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Preface

“Thermodynamics”is an important subject in engineering studies and has applications in almost all fields

of engineering. As such, it is included as a ‘core subject’ in the engineering syllabi of many Universities.
In engineering colleges, generally, the subject of Thermodynamics is taught over two semesters:

a) In the first half, ‘Basic Thermodynamics’ is taught. This covers the topics of Units,
Pressure, Temperature, Properties of Pure substances, Zeroth Law, Heat and Work, First
Law of Thermodynamics for a closed system and for flow processes, Second Law of
Thermodynamics, Heat engines, Refrigerators and Heat Pumps, Entropy, Availability and
Irreversibility, Real and Ideal gases and Gas mixtures etc.

b) In the second half, ‘Applied Thermodynamics’ is dealt with. Here, the topics studied
are: Gas power cycles, Gas Turbine cycles, Vapour power cycles, Refrigeration cycles, Air

compressors, Thermodynamic relations, Psychrometrics, Reactive Systems and Compressible
fluid flow.

Thermodynamics is also considered as an abstract subject by students since many of the concepts
introduced are unfamiliar to them. Therefore, the subject is better learnt by solving a large number of

problems.

Solutions to problems in Basic Thermodynamics by this Author are already published by bookboon.

com under the title “Basic Thermodynamics: Software Solutions”, in 5 volumes.

This book contains solutions to problems in Applied Thermodynamics, as per the syllabus of B.E. courses

in Visweswaraya Technological University (VTU), Karnataka, India (and other Universities as well).

In this book, problems are solved using three popular software, viz. “Mathcad”, “Engineering Equation
Solver (EES)”and “The Expert System on Thermodynamics (TEST)”.

Comments are included generously in the codes so that the logic behind the solutions is clear. A brief
overview of the software used is given in Chapter 1 of the book Basic Thermodynamics: Software

Solutions — Part-I.
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Advantages of using computer software to solve problems are many:

1) It helps in solving the problems fast and accurately

2) Parametric analysis (what-if analysis) and graphical visualization is done very easily. This
helps in an in-depth analysis of the problem.

3) Once a particular type of problem is solved, it can be used as a template and solving similar
problems later becomes extremely easy.

4) In addition, one can plot the data, curve fit, write functions for various properties or
calculations and re-use them.

5) These possibilities create interest, curiosity and wonder in the minds of students and
enthuse them to know more and work more.

6) In Thermodynamics, traditionally, one has to interpolate property values from Tables, and
this is a very tedious process while solving problems. Use of suitable software allows one to

get accurate property values with minimum effort.

This book is an expanded version of the teaching notes of the author, who has taught this subject over

the past many years to Engineering students.

S.I. Units are used throughout this book. Wide variety of worked examples presented in the book should

be useful for those appearing for University, AMIE and Engineering Services examinations.

This particular book may be used in conjunction with any of the standard Text Books on Engineering

Thermodynamics.

The book is presented in five Parts:

Part-1 contains the following:

Chapter 1. Gas Power cycles

Part-2 contains problems on following topics:

Chapter 2. Cycles for Gas Turbines and Jet propulsion
Chapter 3. Vapour Power cycles

Part-3 contains problems on following topics:
Chapter 4. Refrigeration cycles

Chapter 5. Air compressors

Chapter 6. Thermodynamic relations
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Part-4 contains problems on following topics:

Chapter 7. Psychrometrics
Chapter 8. Reactive systems

Part-5 contains problems on following topics:

Chapter 9. Compressible fluid flow
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About the Software used

Following three software are used while solving problems in this book:

1. Mathcad 2001 (Ref: www.ptc.com)
2. Engineering Equation Solver (EES) (Ref: www.fchart.com), and

3. The Expert System for Thermodynamics (TEST) (Ref: www.thermofluids.net)

Trial versions of the first two software and detailed Instruction Manuals may be down-loaded from the

websites indicated.

TEST is a very versatile and popular Java based software for solving Thermodynamics problems and can

be accessed freely on the website indicated. Initially, free registration is required.

Chapter 1 of the free e-book “Basic Thermodynamics: Software Solutions”, by this author, published
by bookboon.com, gives an introduction to these software as well as some free software available for

water/steam properties, humidity calculations and Unit conversions.
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To the Student

Dear Student:
Thermodynamics is an important core subject useful in many branches of engineering.

Subject of Thermodynamics is generally taught over two semesters: Basic Thermodynamics is taught in

one semester and Applied Thermodynamics is taught in the next semester.

Under the title ‘Basic Thermodynamics: Software Solutions’, you have already studied the topics such
as: Units, Pressure, Temperature, Properties of Pure substances, Zeroth Law, Heat and Work, First Law
of Thermodynamics for a closed system and for flow processes, Second Law of Thermodynamics, Heat
engines, Refrigerators and Heat Pumps, Entropy, Availability and Irreversibility, Real and Ideal gases

and Gas mixtures etc.

In this book entitled ‘Applied Thermodynamics: Software Solutions’ you will solve problems o
application aspects of Thermodynamics, which should be really interesting. Topics included are: Gas
power cycles used in I.C. Engines and Turbines, Vapour power cycles used in Power plants, Refrigeration
cycles, Air compressors, Thermodynamic relations, Reactive systems (i.e. combustion), Compressible
fluid flow etc.

Best way to learn this subject is to work out a large number of problems, particularly of practical

applications.

This book contains solutions to problems using three popular software, viz. Mathcad, Engineering
Equation Solver (EES), and The Expert System for Thermodynamics (TEST). Trial versions of Mathcad,
and EES can be downloaded from the websites indicated. TEST can be accessed directly from the website

www.thermofluids.net after an initial, free registration.

Problems in this book are chosen from the University question papers and standard Thermodynamics
Text books.
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How to use this Book?

You need not worry if you don’t know about these software. Since each problem is solved systematically
step by step, and is well commented, just reading through the solution will make the logic of the solution
clear to you. That is the most important thing in solving the problems. Then, you must work out the
problem yourself, by hand or using the software. Of course, use of software has the advantages mentioned
in the Preface. Simply reading the book won’t do. Have your favorite Text book nearby, in case you need

to refer to it for any formulas or clarifications. There is no other ‘easy method’
As they say, ‘Success is 1% inspiration plus 99% perspiration!’
Lastly, I hope that you too will enjoy as much as I did in solving these problems. Good Luck!

Author
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1 Gas Power Cycles

Learning objectives:

1. In this chapter, ‘Gas Power cycles” are analyzed with ‘air standard assumptions.

2. Cycles analyzed are: (a) Otto cycle (b) Diesel cycle, (c) Dual cycle, and (d) Stirling cycle

3. Otto cycle is used in Spark Ignition (S.I.) engines (i.e. petrol engines) and Diesel cycle and
Dual cycle are used in Compression Ignition (C.I.) engines (i.e. Diesel engines)

4. Several Functions are written in Mathcad and EES to determine net work, efficiency and
mean effective pressure (MEP) of these cycles.

5. Large number of problems from University question papers and standard Text books are
solved with Mathcad, EES and TEST.

1.1 Definitions, Statements and Formulas used [1-6]:
1.1.1 Air standard assumptions:

Since the actual Gas power cycles are rather complex, we make following assumptions to simplify the

analysis:

1) Working fluid is air circulating continuously in a closed loop, with air behaving as an
Ideal gas
2) All processes making up the cycle ate internally reversible
3) The combustion process is replaced by a heat addition process from an external source
4) The exhaust process is replaced by a heat rejection process that restores the working fluid to

its initial state

1.1.2 Carnot cycle:

P-v and T-s diagrams are shown below:

L

.
3
[

[T
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For Camnot cycle:
Heat supplied: Q_=T1(s2-sl)=Ti-as Jkg
Heat rejected: Q = T3(s3-s4)=T3-4s Jkg

Work done: W=Q, - Q,=(Tl-Tias Jhkg

W T1- T3
Neamot= — =
Q. T1

Thermal efficiency:

113 Otto cycle (i.e. const. volume cycle).... for Petrol engines:

P

&

Adiabatics

5=cC

Qr

w¥
-

For Otto cycle:

Compression ratio;.  r= —

E _ !.'"1'_1"‘.[?._1 .-=_._1
L \+v2)

Heat supplied: Q_=cv(T3-T2)  Jiky

Heat rejected: Q =cv-(T4-T1) Jkg

Work done: w=0Q,-Q Jhky

17
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Also: we 2V {1p — l}-trT_l 1l kg

o o—
i

-1
Thermal efficiency: vy = {;E = [1 - 1)
5

r
E_ 1-_4 ,I,—l_ ‘-_1 -1 r’r—l
T4 V3 V2

Mean Effective Pressure: MEP =

Il

pl-r{tp — l}-trrr_l - l__'

.-‘5!.| N =
» VE [r=1hr-1

Pa._._..ifplisinPa

p3 _ pd

where  sp= == - __pressure ratio
p2 pl
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1.1.4 Diesel cycle (i.e. const. pressure cycle)...for Diesel engines:

P F
T E
V3 —¥
2 g 3
5=C¢C
S5=cC
4
4
1
—+ Ve Vs E v 5
* V1 »
For Diesel cycle:
. . vl
Compression ratio.  r= —
v2
Cut off ratio: .= =
W
P |
T2 _ (v} _ 1
Tt \+2)
R AT SR e A
T4 \v3) \v3)
Heat supplied: Q_=ep(T3-T2)  Jkyg
Heat rejected: Q,=cv-(T4-T1) Jikg
Work done: W=0Q. -Q, Jkyg
(..._._1} -'"[fl'_"— 1} _ f]_—':'--lI II:’:-_ B 1:]
Also: W=plvle - ~ | Jkg
.;, _ 1

; v—1
] Vi f hY
Thermal efficiency:  wy, = W 1- 1

Q. L r)
_ 1] e’
Alsor  my=1- j[m}

r

19
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W W

Mean Effective Pressure: MEP

. =572
Ve vl -2

f-rr‘:-[rc -1 - et - 1_:I

Also: MEP= p1| L2257 Pa__ifp1is in Pa
fv=—1{r-1)
where = V3 ...cut off ratio
V2

Cut off ratio is normally given as a percentage of stroke volume:

For example, cut off ratio is 8 % of stroke means:

vi— vl

= 0.08
vl — <2
3 =2 e — ) ; 3
But: R (c-1) _.5ince r= Ll and o= A
vi-+2  v2{r-1) w2 W2

m—-1

Therefore: = (.08

r—1

1.1.5 Dual cycle (or, mixed cycle).... for Diesel engines:

¥

20

Download free eBooks at bookboon.com



Applied Thermodynamics: Software Solutions
Part-l (Gas Power cycles)

For Dual cycle:

) ) 2
Compression ratio: = =
vl
Cut off ratio: .= ﬁ
V3

(¥

Pressure ratio, or explosion ratio:  pp= P

p2
pogn Tl

T2 (1) -1
—_— = — =1
L \v2)

P |
TS _ (w4
T4 \v5)

Heat supplied: Q_= cv-(T3 - T2) + cp-(T4 - T3) Jkg
Heat rejected: Q=cv(Ti-T1) Jikg

Work done: W=0Q,-0Q, Jkyg

ard — 15.0F 2472 — R
And: T-.R'=|:p3-[1'-l-—1'3}+ (pfvd 11””} _ (e 11”"13‘} Jlkg
1 — 1 —

1 mprtre — 130"t TIPS W Y
Alsa: W= Pl-vl [TP ({re—1)-r  +{mp-1)r | 1p- e I:I
" o— 1

. R"’ 5 _
Thermal efficiency: Ny = w =1_ (T3 -Tn

Q. (T3 - T2) + 1-(T4 - T3)

Alsol  ny=1- 1_ rp'r'fl_l
S LG - D+ pap(re - 1)

W W

. 1 =<2
Ve vl — 2

Mean Effective Pressure: MEP

21
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Part-l (Gas Power cycles) Gas Power Cycles
Alsa:
1 b b . . .
MEFP = #-[r'-[rp-‘;-[rc— 1)+ (p—-1)] - r-l.rp-ru:' - l[l Pa....ifplisinPa
(c- 1y 1)
vl . )
where r= — ...compression ratio
v2
V3 .
= — ...cut off ratio
w2
p3 . . .
p= — ..pressure ratio, or explosion ratio
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1.1.6 Stirling cycle:

Stirling cycle has two Isothermals and two constant volume processes.

Speciality of Ideal Stirling cycle is that: (i) it has a thermal efficiency equal to that of Ideal Carnot cycle
(ii) it makes use of a ‘regenerator’ to store heat and to discharge heat during the two constant volume
processes.

P-v and T-s diagrams for Ideal Stirling cycle are shown below.

Here, we have:

Process 1-2: Isothermal compression, with heat rejection

Process 2-3: heat absorption by working substance from regenerator during const. vol. process

Process 3-4: Isothermal expansion, with heat absorption

Process 4-1: heat rejection from working substance to regenerator during const. vol. process

3

Qs
& QE
\T = 3 " 4
T
QF \ T1 _L J.I

In the Ideal Stirling cycle, heat transfers during the two constant volume processes 2-3 and 4-1 are equal.
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For Stirling cycle:

Compression ratios = —= —

Heat absorbed by air from regenerator during process 2-3 =
heat rejected by air to regenerator during process 4-1

Regenerator efficiency is assumed to be 100 %.

. I.-" '-I-‘l" i
Heat supplied: Q = p3-viin — |=R-T3n(r) Jikg
Lvi)
Heat rejected: Q= pl-vlin ARy Jkg
\v2)

L

Woaork done: W=0Q, - Q.= Rn{r)-(T3 - T1) Jkyg

-

. Wi AT - ~.
Thermal efficiency:  n, = W Rnlo) (15 - T
Q. R-T3-In(r)

) I3-TI1
l.e. Nip = =
a

Thus, for the same temp limits, efficiency of Stirling cycle is equal to that of Carnot cycle.

(b) When the regenerator efficiency is less than 100 %, say equal to n,

Heat supplied: Q_=R-T3In(r) +(1- Npeg) v-(T3 - T1) Jikg
Heat rejected:  Q,=R-Tlin(r) + (1 - ny.,|ev(T3 - T1) Jikg
Work done: W=0Q,-Q =RIn(r)(T3 - T1) Jkg

Thermal efiiciency: n, = Ve F"h?irj{l—s i,
Qc  RTHa(r) + 1 - ngg)-ev(T3 - T

Stirling cycle has not become very popular for I.C. engines because the regenerator volume has to be

very large compared to the engine size.

However, small liquid nitrogen plants, producing up to 30 I/h of liquid nitrogen, working on reversed

Stirling cycle have been produced and marketed very successfully by M/s Philips, Eindhoven.
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1.2 Problems on Otto cycle (or, constant volume cycle):
1.2.1 Problems solved with Mathcad:

Prob.1.1. Plot the thermal efficiency of the air standard Otto cycle against the compression ratio.

Mathcad Solution:

Define the Mathcad Functions for Otto Cycle calculations:
r = compression ratio =(Vec+Ws)We gamma = sp. heat ratio

rp = pd/pd = pd/p1

OTTOEFF(r,7) = 1- L __Thermal efficiency

fT_l
pl1-V1

7 o—
i

.-r._l "
OTTO P G plet oy
MERlpL e (y=1r-1

OTTOW|pl. Vi1, 1p.7) = (1p— 1}-[r""1 —1  _ Work output

-..Mean effective pressure

DUKE
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Applied Thermodynamics: Software Solutions

Part-l (Gas Power cycles) Gas Power Cycles
P .
T 3
T [ 3
! Adiabatics
— (s G
2
2
Qr
1 1
s i \
—+ Vi Vs .
Fig.Prob.1.1

Let us take the range for compression ratio, r as 1 to 14:

r=1,2._14 ___ define a range variable for compm. ratio, fromr="1tor= 14

..t
I

OTTOEFF(r,167)  OTTOEFF(r.14)  OTTOEFF(r,13)

1 0 0 0
2 0.371 0.242 D188
3 0.521 0.356 0.281
4 0.605 0.428 0.34
5 0.66 0.475 0.383
] 0.699 0.512 0.418
7 0.728 0.541 0.442
g 0.752 0.565 0.464
9 0771 0.585 0.453
10 0.786 0.602 0.499
11 0.799 0.617 0.513
12 0811 0.63 0.525
13 0821 0.642 0.537
14 0.829 0.652 0.547
26
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Now, plot the results:

OTTO CYCLE EFFICIENCY

0.9

\

4

0.7

[EMC

4
=
(=1}
T
'
[l
I
]
4

[HERM&AL EFFIC
= =]
e LA
\\
|
|
|

o 1 2 3 4 5 46 7 8 © 10 11 12 13 14
COMPEIN. FATIO

— gzamma= 1.47

""" gamma= 1.4

—  gzamma=13

Prob. 1.2. In an air standard Otto cycle, thermal efficiency is 56%. Heat rejection is 550 kJ/kg. Pressure
and Temp at the start of compression are 0.1 MPa and 60 C. Find:

i) compression ratio

ii) P & T at the end of compression
iii) Max. pressure

iv) work done/ kg. [M.U.]
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FI &
3
T [
i Adiabatics
—= Qs AT
2
3 Qr
1 1
& » v
—s o Vs 3
Fig.Prob.1.2
Mathcad Solution:

vo= 14 Pl=1 bar Ti=273+60 K

Qp =350 klkg.... heat rej.

ov = 0717 klikg K

r =73 Trnal value

Given 1- —11 = 036

Ir_
Find(r) = 7.787
i.e.  r=7737 Comprn. ratio....Ans.
Process 1-2:
P2 = Plr __forthe isentropic compression 1-2
ie.  P2=174%8 bar.....Ans.

And, T2=Tie !

