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Course Description in ABET Format

MECHANICAL ENGINEERING DEPARTMENT
MCEG 3023 THERMODYNAMICS I1

Please use the following format for the course syllabi (2 pages maximum in Times New Roman 12 point font)

1. | Course number and name: MCEG 3023 THERMODYNAMICS II
2. | Credits and contact hours: 3 credit hours; 3 contact hours
3. | Instructor’s or course
coordinator’s name: Dr. Ziaul Huque
4, | Text book: Title: Thermodynamics, An Engineering Approach
Author: Yunus A. Cengel, and Michael A. Boles
Publisher, Year & Edition: | 9" Edition, McGraw-Hill, Higher Education, 2019: ISBN 978-
1-259-82267-4
a. Other Supplemental material 1. “Funds of Engineering Thermodynamics,” by Michael
Moran, 5th Edition, Wiley & Sons, 2004.
2. “Fundamentals of Thermodynamics,” Richard Sonntag,
Claus Borgnakke, and Gordon J. Van Wylen, 6th Edition,
John Wiley & Sons, 2003.
3. Thermodynamics, Edward E. Anderson, PWS Publishing
Company, 1994.
4. Thermodynamics, Concepts and Applications by Stephen R.
Turns, Cambridge University Press, New York, 2006.
5. Engineering Thermodynamics, by Dwight C. Look, Jr.,
PWS Publishing, Boston, 1986
S. | Specific course information

a. Brief description of the content of
the course (catalog description)

MCEG 3023. Thermodynamics Ii, (3-0) Credit 3 semester
hours. Continuation of Thermodynamics I, including various
power cycles, refrigeration cycles, fluid flow, combustion
process, and advanced concepts of gas dynamic such as shock
waves,

b. Prerequisites or
Co-requisites

MCEG 2013 Thermodynamics I
MATH 2024 Calculus II

¢. *Indicate whether a required,
elective, or selected elective (as per
definition provided) course in the
program

Required course

Students will be able to ;

Specific goals for the course

a. Specific outcomes of instruction
(e.g. The student will be able to
explain the significance of current

i.  Solve the energy and exergy balance problems.
ii.  Identify, formulate, solve intermediate, advanced and
complex thermodynamic engineering problems.




research about a particular topic.)

b. Explicitly indicate which of the
student outcomes listed in Criterion
3 or any other outcomes are
addressed by the course.

This course addresses:

Outcome 2

An ability to identify, formulate, and solve complex
engineering problems by applying principles of engineering,
science, and mathematics.

7 | Brief list of topics to be covered

Overview of Thermodynamics
Exergy and Irreversibility

Vapor Power Systems

Gas Power Systems

Mixtures and Psychometrics
Reacting Mixtures and Combustion
Refrigeration & Heat Pump
Thermodynamic Relations

*Required courses are required of all students in the program, elective courses (often referred to as open or free electives)
are optional for students, and selected elective courses are those for which students must take one or more courses from a

specified group.




THERMODYNAMICS II
FALL 2021

Title of Assignment: TEST 1

TOPICS COVERED IN TEST 1
Test 1 covered the following topics:

1. Change of Exergy.
2. Exergy Destructions.
3. Exergetic Efficiency.
4. Gas Power Cycle.
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THERMODYNAMICS 11
FALL 2021

SAMPLE TEST QUESTIONS, SOLUTION,
AND GRADING SCHEME FOR TEST 1
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Prairie View A&M University
Department of Mechanical Engineering
MCEG 3302 Y01 : Thermodynamics Il
Fall 2021
Exam #1

Name: SOMQ”'L/ Score:

(1)  Anadiabatic compressor is used to bring saturated water vapor at 1 MPa up to 17.5 MPa,
where the actual exit temperature is 650 °C. Let 7, = 25 °C, p, = 100 kPa.

(i) Draw the schematic of the problem (4 pts)

(it  Determine specific volume, enthalpy, and entropy at the inlet (9 pts)

(iit)  Determine the specific volume, enthalpy, an entropy at the exit (9 pts)

(iv)  What is the change of exergy between the exit and the inlet of the compressor (10
pts)

(v)  What is the work supplied to the compressor (6 pts)

(vi)  What is the minimum work the compressor requires (5 pts)

(vii) What is the exergy destroyed in the turbine (5 pts)

(viii) What is the 2" Law efficiency or the exergetic efficiency of the compressor (2

pts)

(2)  Air enters the compressor of an air-standard Brayton Cycle with a volumetric flow rate of
60 m*/s at 0.8 bars and 280 K. The pressure ratio of the cycle is 20 and the maximum
cycle temperature is 2300 K.

1) Draw the P-v and the T-s diagram of the cycle with the input conditions shown in
the figures (4 pts)

(i)  Mass flow rate of air in the system (4 pts)

(iii) P, T, and v at the beginning of the compressor. (6 pts)

(iv) P, T, and v at the exit of the compressor (6 pts)

(v) P, T, and v at the exit of the combustor (6 pts)

(vi) P, T, and v at the exit of the turbine (6 pts)

(vii) Heat addition in combustor (4 pts)

(viii) Het rejection in condenser (4 pts)

(ix)  The net work of the cycle (5 pts)

(x)  Thermal efficiency of the cycle (5 pts)

Note:
1. Show detailed steps to get full credit
2. Show unit conversions
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Above Average Student Original Graded Assignment

Page T4




Prairie View A&M University
Department of Mechanical Engineering
MCEG 3302 Y01 : Thermodynamics Il
Fall 2021
Exam #1

Name: H’Jb& 74/{5‘)«/? Score: 85/

()

@

Note:

An adiabatic compressor is used to bring saturated water vapor at 1 MPa up to 17.5 MPa,
where the actual exit temperature is 650 °C. Let T, = 25 °C, po = 100 kPa.

»

(ii)
(iii)
(iv)

(v}
(vi)
(vii)

(viii)

Draw the schematic of the problem (4 pts)

Determine specific volume, enthalpy, and entropy at the inlet (9 pts) ¥

Determine the specific volume, enthalpy, an entropy at the exit (9 pts)~

What is the change of exergy between the exit and the inlet of the compressor (10

pts)-

What is the work supplied to the compressor (6 pts) 7

What is the minimum work the compressor requires (5 pts) / .

What is the exergy destroyed in the turbine (5 pts)  Xao+ = ToSecn v a5 - SF 5 0mn
What is the 2™ Law efficiency or the exergetic efficiency of the compressor (2 Syen =4S

pts) .

Air enters the compressor of an air-standard Brayton Cycle with a volumetric flow rate of
60 m%s at 0.8 bars and 280 K. The pressure ratio of the cycle is 20 and the maximum
cycle temperature is 2300 K.

(i)

(i1)
(iii)
(iv)
v)
(vi)
(vii)
(viii)
(ix)
(x)

Draw the P-v and the T-s diagram of the cycle with the input conditions shown in
the figures (4 pts)

Mass flow rate of air in the system (4 pts)

P, T, and v at the beginning of the compressor. (6 pts)
P, T, and v at the exit of the compressor (6 pts)

P, T, and v at the exit of the combustor (6 pts)

P, T, and v at the exit of the turbine (6 pts)

Heat addition in combustor (4 pts)

Het rejection in condenser (4 pts)

The net work of the cycle (5 pts)

Thermal efficiency of the cycle (5 pts)

Show detailed steps to get full credit
Show unit conversions
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Prairie View A&M University
Department of Mechanical Engineering
MCEG 3302 Y01 : Thermodynamics il
Fall 2021
Exam #1

Name: queb Comb s Score: }71':,{:

(1)  An adiabatic compressor is used to bring saturated water vapor at I MPa up to 17.5 MPa,
where the actual exit temperature is 650 °C. Let 75 = 25 °C, p, = 100 kPa.

