotthe processin a P-V diagram.

b) Determine the total amount of work done by the air in the cylinder.

c) Determine the work done against the spring.

Solution (3 ANSWERS REQUIRED)

4-127 A cylinder equipped with an external spring is initially filled with air at a specified state. Heat is
transferred to the air. and both the temperature and pressure rise. The total boundary work done by the air,
and the amount of work done against the spring are to be determined, and the process 1s to be shown on a
P-vdiagram.

Assumptions 1 The process is quasi-equilibrium. 2 The spring is a linear spring.

Analysis (a) The pressure of the gas changes linearly with volume during this process, and thus the
process curve on a P-V diagram will be a straight line. Then the boundary work during this process is
simply the area under the process curve, which is a trapezoidal. Thus.

+B

E
Foos = Area = BP0, _y)
200 + 800)kPz o 1k
_ (200+300)kPa o< o oym? 73] , 0
2 1kPa-m Air d
' 200 kPa
= q
150 kJ 0.2 m’
(b) If there were no spring. we would have a
constant pressure process at P = 200 kPa. The P
work done during this process is (kPa)
Wb:outno spring = Jl PdV = P(VI _Ul ) 800+
3
1kT
= (200 kPa)0.5-0.2)m" kgl ————
1kPa-m? 2001
=60 kJ
v
Thus, 0.2 0. (m®)

W

spring Wb _Wb:uo spring — 150-60=90 kJ



Problem 4 (20 points)

Steam enters an adiabatic turbine at a pressure of 7 MPa, a temperature of 600 °C and a velocity
of 80 m/s. It leaves the turbine at 50 kPa, 150 °C and 140 m/s.
If the power output of the turbine is 6 MW, determine:

a) The mass flow rate of the steam going through the turbine

b) The isentropic efficiency of the turbine

TABLE A-6

Superheated water

T v u h 5 v u h 5 v u h 5
C m3/kg kitkg  klkg  kikg- K[ mikg kllkg  klkg  klkg- K| m¥kg klkg kikg kikg- K

F=10.01MPa (45.81°C)* F=0.05 MPa(81.32°C) F =010 MPa (99.21°C)
Sat.' 14.670 2437.2 25839 8.1488 3.2403 24832 26452 7.5931 16941 25056 26750 7.3589

A0 14.867 24433 28920 &.1741

100 17.196 25155 2687.5 84489 34187 28115 26824 7.69532 16959 2506.2 26758 7.36l1
150 19513 25879 27830 86883 38897 28857 2780.2 7.94132 19367 25829 27766 76148
200 21.828 2661.4 28796 89049 43562 2660.0 28778 81592 | 2.1724 2858.2 2ZB7RE T.B356
250 24138 2736.1 2977.5 91015 48206 27351 2976.2 B.3568 | 24062 27339 29745 RB0O348
300 26.448 2812.3 3076.7 92827 52841 2811.6 30788 BAB387 | 26389 28107 30745 BZ2172
400 31.063 2969.3 3280.0 96094 6.2094  2968.9 32793 BEBEARO [ 31027 2968.3 32788 BE452
BOO  3R.6E0 31329 34897 G.R09E 7.1338 31326 34893 91566 ( 35655 31322 34887 BA3IGZ
200 40,298 33033 37063 10.1831 80577  3303.1 3706.0 94201 40279 33028 37056 90999
700 44911 34808 39299 104056 89813 348060 39297 96626 | 4.4900 34804 329204 934249
800 49527 3e65.4 41606 106312 9.8047 368652 41604 98882 ( 49519 36650 41602 95682
Q00 54.143 38569 43983 108420 108280 38508 43982 10.1000 54137 38567 43980 97800
1000 BE.JR& 4055.3 4642 8 110429 11.7513 40552 46427 10.3000 RBT7ER 4085.0 46426 99800
1100 63373 42600 48938 11.2326| 12.6745 42599 48537 10.4897 5.3372 42508 48936 10.1898
1200 67.989 44709 K108 11.4132| 135977 44708 51507 10.6704 G.7988 44707 51806 10.3504
1300 72604 4687.4 B4134 115857 145209 4687.3 541332 10.8429 72608 4687.2 5413.3 105229