7

6.819 K...Ans

LA

e T2
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Process 4-1:
We have: ev(T4-Tl)= Qg

Then: T4 = % +T1

%
e T4=11x10°0 K
Process 4-1:
We have: ev(T4- T = Qg

Then: T4 = % +T1
o

ie. Ti=11x100 K

Join American online
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Special Christmas offer:

enroll by December 18th, 2014
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Interactive Online education
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Then:
'J u]
£ = = ... far the constant vol. process 2-3
T2 T3
(P27 . .
le. Pi= 2 T3 ...where temps atre in Kelvin
T2

bar... Max. pressure in the cycle.
Mow:
Qg = cv(T3 -T2

le.  Qg=123x 1[|I3 kJikg.... heat supplied

And,
W= Q5 - Qp

e, W=700002  kJ/kg..Work done per kg

GANs,

Gas Power Cycles
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Prob.1.3. At the beginning of the compression process, in an air standard Otto cycle, p1 = 1 bar, T1 =300 K.
The max. cycle temp is 2000 K. Plot the net work per unit mass in kJ/kg, the thermal efficiency, and the

mean effective pressure, in bar, versus the compression ratio ranging from 2 to 14. [Ref: 3]

P 3
T 3
T [
i Adiabatics
— s S=¢€
2
2
Cr
1 1
s i v
—+ Vi s »
Fig.Prob.1.3
Mathcad Solution:
Data:
v=14 Pl=1 bar T =300 K E_air := 0287 kedfleg K
m_air =1 kg
T3:=2000 K.... max temp.
Let: =2 ___compm ratio._. to start the calculations.
Calculations:
We have: Pl =m ar .. from |ldeal Gas Law
R airTl
ie .o moarR arTl mA3ikg
10)
e vl=10861 m"3/kg
31
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Process 1-2:

Pr) = P1-r' __forthe isentropic compression 1-2; P2 as a function of r
ie.  P2r)=2630 bar...Ans.
-1

And,  Tr) =Tt~ ..T2as afunction of comprn. ratio, r

le. T2r)=395832 K..Ans

Process 2-3:
'J ]
2 = o3 ... for the constant vol. process 2-3
T2 T3
) RO . .
l.e. P3(r) = =0 i-T3 ...where temps are in Kelvin
T2(r))
e, P3(r)= 13333 bar... Max. pressure in the cycle....Ans.
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Gas Power Cycles

Process 3-4:

T3= T4r'

- T3 . .
lLe.  T4(r) = K .... T4 as a function of comprn. ratio, r

r"_l
i.e. T4(r) = 1516 x 100 K .... Ans.
.-:_-_1
1 pay T _ )
Alsa: I3 = o3 | ... for isentropic process 34
T4 |\ P4)

Therefore:

Pd(r) = & ..... P4 as a function of r

(1)
\T4(1) )

e P4{r)=3052 Dbar... Ans.

Now that all the four salient temperatures, viz. T1, T2, T3 and T4 are known, the work output, thermal
efficiency and the mean effective pressure are easily calculated as follows:

Qg=m_air-cv-(T3 - T2) k.. heat supplied in process 2-3. cv = sp. heat at const. vol. for air
= 0717 klikg K

Qp = m_air-cv-(T4 - T1)  kl._heat rejected in process 4-1.

W=0Qg-Qp  kl..Work output

B
V= Stroke_volume= V1 - V2=VI1- 1-

Y
W

mep= — bar...mean effective pressure

]
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However, to find the thermal efficiency, work done and mean effective pressure, let us use the Mathcad

Functions written earlier:

Recollect:
OTTOEFF(r v} =1 - i __Thermal efficiency
r"_l
. : 1-V1 -
OTTOW! pl V1,1 mp,7) = p—l-[rp - 1}-|.r' - 1_:I - Wark output

o pretp- T o)

OTTOMEF pl,1.1p. . .
(v = 1)-(r-1)

...Mean effective pressure

We re-write these functions for the present case:

Thermal effcy:

N (r) = OTTOEFF(r,y)  ....Note thatn, is written as a function of r.

e, my(r)=0242 ..thermal effcy when comprn ratio, r=2 .... Ans.

Work done per kg of air, WV:

Mow, pressure ratio = rp = P3/P2:

....Note that rp is written as a function of r.

Wi(r) = OTTOW(P1-100,v1,r,1p(r),7)
i Wir)=272400 kl/kg .Work output for r = 2... Ans.

Mean Effective Pressure, MEP:

mep(r) = OTTOMEP(P1 r tp(r),7)  ....Mote that mep is written as a function of .
e mep(r) = 6474  bar....... mean effective pressure, forr=2 ... Ans.
34
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Now, plot the results for r varying from 2 to 14:
First define a range variable, r from r = 2 to 14:

r=2.3.14 ..range variable defined.

Produce the results in Tabular form:

r= Newlt) = Wir) = mep(r) =
2 0242 278.699 6.474
3 0.356 391.51 6.821
4 0.426 451.287 £.989
5 0.475 436.675 7.066
B 0512 508.693 7.09
7 0.541 522.566 7.081
8 0.565 531.115 7.058
8 0.585 536.005 7.004
10 0.602 538.283 6.946
11 0.617 538.641 6.8582
12 063 537.558 6.811
13 0.642 535.371 6.7 36
14 0.652 532327 6.658
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Now, plot the results:

Thermal efficiency versus comprn. ratio, r:

0.63

0.25

02

320 X

280

Z{H}Z 3 4 35 4 7 8 9 10 11 12 13 14
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Mean effective pressure (bar) versus comprn. ratio, r:

6.9

mep(r) 6.8

6.7 /
6.6

6.4

b
Laa
A
LA
L=

.|
(=)
hl=]
[
L=}
et
[
[
b2

14

Gas Power Cycles

Prob.1.4. An engine working on Otto cycle has its volume 0.5 mA3, pressure = lbar and temp = 30 C

at the beginning of compression stroke. At the end of compression stroke, the pressure is 13.8 bar. If the

heat added during const. vol. process is 210 kJ, calculate:
i) the pressures, temp and vol. at salient points
ii) net work done per cycle

iii) m.e.p.

Take cv = 0.714 kJ/kg.K [M.U/]

Adiabatics

=€

Qr

¥

Fig.Prob.1.4
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Mathcad Solution:

Data:

Vi=035 m'3 T1=30+273 K Pl=1 bhar P

QS =210 kJ ov = 0714 kd'kg K vo=14
R =287 JkgK

Calculations:

Mass of air:

P1-10°-V1
m=—-

kogfcycle
E-T1 aey

i

i m= (.37

Process 1-2:

| et

-

P2y

r=,—| ...for isentropic process 1-2
P

l.e.  r=#31% ..comprn. ratio

Therefore:

="l

e, T2=g4132 HK..Ans
Process 2-3:
We have:  Qg=mev-(T3 - T2)

Therefore:

e, Ti=1153% 100 K...Ans.

38
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ie. P3=241208 bar..Ans

Process 3-4:

Pi=—" _.for isentropic process 34

ie. P4 = 1708 bar..Ans

And,

-

T4 = — ..for isentropic process 3-4

- 1
T

e T4= 544633 K...Ans.

Heat rejected:

99206

Qg =mev(T4 - T1) =3 Qg

The Wake
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Work output:

W=Qg-Qp

e, W=11079% kJ/cycle...Ans.

lMean eff. pressure:

W-10"

10
Vil —-—1¢

L r!

mep =

ie.  mep=2617x10° Pa..=2.617 bar....Ans.

Gas Power Cycles

Prob.1.5. An engine operates on air standard Otto cycle. At the start of compression, P1=1bar, T1=27 C.

Max temp. in the cycle is 3250 K. Compression ratio is 8 to 1. Determine the pressures and temps. at
salient points, thermal efficiency, and the mep. [M.U.]

P 3
T 3
T [ 3
i Adiabatics
—» Qs R
2
2 Qr
1 1
. » g
- \fC Vs B
Fig.Prob.1.5
Mathcad Solution:
Data:
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oV o= —— =3 ev = 0718 kdikg K
v—=1

r=18 __.compm. ratio

Calculations:

Process 1-2:
P2 = Plt ie P2=1237¢ bar.....Ans.
=TI ie T2=6%0210 K..Ans
Process 2-3:
P3 = P2- () e P3 = 86.667 bar....Ans.
T2 )
Process 3-4:
P4 = B i.e. Pi=4715 bar...Ans.

T4 - e, Ti=1415=10 K..Ans.

Heat supplied:
Qg=cv(T3-T2) e Qq=187Tx 100 kdikg
Heat rejected:

Qg =cov-(T4-TI) le. Qp=792758 klkg
Therefore: Work output:

W=Qg-Qp i€ W=1038x10 kJikg.... Ans.

Thermal efficiency:

W

M : 100 e, m=36472 %, thermal effcy...... Ans.

Qg

141
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Mean Effective Pressure:

3
V1= M ie. V1= 08461 m*3kg...volume at state 1
P1-10°
Therefore:
W-I'I]3

-...mean effective pressure

I8 mep=13TTx 10®  Pa =13.77 bar....Ans.

Prob.1.6. Find the efficiency of an Otto cycle engine having max. pressure of 21 bar and temp. 1600 C
and min. pressure of 1 bar and temp. 38C. What would be the efficiency of a Carnot engine working

between the same max. and min. temp.? Assume working fluid as air. [M.U.]
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Gas Power Cycles

P &
3
T [ 3
i Adiabatics
—* Qs ——
2
2
Qr
1 1
s i v
—+ Vi [ Vs .
Fig.Prob.1.6
Mathcad Solution:
Data:
Pl=1 bar TI=38+273 ie Ti=311 K ev = 0717 kd'kg K
B3 =21 bar T3 = 1600+ 273 e, T3=1873x10° K
Note that compression ratio, r = v1/v2 = (P2*T1)/(T2*P1) = (P3*T1)/(T3*P1) .... since P2/T2 = P3/T3

Therefore:
P3-T1 .
ro=— i r=3487
T3Pl

Thermal efficiency:

=3

For process 1-2:
T2 =Tlr

ie. T2 =312351 K

n = 0.393 ...Air std. effcy. of the Otto cycle..

...comprn. ratio

Ans.

...... since 1-2 is isentropic process
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Heat supplied:

gl = ov-(T3 - T2) le. gl=975442 kJ/kg...heat supplied
Work output:

W= 1-ql e, W=383374  kd'kg.....work done per kg
Carnot efficiency:

 T3-TI
"Neamot = 3

..-by definition

8. M _amot = 0834 ...Carnot effcy....Ans.

Prob.1.7. The compression and expansion curves in a petrol engine follow the law PVA1.3 = const. From
the indicator diagram it is observed that the pr. at 25% and 75% of the stroke on the comprn. curve
are 2 bar and 5.2 bar respectively. If the pressure and temp at the beginning of compression are 1 bar
and 300 K, and the max. temp in the cycle is 2000 K, find: (i) the net work done per kg of air, (ii) mean

effective pressure, and (iii) thermal efficiency.

P 3
T 3
T [
i Adiabatics
—» (s G
2
3 Qr
1 1
5 d v
— Vo | Vs »
Fig.Prob.1.7
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Mathcad Solution:
Data:

Pa:=2 bar Ph =32 bar +=14 n=13 . polytropic index of

compression and expansion
Pl:=1  bar Ti=7300 K  T3:2000 K

ev = 07173 kdkg.K R =0287 klkgK

Calculation:

Mow. by data:

Pa_ (ve+025vs)

P, \Vc+0.75Vs)
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From the above, simplify to get Vs/Vc:
v 18

) . o252 4
- 2 (ve+ D.zj-ﬂ.'s“‘ilj Ve
T 52 \Ves075Vs) v
-ve = e s
L Ve g
1 !f[pj' Vs 1‘-‘1
. ] Ly — + 1
) !_. 2 ﬁ'l 1.J T'l'_‘
l.e. :_—_J 1 = -
3.2
-/ 075 — +1
\ Ve J
i 1.- "'\,I
0255 41}
Ve
I.e 048 = ”
075 — + 1
. Ve A

. Ve _ Vs
e, 036 — +048=025-— +1
Ve Ve

. Vs -
e, —-{036-025)=1- 043
Ve

. Vs ,
e, —-011=032

Ve
. YV
e 25 a7
Ve
Therefore:

Vsby'Ve = 4.727

And: r=1+ VibyVec
e r=3727 ..comprn. ratio
Process 1-2:
P2 =Pl ie  P2=9§67  bar..Ans.
T =Tir" ! e T2=506407 K..Ans.
Process 2-3:

T3 is given, T3 = 2000 K.

Pi=Ti— ..for const. vaol. process 2-3
2
e P3 =33736 bar...Ans.
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Process 3-4:
SR
P4 =F3|—| Ie Pi= 3600 bar ... Ans.
\r)
{ 1"‘|n_1 ) 3
T4:=T3| - | e T4=111x10" K.. Ans,
\r)

Net work done:

Gas Power Cycles

Note: Net work can not be calculated as (Qs-Qr), since there is heat transfer during the two polytropic

processes too.

We calculate the net work as the area of the P-v diagram 1-2-3-4:

W_net = (P3.v3 - P4.v4) / (n-1) - (P2.v2- P1.vl) / (n-1)

R(T3-T4 R(T2-TI

n-1 n-1

e Whet =

kdfkg

e W, o = 532874 kJ/kg....Ans.
Heat supplied, Qs, during process 2-3:

Q. =cp(T3-T2) kikg

e Q.=1366x10 klkg

Thermal efficiency:

1;'vﬂ.E‘l:

Qs

e my =030 =239 %..Air standard effcy...Ans.

Mean effective pressure:

Mow, we have: MEP =W __, / Stroke volume

ie. MEP=W__/{1-2)

1;""ﬂvat

A
vid1l—-—1

\ r)

ie. MEP= -...where r = compmn. ratio
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Faor 1 kg of air, v1 is calculated as:

PIvi_ ) where P1is in kPa, R in klikg K
R-T1
ie. vl = ﬂ
P1-100

ie. vl = 0.861 m*3

Therefore:
W
t1et
MEP = f—ﬂ
viil-—|
L, r)

e, MNEP= 74083 kPa = 7.4983 bar .... Ans.
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In addition, plot W__, Heat supplied, Q, and MEP as max. temp. T3 varies from 1500 K to 2300 K:

First, write the related quantities as functions of T3:

P2

PF3(T3) = T3 bar..far const. vol. process 2-3
T2

RT3 - T{T3)) R(T2-T1

W T3) = — — kl/kg
S
PY(T3) = PY(T3)- - | bar
'-.\_1’__.-'
PR
wrH =11 K
'-.\_1’__,-'
o R(T3-T4T3)) R(T2-TI)
Whet( T3) = o 1 E— kd/kg
Qu(T3) = cp(T3 - T2)  kikg
W.__(T3)
et
Me(TH) = —
th Q (T3)
W, (T3
MEP(T3) = — oo
f 17
v 1l- -4
\ f_,-'
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Now, plot the results:

T3 = 1500,1550.. 2300

1500

1550

1600

1650

1700

1750

1800

1850

1900

1950

2000

2050

2100

2150

2200

2250

W, ((T3) =
387.43
406.927
426.423
44592
465.416
484.912
504.409
523.905
543.402
562.898
582.395
601.891
621.387
540.884
660.38
679.877

K _... define a range variable T3

n(T3) =

0.29

0.39

0.39

0.39

0.39

0.39

0.39

0.39

0.39

0.39

0.39

0.39

0.39

0.39

0.39

0.39

It is noted that Thermal effcy. does not vary with T3.

Plots:

Whet (kl'kg) vs T3 (K)

TrTT
3
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1800
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MEP(T3) =

54517
572,604
600.039
627.473
654.907
682341
709776

737 21
764,644
792.079
819513
846.047
874381
901316

929 25
056,584

Heat supplied, Qs (kTkg) vs T3 (K)

QI3 =

9931946

1043176

1093156

1143136

1193116

1243.096

1293.076

1243.056

1393.036

1443016

1492996

1542 976

1592.956

1642936

1692916

1742896

e

300 —

15400 1o
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MEP (kPa) vs T3 (E)
1000 /
00
800
MEP(T3)
T00

3
ﬂqdﬂi} 1600 1300 2000 2200 2400
T3
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1.2.2 Problems solved with EES:

Prob.1.8. Plot the thermal efficiency (n,) vs compression ratio (r,) for air standard Otto cycle.

EES Solution:
We have the simple EES program:
“Otto Cycle Efficiency:”

gamma=1.4 “ratio of sp. heats for air”

{r_k=7} “comprn. ratio”

eta_th=1-(1/r_k)A(gamma-1) “Air std. effcy”

And, produce the Parametric Table for r_k varying fom 2 to 15:

i) gamma =14

gamma = 1.4 l gamma=1.3] gamma=1.EE?]
- (e I

1.[.3:; ik Mth
Fun 1 2 02421
Run 2 3 0.3556
Run 3 4 04257
Fun 4 5 04747
Fun & B 05116
Run & 7 05408
Run 7 a 05647
Fun 8 9 05848
Fun 9 10 06019
Run 10 11 06168
Run 11 12 0.6299
Run 12 13 06416
Run 13 14 0652
Run 14 15 06615
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ii) gamma = 1.3

gamma =1.4 gamma=1.3 l gamma=1.EE?’]
1 o 3 [
i "k Mth
Run 1 2 01877
Run 2 3 0.2508
Run 3 4 0.3402
Run 4 b 0.383
Run 5 6 04155
Run 6 7 0.4422
Run 7 8 0.4641
Run @ 9 0.4827
Run 9 10 04935
Run 10 11 0.5129
Run 11 12 0.5255
Run 12 13 0.5367
Run 13 14 05469
Run 14 15 0.5562

iii) gamma = 1.667

E Parametric Table

B=1ES

gamma=1.4| gamma =1.3 gamma = 1.567 ]
1 il Bl
e g Mth
Run 1 2 0.3702
Run 2 3 0.5194
Run 3 4 0.6033
Run 4 5 | 0.6582
Run 5 6 0.6973
Run 6 7 0.7269
Run 7 8 0.7502
Run 8 9 | 0.769
Run 9 10 0.7847
Run 10 1 0.798
Run 11 12 0.8094
Run 12 13 | 0.8193
Run 13 14 0.828
Run 14 15 0.8357
53
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Now, plot the results:

0.9

| Thermal efficiency vs comprn. ratio for Otto cycle
0.8] '

0.7/ /D/
0.6] r

%
u.3§ [{/
ol

011 4

0 2 4 6 8 10 12 14 16
Mk

gamma = 1.667 ]

,___w———"f__—o
et gamma =14 _]

gamma = 1.3

Nth

AN
VAN
|
\
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“Prob.1.9. A petrol engine operates on air standard Otto cycle. The compression ratio is 8. The pressure
and temp at the beginning of compression are 100 kPa and 27 C. Heat added to air is 1800 kJ/kg.