(1) Draw the schematic of the problem (4 pts)

(i)  Determine specific volume, enthalpy, and entropy at the inlet (9 pts)

(iii)  Determine the specific volume, enthalpy, an entropy at the exit (9 pts)

(iv)  What is the change of exergy between the exit and the inlet of the compressor (10
pts)

(v)  What is the work supplied to the compressor (6 pts)

(vi)  What is the minimum work the compressor requires (5 pts)

(vii) What is the exergy destroyed in the turbine (5 pts)

(viii) What is the 2 Law efficiency or the exergetic efficiency of the compressor (2

pts)

(2)  Air enters the compressor of an air-standard Brayton Cycle with a volumetric flow rate of
60 m¥/s at 0.8 bars and 280 K. The pressure ratio of the cycle is 20 and the maximum
cycle temperature is 2300 K.

(i) Draw the P-v and the T-s diagram of the cycle with the input conditions shown in
the figures (4 pts)

(ii)  Mass flow rate of air in the system (4 pts)

(iti)) P, T, and v at the beginning of the compressor. (6 pts)

(iv) P, T, and v at the exit of the compressor (6 pts)

(v) P, T, and v at the exit of the combustor (6 pts)

(vi) P, T, and v at the exit of the turbine (6 pts)

(vii) Heat addition in combustor (4 pts)

(viii) Het rejection in condenser (4 pts)

(ix)  The net work of the cycle (5 pts)

(x}  Thermal efficiency of the cycle (5 pts)

Note:
1. Show detailed steps to get full credit
2. Show unit conversions
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Prairie View A&M University
Department of Mechanical Engineering
MCEG 3302 Y01 : Thermodynamics Il

Fall 2021
Exam #1
Name: \V A QQQ—QN PO Score: 6’9
(1)  An adiabatic compressor is used to bring saturated water vapor at 1 MPa up to 17.5 MPa,
where the actual exit temperature is 650 °C. Let T, = 25 °C, p, = 100 kPa.
(i) Draw the schematic of the problem (4 pts)
(i)  Determine specific volume, enthalpy, and entropy at the inlet (9 pts)
(iii)  Determine the specific volume, enthalpy, an entropy at the exit (9 pts)
(iv)  What is the change of exergy between the exit and the inlet of the compressor (10
pts)
(v) What is the work supplied to the compressor (6 pts)
(vi)  What is the minimum work the compressor requires (5 pts)
(vil) What is the exergy destroyed in the turbine (5 pts)
(viii) What is the 2" Law efficiency or the exergetic efficiency of the compressor (2
pts)
(2)  Air enters the compressor of an air-standard Brayton Cycle with a volumetric flow rate of
60 m’/s at 0.8 bars and 280 K. The pressure ratio of the cycle is 20 and the maximum
cycle temperature is 2300 K.
(i) Draw the P-v and the T-s diagram of the cycle with the input conditions shown in
the figures (4 pts)
(i)  Mass flow rate of air in the system (4 pts)
(iii) P, T, and v at the beginning of the compressor. (6 pts)
(iv) P, T, and v at the exit of the compressor (6 pts)
(v) P, T, and v at the exit of the combustor (6 pts)
(vi) P, T, and v at the exit of the turbine (6 pts)
(vii) Heat addition in combustor (4 pts)
(viii) Het rejection in condenser (4 pts)
(ix)  The net work of the cycle (5 pts)
(x) Thermal efficiency of the cycle (5 pts)
Note:
1. Show detailed steps to get fuil credit

Show unit conversions
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THERMODYNAMICS II
FALL 2021

Title of Assignment: TEST 2
TOPICS COVERED IN TEST 2
Test 2 covered the following topics:

1. Vapor Power Cycle
2. Refrigeration Cycle
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THERMODYNAMICS 11
FALL 2021

SAMPLE TEST QUESTIONS, SOLUTION,
AND GRADING SCHEME FOR TEST 2

Page T2




Prairie View A&M University
Department of Mechanical Engineering
MCEG 3302 Y01 : Thermodynamics Il
Fall 2021
Exam #2

Name: LSO' AA‘/ Score:

Note:
1. Show detailed steps to get full credit
2. Show unit conversions



(1) A steam power plant is based on ideal regenerative Rankine cycle. Steam enters the 1% turbine
at 400 °C and 3 MPa and exits at 600 kPa. At this point a fraction of steam, y, is extracted for
open feedwater heater (OFWH). The rest of the steam enters the 2" turbine and exits at the
condenser pressure of 10 kPa. The enthalpy at the exit of the OFWH is given as 670.56 kJ/kg and
the enthalpy at the point of extraction is given as 2829.63 KJ/kg. Determine the following:

a) Draw the schematic of the plant. Number each state. On the schematic at each state
write down the given values. {10 Pts)

@im

o
b) Draw the T-s diagram showing the states and pressures. (10 Pts) %)
o %@0

A z o/
1/ QFJ ’ //?9 \0\1?




c) Determine the work done by pump 1 at the inlet of the OFWH in ki/kg. (10 Pts)

umb 1 (inlef fo OFwH) Stefe D
e e P s it ab - ok

We, = U (B-R) = =, (B- )
Uf~ 00010/0"”’//? @ P= [0 Kfa &/)/ _
M)/o 5001010 %(&50 ~12) 7/ 57594

d) Determine the enthalpy at the exit of pump 1 in ki/kg. (10 Pts)

Wpi,-(&—ﬁjs 05957 Ky
L hye Ryt 05957 kg

% A,z, @ L= 10KPa = 19181 KTk

A (/9, 2/ 40 57;9&7/& [?o? 4/ /4\7/@?7

e) The fraction of steam extracted for OFWH. {10 Pts)

bolomee aceross fou OFWH
el i el

/M;l ‘5: ﬁ%‘%f‘/bﬂ&’g{

>(H$%§;toxé’ﬂ/ 5@%&743"’9@

+(=pC1ozt “Ti)
? 6?05‘6 &gﬂéj‘ﬁ%‘/?zq,

-am




(2)  The figure below shows a Heat Pump operating on an ideal refrigeration cycle in winter
to heat a building. Outdoor coil works as an evaporator and getting heat from cold outside
air. The evaporator pressure is 160 kPa. The indoor coil works as a condenser operating at
a pressure of 800 kPa. The working fluid is Refrigerant 134a. Determine the following:

Heat Pump Operation—Heating Mode
Reversing valve

Expansion gq; ;

valve ! I S RTTR }
= High-pressure liguid

e==3 I ow-pressure liquid-vapor

me {.ow-pressure vapor

=== High-pressure vapor

(i) Draw the T-s Diagram with appropriate labeling (10 Pts.)