F= 6.0 MPa(275.59°C) F= 7.0 MPa (285.83°C) F= &0 MPFa (29501%C)
Sat. 0.03245 25899 27846 58902 | 0.027378 25810 27726 58148 (0023525 25705 27587 57450
300 003619 26684 28856 60703 | 0029492 26335 28399 59337 |0.024279 25923 27865 L7937
380 004225 27904 30439 6.3357 | 0.035262 2770.1  3016.9 6.2305 |0.029975 27483 2088.1 6.1321
400 004742 28937 31783 65432 | 0.039958 28795 31592 6£.4502 |0.034244 28046 31394 6.3658
450  0.05217 29899 33029 67219 | 0.044187 2979.0 32883 6.6353 |0.038194 29678 3273.3 6.5579
500 005667 30831 34231 68826 | 0.048157 30743 34114 68000 |[0041767 20654 323995 57266
550 006102 321752 3541.3 7.0308 | 0.051%266 3167.9 3531.6 &.9507 |0.045172 21605 3521.8 6.8800
G600 006527 3267.2 36588 7.1693 | 0.055665 3261.0 36506 7.0910 |[0.048463 32547 326424 7.0221
700 007355 34530 38843 74247 | 0.062850 34482 38883  7.2487 | 0.054829 34436 3BBZ.Z T7.28B2Z2
800 00Bles 326432 41321 76582 | 0.069850 36295 41285 7.5836 |0.061011 36357 41238 75185
Q00 0.08964 38388 43766 T7.8BT751 | 0.076750 38357 43730 7.8014 |0.06708Z2 38327 4369.3 77372
1000 0.09756 40401 46254 80786 | 0.083571 40375 46225 B.0055 (0073079 40350 46196 7.9419
1100 010543 42471 48797 82709 | 0.090341 42450 48774 B.1982 (0079025 42428 48750 8.1350
1200 011326 44598 51394 84534 | 0.097075 44579 §137.4 83810 (0084934 44k5.1 51355 B.3181
1300 012107 4677.7 54041 86273 | 0103781 46761 54026 85551 (0090817 46745 54010 B.4925

Solution (2 ANSWERS REQUIRED)



7-132 Steam enters an adiabatic turbine at a specified state, and leaves at a specified state. The mass flow
rate of the steam and the isentropic efficiency are to be determined.

Assumptions 1 This is a steady-flow process sinece there is no change with time. 2 Potential energy changes
are negligible. 3 The device is adiabatic and thus heat transfer is negligible.

Analysis (a) From the steam tables (Tables A-4 and A-6).

P, =7MPa | h =3650.6kJ/kg
T, = 600°C |s, =7.0910 kI/kg-K

P, =50 kPa

hye =2780.2 kI/k
T, =150°C }12“ £

There is only one inlet and one exit. and thus 5y = iy = . We take the actual turbine as the system. which

is a control volume since mass crosses the boundary. The energy balance for this steady-flow system can
be expressed in the rate form as

. _ .20 (eady)
Ei.n - JE'c-ut - AE'}'YSI‘EIJJ. =0 1
—— —
Rate of netenergy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

m(h + Vlz /2)= Wum +m(hy + Vlls’l} (since O = Ape = 0)

. . V2 — Vz
W ow = _m{hQ - JE"'II +%]

2

Substituting. the mass flow rate of the steam is determined to be

(140 m/s)? — (80 m/s)? { 1kTkg ]
2 1000 m*/s”

6000 kl/s = —rr"r{2?80.2 —3650.6+

m=6.95 kg/s
(b) The isentropic exit enthalpy of the steam and the power output of the isentropic turbine are

S2s =Sy 7.0910-1.0912
S 6.5019
hy, =hp +xy.h g =340.54+(0.9228)2304.7)= 2467 3 ki’kg

Py, =50 kPa Yoy = =0.9228

83s

and
W, gy = —1i [F?zs — by + {[Vf - VE}-‘ 2}]

W, out = —(6.95 kg-"'s{2467.3 —3650.6+

5:

(140 111-"'5,)1 —(80 111-"'<,:}2 1kTkg .
2 [1000 m?/s? ]]
=8174 kW
Then the isentropic efficiency of the turbine becomes

W, 6000 kW

2 = =0.734=73.4%
W, 8174kW

n.=



Problem 5 (15 points)
An Ideal Diesel cycle has a maximum cycle temperature of 200 °C and a cut-off ratio rc = 1.2.
The state of the air at the beginning of the compression is P1= 95 kPa and T1 = 15 °C. The cycle is
executed in a four-stroke, 8-cylinder engine with a cylinder bore of 10 cm and a piston stroke of
12 cm. The minimum volume enclosed in the cylinder is 5% of the maximum cylinder volume.
Determine:

a) the air temperature at the end of compression and before ignition

b) the power produced by this engine when it operates at 1600 rpm. Use constant

specific heats at room temperature.