Determine: (a) pressure and temp at each point in the cycle, (b) thermal efficiency, and (c) m.e.p”

P 3
T 3
T [ 3
i Adiabatics
—> Qs =1
2
2 ar
1 1
s i v
—+ Vo [« Vs »
Fig.Prob.1.9

“EES Solution:”

“Data:”

P1=100“kPa”

T1=27+273“K”

rr_k = 8“comprn. ratio”

Q_in = 1800“k]/kg”

gamma = 1.4 “... ratio of sp. heats for air”
cv =0.717“k]/kg.K .... for air”

R =0.287"kJ/kg.K .... for air”
“Calculations:”

T2/T1= rr_k~(gamma-1)“...for isentropic process 1-2 ... finds T2”
P1*V1=R*T1%..finds V1”
P2*V2=R*T2“..at point 2”
V1/V2=rr_k“..comprn. ratio, by definition”
V3 =V2 “..at point 3”

V4 = V1 “..for process 4-1”

55
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(P3*V3)/T3=(P2*V2)/T2 “..for const. volume process 2-3”

Q_in= cv * (T3-T2)“heat supplied in process 2-3, for 1 kg of air.....kJ/kg”
P4 / P3=(1/rr_k)Agamma “...for isentropic process 3-4”

T3 / T4=rr_k~(gamma-1)“...for process 3-4”

Q_out = cv * (T4-T1)“..heat rejected per kg of air ... kJ/kg”

eta_th = (Q_in-Q_out)/Q_in “...thermal efficiency”

W_net = Q_in-Q_out “kJ/kg .... net work output”

MEP = W_net / (V1-V2)“kPa ..... mean effective pressure.. by definition”

Results:

Unit Settings: 51 K kPa kJ mass deg

ov=0.717 [kikg-K] Nk = 05647 v =14
F1 =100 [kPa] Pz =1838 [kPa]| |P3 - 8532 [kPa]‘

Qi = 1800 [kJikg] Clog = 7835 [kdfkg] R = 0.287 [kd/(kgK)]
T1 =300 [K] T2 =(89.2 [K] T3 =3200 [K]
W1 =[0.861 [m7] W2 = 01076 [ W3 = 01076 [md]

et = 1017 [kfkg]

YOU THINK.

Gas Power Cycles

MEF = 1348 [kPa]‘
P4 = 464.2 [kPa]|

=8
T4 =1393 [K]
W4 = 0861 [m7]

RAND
MERCHANT
BANK

Adivision of FirstRand Bank Limited

Traditional values. Innovative ideas.

YOU CAN WORK

AT RMB

Rand Merchant Bank uses good business to create a better world, which is one of the reasons that the country’s top talent chooses to

work at RMB. For more information visit us at www.rmb.co.za

Thinking that can change your world

Rand Merchant Bank is an Authorised Financial Services Provider
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Thus:

P1 =100 kPa, P2 = 1838 kPa, P3 = 8532 kPa, P4 = 464.2 kPa ...Ans.

T1=300K, T2 =689.2 K, T3 = 3200 K, T4 = 1393 K .... Ans.

Thermal efficiency, eta_th = 0.5647 ... Ans.

MEP = 1349 kPa ... Ans.

In addition:

Plot the variation of eta_th, MEP and W_net as comprn. Ratio varies from 6 to 11:

First, compute the Parametric Table:

Download free eBooks at bookboon.com

[ ™= ™ 4 [

b i MEP Wit Iy

110 [kPa] [kJ/kg]
Run 1 0.5116 1284 921 6
Run 2 0.527 1302 9457 6.5
Run 3 0.5408 1319 973.5 7
Run 4 0.5533 1335 996 75
Run 5 0.5647 1349 1017 8
Run 6 0.5752 1363 1035 8.5
Run 7 0.5848 1375 1053 9
Run 8 0.5936 1387 1069 9.5
Run 9 0.6019 1398 1083 10
Run 10 0.6168 1418 1110 11




Now, plot the results:
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“Prob.1.10. An engine, 250 mm bore, 375 mm stroke, works on Otto cycle. The clearance volume is
0.00263 mA3. Initial pressure and temp are 1 bar and 50 C. If the max. pressure is limited to 25 bar,
find: (a) air standard efficiency, (b) MEP of the cycle, (c) If this 4 stroke engine runs at 960 rpm, find

the power output”

P h
T 3
T &
4 Adiabatics
— = =
2
Qr
1
5 vV
—p \C [ s 1
Fig.Prob.1.10
360°
thinking.
u
Deloitte.
DiSCOVCI‘ thC truth at WWW.dClOitte,Ca/CaI‘CCI‘S © Deloitte & Touche LLP and affiliated entities.
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“EES Solution:”

“Data:”

D=0.25 “m”

L=0.375 “m”

RPM=960

V2=0.00263 “m3 .... clearance vol”

P1=100 “kPa”

T1=50+273 “K”

P3=2500 “kPa”

R=0.287 “kJ/kg.K .... for air”

gamma=1.4%. .for air”

cv=0.718 “kJ/kg.K .. for air”

“Calculations:”

V_s=(PT*(DA2)/4)*L “m3 .... stroke volume”

V1=V_s+V2 “m3 .... vol. at state 17

m=(P1*V1)/(R*T1) “kg .... mass of air”

rr_k=V1/V2 “comprn. ratio”

T2/T1=(rr_k)A(gamma-1)“.. for isentropic process 1-2,,,finds temp T2”
V3=V2 “..process 2-3”

P2/P1=(rr_k)Agamma®...For isentropic process 1-2 ... finds P2”
P3/T3=P2/T2 “..for const. vol. process 2-3...finds T3”
V4=V1“. .for const. vol. process 4-1”
T3/T4=(rr_k)~(gamma-1)“..for isentropic process 3-4 ... finds T4”
P3/P4=(rr_k)Agamma®... for process 3-4...finds P4”
Q_in=m*cv*(T3-T2) “KJ ...finds heat supplied”
Q_out=m*cv*(T4-T1) “KkJ ... heat rejected”
W_net=Q_in-Q_out “KkJ .... net work output”

POWER=W_net*(RPM/(2*60)) “kW .... power output .... divided by 2 since for 4 stroke cycle, there

is one power stroke in every two revolutions”
eta_th=W_net/Q_in “Thermal effcy”

MEP=W_net/V_s “kPa .... m.e.p.. by definition”
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Results:

Unit Settings: SI K kPa kJ mass deg
o = 0.718 [kjfko-K] D =025 [m]
L=0.375 [m] tn = 0.02269 [kq]
P2 =1838 [kPa] F3 =2500 [kPa]
Qi = 4.358 [kJ] gyt =1.897 [kJ]
rr, = 7.999 T1 =323 [K]

T4 =439.4 [K]

W4 = 002104 [m3) W= 0.01841 [m?]

W1 = 002104 [

i = 05647 v=14

MEP =133.7 [kPa]|

P1 =100 [kPa]

P4 =136 [kPa]
Fi = 0287 [klfkg-K]
T2 =742 [K]

W2 = 000263 [m?)

‘POWER =19.69 [kW]|
RPM = 960

T3 =1009 [K]

W3 = 000263 [m?)

Wt = 2461 [kaJ]

“Prob.1.11. The compression ratio of an ideal Otto cycle is 6.2:1. The pressure and temp at the
commencement of compression are 1 bar and 28 C. The heat added during the constant volume
combustion process is 1205 kJ/kg. Determine the peak pressure and temp, work output per kg of air,
and air standard efficiency. Assume cv = 0.717 kJ/kg.K and gamma = 1.4 for air. [VTU-ATD-Jan. 2005]”

Fig.Prob.1.11

“EES Solution:”
“Data:”

P1=100“kPa”

T1=28+273 “K”

R=0.287 “kJ/kg.K”

gamma=1.4

cv=0.717 “kJ/kg.K”

rr_k=6.2 “comprn. ratio”

Q_in = 1205 “kJ/kg .... heat supplied”

—+ V¢

Adiabatics
§=¢C
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“Calculations:”

T2/T1=(rr_k)~(gamma-1)“..for isentropic process 1-2....finds T2”
P1*V1/T1l=R“..finds V1 for 1 kg of air”

cv * (T3-T2)=Q_in “kJ/kg .... heat supplied .... finds T3”
V3=V2%..for const. vol. process 2-3”

P2 / P1=(rr_k)Agamma “...for process 1-2...finds P2”
P1*V1/T1=P2*V2/T2“..finds T2”

P3/T3=P2/ T2 “...for const. vol. process 2-3.... finds P3”
V4=V1“..for const. vol. process 4-1”

T3 / T4=(rr_k)~(gamma-1)“...for isentropi process 3-4....finds T4”
P3 / P4=(rr_k)Agamma®“...for process 3-4.....finds P4”
Q_out=cv*(T4-T1) “kJ/kg .... heat rejected”

W_net=Q_in-Q_out “kJ/kg .... net work output”
eta_th=W_net/Q_in “Thermal effcy”

MEP=W_net/(V1-V2) “kPa ... mean effective pressure”

T WANT 70 CHANGE  DIRECTION,

AND THE WORI.P-\_‘

3 )l

GOT-THE-ENERGY-TO-LEAD.COM
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out what we are offering and how we are working together to ensure the energy of the future.

WE
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Results:

Unit Settings: 51 K kPa kJ mass deg

ov = 0717 [ledfhkoK]
P1 =100 [kPa]
Qi = 1205 [kJ]

T1 =301 [K]

W1 = 0.8639 [m

i = 0518

P2 =1286 [kPa]
Clout = 5808 [kJ]
T2 =E245 [K]

W2 = 01393 [m7]

v=14

P3 =4748 [kPa]

R =0.257 [kJ/kgK]

T3 =2305 [K]

W3 =0.1393 [m7

MEP = 8615 [kPa]
P4 =369.1 [kPa]
ty, = 6.2

T4 =1111 [K]
W4 = 0.8639 [m]

Wyt = 524.2 [kJ]

Thus:

Peak pressure, P3 = 4748 kPa....Ans.

Peak temp, T3 = 2305 K .... Ans.

Work output, W_net = 624.2 kJ/kg .... Ans.
Air standard efficiency, eta_th = 0.518 .... Ans.

In addition:

Plot peak temp. T3, eta_th, W_net and MEP as compression ratio varies from 6 to 14, keeping the
heat supplied, Q_in un-altered:

First, compute the Parametric Table:

Table 1 |
Jabel] — — — — —
P M T3 M Wit MEP

- K] [kJ] [kPa]
Fun 1 G 22497 05116 F16.5 56 .4
Run 2 7 2336 0.5403 G51.7 aa80.2
Fun 3 g 2372 0.5647 680.5 900.3
Fun 4 g 24045 0.5848 T04.6 917 .6
Fun & 10 2437 0.6019 7253 932.9
Run B 11 2466 0.6163 7432 945 4
Run 7 12 2494 0.6299 759 958.5
Fun 8 13 2520 0.6416 7731 959 .5
Fun 9 14 2646 0.652 7857 9749.5
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Now, plot the results:
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980 - MEP vs comprn. ratio
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“Prob.1.12. An ideal Otto cycle has a compression ratio of 8. At the beginning of compression process,
air is at 95 kPa and 27 C, and 750 kJ/kg of heat is transferred to air during the const. vol. heat addition
process. Using const. sp. heats at room temp, determine: (a) the pressure and temp at the end of heat
addition process, (b) the net work output, and (c) the thermal efficiency, and (d) the mean effective

»

pressure. [Ref: 1]

Adiabatics
s=C

Qr

w”
=

Fig.Prob.1.12
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“EES Solution:”

We will use Array notation for the properties at the four salient points of the cycle, in order to plot the

cycle on a Property plot (i.e. T-s and P-v diagrams) in EES:

“Data:”

P[1]=95“kPa ... Pressure at State 1... note that array notation is used by writing P[1]”
T[1]=27+273K”

rr_k=8“comprn. ratio”

Q_in=750“k]/kg”

gamma=1.4"...ratio of sp. heats for air”

cv=0.717“k]/kg.K .... for air”

R=0.287“k]/kg.K .... for air”

“Calculations:”

T[2]/T[1]=rr_k~(gamma-1)“...for isentropic process 1-2...finds T[2]”
P[1] * V[1]=R * T[1]“..finds V[1]”

P[2] * V[2]=R * T[2]“....for state 2”

V(1] / V[2]=rr_k .. by definition of comprn. ratio”
V[3]=V[2]“..const. vol. process 2-3”
(P[3]*V[3])/T[3]=(P[2]*V[2])/T[2].... for process 2-3”

Q_in=cv * (T[3]-T[2]) “K]....heat supplied”
P[4]/P[3]=(1/rr_k)Agamma “...for isentropic process 3-4”
T[3]/T[4]=rr_kA(gamma-1)“..for process 3-4.

Q_out=cv * (T[4]-T[1]) “Kk]...heat rejected”
eta_th=(Q_in-Q_out)/Q_in “..thermal efficiency”
W_net=Q_in-Q_out “kJ....net work output”
MEP=W_net/(V[1]-V[2])“kPa .... mean effective pressure .... by definition”
V[4]=V[1] “.for const. vol. process 4-1”

“For drawing the cycle on a T-s plot:”

s[1]=entropy(Air,P=P[1], T=T[1])*...entropy at state 1”
s[2]=s[1]"..entropy at state 2”

s[3]=entropy(Air,P=P[3], T=T[3])“..entropy at state 3”

s[4]=s[3]“..entropy at state 4”
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Results:

Unit Settings: 51 K kPa kJ mass deg

ow = 0717 [kdikg-K] ik = 0.5647 v=14
bMEF=5341 [kFa] Clipy, = 700 [kd/ko) Dy = 3265 [kdfkg]
Fo=0.287 [kdfkgK] rr, =8 W et = 4235 [kdfkg]
4 ain ]
1 ™z Bl B ™4 ™
Sort P; T; Vi 5i
[kPa] [K] [m3] [kdkg-K]
[1] 94 300 0.9063 T2
[2] 1746 689.2 01133 hT2
[3] 4396 1735 01133 654
[4] 2392 7853 0.9063 654
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Thus:

P and T at the end of heat addition process, i.e. at State 3:
P3 = 4396 kPa, T3 =1735 K .... Ans.

Thermal efficiency, eta_th = 0.5647 ... Ans.

Net work output, W_net = 423.5 kJ/kg ... Ans.

MEP = 534.1 kPa ... Ans.

Gas Power Cycles

To plot the cycle on T-s and P-v diagrams:

This is very easy in EES:

First, in the EES menu: go to Plots — Property Plot:

l]:Eg:FiIe Edit Search Options Calculate Tables BEbi-l Windows Help Ex:

=-| | MewPlotWindow » [
Cverlay Plot

"Prok 112, Anideal Ofto cycle has a compre Modify Plot 3

of heat is transferred to air during the const. v Modify Axes :

temp at the end of heat addition process, (b)
Show Tool Bar

"EES Solution:" Delete Plot Window
"Diata:" Property Plot

Curwve Fit
P1=05"Fa"

Clicking on Property Plot gives:

Property Plot Information

? Fluid Info

Acetone A

7 o

x Cancel

Air_ha

AitH20 L
Ammonia &
Ammonia_mh -~
Ar

Argon &
Benzene -
C2H2 bl

=T Tw-
L

X1 Include lines of <] Include lines of

 P=[100  [kPa] v v= [0.078  [m3/kal
v P=[200  [kPa] Vov= (031 [m3/kal
¥ P=[s00  [kPa] v ov=[1.29  [m3/kal
¥ P=[1000  [kPa] Vv v=[523 [m3/kal
rep=]  [kPal Vov=[25  [m3/kal
CP=[ kPal Vo= [0 [m3/kal
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Choose Air for the Fluid, click on T-s radio button for T-s plot, choose the P and v lines desired.

Click OK. We get:

3000

o
e
o
o
&

-

2500+

2000

1500

T [K]

1000 r

500

B

4.5 5.0 55 6.0 6.5 7.0 7.5 8.0 8.5 9.0
s [kJ/kg-K]

Now, click on Overlay plot under the Plot menu, as shown:

Ei; File Edit Search Options Calculate Tables Windnws Help Examples

= . ] |  NewPlotWindow ¥ [7] = nil=|
- e Overlay Plot |
Flot 1 | Plot 2 ] Pev: dair | T-g:dir T-stAr ] Modify Plot

Modify Axes
Hide Tool Bar =

3000 —_— 3
Delete Plot Window ,33
Property Plot l;r

2500 Curve Fit 5
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And choose the Arrays Table under the ‘Table’ tab. And choose T[i] for Y-axis and s[i] for X-axis,

as shown below:

Setup Overlay on T-s: Air E”E

Tab Hame: iT-s: A [~ Print Description with plot

Deszcrniption: !