T 4 N Paomdewess = 800 fh-

B_\fa,,?o aler = 160 Kfa




(ii)  Enthalpies at every state (20 Pts)

State 0} 44 )Ja%zm,%wf Ve at 160 kfa

We ﬁbM& G
P 080 HPs =S H/a e o a-07
W /3~ = oyg 075
ottt bl om0 095X - 971
b7 armad v A ot
S g 27 . (F)(
h=25 3% Ny PR




(iii)  COP of the heat pump (10 Pts)

TR
.= Py = (1157 = (F1B)RTeg = 03T 7y
B = /C/'“A/A/ ’(M/l 14~ /?‘/3/5) = 67 dE /CJ/,ZOQ,

2T o7 }% = JoF

[ Co;z 73- 67 o@/@

(iv)  Draw the schematic of the system if the same unit is to be used for cooling the
building (10 Pts)
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Prairie View A&M University
Department of Mechanical Engineering
MCEG 3302 Y01 : Thermodynamics Il
Fall 2021
Exam #2

Name: que,b CDM}JS Score: g }

Note:
1. Show detailed steps to get full credit
2. Show unit conversions




"

(1) A steam power plant is based on ideal regenerative Rankine cycle, Steam enters the 1° turbine
at 400 °C and 3 MPa and exits at 600 kPa. At this point a fraction of steam, vy, is extracted for
open feedwater heater (OFWH). The rest of the steam enters the 2" turbine and exits at the
condenser pressure of 10 kPa. The enthalpy at the exit of the OFWH is given as 670.56 ki/kg and
the enthalpy at the point of extraction is given as 2829.63 KJ/kg. Determine the foliowing:

a) Draw the schematic of the plant. Number each state. On the schematic at each state
write down the given values. (10 Pts)

142 4o0"C

NNV

T@

ya 07

b) Draw the T-s diagram showing the states and pressures. {10 Pts)

T A 09

Hfa

5/
- L00Kfa,
- 7
\; 10%Pa
y &




( c) Determine the work done by pump 1 at the inlet of the OFWH in ki/kg. (10 Pts)

@ From Table A-5",
WP‘I"?P:M =hy -h, h,= h

* M@ kg, = 40§l k]/l{j

W - XI(P —\o) vI=U5q+9 oke, = 0. 001010 M*/Kq =V
punp in= Vifa [0Kf, /}

Woantin 0000010 58)(§0DKPa - 10KPa)
X“P\lhfhn = D.595 KjIKS /W(Uﬁ‘/"
i U?)*‘/

d} Determine the enthalpy at the exit of pump 1 in ki/kg. (10 Pts)

0

\N?“m‘ﬂ-ﬂ\”\\ 'k
0.5959K])ky = hy —wfanq )&9

e) The fraction of steam extracted for OFWH. {10 Pts)

it B hy = 670.56 K3k T <
0?/ 3 B _, | ﬂ}ﬂﬂt/ﬁf’}

hy= 1474.63 KT ixg -

}bﬂd‘”’ {5{-‘«57 "
E}h" éwu- Q‘fﬂm*( ©Fw[% - 2

y(26483 kg + (|-\j)U‘1 14059k 1ks) = () (67056 ¥F[Ks)

2%‘2‘\\&;39 —1,‘{'1,,%5‘\3 ¥ {91 M09 = b70:5% 3

1631714y = w7g.54d
Tuz 0160l



(2)  The figure below shows a Heat Pump operating on an ideal refrigeration cycle in winter
to heat a building. Outdoor coil works as an evaporator and getting heat from cold outside
air. The evaporator pressure is 160 kPa. The indoor coil works as a condenser operating at
a pressure of 800 kPa. The working fluid is Refrigerant 134a. Determine the following:

Heat Pump Operation—Heatiag Mode
Reversing valve

Expansion
valwe

%ﬁ* i
= High-pressure liquid

== Low-pressure Jiqusd-vapor

s== Low-pressure vapor

=== High-pressure vapor

(i) Draw the T-s Diagram with appropriate labeling (10 Pts.)

0
N

£00Kfa




(i1) Enthalples at every state (20 Pts)

Fovr avle p - 1Y, /

E hy g, = M), S, = Sypmi ™ 0490 K5k K

5,25, = DA TKT /Ky K

1.
27646 -WIN ho- 10 Bﬂ
6.44%1 pavgs o 4470 0.5

Thez 174581 K19 /

ﬂ‘a "hs@@om ’ f{s,&\% ) )\k;J 7

e e,

’lhfb’fﬂma proless, therefore, ., = l’“‘f

y
Ws.qskj/xa
hy = 4548k -/
R




F i

(iii) COP of the heat pump (10 Pts)

ha-H Sy 1o AT
Q condenser TN — —
O CO P\’f: wrompressov’ B h A~ !’1] W//SIM ’W

174,69} KIIky —~ 45,46Kj/Kq

U}

CARZAISIISER TS I
[@oﬂﬂ, -835 | - :

]

2 v)  Draw the schematic of the system if the same unit is to be used for cooling the
building (10 Pts)
(ol
R =dm¥in et p
oniensde = b0 K¥a

D osee) @ fan m.\““‘%w

Eypantion ’\bﬂ /

ML '

@ “wdoor (o @ % L |

ula?b(vdﬁ")
fq - lbOKPo\
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Prairie View A&M University
Department of Mechanical Engineering
MCEG 3302 Y01 : Thermodynamics Il
Fall 2021
Exam #2

Name: 72 orans Carcoll SCOW:L

Note:
1. Show detailed steps to get full credit
2. Show unit conversions




{1) A steam power plant is based on ideal regenerative Rankine cycle, Steam enters the 1% turbine
at 400 °C and 3 MPa and exits at 600 kPa. At this point a fraction of steam@ is extracted for
open n feedwater heater (OFWH). The re rest of the steam enters the 2™ turbine and exits at the
condenser pressure of 10 kPa. The enthalpy at the exit of the OFWH is given as W and
the enthalpy at the point of extraction is given as 2829.63 Ki/kg. Determine the following:

aj Draw the schematic of the plant. Number each state. On the schematic at each state
write down the glven values. {10 Pts})

PRGN
T = 400" C \
' ,,..JJ?VJ

b) Draw the T-s diagram showing the states and pressures. (10 Pts)

@ 2; IMIOa q‘bf
L00 hPa

(O 1z Pa




c} Determine the work done by pump 1 at the inlet of the OFWH in ki/kg. (10 Pts)

’f’\
7 Wo=* WIO:’VM(W'D) ?\fag\ff@
plrpq.: IOk Pa =D Wi =( 0. OQIO,OT; Y600 kPa-10 kP.)
sz pé': 4600 k¥a ‘w = 0 s v
P - ._E_)‘Mcl = oy
NgﬁO-OOIOlOWZS - \jﬁﬂﬁw\/*
gA~wl

Determine the enthalpy at the exit of pump 1 in ki/kg. (10 Pts)

e
7 \n-. h = he, = 191, %wwposqs‘i“

b ey
431} W, = i Chiy-h,)
>k WW: A
D wpzhih, 2 O 6%q—— = 19]. ?s\ 111

h, = 1902 ‘f{]

h

P

) The fraction of steam extracted for OFWH. (10 Pts}
Q-w = le_ - i, \(-,
:>O :(l-—y)hl"CY)]/]é

b



(2)  The figure below shows a Heat Pump operating on an ideal refrigeration cycle in winter
to heat a building. Outdoor coil works as an evaporator and getting heat from cold outside
air. The evaporator pressure is 160 kPa. The indoor coil works as a condenser operating at
a pressure of 800 kPa. The working fluid is Refrigerant 134a. Determine the following:

Heat Pump Operation—Heating Mode
Reversing valve

s

Expansion k\‘

valve [; —

=== High-pressure hiquid @
w== Low-pressure liquid-vapor

=== Low-pressure vapor

== High-pressure vapor

(i) Draw the T-s Diagram with appropriate labeling (10 Pts.)