Solution (2 answers required)

9-111 A Brayton cycle with regeneration produces 150 KW power. The rates of heat addition and rejection
are to be determined.

Assumprions 1 The air standard assumpfions are applicable. 2 Air s an ideal gas with constant specific
heats at room temperature. 3 Kinetic and potential energy changes are negligible.

Praperties The properies of air at room temperature are ¢, = 1.005 klkg K and k= 1.4 (Table A-2a).
Analysis According to the isenfropic process expressions for an ideal gas,
I, = I-_r],‘_"“]: k= (203K)(8)"** =5308K
L PR T
T, =J"4|—| =(0TRY—|  =5923K
Yy L8/
When the first law is applied to the heat exchanger, the result is

T,-T,=T, -T,
103K

while the regenerator temperature specification gives

I =T;-10=5923-10=5823K
The simmltaneous solufion of these two results gives
Tg =Ty — (T3 —T,) = 592.3 - (582.3- 530 8) = 40 8K
Application of the first law to the turbine and compressar gives
Woge = ¢, (Ts—Ty)—e, (Ty —T)
= (1005 kT kg -E)(1075—592.3) K — (1005 kIks - EN530.8- 299 K

=244 1klkg
Then,
w 150 KW
m=—0t —  —  _ —(4145ke's
Wo 244 1kTke

Applying the first law to the combustion chamber produces

O =1ic, (Ty = T3} ={0.6145kg/s)1 005 kI kg - K)}1073 - 582 3K = 303.0 kW
Simularly,

Qe =1, (Ts —T;) = (0.6145ke/s)(1.005 kI/kg -K)(540.8 - 293)K = 153.0 kW



Problem 6 (20 points)
This question deals with a small gas turbine with a regenerator. Air enters the compressor of the
engine at 100 kPa and a temperature of 20 °C. The compressor ratio is 8 and the maximum cycle
temperature is 800 °C. The cold air leaves the regenerator at a temperature 10 °C lower than the
hot air stream at the inlet of the regenerator. Assuming both the compressor and the turbine to be
isentropic answer the following questions:

a) Sketch the turbine system.

b) Plot the turbine cycle in the T-S plane.

c) Determine the rates of heat addition and rejection of the cycle in case the turbine

produces 150 kW. For air assume constant specific heat cp= 1005 ] /kg.K

9-111 A Brayton cycle with regeneration produces 150 KW power. The rates of heat addition and rejection
are to be determined.

Assumpitions 1 The air standard assumptions are applicable. 2 Air is an ideal gas with constant specific
heats at room temperature. 3 Kinetic and potential energy changes are negligible.

Properties The properties of air at room temperature are ¢, = 1.005 kI/kg K and k=14 (Table A-2a).
Analysis According to the isentropic process expressions for an ideal gas,

I, =LY% - 203Ky (®) ™' = 5308K

1 (E-1)/k 10414 T A
T. =Ty — =(1{}?3]Q(—} =3023K
Tp 8 1073 K+
When the first law is applied to the heat exchanger, the result is
Ii-I, =I;-Ts :
: e 203K + ;
while the regenerator temperature specification gives

T3 =T1;-10=5923-10=5823K
The simultaneous solution of these two results gives
Is=1I; —(I; -I,)=592.3—(5823-530.8) = 5408K
Application of the first law to the furbine and compressor gives
Woee =€, (I3 —T5)—c, (T, -17)
=(L00S K kg-E)(1073—-592 3) K —(1.005 klkg - K)(3308-209) K
=244 1klkg

T __150kW
Woee 24 1k1kg

—0.6145kg/s

Applying the first law to the combustion chamber produces

O = mc , (Ty —T3) = (0.6145 kg/s)(1.005 kTkg - K)(1073- 582 3)K = 303.0 kW
Similarly,

Qo = me p(Tg —1;) = (0.6145 kg/s)(1.005 kJkg - K)(540.8 - 293)K = 153.0 kW