~X-Axis ~Y-Axis i Table
?H i iAna}ls Table _:j
i
Vi vIil [Main =
=[i]

First Run I1 :}
Laszt Run |4 'ti
[~ Spline fit

I X1 [lower X-scale) ‘:j I 2 [right ¥-scale) _‘_'j [~ Automatic update

Format !_.A" ]1_ Format !'E' IT]" [~ Add legend item
. — . . [~ Show anay indices
Minimum |A.'..s Minimum i'{‘ [T Show emnor bars
Maximumi;‘- 0 Maximum!fﬁ{:ﬁi! Line l‘:;]
Interval iﬁ Ll Interval |50 Symbol I o ']
* Linearr { Log {# Linearr { Log Color l Auto :]'

« Ok I X Cancel

With us you can
shape the future.
Every single day.

For more information go to:
www.eon-career.com

Your energy shapes the future.

e-on
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Click OK. Format the plot to get X and Y grid lines. We get:

3000

2500

2000

1500

T[K]

1000

500

45 50 55 6.0 6.5 7.0 7.5 8.0
s [kJ/kg-K]

In the above plot, salient points (i.e. 1, 2, 3 and 4) are shown marked.

Similarly, get the P-v plot:

8.5

5x1[}3 Air
3t
I \\
2 l\
107
®
a
—
a 102
107
102

9.0
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Prob.1.13. At the beginning of the compression process, in an air standard Otto cycle, pl = 1 bar,
T1 = 300 K. Compression ratio, rr_k = 6. The max. cycle temp is 2000 K. Find the net work per unit
mass in kJ/kg, the thermal efficiency, and the mean effective pressure, in bar. (b) Also plot the variation
of net work per unit mass of air and MEP versus the max. cycle temp (T3) for rr_k = 6, 8 and 10. Let
T3 vary from1200 K to 2300 K.

P 3
T 3
T 3
i Adiabatics
—» (s i s
2
: Qr
1 1
s 3 v
—» Ve Vs
Fig.Prob.1.13

“EES Solution:”
“Data:”

P1=100“kPa”

T1=300 “K”

R=0.287 “kJ/kg.K”

gamma=1.4

cv=0.717 “kJ/kg.K”

rr_k=6 “comprn. ratio”

T3 = 2000 “K....max. cycle temp.”

“Calculations:”

T2/T1=(rr_k)~(gamma-1)“..for isentropic process 1-2....finds T2”
P1*V1/TIl=R"..finds V1 for 1 kg of air”

cv * (T3-T2)=Q_in “kJ/kg .... heat supplied .... finds Q_in”
V3=V2%..for const. vol. process 2-3”

P2 / P1=(rr_k)Agamma “...for process 1-2...finds P2 (kPa)”
P1*V1/T1=P2*V2/T2*.. finds V2~

P3/T3=P2/ T2 “...for const. vol. process 2-3.... finds P3”

V4=V1“..for const. vol. process 4-1”
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T3 / T4=(rr_k)"(gamma-1)“...for isentropi process 3-4....finds T4

P3 / P4=(rr_k)Agamma®“...for process 3-4.....finds P4”
Q_out=cv*(T4-T1) “kJ/kg .... heat rejected”
W_net=Q_in-Q_out “kJ/kg .... net work output”
eta_th=W_net/Q_in “Thermal effcy”
MEP=W_net/(V1-V2) “kPa ... mean effective pressure”

Results:
Unit Settings: 51 K kPa kJ mass deg
v = 0717 [kdfkgk] iy = 05116

MEP = 708.5 [kPa]
P3 =4000 [kPa]

Qo = 485.2 [kJ]

T1 =300 [K]
T4 =976.7 [K]

W3 =0.1435 [md

P1 =100 [kPa]

P4 =325 [kPa]

R =0.287 [kdfkgK]

T2 <6143 [K]

W1 =0.861 [m?]
W =861 [m7]

Thus:

Net work per unit mass of air = W_net = 508.3 kJ/kg ....

Thermal efficiency = eta_th = 0.5116 .... Ans.

MEP = 708.5 kPa = 7.085 bar .... Ans.

»

v=14

P2 =1228 [kPa]

D, = 9935 [kJ]
ty, = b

T3 =2000 [K]

W2 =0.1435 [m7]

et = 506.3 [kJ]

Ans.
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(b) Plot W_net vs T3 for rr_k = 6, 8 and 10:

First, compute the Parametric Tables for compression ratios, rr_k = 6, 8 and 10:

Forrr k=6:
E.mpm.ratiDI:E |

P B & !lz Wt Bls MEP !|

L [K] [kl] [kPa]
Run 1 1200 214.9 299 5
Run 2 1300 2515 350.6
Run 3 1400 288.2 4017
Run 4 1500 324.9 4528
Run 5 1600 361.6 504
Run 6 1700 398.3 5551
Run 7 1800 435 606.2
Run 8 1900 471.7 657 4
Run 9 2000 508.3 708.5
Run 10 2100 545 759.6
Run 11 2200 581.7 810.7
Run 12 2300 618.4 861.9
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For rr k=8:

For rr_k = 10:

Download free eBooks at bookboon.com

|- [l [l
b T3 Wit MEP
112 [K] [kJ] [kPa]
Run 1 1200 206.3 274.5
Run 2 1300 2473 328.3
Run 3 1400 2878 382
Run 4 1500 328.3 4358
Run & 1600 358.8 489.5
Run & 1700 409.3 5433
Run 7 1800 449 3 597
Run 8 1900 480.3 BAO.T
Run 9 2000 530.7 7045
Run 10 2100 571.2 758.2
Run 11 2200 611.7 a12
Run 12 2300 652.2 8657
|- |- [l
[>" T3 W MEP
e K] [kJ] [kPa]
Fun 1 1200 1927 2438 .6
Run 2 1300 235.8 3043
Run 3 1400 279 360
Fun 4 1500 3221 4157
Run & 1600 3653 4714
Run & 1700 408 4 5271
Run 7 1800 4516 82 8
Fun 8 1900 494 3 £38.5
Fun 9 2000 537.9 94 2
Fun 10 2100 5811 74599
Run 11 2200 G242 a05.4
Fun 12 2300 GET 4 4612




Now, plot the results:

700 |

Wi e vs Max. temp. T3
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500 |
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200 |
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1.2.3 Problems solved with TEST:

Prob.1.14. A four stroke, 4 cylinder petrol engine of 250 mm bore and 375 mm stroke works on the
Otto cycle. The clearance volume is 0.01052 m/3. The initial pressure and temp are 1 bar and 47 C. If the
max. pressure is limited to 25 bar, find the following: (a) Air standard efficiency, and (b) mean Effective
Pressure. [VTU-ATD-Dec. 2011]

Adiabatics

5=C

Qr

¥
=

Fig.Prob.1.14

“I studied
English for 16 P
years but...
...1 finally o
learned to 2=
speak it in jus
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Jane, Chinese architect
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"
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TEST Solution:

It is assumed that one has already visited www.thermofluids.net and completed the ‘free registration.

Following are the steps:

1. Go to www.thermofluids.net:

fle COt Yew Mgy Bookmaks ook Liso
|;::}Pﬂ“rgyﬁmﬁ1mm;mam-nmm l-l'l

€ @ thermofuids.net 7 v @] [B- cowe Pl e -

(7] Most vieited (@) Getting Started (5| Latest Headines | | Expert eystem for the... | * | Engineers-Excel.com: .. # Evcel Tutorial | Excel .. [E Gmail: Emsi from Goo...

_. Py i
Tl Eren s
. The Exp
\-_\._.4/* i 0
P —
TEST [T
Tir bake advantage of all resources offered by TEST, please log in. You can create & fiee aooound

et M| reee the link befow) te check out TEST in seconds.

T A
Leniior

Mirror 1

Mirror 2 Log in or create an account [ Foraot password? Change password 1

Mirrar 3  Lugin id (e-mail address): Passmurd: (lugin reguined even with site livense.)

Mirtor 4 Z | l l Logln | LlCheck Site License

| Tn taat if your rampus/romonation has = site linense, sslact the Site Linense chadhar

tio| 10.06 | 3| 0.67 |

(] e
! -

| n-Oct

1§Balnm;u Reactivns 19, Equil. Analysis

Rich | .

Dasktap Cile.

2. Fill in the e-mail address and password; you get the personalized greeting screen:
il i 1“5_ z B

St

oy N Lo .
Emorliene

Greetings Dr. Muliva, registered user since 2005!

rermofluids et & Login Message: You arc now logged in using your personal license (valid until Thu Dec 17
Mirrar 1 2015). If you encounter any problem in accessing 3 resource, please write to us at
Mirrer 2 support@thermofluids.net. b
Mirrar 2 |3
Mirrar 4 As an educator, you can now obtain a group lcense and distribute TEST accounts to your
v

e students, who can use TEST from anywhere, not just from within the campus. Please take 3
Quick Launch. lpuk at the key problems in the Problems module, If you assiyn some of thuse as homework
(students, of course, cannot see the answers), TCST can monitor progress and generate

m homework report.

Video Intro

Quad
kJ R

Tables & Charts

Y Bﬂainn{m Reactions 19, Equil. Analysis
L

T e SN el
Desktop Cale. . - . '3?. 0 d Chamberg 21. Comb. Wik
18

Equilibrium Mixwre 22. Emisslons RIA
iend 0 chl v
@ LDaamons RIAs Froparty lables Animations Froblems Tutonial Forum MyAccount - Varsion:10.505g; 4
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3. Click on Daemons at the bottom of screen above. We get:

|
| I I
Basicl'!'uuls' System Analysis States & I?roperties
[ l l } l
Unit DeskCal Tabl Uniform Uniform
rter (harts CIOISEd Dplen Svstem Flow
| l | l
Unsteady Process Steady State Steady State Unsteady Process
| | (cycles) | |
Generic @ Specific Generic Specific
I
l ]
HVAC /Psychrometry Comb. & Equilibrium
I [ I 1
Uniform Non-Mixing Semi-Mixing Mixing
Svstem Non-Uniform Non-Uniform Non-Uniform
| [ |
Single-Flow @ Non-Mixing Multi-Flow Mixing Multi-Flow @
[ [ [ [ [

Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cvcles Cycles Psvchrometry Dynamics & Equilibrium

For this chapter, we have to choose System-Closed-Reciprocating Cycles.

Hovering the mouse pointer over ‘Reciprocating Cycles’ gives the following pop up:

Click to go to page: TEST=Daemons=Systems=Closed=Process=Specific=Reciprocating Engines

Reciprocating Engines: Analyze air-standard
Otto, Diesel, and various other cycles. Select a
gas model to launch the daemon, which builds
upon the generic closed process daemons.

Chapter 7 covers reciprocating engines.

80

Download free eBooks at bookboon.com



Applied Thermodynamics: Software Solutions
Part-I (Gas Power cycles) Gas Power Cycles

4. Click on Reciprocating cycles. For Material model, choose Perfect Gas (PG) model, where

sp. heat, cp is constant.

Select a material model o launch the closed (reciprocating) cycle daemon.

Purc Perfoct Cas: The perfect gas (PC) modcel is the simplest gas model. It obeys the ideal
gas equation of state (pv—RT); moreover, the specific heats are assumed constants. Noble

~ gases, He, Ar, Ne, etc,, are genuinely perfect gases. Beside a wide selection, new gases
E_;g;ni can be constructed by assigning custom matenal properties. A perfect gas can be
0 considered as a simplified ideal gas.

PG Model

Examples: Analyze an air-standard Otto cycle, treating specicif heats as constants. For
spechc examples, cick on the help icon at the bottom margin of the daemaon.

Pure Ideal Gas: Andeal gas (IG) 1s 2 gas that obeys the ideal gas equation of state
(ov=RT). Specific heats are temperature dependent. As a result the IG model is more

- accurate than the PG model when variation in temperature is significant. Choose from an
mw=RT wide selection of gases.
e . 1G Model Examples: Analyze an air-standard Otto cycle, treating specicif heats as temperature
e, dependent. For specific examples, dlick on the help icon at the bottom margin of the
daemon.

Learn More »
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5. Select Air as the working substance. For State 1, enter p1, T1 and Voll = Vc + Vs = 0.01052
+ (pi/4)* 0.375 * (0.25)*0.25. Hit Enter. We get:

B B o o D e B2

pel @ variable lo display ils value wilh more precision.

< jacam v,ﬂ ¥ Help M SUpar-lhameI Super-Calculate m

State Pancl | Process Panel | Cycle Panel | o Panel |

51 € English

Calculate Formation Enthalpy:

il ™ J v J ut J ht
7| veit
-@___Dl___:

| m | vt
' -_:_:_:l

¢ pt ¥
) R ) S ) R

Note that all other parameters are immediately calculated. Observe that m1 = 0.03148 kg.

6. For State 2: we have m2 = m1, Vol2 = Vc = 0.01052 m~3, and s2 = sl since process 1-2 is

isentropic. Hit Enter. We get:

Move mouse over 3vanable to display iis value with more precision.

* Mixed 51  English < |acasm v | “a! ¥ Help My On Super-terate Super-Calculate m Super-nitialize

State Panel | Process Panel | Cyrie Pans| | 1ic Pans|

J
_|: __ __ _|: __I

psi2. Jm? _JVW

= — — T

7. For State 3: p3 = 2500 kPa, by data, and, m3 = m1, Vol3 = Vol2, since process 2-3 is at
constant volume. Hit Enter. We get:

T3=2010.679 K [Absolute temperature]

@ Mixed Sl English I el  Help on  superiterate | [T RCTI Super-Initialize

State Pancl Process Panol | Cycle Pancl I '3 Panel

mhm—s _v'__ .:'-.u.::m.m- izl Futmation Enthalpy: @
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Note that T3 = 2910.679 K.

8. For State 4: Enter s4 = s3 since process 3-4 is isentropic, and Vol4 = Voll, m4 = m1. Hit
Enter. We get:

Move mouse over a vanable 1o dispiay its value with more precision.

& Mixed ¢ 31 ¢ English > ¥ Help Messages On Super-ierle I Super -Calculale Supes -Inilialize
Statc Mancl | Process Panel | Cycle Panel | 10 Panel
HH | Calculate Mo Plots s nitializa Formation Enthalpy:

<= _I veid _I J J
_:I _:I _DI__ __

_] Vild

Note that p4, T4 are now calculated.

9. Now, go to Process Panel. For Process-A, choose State 1 for b-state (i.e. begin state) and

State 2 for f-state (i.e. finish state). Q = 0, since process 1-2 is adiabatic. Hit Enter. We get:

W B =-3607736 kl[Boundary work of pdV kind]

@ Mixed 81 CE glish - l@Oass-(l ”\'i] [v Halp Massages On Super-lisrate | Super Calculate m

Slale Pansl | Process Panel | Cycle Panel I 110 Panel I

i L |Pr0cess-A [1-21 e B I

‘I e | |
N Delta E Delta S
T T [T

Closed Process - A

Mass: m.=m, =m WinHip:

S
5 ] 3 Work in negative
Fnergy: m((,f —eb) = Q - - Neonal) ! _ Heat in positive

Entropy: m (,S' ;
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10. Similarly, for Process-B, i.e. process 2-3 in the Otto cycle: Hit Calculate. We get:

Mo rriensie ower J variable fo display ks valos wilh mone precsion

* Mixed s 1 = |¢ca§o-o U|ﬂ ¥ Help on WOI‘M‘IOI super Calculate super Intakize

State Panel I Process Panel I Cycle Panel I I Panel

ﬂ Process-B [2-3] H »sms ‘ﬂ.m:? > S Siale-d \1I ||m»

Q= 5483211 k) [Net heat fransfer]

“Mixed Sl CEnglish  <[@Cased v >| ¥ lelphh On  Superferate | | Load [ super-nitiaize |

State Panel | Process Panel | Cyele Panel | i Panel |

[ Jrrcesscia [>T e  cacuat e B
THR

-’| Q = 4 W_A

N Delta €

12. Similarly, for Process-D, i.e. process 4-1 in the Otto cycle: Hit Calculate. We get:

Q=00 ki{Metneat ransfer]

@ Mixed © SI " English < |@Case 0 » ﬂ ¥ Help M on supertierate | [T Super-nitialize

State Panel | Process Panel | Cycle Mangl | U0 PFane!

U <[rrocessoien v > [T I v Em

n | ws k- . s

N Delte_E Delta_S
1 7 TS <~ S CEI | 7 [

13. Go to Cycle Panel. Click on Calculate and SuperCalculate. We get:

p_min = T00.0 k3 [Lowest lemperature]

~ Mixed sl W Help Messages On

Supe-llerals | m m Super dnitizlize

110 Panal

State Mull %

" English

< [BCasmt v > |

Proccss Pancl

State Panel

_:| _:| _:| _: _—I
- _- W et

S_gean, inf

_:I____I

B overall Cycle Equations (n processes): W
=3 min( 0,00 O = S man(0,,0) 0
= =

i er.f
Wy = :é::,.max(l\v,J SOk W, - —’z;m (#ry,.0) L . @ m— min

W, T
=250 Moy =12 W= w,
??m { I T in
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Here, all cycle calculations are available.

Thus:

Thermal efficiency = eta_th = 33.31% .... Ans.

MEP = 992.29 kPa = 9.923 bar ... Ans.