Pe = 160kPa




(ii)  Enthalpies at every state (20 Pts)

P - pq: 160 ¥ Po. ] IO IéO \zPo\ E/ ﬁaslg,mc
' ' _ e

e 2.41 1y ‘LS/]
~

3 Y

vp, = 0. 000 74 36*73

————

—

e . p—— ———

p \0 B %OOhY)& % 35>Sos —_— 3,4_‘06”,,@0&61

SazdHq = O. quZD:L kya 'l
\05"\’\& - Sg - Sa - \n %VSGIL%S @ qu20% —OQ/65)E

e

Np-ha Sy -sa | J7%. ‘/6”/&-1*»%2 5crk3 (oa4% - 0.9755)
:‘>“ﬂs- .Zf?tl 59 /‘5'

e ———

e

\Do,L-. 300 kPa < s ]
Vg —F Con)ress
.75, 0. 12686 ¥4 .p #7500 fresse

Vg -
MM h \4 s i /An'a,
“)L\/\’\/\’G\'% /}\/ -suféés/
o hyz 3l lgh/ztg
-\bzl]m.s 1‘5/ \/\ = 9—-7‘-’ 69 ‘2%
ch ‘o hq: 2(_” “ !7%3

Mavotd \{na



(iif)  COP of the heat pump (10 Pts)

[O (COP)

owL _

T 33.d5 &/

=(274.59 - .'La/ J4) ’Z/L)

W:F"'L\ ‘f\
- 33, (-/5
@auu-': ]’1,_"1’\3

11

(iv)

]

3

/

S
Q
§
‘Ll—

B

R

(3. 1%-274. 59 "%5
-243.4) &5,{3

X

—-——-?Q

/

i UG ll

)

out

(243491 “)

- Za7Y

oo(&

Mﬁ’

Draw the schematic of the system if the same unit is to be used for cooling the
& building (10 Pts) \/ W,

-efC)Hﬁ

o



BELOW AVERAGE

Page T7




Prairie View A&M University
Department of Mechanical Engineering
MCEG 3302 Y01 : Thermodynamics Il
Fall 2021
Exam #2

Name: H%a A’%j Score:

Note:
1. Show detailed steps to get full credit
2. Show unit conversions



(1) A steam power plant is based on ideal regenerative Rankine cycle. Steam enters the 1% turhine
at 400 °C and 3 MPa and exits at 600 kPa. At this point a fraction of steam, y, is extracted for
open feedwater heater (OFWH). The rest of the steam enters the 2™ turbine and exits at the
condenser pressure of 10 kPa. The enthalpy at the exit of the OFWH is given as 670.56 kJ/kg and
the enthalpy at the point of extraction is given as 2829.63 Kl/kg. Determine the following:

a) Draw the schematic of the plant. Number each state. On the schematic at each state
write down the given values. (10 Pts)

g5

- 3 .
A, 0 ey
b) Draw the T-s diagram showing the states and pressures. {10 Pts)
T 2,MPs
w8
~joveh




c) Determine the work done by pump 1 at the inlet of the OFWH in kJ/kg. (10 Pts)

I
% (W %')fokm :\0\\'%‘;2’6

f//’.’
- 0,00 lo10(Fo
“f/,oé%?ﬂ |
_ -
wop Vg, DY o
_ R DOW U)’"A

d) Determine the enthalpy at the exit of pump 1 in ki/kg. (10 Pts)

517 p = 0.5759= Z. A, %, > T ), A

05959 =, -
F = 05759 +191.8)

. e
I, = 192, Ho%iM’
1 o

g) e} The fraction of steam extracted for OFWH. (10 Pts)



(2)  The figure below shows a Heat Pump operating on an ideal refrigeration cycle in winter
to heat a building. Outdoor coil works as an evaporator and getting heat from cold outside
air. The evaporator pressure is 160 kPa. The indoor coil works as a condenser operating at
a pressure of 800 kPa. The working fluid is Refrigerant 134a. Determine the following:

Heal Pump Operation—Heating Mode
@ Reversing valve

£ i
‘P: b kpA

Expansion%ﬂf ) : i
= High-pressure liguid EID

ey Low-pressure liquid-vapor

m=n |ow-pressure vapor

#&==2 High-pressure vapor

(1) Draw the T-s Diagram with appropriate labeling (10 Pts.)

ob N




Pl

(ii) Enthalpies at every state (20 Pts)

r;?\r JA/.\ :{g =2L{!,1L{"J/kﬂ o
@\M’V ?:uﬂok["’\

’é':/éj)\uovga* 0w -

/5)_ = .}é-!—: O\C\L\'ZDZ_LS/ |Lo6 5
Pz = %Dby"%‘

éﬂ)%owﬂ:bp\\% By D Sad = Su_q)%i/\(\ﬂpcgf_ol F
JRJ D%\J\\Oﬂ\ = w% :—Ch. - 3.3y

534S - oty Ay - 2D
Vfl"; iiirl%‘u?m M/"B ] / &3z 0.2

{T{ _”Z‘\j\ %%W %ﬂcm' /}5) Qpbeya

/33?9 =Ry

o 3Ry | hg’;‘f’ﬁ@%: :
fuokp A | "“L\
e
~ ot \ 77
P= b0 bpr \? )an?k} -



——
# ',

(iii)

iv)

COP of the heat pump (10 Pts)
2.4\ WY

// w -
(- tQS,"‘A A _ %
N LOmP ﬂ gl

V4 (

0

Draw the schematic of the system if the same unit is to be used for cooling the
building (10 Pts)

[ n W

14

i

1
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Test 3 covered the following topics:

1. Combustion Processes
2. Gas-Vapor Mixture & Psychrometry
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Prairie View A&M University
Department of Mechanical Engineering
MCEG 3023 Y01 : Thermodynamics Il
Exam #3

Name: SO LLL 'h oM Score:

Note:
1. Show detailed steps to get full credit
2. Show unit conversions



1. The components of the exhaust gas of a spark ignition engine (gasoline engine) using a fuel
mixture represented as CgH17 have a dry molar analysis of 8.7% CO;, 8.9% CO, 0.3% O,
3.7% Ha, 0.3% CHg and 78.1% Na. Determine the following:

(i) Determine the stoichiometric balanced equation for the fuel CgH,s. (20 pts)

(i)  Determine the balanced equation based on the dry product analysis as given in rhe
problem. (30 pts.)