Join American online

Interactive Online programs

Special Christmas offer:

enroll by December 18th, 2014
start studying and paying only in 2015
save up to $ 1,200 on the tuition!
Interactive Online education

visit to find out ma@
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14. 1/0 panel gives the TEST code etc:

Homm OUTPUT OF SUPER-CALCULATE

# Daemon Path: Systems>Closed>Process>Specific>PowerCycle>PG-Model; v-10.ca08
B Start of TEST-code ---- - mmmmm o oo
States {

State-1: Air;

Given: { pl= 100.0 kPa; T1= 47.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; Voll= “0.01052+(pi/4)*0.3
75%0.25*0.25“mA3; }

State-2: Air;

Given: { s2= “s17k]J/kg.K; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m1”kg; Vol2= 0.01052 m~3; }

State-3: Air;

Given: { p3= 2500.0 kPa; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m17kg; Vol3= “Vol2"m~3; }

State-4: Air;

Given: { s4= “s3“k]J/kg.K; Vel4= 0.0 m/s; z4= 0.0 m; m4= “m17kg; Vol4= “Vol1“mA3; }

}
Analysis {

Process-A: b-State = State-1; f-State = State-2;

Given: { Q= 0.0 kJ; T_B=298.15K; }

Process-B: b-State = State-2; f-State = State-3;

Given: { T_B=298.15K; }

Process-C: b-State = State-3; f-State = State-4;

Given: { Q= 0.0 kJ; T_B= 298.15 K; }

Process-D: b-State = State-4; f-State = State-1;

Given: { T_B=298.15K; }

#oeXDETAILED OUTPUT:
# Evaluated States:
# State-1: Air > PG-Model;
Given: pl= 100.0 kPa; T1= 47.0 deg-C; Vell= 0.0 m/s;
z1= 0.0 m; Voll= “0.01052+(pi/4)*0.375*0.25%0.25“m~3;
Calculated: v1=0.9188 mA3/kg; ul=-69.8019 kJ/kg; h1= 22.0769 kJ/kg;
s1= 6.9581 kJ/kg.K; el= -69.8019 kJ/kg; j1= 22.0769 kJ/kg;
m1= 0.0315 kg; MM1= 28.97 kg/kmol; R1= 0.287 kJ/kg.K;
c_pl=1.0035 kJ/kg.K; c_v1l= 0.7165 kJ/kg.K; k1= 1.4005 UnitLess;
State-2: Air > PG-Model;
Given: s2= “s17k]/kg.K; Vel2= 0.0 m/s; z2= 0.0 m;

H OB O H O B B W
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# m2= “m1”kg; Vol2= 0.01052 mA3;

# Calculated: p2= 412.3387 kPa; T2= 480.0742 K; v2= 0.3341 m~3/kg;

# u2= 44.785 kJ/kg; h2= 182.5598 kJ/kg; e2= 44.785 kJ/kg;

# j2= 182.5598 kJ/kg; MM2= 28.97 kg/kmol; R2= 0.287 kj/kg.K;

# c_p2=1.0035 kJ/kg.K; c_v2= 0.7165 kJ/kg.K; k2= 1.4005 UnitLess;
# State-3: Air > PG-Model;

# Given: p3= 2500.0 kPa; Vel3= 0.0 m/s; z3= 0.0 m;

# m3= “m17kg; Vol3= “Vol2"m~3;

# Calculated: T3=2910.679 K; v3= 0.3341 m~3/kg; u3= 1786.3315 kJ/kg;

# h3= 2621.657 kJ/kg; s3= 8.2494 kJ/kg.K; 3= 1786.3315 kJ/kg;

# j3= 2621.657 kJ/kg; MM3= 28.97 kg/kmol; R3= 0.287 kj/kg.K;

# c_p3= 1.0035 kJ/kg.K; c_v3= 0.7165 kJ/kg.K; k3= 1.4005 UnitLess;
# State-4: Air > PG-Model;

# Given: s4= “s3“kJ/kg.K; Vel4= 0.0 m/s; z4= 0.0 m;

# m4= “m17kg; Vol4= “Vol1“mA3;

# Calculated: p4= 606.2977 kPa; T4= 1941.0623 K; v4= 0.9188 m~3/kg;

# u4= 1091.5938 kJ/kg; h4= 1648.6526 kJ/kg; e4= 1091.5938 kJ/kg;
# ja= 1648.6526 kJ/kg; MM4= 28.97 kg/kmol; Rd= 0.287 k]/kg K;

# c_p4=1.0035 kJ/kg.K; c_v4= 0.7165 kJ/kg.K; k4= 1.4005 UnitLess;
fommmeee- Property spreadsheet starts: #

# State  p(kPa) T(K) v(mA3/kg) u(kj/kg) h(kj/kg)  s(k]/kg)

# 1 100.0 320.2 0.9188 -69.8 22.08 6.958

# 2 412.34 480.1 0.3341 44.78 182.56 6.958

# 3 2500.0 2910.7 0.3341 1786.33 2621.66 8.249

# 4 606.3 1941.1 0.9188 1091.59 1648.65 8.249

oo Property spreadsheet ends--------------moommm oo
# Mass, Energy, and Entropy Analysis Results:

# Process-A: b-State = State-1; f-State = State-2;

# Given: Q= 0.0 kJ; T_B= 298.15 K;

# Calculated: W_B= -3.607736 kJ; S_gen= -0.0 kJ/K; n= 1.4005353 UnitLess; Delta_E=
3.607736 KkJ;

# Delta_S= -0.0 kJ/K;

# Process-B: b-State = State-2; f-State = State-3;

# Given: T_B=298.15 K;

# Calculated: Q= 54.83211 kJ; W_B= 0.0 kJ; S_gen= -0.14325188 kJ/K; n= Infinity
UnitLess;

# Delta_E= 5 4.83211 kJ; Delta_S= 0.040655926 kJ/K;

# Process-C: b-State = State-3; {-State = State-4;

# Given: Q= 0.0 kJ; T_B=298.15 K;
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# Calculated: W_B= 21.873623 kJ; S_gen= -0.0 kJ/K; n= 1.4005353 UnitLess; Delta_E=
-21.873623 kJ;

# Delta_S=-0.0 kJ/K;

# Process-D: b-State = State-4; f-State = State-1;

# Given: T_B=298.15 K;

# Calculated: Q= -36.566227 kJ; W_B= 0.0 kJ; S_gen= 0.0819878 kJ/K; n= Infinity
UnitLess;

# Delta_E= -36.566227 kJ; Delta_S= -0.040655926 kJ/K;

# Cycle Analysis Results:

# Calculated: T_max= 2910.679 K; T_min= 320.15 K; p_max= 2500.0 kPa;

# p_min= 100.0 kPa; Q_in= 54.83211 kJ; Q_out= 36.56623 kJ;

# W_in= 3.60774 kJ; W_out= 21.87362 kJ; Q_net= 18.26589 kJ;

# W_net= 18.26589 kJ; S_gen,int= -0.06126 kJ/K; eta_th= 33.31239 %;
# MEP= 992.29224 kPa;
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Prob.1.15. An engine of 250 mm bore and 375 mm stroke works on the Otto cycle. The clearance
volume is 0.00263 m3. The initial pressure and temp are 1 bar and 50 C. If the max. pressure is limited
to 25 bar, find the following: (a) Air standard efliciency, and (b) Mean Effective Pressure. [VTU-ATD-
July/Aug. 2002]

Adiabatics
gE=¢C"

Fig.Prob.1.15

TEST Solution:

Steps 1 to 4 are the same as for the previous problem.

5. Select Air as the working substance. For State 1, enter p1, T1 and Voll = Vc + Vs = 0.00263
+ (pi/4) 0.375 * 0.25%0.25. Hit Enter. We get:

Specific, Closed Process, Cycle Daemon: PG Model
thermofluids.net = Daemons = Systems = Closed > g

B = o «

Move mouse over a variable to display its value with more precision.

& Mixed ¢ 81 ¢ English :I [+ llelp Messages On Super-lterate i m
State Panel | Process Panel i Cycle Panel | /0 Panel |

r c pt e vl kit

Note that all other parameters are immediately calculated. Observe that m1 = 0.02268 kg.
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6. For State 2: we have m2 = m1, Vol2 = Vc = 0.00263 mA3, and s2 = sl since process 1-2 is

isentropic. Hit Enter. We get:

Move mouse over avariable to display its value with more precision.

& Mixed s English i’ [ Help Messages On Super-lterate | Super Calculate

| Cydle Panel | 10 Panel [

State Panel | Process Panel

Calcilate m I Formation Enthalpy: @

T — . . C
B -
M 4 4 _| = I

Ce T e o Dees  Cowe) T

| m | vap

I A | rg v/ /N S o v

R2 G p2

c.v2 k2
BRSO (s | [T o~ GRS e [OOSR i )

Note that p2 = 839.69 kPa, T2 = 743.2 K.

7. For State 3: p3 = 2500 kPa, by data, and, m3 = m2, Vol3 = Vol2, since process 2-3 is at

constant volume. Hit Enter. We get:

Super-nitialize

i Fanel |

@ Mixed © Sl © English ¥ Help I On  Superfterate

State Panel 1 Frocess Fanel Cycle Fanel |

m N
__I _I_i _I_I _I_I_I_I

ﬁ-mh

Note that T3 = 1009.95 K.
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8. For State 4: Enter s4 = s3 since process 3-4 is isentropic, and Vol4 = Voll, m4 = m3.
Hit Enter. We get:

Woue mouse oveaVarahie fo donioy el Wil e i

“ Mixed 81 English < I@Case-ﬂ :;‘ [+ llelp Messages On Super-lterate 5 —Calc 3 @ Super-nitialize

State Panel | Frocess Fanel | Lycle Fanel |

v | e hd
13 v||nao7a )| 3o v [R4R2R3 B v|[ia1a7an | ko v

| v RMM ) kg v

phi4 psid | m4 A4
| o | CEeEl el CEee T
HE G _p4 c vé k4

[o-28500 | ~ | [100349 [ kaikg v jo71851 N [kamg i v [t40084 J[untoes >

Note that p4, T4 are now calculated.
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9. Now, go to Process Panel. For Process-A, choose State 1 for b-state (i.e. begin state) and

State 2 for f-state (i.e. finish state). Q = 0, since process 1-2 is adiabatic. Hit Enter. We get:

W_B =-5.62739 kJ [Boundary work of pdV kind]

& Mixed 31 English < |@Case—0 l‘(;l B | ¥ Help Messages On Super-llesle Supes -Calculale

Siate Panel | Process Panel | Cycle Panel |

. < |Pro{:ess-A -2 v4| =
| a | wa TR | sgen

J W Delta_F Delta_S

[ S TR s (R s

110 Panel

Closed Process - A

Mass me =my, =mn WinHip:
: " L Work in negative
Energy: m(e_,a' - ‘fr.) = Q —\ W, e : ] Heat in positive
—_—
Al
Entropy: # (._'.'f — .s;,) =
e
AS

Move mouse over a variable fo display its value with more precision.

# Mixed © 8l ¢ English d ¥ Help Messages On Super lterate L e Super-initialize

Slale Pang| | Process Panel I Cycle Pane| |

. < |Pm|:ess—B 2-3] v >

Q=4.335728 kJ[Met heat transfer]

# Mixed  SI ¢ English < |@Case-0 ¥ Help Messages On Super-lterate

Super-nitialize

State Pangl | Process Panel | Cyrie Panel | 01 Pangel

l calculate |[§
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12. Similarly, for Process-D, i.e. process 4-1 in the Otto cycle: Hit Calculate. We get:

Move mouse over d vanable lo display s valoe with mone predsion

@ Mixed S  English < |¢casw v|s| ¥ Hep on  superierste |  [ETEEATE
Stalg Fanel I Process Panel I Lycle Panel | VO Panel |
p— —— 7 5 -~
| <[ProcessDistl v > [vol=constant
. - 7| 18
B o v O oc v PSR ek v
J a Delta_S
Unitless

13. Go to Cycle Panel. Click on Calculate and SuperCalculate. We get:

W_net = 24505124 kI [Netextemal work produced by the cycle]

“Mixed S CEngiish  <[8Cased v|>| W Hein T e ANl Suver-Colculate |

ProcessPanel 10 Pane!

Calculate Regenerator fonor State-Mull State-Mull v

3tate Pane!

_Im "_ _
_D_:_:_D_l_

S gon,int = Wt not

—%I_I: _I_I [T} W~

[ Overall Cycle Equations (n processes):

Qe - —gmiu( 0,0, Oa -gm( 0,0 0.
W=D ma (W, 0) W, = = ain (7, ,.0) |
= -;VM . =1 L) =

’:"&_Q’ ot = Tm Wnc_gm w
Here, all cycle calculations are available.
Thus:
Thermal efficiency = eta_th = 56.52% .... Ans.
MEP = 133.124 kPa = 1.33 bar ... Ans.

14. I/O panel gives the TEST code etc:

Fommmm v OUTPUT OF SUPER-CALCULATE
# Daemon Path: Systems>Closed>Process>Specific>PowerCycle>PG-Model; v-10.ca08
Fommmm e Start of TEST-cOde ~-----==mmmmmm oo oo
States {

State-1: Air;
Given: { pl= 100.0 kPa; T1= 50.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; Voll= “0.00263+(pi/4)*0.3
7540.25%0.25“mA3; }
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State-2: Air;
Given: { s2= “s17kJ/kg.K; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m1”kg; Vol2= 0.00263 mA3; }
State-3: Air;
Given: { p3= 2500.0 kPa; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m2“kg; Vol3= “Vol2”mA3; }
State-4: Air;
Given: { s4= “s3“kJ/kg.K; Vel4= 0.0 m/s; z4= 0.0 m; m4= “m3“kg; Vol4= “Vol1“m~3; }
}
Analysis {
Process-A: b-State = State-1; f-State = State-2;
Given: { Q= 0.0 kJ; T_B= 25.0 deg-C; }
Process-B: b-State = State-2; f-State = State-3;
Given: { T_B= 25.0 deg-C; }
Process-C: b-State = State-3; f-State = State-4;
Given: { Q= 0.0 kJ; T_B= 25.0 deg-C; }
Process-D: b-State = State-4; f-State = State-1;
Given: { T_B= 25.0 deg-C; }
}
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e Property spreadsheet starts: #

# State p(kPa)  T(K) v(mA3/kg) u(k]/kg) h(kJ/kg) s(kJ/kg)

# 1 100.0 323.2 0.9274 -67.65 25.09 6.967

# 2 1839.69 743.2 0.1159 233.32 446.6 6.967

# 3 2500.0 1010.0  0.1159 424.45 714.29 7.187

# 4 135.89 439.1 0.9274 15.45 141.48 7.187

fommme- Property spreadsheet ends--------------=-- oo

# Mass, Energy, and Entropy Analysis Results:

# Process-A: b-State = State-1; f-State = State-2;

# Given: Q= 0.0 kJ; T_B= 25.0 deg-C;

# Calculated: W_B= -6.82739 kJ; S_gen= -0.0 kJ/K; n= 1.4005353 UnitLess; Delta_E=
6.82739 kJ;

# Delta_S=-0.0 kJ/K;

# Process-B: b-State = State-2; f-State = State-3;

# Given: T_B= 25.0 deg-C;

# Calculated: Q= 4.335728 kJ; W_B= 0.0 kJ; S_gen= -0.009557178 kJ/K; n= Infinity
UnitLess;

# Delta_E= 4.335728 kJ; Delta_S= 0.0049849246 kJ/K;

# Process-C: b-State = State-3; f-State = State-4;

# Given: Q= 0.0 kJ; T_B= 25.0 deg-C;

# Calculated: W_B= 9.277903 kJ; S_gen= -0.0 kJ/K; n= 1.4005353 UnitLess; Delta_E=
-9.277903 KJ;

# Delta_S=-0.0 kJ/K;

# Process-D: b-State = State-4; f-State = State-1;

# Given: T_B= 25.0 deg-C;

# Calculated: Q= -1.8852158 kJ; W_B= 0.0 kJ; S_gen= 0.0013381199 kJ/K; n= Infinity
UnitLess;

# Delta_E= -1.8852158 kJ; Delta_S= -0.0049849246 kJ/K;

# Cycle Analysis Results:

# Calculated: T_max= 1009.9508 K; T_min= 323.15 K; p_max= 2500.0 kPa;

# p_min= 100.0 kPa; Q_in= 4.33573 kJ; Q_out= 1.88522 kJ;

# W_in= 6.82739 kJ; W_out= 9.2779 kJ; Q_net= 2.45051 kJ;

# W_net= 2.45051 kJ; S_gen,int= -0.00822 kJ/K; eta_th= 56.51905 %;
# MEP= 133.12381 kPa;
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Prob.1.16: In an Otto cycle, temp. before compression = 27 C, temp. after expansion = 627 C, compression

ratio = 10. Find Thermal efficiency, net work, and specific air consumption in kg/kWh.

P

E

Adiabatics
§5=0¢

Fig.Prob.1.16

TEST Solution:

Steps 1 to 4 are the same as for the previous problem.

5. Select Air as the working substance. For State 1, enter p1, T1 and m1. Hit Enter. We get:

Specific, Closed Process, Cycle Daemon: PG Model
thermofiuids.net > Daemons > Syste e 5

& Mixad 81 ¢ English < |@C;|se—[l v_ﬂ ¥ Help Massages (n Slmer—ltemlp.l

State Mancl | Proccos Panel I Cycle Pancl | 13 Pancl |

M M I =

J___I_ deyc r 3y J_ F Mg
lessa T (o v] &__I_I— _I:I _:I
phit psit A

1 wro ]| T ]
H1 c pt cvi k1
[EZBRGOT v OGS (| DS e [HOOSA v

Note that all other parameters are immediately calculated.
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6. For State 2: we have m2 = m1, v2 = vc = v1/10 since comprn. ratio is 10, and s2 = s1 since

process 1-2 is isentropic. Hit Enter. We get:

Move mouse over a variable to display its value with more precision.

& Mixed 81 English < > ¥ Help Messages On _Super—lterafnl SuperCalcidate Superinitialize

| Process Pancl I Cycle Pancl | /0 Panel |
Rl Inmialize tormaton tnthalpy: @ @
m m | | ow | re
| w2 | e & | e |

Note that p2 = 2514.98 kPa, T2 = 754.87 K.
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7. For State 3: s3=s4 (to be brought in later after SuperCalculate), and, m3 = m1, v3 = v2, since

process 2-3 is at constant volume. Hit Enter. We get:

Move mouse over a variabla to display its value with more pracision.
& Mixed 81 © English = |¢¢ase-0 3 ﬂ ¥ Help Messages On Super-iterate Super Calculate

' Cycle Panal I L0 Panel |

State Panel I Procass Panal

Calculate Formation Enthalpy: @

B
Iidikg b

MM3
[ e

R3 c pd G vl K3

8. For State 4: Enter T4 = 627 C (by data), and v4 = vl, m4 = m1. Hit Enter. We get:

Move mouse over 3 variable 1o display is value with more precision.

& Mixed © SI  English d ¥ Help Messages On Super-lterate Super-Calculate m

State Panel I Hrocess Pangl [ Cycle Panel [ IO Panel |

H Calculate Formation Enthalpy:

@i——i—:i—w —

| veu
_EI_____WMI “—l_@l

| me | e M4

R4 cpd cvd ked

RO o~ FOOBTI o GG o) RO e

Note that p4, s4 etc are now calculated.

9. Now, go to Process Panel. For Process-A, choose State 1 for b-state (i.e. begin state) and
State 2 for f-state (i.e. finish state). Q = 0, since process 1-2 is adiabatic. Hit Enter. We get:

Q=-420.90440 kJ [Net heat transfer]

~ Mixed ¢ S| ¢ English <|mmu _\r,:ﬂ ¥ Help Messages On Super-terate

State Panel | Process Panel | Cycle Panel |

Super-inidalize

10 Panel |

! <|Process-apzy v s

N w.e | 18 | sgen
PO 0 /[N - - SR v

N Della_E Della_3

Closed Process - A

Mass: J"M_’r =m,=m WinHip:
Waork in negative |
tnergy: m(ej = e,,) Heat in positive
NDEE
AE
Entropy: m(.sf _Sn)
AT
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10. Similarly, for Process-B, i.e. process 2-3 in the Otto cycle: Hit Calculate. We get:

Q=-28429T1E-13 Kk [Netheat ransfer]

= Mixed 51 English = d [+ llelp Mesaages On Super-lterate | m
State Panel I Process Panal ‘ Cyrle Pane 10 Pane J
<|Process-B[2-3] v >| State2 v |State-3 ||  Caiculate |  nialze | [Vol=constant
| a | ws | 1o
10812031 jiw ~| [0 I3 v S < v [ [k v
n Delta C
[infinty UniLess v/ mf [ v| (T |

11. Similarly, for Process-C, i.e. process 3-4 in the Otto cycle: Now, Q = 0. Hit Calculate. We get:

C English

® Mixed ¢ S < ]@Case-ﬂ v _ﬂ v Help Messages On Super-lterate | Super-Calculate
| Proceas Panel | Cvdle Pane 10 Panel J
_,_] Process-C [3-1] - ;-] Stated v | : State-4  |»| is—consiant
| a | ws 7| 18 | sgen
- v [T
n Nalfa F Delta S
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12. Similarly, for Process-D, i.e. process 4-1 in the Otto cycle: Hit Calculate. We get:

Q=00 kf[Net heat transfer]

# Mixed ¢ Sl 1 English ﬂ ¥ Help Mi On Super-lterate Super-Calculate m Super-Inifialize

Siate Panel | Process Panel | Cycle Panel |

VO Panel

. = |F'mcass—D [4-1] e  boStater r - = 1.State: " - i :'I . Calc ulate i:.'s "-: —consint

Nelta_F

J_ _I:__

13. Go to Cycle Panel. Click on Calculate and SuperCalculate. We get:

Nelta_F =-429 90448 k1 [Change in stored energy of the sysfem]

“ Mixed ¢ 51 ¢ Engli <|ec:m0 Vﬂ ¥ Help Messages On 'Sulliwm'mal Super-Calculate m

State Panel Process Panel Cycle Panel U0 Panel
Calculale |§ o State-Null v
T_min

_I_ _— _— _:I __

_:I _I:_:I _IEI __

§ gen,int W Wiot et
T o V] _:I_I_Il

O Overall Cycle Equations (n processes):
Qo= D uin 0,00 Qo = > man(0,.0)
= 1

w,, = ,Z‘M (w00 W= —;nm (w,,.0)

W, o
=2 fewwt =1-225 Wo.=0Q.

O Tome

Here, all cycle calculations are available.

Thus:

Thermal efficiency = eta_th = 60.24% .... Ans.
MEP = 840.11 kPa = 8.4 bar ... Ans.

Sp. air consumption in kg/kWh = 3600 / W_net:

=3600/651.2986 = 5.527 kg/kWh ... Ans.
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I/O panel gives the TEST code etc.

o~~~ OUTPUT OF SUPER-CALCULATE
# Daemon Path: Systems>Closed>Process>Specific>PowerCycle>PG-Model; v-10.ca08
Fommmm - Start of TEST-code ------===mmmmm oo
States {
State-1: Air;
Given: { pl= 100.0 kPa; T1= 27.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; m1= 1.0 kg; }
State-2: Air;
Given: { v2= “v1/10“mA3/kg; s2= “s17k]/kg.K; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m17kg; }
State-3: Air;
Given: { v3= “v2’m~3/kg; s3= “s4’k]/kg.K; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m1”kg; }
State-4: Air;
Given: { T4= 627.0 deg-C; v4= “v1”mA3/kg; Vel4= 0.0 m/s; z4= 0.0 m; m4= “m17kg; }
}
Analysis {
Process-A: b-State = State-1; f-State = State-2;
Given: { T_B= 25.0 deg-C; }
Process-B: b-State = State-2; f-State = State-3;
Given: { T_B= 25.0 deg-C; }
Process-C: b-State = State-3; f-State = State-4;
Given: { Q= 0.0 kJ; T_B= 25.0 deg-C; }
Process-D: b-State = State-4; f-State = State-1;
Given: { T_B= 25.0 deg-C; }
}
Fommmm s End of TEST-code ~=-------mmmmm oo oo
oo Property spreadsheet starts: ---------------
# State p(kPa) T(K) v(mA3/kg)  u(k]/kg) h(kJ/kg) s(kJ/kg)
# 1 100.0 300.2 0.8614 -84.13 2.01 6.893
# 2 2514.98 754.9 0.0861 241.68 458.32 6.893
# 3 7542.44 2263.9 0.0861 1322.88 1972.58 7.68
# 4 299.9 900.2 0.8614 345.77 604.1 7.68
oo Property spreadsheet ends-------------o oo ommm oo
# Mass, Energy, and Entropy Analysis Results:
# Process-A: b-State = State-1; f-State = State-2;
# Given: T_B= 25.0 deg-C;

#

#

#
#

Calculated: Q= “-2.842171E-13“k]; W_B=-325.81213 kJ; S_gen= “9.532688E-16k]/K;
n= 1.4005353 UnitLess;

Delta_E= 325.81213 kJ; Delta_S= -0.0 kJ/K;
Process-B: b-State = State-2; f-State = State-3;

Given: T_B= 25.0 deg-C;
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# Calculated: Q= 1081.2031 kJ; W_B= 0.0 kJ; S_gen= -2.8394477 kJ/K; n= Infinity
UnitLess;

# Delta_E= 1081.2031 kJ; Delta_S= 0.78692514 k]J/K;

# Process-C: b-State = State-3; f-State = State-4;

# Given: Q= 0.0 kJ; T_B= 25.0 deg-C;

# Calculated: W_B= 977.1107 kJ; S_gen= -0.0 kJ/K; n= 1.4005353 UnitLess; Delta_E=
-977.1107 KJ;

# Delta_S=-0.0 kJ/K;

# Process-D: b-State = State-4; f-State = State-1;

# Given: T_B= 25.0 deg-C;

# Calculated: Q= -429.90448 kJ; W_B= 0.0 kJ; S_gen= 0.65498155 kJ/K; n= Infinity
UnitLess;

# Delta_E= -429.90448 kJ; Delta_S= -0.78692514 kJ/K;

# Cycle Analysis Results:

#

H OB B W

Calculated: T_max= 2263.8633 K; T_min= 300.15 K; p_max= 7542.4395 kPa;
p_min= 100.0 kPa; Q_in= 1081.2031 kJ; Q_out= 429.90448 kJ;
W_in= 325.81213 kJ; W_out= 977.1107 kJ; Q_net= 651.2986 KJ;
W_net= 651.2986 kJ; S_gen,int= -2.18447 kJ/K; eta_th= 60.23832 %;
MEP= 840.1131 kPa;
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#
#*CALCULATE VARIABLES: Type in an expression starting with an ‘=" sign (‘= mdot1*(h2-h1);
‘= sqrt(4*A1/PI)] etc.) and press the Enter key)*r+eet*
#Sp. air consumption in kg/kWh = 3600 / W_net:
=3600/651.2986
3600/651.2986 = 5.527418606457928 kg/kWh ... Ans.

“Prob.1.17.The compression ratio of an ideal Otto cycle is 6.2:1. The pressure and temp at the
commencement of compression are 1 bar and 28 C. The heat added during the constant volume
combustion process is 1205 kJ/kg. Determine the peak pressure and temp, work output per kg of air,
and air standard efficiency. Assume cv = 0.717 kJ/kg.K and gamma = 1.4 for air. [VTU-ATD-Jan. 2005]”

Note: This is the same as Prob.1.11, which was solved with EES.
Now, let us solve it with TEST:

TEST Solution:
Steps 1 to 4 are the same as for the previous problem.

5. Select Air as the working substance. For State 1, enter p1, T1 and m1. Hit Enter. We get:

Specific, Closed Process, Cycle Daemon: PG Model
thermofluids.net = Daemons = Systems = Clnsed = Process = Speci

B i & « @

Move mouse over a variable to display its value with more precision.

= |®Case—ﬂ e = ¥ llelp Messages On Super-lterate

State Panel | Process Panel | Cycle Panel | 110 Panel |

H | Calculale

& Mixed ¢ 51 ¢ English

ot | vert | = | et n
phit

| |

Rt

Note that all other parameters are immediately calculated.
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6. For State 2: we have m2 = m1, v2 = vc = v1/6.2 since comprn. ratio is 6.2, and s2 = sl since

process 1-2 is isentropic. Hit Enter. We get:

Move mouse over 3 variable to display its value with more precis

~ Mixed  SI © English ﬂ ¥ Help M On ‘Super-lterate Super-Calculate m

State Panel | Process Panel

& Panel | I/0 Panel |

)
ﬂ

H I Calculate No-Plots v Formation Enthalpy:

_ I M _I _I
_I:_:I _I:[ —_ _—

_J_ ' g .".-fl ' N e :*.IEI"@ v [oaSSAT s ;‘."?_*W' o

Note that p2 = 1287.575 kPa, T2 = 625.41 K.

7. For State 3: m3 = m2, v3 = v2, since process 2-3 is at constant volume. Hit Enter. We get
(later, after SuperCalculate):

Move mouse over a variable to display its value with more precision.

# Mixed ¢ S|  English ﬂ [V Help M on Super-lterate Super-Calculate m

State Panel | Process Panel Cycle Panel | 1/0 Panel |

Calculate Mo-Plats | w

8. For State 4: Enter s4 = s3, and v4 = vl, m4 = m3. Hit Enter. We get (later, after
SuperCalculate):

& Mixed sl English = ¥ Help Messages On Superterate | Super Calculate m Super Initialize

State Panel | Process Panel ] Cycle Panel | /0 Panel

Formation Enthalpy: o

_ hl—lhl—l ST oo ]

J [ .féili‘
__ __ _:I _@I
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9. Now, go to Process Panel. For Process-A, choose State 1 for b-state (i.e. begin state) and

State 2 for f-state (i.e. finish state). Q = 0, since process 1-2 is adiabatic. Hit Enter. We get:

Move mouse over a vanable to display its value with more precision.

& Mixed ¢ SI  English ﬂ ¥ Help Messages Un Super-iterate Super-Calculate m

Slate Panel I Process Panel | Cyde Pdnel |

. < |F‘mccs& A3 “3’.! >

O Pangl

Closed Process - &

Mass: mf:mb:m

-0
Fnergy: m(ef—e,,)—Q—(WB-l- u)

WinHip:

Work in negative
Heat in positive

—
AE ~ :
Entropy: .f”(.ﬁ'f—,_fb):g-fsm gLt
—— &

10. Similarly, for Process-B, i.e. process 2-3 in the Otto cycle: Here, enter Q = 1205 kJ, heat
added, by data. Hit Calculate. We get:

Move mouse over a variable to display its value with more precision.

& Mixed ¢ 51 ¢ English ﬂ v Help Messages On .‘_i.lper—nermel super-Caiculate

Btate Panel | Process Panel | Cycle Fanel I

WO Panel

. F3 IPm'r:es.q—Fl [2-3] .9:_| -

Move mouse over a variable to display its value with more precision.

& Mixed ¢ 51 ¢ Englist 5 |®Cas&0 \ejj ¥ Help Messages On Superterate |

State Panel | Proress Panel ] Cyrle Panel |

m Super-Initialize

10y Panal

. < |Process—C[34] *2‘| > l

3 yernr

d | ws 76 : [} -
[ 2 M [ TEEEE

Delta S

_I n Delta E i
[T TR —
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12. Similarly, for Process-D, i.e. process 4-1 in the Otto cycle: Hit Calculate. We get:

Q=00 kJ[Net heattransfer]
* Mixed ¢ 81  English ﬂ v Help Messages On Super-lterate Super_Calculate

State Pans| | Proceas Panel | Cycle Manel | O Manel |

<|Prccess-u T >j ta State-d v : sate-l v Calculate | m vel=constant
| S gen

EXPERIENCE THE POWE

FULL ENGAGEMENT...

RUN FASTER.
RUN LONGER..
RUN EASIER...
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13. Go to Cycle Panel. Click on Calculate and SuperCalculate. We get:

Move mouse over a variable to display its value with more precision.
& Mixed s English < ’Qcase-o L j [¥ Help Messages On Super-iterate | Super-Calculate m Super-Initialize
e Panel Pron anel

Cycle Panel

State-Mull v |

W0 Panel

n_may p_min

- f Qin
PO < v« | s e | v s v

Q out W_in W._out Q_net W._net
FE0ZsOSTTN .« v/pEESESTONN 0 v|[ESOSSSIN (v v|[pEAmewSTIN v v [EEmemeIINw v

8 gemint ola_th MEP . Wol_nel

FEOSSEET (ox v [FUSMEI < v [T e v m T

[ Overall Cycle Equations (n processes):
Qe == i 0,0 Q=Y mmac(2;.,0)
=l =

W, -imax (w,, 0} w,= —me (w,,.0)

Woa T
Thn_—é—; Tkamt_l—T—Q Woa = Coa

Here, all cycle calculations are available.

Thus:

Thermal efficiency = eta_th = 51.85% .... Ans.

MEP = 861.9 kPa = 8.619 bar ... Ans.

W_net = 624.76 kJ/kg .... Ans.

Peak pressure (P3) and peak temp. (T3) .... From State 3:

P3 = 4749.96 kPa = 47.4996 bar ... Ans.

T3 =2307.18 K .... Ans.

14. I/O panel gives TEST code etc:

B OUTPUT OF SUPER-CALCULATE

# Daemon Path: Systems>Closed>Process>Specific>PowerCycle>PG-Model; v-10.ca08
Homommmmee s Start of TEST-code ---------cmmmmmmo oo
States  {

State-1: Air;
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Given: { pl= 100.0 kPa; T1= 28.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; m1= 1.0 kg; }
State-2: Air;
Given: { v2= “v1/6.2“mA3/kg; s2= “s17kJ/kg.K; Vel2= 0.0 m/s; z2= 0.0 m; }
State-3: Air;
Given: { v3= “v2"mA3/kg; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m2“kg; }
State-4: Air;
Given: { v4= “v1”mA3/kg; s4= “s3“k]/kg.K; Vel4= 0.0 m/s; z4= 0.0 m; m4= “m3“kg; }
}
Analysis {
Process-A: b-State = State-1; {-State = State-2;
Given: { Q= 0.0 kJ; T_B= 25.0 deg-C; }
Process-B: b-State = State-2; f-State = State-3;
Given: { Q= 1205.0 kJ; T_B= 25.0 deg-C; }
Process-C: b-State = State-3; f-State = State-4;
Given: { Q= 0.0 kJ; T_B= 25.0 deg-C; }
Process-D: b-State = State-4; f-State = State-1;
Given: { T_B= 25.0 deg-C; }

}
B End of TEST-code ~=-------mmmmm oo oo
fommmeee- Property spreadsheet starts:
# State  p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
# 1 100.0 301.2 0.8643 -83.42 3.01 6.897
# 2 1287.58 625.4 0.1394 148.92 328.4 6.897
# 3 4749.96 2307.2 0.1394 1353.92 2016.05 7.832
# 4 368.91 1111.0 0.8643 496.82 815.65 7.832
oo Property spreadsheet ends------------m-ommm oo
# Mass, Energy, and Entropy Analysis Results:
# Process-A: b-State = State-1; f-State = State-2;
# Given: Q= 0.0 kJ; T_B= 25.0 deg-C;
# Calculated: W_B= -232.33357 kJ; S_gen= -0.0 kJ/K; n= 1.4005353 UnitLess; Delta_E=
232.33357 kJ;
# Delta_S= -0.0 kJ/K;
# Process-B: b-State = State-2; f-State = State-3;
# Given: Q= 1205.0 kJ; T_B= 25.0 deg-C;
# Calculated: W_B=0.0k]J; S_gen=-3.1062787 kJ/K; n= Infinity UnitLess; Delta_E=1205.0
kJ;
# Delta_S= 0.9353111 kJ/K;

Process-C: b-State = State-3; {-State = State-4;
# Given: Q= 0.0 kJ; T_B= 25.0 deg-C;

Download free eBooks at bookboon.com



Applied Thermodynamics: Software Solutions

Part-l (Gas Power cycles) Gas Power Cycles
# Calculated: W_B= 857.0955 kJ; S_gen= -0.0 kJ/K; n= 1.4005353 UnitLess; Delta_E=
-857.0955 KJ;

# Delta_S=-0.0 kJ/K;

# Process-D: b-State = State-4; f-State = State-1;

# Given: T_B= 25.0 deg-C;

# Calculated: Q= -580.23804 kJ; W_B= 0.0 kJ; S_gen= 1.0108168 kJ/K; n= Infinity
UnitLess;

# Delta_E= -580.23804 kJ; Delta_S= -0.9353111 kJ/K;

# Cycle Analysis Results:

#

# Calculated: T_max= 2307.1772 K; T_min= 301.15 K; p_max= 4749.9585 kPa;

# p_min= 100.0 kPa; Q_in= 1205.0 kJ; Q_out= 580.23804 kJ;

# W_in= 232.33357 kJ; W_out= 857.0955 kJ; Q_net= 624.76196 kJ;

# W_net= 624.76196 kJ; S_gen,int= -2.09546 k]J/K; eta_th= 51.84747 %;

# MEP= 861.90326 kPa;
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Prob.1.18. In an Otto cycle, compression and expansion processes are modified to be polytropic with
n = 1.3. Compression ratio is 9. At the beginning of compression, pl = 1 bar, T1 = 300 K. Max. temp in
the cycle = 2000 K. Determine: (a heat transfer and work per unit mass of air for each process, (b) the
thermal efficiency, and (c) the MEP. [Ref: 3]

S, e 1Y polytropics
p.vin=c

Fig.Prob.1.18
TEST Solution:
Steps 1 to 4 are the same as for the previous problem.