(ili)  Determine the equivalence ratio ®, defined as the ratio of mass of fuel for the
actual reaction (ii) to the mass of fuel for the stoichiometric reaction (i) (10 pts)

2. Atmospheric air at 35 °C and a relative humidity of 70% is cooled to 20 °C and a relative
humidity of 50% for a residential home. Determine the following:

a) The amount of water added or removed during the process.
b) The amount of energy added or removed during the process.
c) The dew point temperature of the outside air.

d) The dew point temperature of the room air,

Note: You must use the psychrometric chart provided and show on the chart how and
what values you obtained to determine the answers for (a), (b), (), and (d) to get credit.
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Prairie View A&M University
Department of Mechanical Engineering
MCEG 3023 Y01 : Thermodynamics i
Exam #3

Name: 'Hf b ) P%% '\Q Score: / 0’0

Note:
1. Show detailed steps to get full credit
2. Show unit conversions



1. The components of the exhaust gas of a spark ignition engine (gasoline engine) using a fuel
mixture represented as CsHiz have a dry molar analysis of 8.7% CQ», 8.9% CO, 0.3% Oa,
3.7% Ha, 0.3% CHy and 78.1% N,. Determine the following:

é. (i) Determine the stoichiometric balanced equation for the fuel CgH)7. (20 pts)
(iiy  Determine the balanced equation based on the dry product analysis as given in rhe
problem. (30 pts.)
(iii)  Determine the equivalence ratio @, defined as the ratio of mass of fuel for the
actual reaction (ii) to the mass of fuel for the stoichiometric reaction (i) (10 pts)

2. Atmospheric air at 35 °C and a relative humidity of 70% is cooled to 20 °C and a relative
4[ O humidity of 45% for a residential home. Determine the following:

a) The amount of water added or removed during the process.
b) The amount of energy added or removed during the process.
c) The dew point temperature of the outside air.

d) The dew point temperature of the room air.

Note: You must use the psychrometric chart provided and show on the chart how and
what values you obtained to determine the answers for (a), (b), (c), and (d) to get credit.

T, =35°C Ty 20%C
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Prairie View A&M University
Department of Mechanical Engineering
MCEG 3023 Y01 : Thermodynamics Il
Exam #3

Name: A he 1L’7Lc L’Yﬂ Score: yg/

Note:
1. Show detailed steps to get full credit
2. Show unit conversions



____]JT,.. gquwalonvf-« ﬂalﬂfh 123,:, = |q4 "Kg (AN)

. Lol Ke Cleed)
fass  husis i
e ;

\/ 1. The components of the exhaust gas of a spark ignition engine (gasoline engine) using a fuel
mixture represented as CsHi7 have a dry molar analysis of 8.7% COz, 8.9% CO, 0.3% O,
3.7% Ha, 0.3% CH4 and 78.1% Na2. Determine the following:

4D

) Determine the stoichiometric balanced equation for the fuel CgHi7. (20 pts)
(ii)  Determine the balanced equation based on the dry product analysis as given in rhe
problem. (30 pts.)
(iii)  Determine the equivalence ratio @, defined as the ratio of mass of fuel for the
_actual reaction (ii) to the mass of fuel for the stoichiometric reaction (i) (10 pts)

2. Atmospheric air at 30 °C and a relative humidity of 80% is cooled to 25 °C and a relative
humidity of 50% for a residential home. Detew

OU:: 04 - w k 2
a) The amount of water added or removed during the process.
b) The amount of energy added or removed during the process. G =-b ssily .
c) The dew point temperature of the outside air.

d) The dew point temperature of the room air.

Note: You must use the psychrometric chart provided and show on the chart how and
what values you obtained to determine the answers for (a), (b), (¢), and (d) to get credit.
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Prairie View A&M University
Department of Mechanical Engineering
MCEG 3023 Y01 : Thermodynamics Il
Exam #3

Name: Thoma% CQJJ‘V‘O\\T: Score: 5{

Note:
1. Show detailed steps to get full credit
2. Show unit conversions



1. The components of the exhaust gas of a spark ignition engine (gasoline engine) using a fuel
mixture represented as CsHiz have a dry molar analysis of 8.7% CO2, 8.9% CO, 0.3% O,
7? 5 3.7% Ha, 0.3% CH4 and 78.1% Na. Determine the following:

Y Determine the stoichiometric balanced equation for the fuel CsHi7. (20 pts)
(i)  Determine the balanced equation based on the dry product analysis as given in rhe

problem. (30 pts.)
(iii)  Determine the equivalence ratio @, defined as the ratio of mass of fuel for the
actual reaction (ii) to the mass of fuel for the stoichiometric reaction (i) (10 pts)

2. Atmospheric air at 35 °C and a relative humidity of 70% is cooled to 20 °C and a relative
;l[ 5 humidity of 40% for a residential home. Determine the following;:

a) The amount of water added or removed during the process.
b) The amount of energy added or removed during the process.
c) The dew point temperature of the outside air.

d) The dew point temperature of the room air.

Note: You must use the psychrometric chart provided and show on the chart how and
what values you obtained to determine the answers for (a), (b), (c), and (d) to get credit.
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1. Exergy and 2™ Law efficiency
2. Vapor Power Cycle

3. Gas Power Cycle

4. Combustion
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Prairie View A&M University
Department of Mechanical Engineering
MCEG 3023 Y01 : Thermodynamics Il
Final Exam

Solutio {8

Print your name (Last name first)

Signature and Date

Score

100

Signing your name in the space provided above signifies that you will abide by the Prairie View A&M
University Code of Student Conduct. It also signifies that you understand that you will get zero for this
test if there is any indication of copying from other students or from other source.

Note:
1. Show detailed steps to get full credit
2. Show units and unit conversions



An insulated steam turbine receives 30 kg of steam per second at 3 MPa, 400 °C and
leaves at 15 kPa, 90% quality. Determine the change in availability and the second-law
efficiency for the process. (25 pts.)

Consider a regenerative cycle using steam as the working fluid. Steam leaves the boiler
and enters the turbine at 4 MPa, 500 °C. After expansion to 400 kPa, some of the steam is
extracted from the turbine for the purpose of heating the feedwater in an open feedwater
heater. The pressure in the feedwater heater is 400 kPa, and the water leaving it is
saturated liquid at 400 kPa. The steam not extracted expands to 10 kPa. Determine the
fraction of the mass of steam that is extracted. (25 pts.)

Consider a gas turbine with air entering the compressor at 0.1 MPa and 20 °C. The
pressure leaving the compressor is 1.0 MPa, and the maximum temperature in the cycle is
1100 °C. Assume a compressor efficiency of 80%. Determine the compressor work. (20

pts.)

Octane (CsHis) is burned with atmospheric air, The analysis of the products on a dry
basis is as follows: (20 pts.)

CO2 10.00%
0; 2.37%
CO 0.53%
N2 87.10%

(i) Complete the balanced equation on per kmol of fuel.
(i)  Determine the air-fuel ratio on a mass basis
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Prairie View A&M University
Department of Mechanical Engineering
MCEG 3023 Y01 : Thermodynamics Il
Final Exam

Comhs  Caleb

Print your name (Last name first)

@y Comdn,  12)7/207)

Signature and Date

Score @ 67 ?.

100

Signing your name in the space provided above signifies that you will abide by the Prairie View A&M
University Code of Student Conduct. It also signifies that you understand that you will get zero for this
test if there is any indication of copying from other students or from other source.

Note:
1. Show detailed steps to get full credit
2. Show units and unit conversions



An insulated steam turbine receives 30 kg of steam per second at 3 MPa, 400 °C and
leaves at 15 kPa, 90% quality. Determine the change in availability and the second-law
efficiency for the process. (25 pts.)

Consider a regenerative cycle using steam as the working fluid. Steam leaves the boiler
and enters the turbine at 4 MPa, 500 °C. After expansion to 400 kPa, some of the steam is
extracted from the turbine for the purpose of heating the feedwater in an open feedwater
heater. The pressure in the feedwater heater is 400 kPa, and the water leaving it is
saturated liquid at 400 kPa. The steam not extracted expands to 10 kPa. Determine the
fraction of the mass of steam that is extracted. (25 pts.)