5. Select Air as the working substance. For State 1, enter p1, T1 and m1. Hit Enter. We get:

Specific, Closed Process, Cycle Daemon: PG Model
thermofluids.net > Daemons > Systems > Closed > Process > Spedfic > Cydes > PG

B B 2 2 |

Move mouse over a variable to display its value with more precision.

# Mixed ¢ 51 ¢ English ES ¥ Help Messages on Snper—neratel m

State Panel | Process Fanel | Cycle Fanel | WO Hanel |

| Calculate

phit psit ﬂ mi J Vol MM
I T p— TN [P e R e P
R1

¢ pt c vl Kkt
(27 P FTFTRN > o ST - b T - e
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6. For State 2: enter v2 = v1/9 (since comprn. ratio = 9), m2 = ml, and p2 = pl * (v1/v2)A1.3
(since process 3-4 is polytropic, with n = 1.3). Hit Enter. We get:

& Mixed ¢ 51 ¢ English < > ¥ Help Messages On Si.lper—lteratel Super-Calculate Super-nitialize

State Panel I Process Panel | Cycle Panel I If0 Panel |

H | Calculate

| o2 u | [ u
D - S e~ e s~
| s 7| ve EH " |

s s O -~ O -~ s | e s~

o2 = | | =
! | CORNG| (PR e EERO - e

R2

v p? uve k2
s TR 1 TSR] bR | e e

7. For State 3: enter T3 = 2000 K (by data), m3 = m1 and v3 = v2 since process 2-3 is at

constant volume. Hit Enter:

Mowve motse aver a variahle to display its valie with more precision

# Mixed © SI (" English > # Help Messages Un Super-iterate | super-Calculate m

Cyele Panel | 110 Panel [

State Panel | Frocess Panel |

R3 t_pd v w3 k3
TR (TR TR

8. For State 4: enter v4 = v1 (since process 4-1 is at constant vol.), m4 = m1, and p4 = p3 *

(v3/v4)"1.3 (since process 3-4 is polytropic, with n = 1.3). Hit Enter. We get:

Move mouse over a variable to displav its value with more precision.
= Mixed 31 English = ICase—O > ﬂ ¥ Help Messages On Supei-lerale | Super-Calculale m Super dnilialize

State Panel | Process Panel | Cycle Panel | 1D Panel |

No-Flots | | Initialize Formation Enthalpy: '@

R4 G _pd G vd Fod
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9. Now, go to Process Panel. Process A is for process 1-2. Enter b-state and f-state for this

process as shown. Click on Calculate. We get:

« Mixed ¢ Sl ( English jl.c.asa-a. vl = ¥ Help Massages On Super-lterate |
| Process Panel | Cycle Pane | 0 Pdne |
<|ProcessAial v > state1 v state2 v | initaize ST
| Q J W B J S gen
-67.22111 k v |-267 81067 kJ ™ 19.06?19 EIK |
| [ Delta E Delta_S
1.2 Unitloze ~ |200.50857 d ~ Fa.‘is&zs /K ~|
Closed Process - A
Mass: mf =My, =m WinHip:
' 6 Work in negative
Fnergy:  m [(').f ").ﬁ) Q (H-'H - W . Heat in positive
%,—r'
AL Q
Entropy: M (Sf -5 ) S T_ +S§n
E
As

Note from the above screen shot that Q and W for polytropic process 1-2 are immediately calculated.
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10. Similarly, for Process B (i.e. 2-3). Hit Enter or Calculate. We get:

Move mouse over 3 vanable to dispiay its value With more precision.

* Mixed © Sl  English <!n.*aseu v >| W Helpmessagesun  Superdterate Super-Calcuiate

Slale Parnel Prucess Panel i Panel

W_B =9235574 kJ [Boundary work of pdV kind]

& Mixed sI English = ¥ Help Messages On 9!Jp9l—llnrah | g : a Super Initialize

Slale Panel | Process Panel | Cycle Pankl | WO Panel

. <|ProcessC[3-4]  ~|=|

Move mouse over a vanable to display s value with more precision.

& Mixed ¢ S|  English > ¥ Help Messages on Super—ltemte.l m

State Panel | Process Panel | Cycle Panel | Mo Panel

Calculate §
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13. Now, go to Cycle Panel. Click on Calculate, and SuperCalculate. We get:

p_max=f000 0 kPa Hioghest pressure]

State Panel

i cacuato [§  Stae Nul |

1_min

T FEA| - M ] - S S -
Q out W.in W._out Q_net W._net
FEssmT v v[pEmwmen e v[pESAmIIT - v|pEmenn e c[pE@en e v

max p_max p_min

“ Mixed ¢ SI ¢ English < ﬂ ¥ Help Messages Un Super-iterate Super-Calculate m Super-iniiaize
Process Pane| Cycle Panel i3 Panel

| State Null 1+ |
Qn
S

S genint eta th weP | Wdot net
1 TR e R e | o
[ Overall Cycle Equations (n processes): IK o -
Coue =—§m‘n( 0 O =§m( 2,.0) : 0, @ 0.
W7, =imax (w,, 01 w, - —imin (w,,.0) . v min
J1 -1 T
T =25 w1125 oy =0 W, —
Here, all calculations for cycle are available.
Thus:
Q and W for each process are:
Process Q (kJ/kg) W (kJ/kg)
1-2 -67.22 -267.81
2-3 1017.47 0
3-4 231.82 923.06
4-1 -526.32 0
Thermal efficiency = eta_th = 52.49% .... Ans.
MEP = 856.85 kPa = 8.5685 bar .... Ans.
14. 1/0 panel gives TEST code etc:
Frommm s OUTPUT OF SUPER-CALCULATE
# Daemon Path: Systems>Closed>Process>Specific>PowerCycle>PG-Model; v-10.ca08
fommm s Start of TEST-code ---------mmmmmm oo
States  {

State-1: Air;
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Given: { pl= 100.0 kPa; T1= 300.0 K; Vell= 0.0 m/s; z1= 0.0 m; m1= 1.0 kg; }
State-2: Air;
Given: { p2= “p1 * (v1/v2)A1.3“kPa; v2= “v1/9“m~3/kg; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m17kg;

}

State-3: Air;

Given: { T3= 2000.0 K; v3= “v2”m~3/kg; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m1”kg; }

State-4: Air;

Given: { p4= “p3*(v3/v4)"1.3“kPa; v4= “v1”mA3/kg; Veld= 0.0 m/s; z4= 0.0 m; md=
“m17kg; }

}
Analysis {

Process-A: b-State = State-1; f-State = State-2;
Given: { T_B=298.15K; }
Process-B: b-State = State-2; f-State = State-3;
Given: { T_B=298.15K; }
Process-C: b-State = State-3; {-State = State-4;
Given: { T_B=298.15K; }
Process-D: b-State = State-4; f-State = State-1;
Given: { T_B=298.15K; }

}
360°
thinking
]
Deloitte
Discover the truth at www.deloitte.ca/careers © Deloitte & Touche LLP and affiated entities.

115 Click on the ad to read more

Download free eBooks at bookboon.com


http://www.deloitte.ca/careers

e Property spreadsheet starts:

# State p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(kJ/kg)  s(kJ/kg)

# 1 100.0 300.0 0.861 -84.24 1.86 6.893

# 2 1739.86 580.0 0.0957 116.35 282.79 6.735

# 3 6000.0 2000.0  0.0957 1133.82 1707.8 7.622

# 4 344.85 1034.6 0.861 442.08 738.99 7.78

R Property spreadsheet ends--------------=--mm oo

# Mass, Energy, and Entropy Analysis Results:

# Process-A: b-State = State-1; {-State = State-2;

# Given: T_B=298.15 K;

# Calculated: Q= -67.221115 kJ; W_B= -267.8107 kJ; S_gen= 0.06718519 kJ/K; n= 1.3
UnitLess;

# Delta_E= 200.58957 kJ; Delta_S= -0.15827553 kJ/K;

# Process-B: b-State = State-2; f-State = State-3;

# Given: T_B=298.15 K;

# Calculated: Q= 1017.47314 kJ; W_B= 0.0 kJ; S_gen= -2.5256193 kJ/K; n= Infinity
UnitLess;

# Delta_E= 1017.47314 kJ; Delta_S= 0.8870023 kJ/K;

# Process-C: b-State = State-3; f-State = State-4;

# Given: T_B=298.15 K;

# Calculated: Q= 231.81508 kJ; W_B= 923.5574 kJ; S_gen= -0.61923605 kJ/K; n= 1.3
UnitLess;

# Delta_E= -691.7423 kJ; Delta_S= 0.15827553 kJ/K;

# Process-D: b-State = State-4; f-State = State-1;

# Given: T_B=298.15 K;

# Calculated: Q= -526.3204 kJ; W_B= 0.0 kJ; S_gen= 0.87828493 kJ/K; n= Infinity
UnitLess;

# Delta_E= -526.3204 kJ; Delta_S= -0.8870023 kJ/K;

# Cycle Analysis Results:

# Calculated: T_max= 2000.0 K; T_min= 300.0 K; p_max= 6000.0 kPa;

# p_min= 100.0 kPa; Q_in= 1249.2882 kJ; Q_out= 593.5415 kJ;

# W_in= 267.81067 kJ; W_out= 923.5574 kJ; Q_net= 655.7467 KJ;

# W_net= 655.7467 kJ; S_gen,int= -2.19939 kJ/K; eta_th= 52.48963 %;

# MEP= 856.8521 kPa;
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1.3 Problems on Diesel cycle (or, constant pressure cycle):

1.3.1 Problems solved with Mathcad:

Prob.1.19. Plot the thermal efficiency and mean effective pressure (MEP) of the air standard Diesel cycle
against the compression ratio.

Mathcad Solution:
FI Y
— 3 —
2 B 3
s=¢
s=¢
4
'
—» ‘Iul'clr-'- Vs + \
. V1 b
Fig.Prob.1.19
We have:
r = compression ratio =(Vc+Vs)Vc gamma = sp. heat ratio
rc = cut off ratio = V3NVc
Define Mathcad Functions:
- | 1 e -1 .
EFFlre,r ) =1- — | ————— ...Thermal efficiency
' S Lr(ee-1)

NEPTY RN o i I Y
Wipl V1,1 re.y) = pl-‘.’l-ri"_l}-[' (e -1 re 1':| _.Work output
1

" —

| | el (re - 1) - e’ - 1)
MEP(pl,r.re.7) = P1'|:' -1 -rlre -1

_ 4 -..Mean effective pressure
(r=1)(r-1
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Now, use the above Functions to draw the graphs:

1) Thermal efficiency:

For cut off ratios of 2, 4, &:

v=14 r=4,5.20 comprm. ratio .... defined as range variable

Gas Power Cycles

r = Ef'l:'lll_.r_.';'_-l' =
4 0328
5 0.285
6 0.428
7 0.462
3 0.49
9 0514
10 0534
1 0.551
12 0567
12 058
14 0593
15 0.604
16 0614
17 0.623
18 0.632
19 0.632
20 0.647
DIESEL CYCLE EFFICIENCY
08
0.72
0.64 —
_'_'_'_,_,_,—F
0.56 "1 e BOREE
r""ﬂf e ) — ]
; 0.48 s I B
23] L1 —
E 04 - = _—
.32 < =]
- - ~1
024 x
0.16
0.08 /
0
0 2 4 6 8§ 10 12 14 16 18

COMPRN. RATIO
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2) Mean Effective Pressure (MEP) vs compression ratio:

r=4,5.20 ..compm. ratio ... defined as a range variable

=14 pl=1 bar

...
1

MEP(pl,r.2.v] MEP(pl.r.3,7v) MEPpl.r.4v) MEPpl.r.6.7)

[ 4] 2.662 4.065 4494 3.006
5 3.207 5.232 G.347 6.374
5] 3.682 G.234 7.907 9.142
7 4112 7124 9.282 11.548
B 4507 7.935 10.528 13.702
El 4873 5.684 11.672 15.67
10 5216 9.382 12738 17.482
[11] 5539 10.04 13738 19.196
12| 5.546 10.663 14.683 20.802
(13 ] 6.138 11.256 15.581 22.324
14 6.419 11.822 16.428 23774
15 ] 6.688 12.365 17.258 2516
E& 5.947 12.887 18.047 26.491
17| 7196 13.38 18.807 27771
15 ] 7438 13.876 19.54 29.006
19| 7671 14.346 20.25 30.189
9
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MEP of Diesel cycle
40
35
30 — T
. =T
&" 20 ’ —1 1
E _ ’ I | — -~
13 = . ——
R SRS LA
10 Y e e =
e e B
0
23453678 91011121514151617181920
Comprn. ratio, 1
— =2
""" tc=23
— =4
— - =5

3) Mean Effective Pressure (MEP) vs cut-off ratio:

re=2,3..6 ..cutoffratio ... defined as a range variable

v=14 pl=1 bar

rc = MEP(p1.10.rc.7) MEP(pl.14.rc.7) MEP(p1.20.rc.7)
2 5216 6.419 7.8968
3 9.383 11.822 14.802
4 12738 16.438 20.938
B 15.412 20.394 26.428
§ 17.492 23774 31.356
120
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MEP of Diesel cyele

a2
L=

MEF, bar
Y,

2 15 3 i3 4 45 3 33 6

Cut - off ratio, rc

— =10
----- =14
— =20

Gas Power Cycles

Prob.1.20. If the MEP of a Diesel cycle is 7.5 bar and the compression ratio is 14, find the percentage

cut off of the cycle if the initial pressure is 1 bar.

Mathcad Solution:
F ¢
3 —
2 e 3
s=¢
s=¢
4
"1
—» V¢ I: Vs » v
+ W1 >
Fig.Prob.1.20
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We shall use the Mathcad Function for m.e.p., written earlier, along with the ‘Solve block’ of Mathcad:

v=14 r=14 mep=735 pl=1 bhar

re=46 ... Iralvalue

Given
mep = MEP(pl.r.rc.y) . using the Mathcad Function for me.p.
Find(rc) = 2.187

Therefore, rc = 2187 ...cut off ratio, Ans.

bookbooncom

Corporate eLibrary

See our Business Solutions for employee learning

Click here

Management Time Management

Problem solving I Self-Confidence I Effectiveness

Project Management I Goal setting I Coaching

122 Click on the ad to read more

Download free eBooks at bookboon.com


http://s.bookboon.com/bbg-elibrary-2015

Alternatively:

v=14 r=14 mep=75 pl=1 har
rc =46 Tral value

Given

pl rere—rfor o —f
mep = Ar e -1y + -

r-1 v -1 -1

Find(rc) = 2.187

Therefore, rc = 2187 ...cut off ratio, Ans.

Cut off as a percentage of stroke volume:

Now, we have:

V3
Vi—-%Ve Vi-Vc Ve c—1
Vg V1—- Ve Vi r—1
— -1
Ve

where rc = cut off ratio, and r = compression ratio

Therefore:

-1
T 100=9131 %
r—1

i.e. cut off is 9.131% of stroke volume .... Ans.
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Prob.1.21. In an air standard Diesel cycle, piston stroke is 30 cm and cylinder dia is 20 cm. P and T at
the start of compression process are 1 bar and 27 C. cut oft takes place at 10 % of stroke and compression

ratio is 16. Find:

1) P and T at all points
2) heat added, heat rejected and net work done
3) air standard efficiency and m.e.p. [M.U.]

FI F
— 3 —»
2 - 3
§s=¢C
§5=¢C
4
'
— ‘u'clﬁ Vs + \
¥ V1 b
Fig.Prob.1.21
Mathcad Solution:
Data:
L=03 m D=02 m Pl=1 har Tl =300 K
r=16 ....compm. ratio

+=14 R =287 JkgK
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Gas Power Cycles

Calculations:
. =-D° : . 3 -1
Vo= ——L e, V. =0425« 10 m*3... stroke vol.
s -I- s
Ve ) -4
V2= Le. V2=6283x10 m*3..__clearance vol.
r—1
V1= Ts + V2 e, Vi=00 m*3
Process 1-2:
=Tt ie T2-00043 K..Ans
P2 =Pl¢  ie P2=48503 bar..Ans.