Consider a gas turbine with air entering the compressor at 0.1 MPa and 20 °C. The
pressure leaving the compressor is 1.0 MPa, and the maximum temperature in the cycle is
1100 °C. Assume a compressor efficiency of 80%. Determine the compressor work. (20

pts.)

Octane (CsHis) is burned with atmospheric air. The analysis of the products on a dry
basis is as follows: (20 pts.)

CO2 10.00%
Oz 2.37%
CO 0.53%
N2 87.10%

() Complete the balanced equation on per kmol of fuel.
(i) Determine the air-fuel ratio on a mass basis
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Prairie View A&M University
Department of Mechanical Engineering
MCEG 3023 Y01 : Thermodynamics Il
Final Exam
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Note:
1. Show detailed steps to get full credit
2. Show units and unit conversions



An insulated steam turbine receives 30 kg of steam per second at 3 MPa, 400 °C and
leaves at 15 kPa, 90% quality. Determine the change in availability and the second-law
efficiency for the process. (25 pts.)

Consider a regenerative cycle using steam as the working fluid. Steam leaves the boiler
and enters the turbine at 4 MPa, 500 °C. After expansion to 400 kPa, some of the steam is
extracted from the turbine for the purpose of heating the feedwater in an open feedwater
heater. The pressure in the feedwater heater is 400 kPa, and the water leaving it is
saturated liquid at 400 kPa. The steam not extracted expands to 10 kPa. Determine the
fraction of the mass of steam that is extracted. (25 pts.)

Consider a gas turbine with air entering the compressor at 0.1 MPa and 20 °C. The
pressure leaving the compressor is 1.0 MPa, and the maximum temperature in the cycle is
1100 °C. Assume a compressor efficiency of 80%. Determine the compressor work. (20

pts.)

Octane (CgHis) is burned with atmospheric air. The analysis of the products on a dry
basis is as follows: (20 pts.)

CO; 10.00%
Oz 2.37%
CoO 0.53%
N2 87.10%

(i) Complete the balanced equation on per kmol of fuel.
(i)  Determine the air-fuel ratio on a mass basis
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4,

An insulated steam turbine receives 30 kg of steam per second at 3 MPa, 400 °C and
leaves at 15 kPa, 90% quality. Determine the change in availability and the second-law
efficiency for the process. (25 pts.) Y

Consider a regenerative cycle using steam as the working fluid. Steam leaves the boiler
and enters the turbine at 4 MPa, 500 °C. After expansion to 400 kPa, some of the steam is
extracted from the turbine for the purpose of heating the feedwater in an open feedwater
heater. The pressure in the feedwater heater is 400 kPa, and the water leaving it is
saturated liquid at 400 kPa. The steam not extracted expands to 10 kPa. Determine the
fraction of the mass of steam that is extracted. (25 pts.)

"H‘I,'

i

Consider a gas turbine with air entering the compressor at 0.1 MPa and 20 °C. The
pressure leaving the compressor is 1.0 MPa, and the maximum temperature in the cycle is
1100 °C. Assume a compressor efficiency of 80%. Determine the compressor work. (20

pts.) w = D06

Octane (CgHis) is burned with atmospheric air. The analysis of the products on a dry
basis is as follows: (20 pts.)

CO; 10.00%
0z 2.37%

Co 0.53% mnass et
N2 87.10% . Pw|

ir"’f_{i) Complete the balanced equation on per kmol of fuel.
/ (1)  Determine the air-fuel ratio on a mass basis
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THERMODYNAMICS 11
FALL 2021

Title of Assignment: Design Project
TOPICS COVERED IN DESIGN PROJECT
Design Project covered the following topics:

Optimum compression ratio of a Brayton Cycle gas turbine
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PROJECT DESCRIPTION

In a gas-turbine power plant, there is a limit on the maximum temperature at the turbine inlet
imposed by metallurgical considerations of the turbine blades. In order to increase the efficiency,
one consideration is to increase the compressor pressure ratio keeping the turbine inlet
temperature constant. Increasing the compressor pressure ratio will also decrease the net work
developed per unit mass flow rate.

Consider a gas-turbine power plant operating on a simple Brayton Cycle with air as the working
fluid. The air enters the turbine at 1100 K and leaves at 110 kPa and 660 K. Heat is rejected to
the surroundings at a rate of 6750 kJ/s, and air flows through the cycle at a rate of 18 kg/s.
Assuming both the turbine and the compressor to be isentropic, determine the best compression
ratio for optimum efficiency and net work per unit mass flow rate of the plant.

To solve this problem, you are asked to design a compression ratio of a gas-turbine power

\ plant that will provide the best combination of plant thermal efficiency and net work output per

\ unit mass flow rate. Complete the following tasks for this design project.

| (a) Discuss your new design of the compression ratio to satisfy the problems requirement.
/ (b) Compute the thermal efficiencies and net work per unit mass flow rates for several
compression ratios keeping the turbine inlet temperature constant at 1100 K. Plot the
' thermal efficiency and the flow work vs pressure ratio on a single plot, Analyze the
f results and suggest an optimum compressor pressure based on your plot. Account for
' the variation of specific heats with temperature in evaluating the air properties.
Clearly list all the assumptions you use for your calculations. Show all steps in your
s calculations and type equations directly in Microsoft Word.



ABSTRACT

Gas-turbine power plant follows the Brayton cycle. Steady state and isentropic case is taken for
the calculations of the processes. Specific heat is also accounted for with respect to temperature.
Sample calculations are done for pressure ratio othrp'\,r— 10. Efficiency and work output are
calculated for different values of pressure ratios. Efficiency increases with the increase of pressure
ratio of the gas cycle. Work output first increases with the increase of pressure ratio but after
pressure ratio of 17, the work output decreases at the gas turbine power plant. But the increase in
pressure ratio has some limitations e.g. compressor specification to compress gas and the tubes in
which the gas flows that affect their ability to withstand the high pressure. The graph shows that
the pressure ratio rp = 17 is optimum pressure ratio for maximum power and cycle efficiency under

the material limitations for the power plant. é,),
/ . /‘L/’
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Project Design

GAS-TURBINE POWER PLANT
GAS-TURBINE POWER PLANT follows the Brayton cycle. The working principle and
schematic diagram of Bryton cycle are given as follows

1-2  Isentropic Compression of gas in compressor

2-3  Heat addition in the gas at Constant pressure in combustion chamber
3-4  Isentropic Expansion of gas in gas turbine

4-1  Heat rejection from gas at Constant pressure through HRSG

T-S diagram of the gas turbine power plant is given as follows;

i T
Fuel Cbstron A 3
qin
Work
out 4
2
1 N
1 ,,x.@e' q out
Exhaust Q
gasses - » Ly
P-v Diagram Vv T-s Diagram S

Design Parameters FOE SAMPLE CALCULATION

Given Data:

Pressure of air at turbine exit = P, = 110 kPa

Temperature of air at compressor Inlet =T, = 298 K

Compression ratio of air compressor=r,= 10

Maximum temperature of cycle (at gas turbine Inlet) =T, = 1100 K

Calculation Procedure

State 1

T.=298 K

P.=110kPa

Rp=10

From Ideal gas Properties of air table, on above conditions;
C, = 1.005 kJ/kgK

k=14



%f

State 2 v
As Process 1-2 is isentropic, hence from an ideal gas the following relation is used.

For air, heat capacity ratio k = 1.4 at 298 K

T2T1=P2P1k-1k ) {JQ T
T2T1=rpk-1k
T2298=101.4-11.4 L
e
T2=575.3K :

From Ideal gas Properties of air table,at T;;
C, = 1.045 kJ/kgK
k=1.379

State 3

T.=1100 K

Rp=10

From Ideal gas Properties of air table, on above conditions;
C, = 1.155 kl/kgK

k=1.331

State 4
Rp=10
C,=1.155 kl/kgk
k=1.331
As Process 3-4 is isentropic, hence from an ideal gas the following relation is used.
T4T3=P4P3k-1k
T4T3=1rpk-1k [

For an ideal gas, combustion gasses at 1100°C and pressure of 1100 kPa has heat capacity ratio k
= 1.331

T41100=1101.331-11.331 {

T4=620.51K .

Assumptions for Bryton Cycle

As all four processes of the cycle are executed in the steady flow devices under steady state
condition. The change in Potential and kinetic energies are neglected for all these devices. The
energy balance equation for the Brayton cycle is expressed as;



qin-qout+win-wout=ToutCp out-TinCp in
Gas Compressor Analysis
As the process 1-2 is isentropic, therefore no heat is exchanged, so, change in heat is
excluded. Only work input is given to the compressor so energy balance equation for compressor

becomes;
win compressor=Cp(T2-T1) B\/ W
win compressor=1.005(575.31-298) u-"e'/
win compressor=278.69 k] /kg M W
Combustion Chamber analysis

As the process 2-3 is constant pressure heat addition in combustion chamber, change in
work is excluded for this process as no exchange of work in combustion chambers, thus, energy
balance equation for combustion chamber becomes;

qin=Cp(T3-T2)
qin=1.0451100-575.31
qin=548.54 k] /kg
Gas Turbine Analysis

As the process 3-4 is isentropic, therefore no heat is exchanged, so, change in heat is
excluded. Only work output is given by the turbine so energy balance equation for the turbine
becomes;

wgas turbine=Cp(T3-T4)
wgas turbine=1.15511100-620.5
wgas turbine=553.9 k| /kg

As the process 4-1 is constant pressure heat rejection to atmosphere, change in work is
excluded for this process as no exchange of work, thus, energy balance equation becomes;

qout gas=Cp(T4-T1)
qout gas=375 k| /kg
Work output of cycle
wout=CpT3-T2-Cp(T4-T1)
wout=1.15511100-575.35-1.045620.45-298
wout=268.9 k] /kg

Thermal efficiency of Gas cycle
For ideal case, taking k = 1.4 for ideal gas;
th=1-1rpk-1kx 100
th=1-1101.4-11.4x100
gas=48.21%



CALCULATIONS FOR DIFFERENT PRESSURE RATIOS

Cpat 1.1551 | kat1100 for ideal Case _ _
1100K | [KI /kgl(] K 1.33 k=1.4 T3=1100(K] T1=298[K]

Efficiency Temperature at Ternp'erature: Work
P2[[Kpa] | P1[Kpa] | rp=P2/P1 % Compressor | at furbine Exit Qutput
Exit T2[K] T4[K] [KJ/kg]

110 110 1 0.00 298.00 1100.00 87.89
220 110 2 17.97 363.27 925.83 194.60
330 110 3 26.94 407.88 837.03 235.90
440 110 4 32.70 442.83 779.24 255.96
550 110 5 36.86 471.98 737.17 266.27
660 110 6 40.07 497.22 704.50 271.28
770 110 7 42.65 519.60 678.00 273.12
880 110 8 44.80 539.81 655.85 272.93
990 110 9 46.62 558.29 636.92 271.39
1100 110 10 48.21 575.35 620.45 268.90
1210 110 11 49.60 591.23 605.92 265.75
1320 110 12 50.83 606.11 592.95 262.12
1430 110 13 51.95 620.13 581.26 258.14
1540 110 14 52.95 633.40 570.65 25391
1650 110 15 53.87 646.01 560.94 249.49
1760 110 16 54.71 658.04 552.01 244 .94
1870 110 17 55.49 669.53 543.75 240.30
1980 110 18 56.21 680.56 536.07 235.59
2090 110 19 56.88 691.15 528.91 230.84
2200 110 20 57.51 701.36 522.21 226.06
2310 110 21 58.10 711.20 515.91 221.27
2420 110 22 58.65 720.72 509.98 216.48
2530 110 23 59.17 729.93 504.37 211.70
2640 110 24 59.67 738.86 499.06 206.94
2750 110 25 60.14 747.53 494.02 202.20
2860 110 26 60.58 755.95 489.23 197.48
2970 110 27 61.00 764.15 484.66 192.79
3080 110 28 61.41 772.13 480.29 188.13
3190 110 29 61.79 779.91 476.12 183.51
3300 110 30 62.16 787.50 472.12 178.92
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Gas Turbine Power Plant efficiency and Work output at different Pressure ratios

Pressure Ratio of Brayton Cycle

Pressure ratio of gas cycle has a positive effect on cycle efficiency of gas power
plants. Efficiency increases with the increase of pressure ratio of the gas cycle. But the increase
in pressure ratio has some limitations e.g. compressor specification to compress gas and the tubes
in which the gas flows that affect their ability to withstand the high pressure.

Pressure ratio of the gas cycle has a positive effect on the work output of the gas power
plant. Work output first increases with the increase of pressure ratio but after pressure ratio of 17,
the work output decreases at the gas turbine power plant. This shows the turbine limitation for
power production.
Hence, pressure ratio rp = 17 is optimum pressure ratio for maximum power and cycle efficiency.



CONCLUSION

Efficiency increases with the increase of pressure ratio of the gas cycle. But the increase in pressure
ratio has some limitations e.g. compressor specification to compress gas and the tubes in which
the gas flows that affect their ability to withstand the high pressure. Work output first increases
with the increase of pressure ratio but after pressure ratio of 17, the work output decreases at the
gas turbine power plant. This shows the turbine limitation for power production. Thus pressure
ratio rp = 17 is optimum pressure ratio for maximum power and cycle efficiency under the material

limitations for the power plant.
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Abstract

This project focuses on the design of a gas-turbine power plant. The design of the hardware
theoretically used in this assignment is crucial in finding viable real-life values for this
application. The material taught throughout this Thermodynamics II course was used to find,
calculate and analyze the use and design of this particular design derived from our detailed
calculations. The equations for the net work per unit mass flow rate and the compression ratio
were utilized to complete required design tasks. The results from the calculated analysis of this
application are demonstrated throughout this report.
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CHAPTER 1
PROJECT BACKGROUND

1.1 Design Tasks of the Project
The design tasks of this project are:
1. Discuss your new design of the compression ratio to satisfy the problems requirement.
2. Compute the thermal efficiencies and net work per unit mass flow rates for several
compression ratios keeping the turbine inlet temperature constant at 1100 K.
3. Plot the thermal efficiency and the flow work vs pressure ratio on a single plot.
4. Analyze the results and suggest an optimum compressor pressure based on your plot.
Account for the variation of specific heats with temperature in evaluating the air properties.
5. Show all steps in your calculations and type equations directly in Microsoft Word. Clearly
list all the assumptions you use for your calculations.

1.2 Introduction

This is an open-ended design project related to the compression ratio of a power plant. Requirements for
this project involved to design a compression ratio of a gas-turbine power plant that will provide the best
combination of plant thermal efficiency and net work output per unit mass flow rate. This includes
performing detailed calculations and analyses learned throughout the time of this Thermodynamics [1
course.

1.3 Problem Description

In a gas-turbine power plant, there is a limit on the maximum temperature at the turbine inlet
imposed by metallurgical considerations of the turbine blades. In order to increase the efficiency,
one consideration is to increase the compressor pressure ratio keeping the turbine inlet
temperature constant. Increasing the compressor pressure ratio will also decrease the net work
developed per unit mass flow rate.

Consider a gas-turbine power plant operating on a simple Brayton Cycle with air as the working
fluid. The air enters the turbine at 1100 K and leaves at 110 kPa and 660 K. Heat is rejected to
the surroundings at a rate of 6750 kl/s, and air flows through the cycle at a rate of 18 kg/s.
Assuming both the turbine and the compressor to be isentropic, determine the best compression
ratio for optimum efficiency and net work per unit mass flow rate of the plant.



CHAPTER 2
PROJECT PROCESS

2.1 Detailed Description of Design Tasks

First of all, we need to understand what the problem is asking and what information is available or given.
The essence of the problem is to increase the efficiency of the gas- turbine having some restraints in
consideration such as if we increase the compressor ratio, it will decrease our net work per unit mass.

¢ System - Gas Turbine
e Cycle - Brayton Power Cycle
e  Working Fluid - Air

Table 2.1 — Given Parameters

INPUTS PROVIDED
Description Units
Lower Pressure P, 110 KPa
Turbine Inlet Temperature T; 1100 K
Turbine exit Temperature Ty 660 K
Heat Rejected1 Qr 6750 KW
Mass Flow m 18 Kg/s
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Thermal Efficiencies and Net Work per Unit Mass Flow Rates at Turbine Inlet Temperature

Table 2.2 - Summary of Detailed Calculations

Tnin n, Woer e
270| 0.5046| 281.45 11.68
280 0.4955 2714  10.96
290|  0.4865 261.7 10.31
300 0.4778] 252.34 9.72




CHAPTER 3
PROJECT DATA ANALYSIS

3.1 Discussion of Results

Thermal Efficiency and Flow Work vs Pressure Ratio

14
12

10

0 1 2 3 4 5 &

Flow Work

Thermal Efficiency

Figure 3.1 - Thermal Efficiency and Flow Work vs Pressure Ratio Plot

The design tasks were completed by applying and utilizing the calculated parameters from the detailed
calculations. As a result, we were able to calculate the best compression ratio for optimum efficiency to be
10.51. Along with the compression ratio, we were also able to calculate the net work for the compression
ratio to be 264.70 KJ/Kg. Figure 1.1 demonstrates the relationship between our net work, pressure ratio,
and our efficiency percentage. Thermal efficiency and Flow Work are also demonstrated in our figure,

3.2 Conclusions Based on each Objective and Results

This project was successfully executed by completing all the design tasks a compression ratio of a
gas-turbine power plant. Correct calculations throughout the project proved crucial to ensuring the results
provided and discussed are accurate. With the collection of measurement data from the project description,
the thermal efficiencies and net works per unit mass flow rates seem to be accurate with the provided
parameter data.

3.3 Recommendations

Using new parameter values might prove to be beneficial to the application to further understand and
improve the results of the project. Provided there is a further understanding of the theory through research
and development, then we could be able to find and suggest design changes to further enhance the applied
use of the project.
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PROJECT DESCRIPTION

In a gas-turbine power plant, there is a limit on the maximum temperature at the turbine inlet
imposed by metallurgical considerations of the turbine blades. In order to increase the efficiency,
one consideration is to increase the compressor pressure ratio keeping the turbine inlet
temperature constant. Increasing the compressor pressure ratio will also decrease the net work
developed per unit mass flow rate.

Consider a gas-turbine power plant operating on a simple Brayton Cycle with air as the working
fluid. The air enters the turbine at 1100 K and leaves at 110 kPa and 660 K. Heat is rejected to
the surroundings at a rate of 6750 kJ/s, and air flows through the cycle at a rate of 18 kg/s.
Assuming both the turbine and the compressor to be isentropic, determine the best compression
ratio for optimum efficiency and net work per unit mass flow rate of the plant.

To solve this problem, you are asked to design a compression ratio of a gas-turbine power
plant that will provide the best combination of plant thermal efficiency and net work output per
unit mass flow rate. Complete the following tasks for this design project.

(a) Discuss your new design of the compression ratio to satisfy the problems requirement,

(b) Compute the thermal efficiencies and net work per unit mass flow rates for several

compression ratios keeping the turbine inlet temperature constant at 1100 K. Plot the
thermal efficiency and the flow work vs pressure ratio on a single plot. Analyze the
results and suggest an optimum compressor pressure based on your plot. Account for
the variation of specific heats with temperature in evaluating the air properties.
Clearly list all the assumptions you use for your calculations. Show all steps in your
calculations and type equations directly in Microsoft Word.



ABSTRACT

The goal of this project was to design a Brayton cycle with a pressure ratio that would result in
the best balance of net work output and thermal efficiency. To do this, we tested various pressure
ratios and then calculated the net work output and thermal efficiency. Our net work and thermal
efficiency was then plotted against pressure ratio. Our goal was to find the point of intersection
of the two curves and find the pressure ratio to which it corresponds; this pressure ratio would be
the optimum pressure ratio for the cycle. However, when net work and thermal efficiency was
plotted versus pressure ratio, we discovered no point of intersection. This led us to believe that
the calculation of enthalpies at each state of the cycle would be a more appropriate method of
solving the given problem.



PRESENTATION OF TECHNICAL COMPONENTS
(a)

To solve this problem, we aimed to find a compression ratio of a gas-turbine power plant that
will provide the best combination of plant thermal efficiency and net work output per unit mass
flow rate. To do this, we tested different pressure ratios and used them to calculate the net work
output and the thermal efficiency using the thermodynamic relations shown below.
1
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From there we plotted the data on a graph and found that both the net work output and thermal
efficiency had a positive correlation with pressure ratio. This can be seen in our graph. With this
information, we do believe that finding the values of enthalpy at each state of the cycle to
determine our net work and thermal efficiency would be a more appropriate method of solving
the given problem.
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*Net work found in our calculations was divided by the given mass flow rate of 18 kg/s to allow
for a more readable graph

The calculations done above were repeated for pressure ratios ranging from 1 to 15. As can be
seen in the graph above, both net work and efficency increase with pressure ratio. No
intersection of the two curves can be found. Therefore, no optimum compressor ratio can be
determined.



CONCLUSION

In conclusion, the results of our work are not what we expected. Based on our knowledge of
thermodynamic princples, we anticipated a net work curve to increase, reach a maximum, and
then decrease. Our net work curve, however, increases infinitely as pressure ratio increases. This
leads us to believe that our method used is at least to some degree erroneous. We believe that
determining the enthalpy values at each state of the brayton cyle process and then using those
values to find net work and efficency would be a better course of action. Using this method
would allow us to account for the constant turbine inlet temperature that is given in the problem

statement.