Process 2.3:

We have: V3-V2Z =017(V1-V2)

Therefore, VINVZ =1+ 01716-01 =25 ___ cut off ratio

(]
B ra I n O W e r By 2020, wind could provide one-tenth of our planet's
electricity needs. Already today, SKF's innovative know-

how is crucial to running a large proportion of the
world’s wind turbines.
Up to 25 % of the generating costs relate to mainte-
nance. These can be reduced dramatically thanks to our
stems for on-line condition monitoring and automatic
jcation. We help make it more economical to create

Therefore we'need the best employees who can

eet this challenge!
Tr)_af Power of Knowledge Engineering

'-r:-‘%.i

e
Plug into The Power of Knowle‘ngineering.
Visit us at www.skf.com/know1ed"_#

125 Click on the ad to read more

Download free eBooks at bookboon.com


http://www.skf.com/knowledge

Applied Thermodynamics: Software Solutions
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ie. r_ =25 ___cutoff ratio

I3 =1 T2 e, T3=22T4x 10 K...Ans.

Also: P33 =P2 ie P3=48503 bar..Ans.

Process 3-4:
oyt 3

Td = T3 ry— | ie. Ti=1082x10° K..Ans.
L o)
()

P4 =P3 — | e, P4=34607 bar...Ans.
Lr)f

Heat added, Qs:

3
. ST .
Mow: m:= LI e, m=0012 kgfcycle - mass of air
E-T1
Ry : .3
cp = L. cp=1003x=100 Jkg.K ... sp. heat at const. pressure

Q. =mep(T3-T2) e Q. =16x 10" Joules..Heat addded .... Ans.

Heat rejected, Qr:
ov= —— e ovy=71735 JikgK.... sp. heat at const. volume.

Q, = mcv-(T4 - T1) ie Q,=6351x10" Joules.. Heat rejected ...Ans.

Met work done:

W=0Q,- Q ie.  W=0448x10" Joules ..... Neat work .... Ans.
Thermal effcy.:
W .
n=—-100 1&g n=3590532 %..Ans.
5
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Mean Effective Pressure:

mep w ...by definition

T V-2

e, mep= 10025 10° Pa=10.025 bar ... Ans.

Gas Power Cycles

Alternatively: Using the Mathcad Functions for Diesel cycle, already written:

EFF(rc vy} =1- et _Thermal efficiency
| 1 (re- 1)

- 1) — rl_?-l. re’ - 1.:I

.|,_1

WP, V1t rc v} = Pl-‘.'l-rlzr‘:_l}-[-'h[ :|  Waork output

1 (e = 1) — rlee! = 1.:I

(v —1)(r-1

MEP(P1,r, 1c,7) = Pl-l :| _Mean effective pressure

We get:

E:Fr[r,:__r,-;_:. =03501 =59.1% ... Ans.

f 3 ™
Wi PL-107 V1, r 1,7

)= omsx 10°  Jicycle ... Ans.

MEP(Pl.r.1,.7) = 10.025 bar.... Ans.

Note that all the answers are the same as obtained earlier.
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Prob.1.22. The inlet air temp and pressure at the beginning of compression in a Diesel cycle are 303 K
and 100 kPa respectively. Pressure at the end of compression is 4500 kPa. If heat supplied to the system
is at the rate of 750 J/g of air, calculate; (i) the work done per cycle, and (ii) the air standard effcy. [M.U.]

P r
3 —
2 - 3
5§5=C
S5=cC
h
- Vclr-' Vs -
+ V1 -
Fig.Prob.1.22
Mathcad Solution:
Data:
Pl=1 bar T1=303 K P2=43 bar
Qq =730 klkg Pi=F2
=14 B = 0287 kllkg. K
By . _ .
op = — ie. cp= 1005 kd'kg K sp.heat at const. pressure, for air
Calculations:
Find temps. at all the four salient points:
Process 1-2:
1
AL .
t=1— e, r= 135146 __..comprm. ratio
VP1)
Then:
D=Tie 0 ie T2-006 K
128
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Process 2-3:
QS . 3
Ti=—+T2 I1&e. Ti=1646x 10 K.
cp
Process 3-&
F T .
P4 = P3 1E l.e. P4=2331 bar..
Lr T2
rr'_l
ey T
T4 =T33 — l.e. T4=T06363 K.
\P3

Heat rejected, QR:

ov o= ie. ev=0718 Jkg K __ sp. heat at const. vol for air

With us you can
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Therefore:
QR =ov-{I4 - T1) ie. QR = 280414 kJikg

Work done, W:
W= QS - QR e, W = 460386 kJikg.....Ans.

Thermal effcy.:

W

n=—-100 ie n=61411 %....Ans.

Qg

.... heat re|.

Gas Power Cycles

Prob.1.23. A 4 stroke Diesel engine has 4 cylinders of 10 cm dia and 12 cm stroke. The engine runs at

2200 rpm. The pressure and temp. at the beginning of compression stroke are 1 bar and 30 C respectively.

If the clearance vol. is 6.5% of stroke vol. and max. cycle temp. is 1850 K, find:

i) compression ratio

ii) P & T at the end of compression
iii) Thermal effcy.

iv) Power output. [M.U.]

FI F Y
— 3 —
2 P 3
5=C¢C
5=cC
. ‘u’clr-. Vs > W
+ W1 -
Fig.Prob.1.23
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Mathcad Solution:

Gas Power Cycles

_remember: V4 =1

Data:
L=012 m D=01 m Pl=1 bar T1=30% K I3 =
v=14 R =287 JhkgK n=4 _no ofcyl N = 2200 rpm
Calculations:
Mow:  WVeMNs=0.065 r=(Vec+WVs)Ve;
1 . _ .
r=1+ — 8. r= 16383  _.compr. ratio.....Ans.
0.065
2
Vo= —DI_ =3 Vo =0425x 1[||_"1 m*3... stroke vol.
4
Ve ) _3
V2= e, V2=6126= 10 m*3._.. clearance vol.
r—1
V1l = Ts + W2 e, Vi=1004x10 - m"3
Process 1-2:
=Tir"' e T2-92720 K..Ans
P2 =Plr i.e. P2=350143 bar...Ans.
Process 2-3:
Bi=PF e, P3=30143 bar...Ans.
f. = E =3 .= 1993 ..cut off ratio, since W3N2 = T3/T2 when P3 = P2
T2
Therefore:
(w3 y!
|"-' ].H'I -1 . T4 |r-'1nr3¥h'lri:_1 . E - Ir-':l’l'_"H'lri:_l
Td = T3 ta— | _...5Ince —_— = — = = — |
Vo) T3 | v4) V4 L)
vz )
e, Ti=7963855 K...Ans.
131
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And

£

f

T

P4 = P3-[—°) ie. Pi=243 bar..Ans.
T

Heat added, Qs:

3
Pl-107-V1 . -
= e, m=1154x10 : kgfcycle
R-T1
By . 3 )
op = . e cp= 100510 Jikg K. ... sp. heat at const. pressure for air
v
Then: Q. =mep(T3-T2) =3 Q = 107x 1v|]3 Joules/cyle. . heat supplied

Heat rejected, Qr:

E
v =1

e, ev=7173 J'kgK... sp. heat at const. valume for air

Then: Q, =mev(T4-T1) ie Q =408994 Joules/cycle.. heat rej.
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Net work done, W

W=0,-Q ie. W=660824 Joulesicycle

Power developed, P:

P=W-—-mn le. P=4846x 1I}4 W, for 4 cyl....Ans.
2-60

Thermal effcy.:

W .
n=—-100 ie n=6177 ‘h..Ans.
s

Mean Effective Pressure:

W
Vi-W2

mep =

8. mep=T012x 10" Pa=T7.012 bar ..mean effective pressure .... Ans.

Prob.1.24. A 4 stroke C.I. engine works on Diesel cycle. The engine bore is 20 cm and stroke is 25 cm.
Clearance volume is 500 cm”3 and the fuel injection takes place at const. pressure for 5% of stroke.

P and T at beginning of compression are 1.05 bar and 350 K. Determine: (i) Air standard efficiency
(ii) compression ratio (iii) heat added and work output. [M.U.]

FI F Y
— 3 —
2 4 K]
5=¢cC
5=cC
4
'1
—» ‘Iul't:lr: Vs > A
+ W1 -
Fig.Prob.1.24
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Mathcad Solution:
Data:
L=023m D=02 m Pl =105 har Tl =330 K

6

+=14 R =287 JkgK V2= 300-10° © m*3 ... clearance vol.

Calculations:

V., = =D L B V_ =78 ll}_3 m*3... stroke vol.
g -I- g
V1l = Ts + W2 e V1=8334x 1|ZI'_3 m3
V1 . .
r== ie.  r=16708 ..comprn. ratio...Ans.
Process 1-2:
T2 = T1-r' ] ie T2=108x10° K..Ans
P2 =Pily' i P2=354111 bar..Ans.
Process 2-3:

P3 =P ie. P3=354111 bar...Ans.

By data, cut off at & % of stroke; i.e.

Vi- V2 _ V2(re-1) _

= = 005
Vi-1v2 Vi{r-1)
ie. *=1_oo0s
r—1
e r, =1+ (r-1)003
e, r.=178% ...cut off ratio

C
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Therefore:
T3=T2r, Qe T3=1827x10 K
.‘* 1“‘-.'-"_1
T4=T3 ro— | e, Ti=787247 K...Ans.
Lo
And,
EALE
Pi-=P3. — | e, Pi=2354  bar...Ans.
1 I J]

Heat added, Qs:

3
. T i 7
= Prirv ie m=8732x=10 - kolcycle
R-T1
R . 3
cp = '! ie cp=1005x10" JhkgK
v — 1
Q, = mcp-(T3 - T2) ie. Q,=7437x10 Joulesicyle
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Gas Power Cycles

Heat rejected, Qr:

e cv=7175  JkgK

Q =mecv(T4-Tl) Qe Q=2744x10 Jouleslcycle
Met work done:

W=0Q,-Q ie W=41603x10 Joulesicycle....Ans.

Thermal effcy.:

W

n = —-100 le. n=263105 %....Ans.
Qs

Alternatively:
1 fl._._ -1
EFF|r..r.7)=1- —| ——— ...Thermal efficiency of Diesel cycle
S - 1)
n = EFF|1..1.7) ie. n=0631 =63.1%...Ans.
1.3.2

Problems solved with EES:

“Prob.1.25. Write EES Functions for Thermal efficiency, Work output and Mean Effective Pressure (MEP)
of an Air standard Diesel cycle.

P &
3 —»
2 P> 3
S=¢C
S=C
4
11
—» ‘U'r.:lﬁ s + v
+ V1 -
Fig.Prob.1.25
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“Diesel cycle-EES Functions:”

FUNCTION EFFCY_Diesel(rc,rr,gamma)

»

“Thermal effcy. of Air standard Diesel cycle

“Inputs: rc = cut off ratio = V3/V2,

rr = comprn. ratio = V1/V2,

gamma = sp. heat ratio = 1.4 for air”

“Outputs: EFFCY_Diesel = Thermal effcy. of Diesel cycle”

EFFCY_Diesel := 1 - (1/rrA(gamma-1))* (rcAgamma - 1)/(gamma * (rc - 1))

END

FUNCTION W_net_Diesel(P1, V1, rc, rr, gamma)

“W_net of Air standard Diesel cycle”

“Inputs: P1 = Pressure at State 1 (Pa), V1 = Vol. at State 1 (m”3),
rc = cut off ratio = V3/V2,

rr = comprn. ratio = V1/V2,

gamma = sp. heat ratio = 1.67 for air”

“Outputs: W_net_Diesel = Net work output of Diesel cycle”

A :=P1*V1*rrA(gamma - 1)

B := gamma * (rc - 1) - rrA(1l - gamma) * (rcAgamma - 1)
C:=gamma -1

W _net Diesel:=A*B/C

END
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FUNCTION MEP_Diesel(P1, rc, rr, gamma)

“MEP of Air standard Diesel cycle”

“Inputs: P1 = Pressure at State 1 (Pa),
rc = cut off ratio = V3/V2,
rr = comprn. ratio = V1/V2,

gamma = sp. heat ratio = 1.67 for air”

“Outputs: MEP_Diesel = MEP of Diesel cycle”
A :=P1/((gamma - 1) * (rr - 1))

B := gamma * rrAgamma *(rc - 1)

C:=1r* (rcAgamma - 1)

MEP_Diesel := A * (B - C)

END

<« »
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Prob.1.26. Plot Thermal effcy. vs compression ratio for a Diesel cycle, for cut off ratio, rc = 2, 4 and 6.

EES Solution:
“To plot Thermal effcy. vs comprn. ratio for rc = 2, 4 and 6:”
“Following is the simple EES program:”

rc = 6 “cut off ratio”

{rr = 12 “.comprn. ratio"}

gamma = 1.4 “.for air”

eta_th = EFFCY_Diesel(rc, rr, gamma)

To plot the graphs, first, compute the Parametric Table:

Forrc=2 Forrc=4
: - . i b
P r ai Mth : p = 1 Mth K
1.186 1.16
Run 1 5 0.385 Run 1 5 0.254
Fun 2 B 0.4283 Run 2 6 03065
Fun 3 7 0.4625 Fun 3 7 0.343
Fun 4 8 0.4904 Fun 4 8 0.3819
Run & 9 0.5139 Run & 9 0.4103
Fun & 10 0.5339 Fun & 10 0.4346
Run 7 11 0.5514 Fun 7 11 04553
Fun 8 12 0. 5687 Run & 12 04744
Fun 9 13 05804 Run 9 13 049
Run 10 14 0.5926 Run 10 14 0.5058
Fun 11 15 06037 Fun 11 15 0.56193
Fun 12 16 0.B138 Run 12 16 0.56315
Run 13 17 06231 Run 13 17 0.5423
“Run 14| 18 06316 Runt4 | 18 0.6531
Fun 15 19 06395 Fun 15 19 0.6627
Fun 16 20 0. G468 Run 16 20 05715
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For rc = 6:

hdf s
[> ) Mtk
1..16
Run 1 5 0.1531
Run 2 B 0.2126
Run 3 7 0.2597
Run 4 8 0.2982
Run 5 9 0.3305
Run 6 10 0.3581
Run 7 11 0.3821
Run 8 12 0.4033
Run 9 13 0.4221
Run 10 14 0.439
Run 11 15 0.4542
Run 12 16 0.4651
Run 13 17 0.4809
Run 14 18 0.4926
Run 15 19 0.5035
Run 16 20 0.5136
Now, plot the graphs:
07 — : . . . . .
0.65 | Thermal eficy. vs comprn. ratio for Diesel cycle
oel rc = cut off ratio — |
055
05|
£ 045 '
= 04|
0.35
03|
0.25 |
02|
0.15L
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“Prob.1.27. An air standard Diesel cycle has a compression ratio of 16 and a cut off ratio of 2.5. At the
beginning of compression, P1 = 1 bar, V1 = 0.01415 mA3, T1 = 300 K. Calculate: (i) heat added in kJ

(ii) max. temp. in the cycle (iii) thermal efficiency, and (iv) mean effective pressure in kPa.

(b) Also, plot each of the above quantities for compression ratios ranging from 5 to 18 and for cut off
ratios of 1.5, 2 and 2.5. [Ref: 3]”

P rs
3 —n
2 g 3
5=C
s5=C
4
v
11
! V]| Vs > v
+ V1 =
Fig.Prob.1.27
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EES Solution:

“Data:”

rc = 2.5 “cut off ratio”

rr = 16 “..comprn. ratio”

gamma = 1.4 “.for air”

R = 0.287 “kj/kg. K”

cp = gamma * R/ (gamma - 1) “kJ/g.K ... sp. heat at const. pressure”
cp - cv = R “.. finds cv, sp. heat at const. volume....k]J/kg.K”

V1 =0.01415 “mA3”

P1 = 100“kPa”
T1 =300 “K”
“Calculations:”

“Find all the four temperatures:”

m = P1* V1 /(R * T1) “kg.... mass of air per cycle”
“Process 1-2:”

V1/V2 =rr “..finds V2, mA3”

P1* ViAgamma = P2 * V2Agamma “..finds P2, kPa”
m=P2*V2/(R*T2)“..finds T2, K”

“Process 2-3:”

P3 = P2 “..since Process 2-3 is at const. pressure”
V3/V2 =rc“..finds V3, mA3”

V2/T2 = V3/T3 “...finds the max. temp. T3, K”
“Process 3-4:”

V4 = V1 “..for const. vol. process 4-1”

P3 * V3Agamma = P4 * V4Agamma “..finds P4, kPa”
P4/ T4=P1/T1“..finds T4, K ... since V4=V1”
“Process 4-1:”

Q. r=m*cv* (T4 -T1) “kJ/cycle .... heat rejected”
Q_s=m*cp * (T3 - T2) “kJ/cycle .... heat supplied”
W_net = Q_s - Q_r “kJ...net work output”

eta_th = W_net / Q_s “.thermal efficiency”

MEP = W_net / (V1 - V2) “kPa ... mean effective pressure”

“Verify these values using the EES Functions already written:”

eta_th_2 = EFFCY_Diesel(rc, rr, gamma)
W_net_2 = W_net_Diesel(P1, V1, rc, rr, gamma)
MEP_2 = MEP_Diesel(P1,rc, rr, gamma)
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Results:

Unit Settings: 51 C Pa J mass deg

cp=1.005 [klikgK] o = 07175 [kfkgK] Nth = 0.5905
Nik.2 = 0.5905 y=14 rm = 0.01643 [ko/cycle]
MEP=1002 [kPa] MEP = 1002 [kPa] P1 =100 [kPa]

P2 = 4350 [kPa] P3 =450 [kPa] P4 = 3607 [kPa]

Gy =9.221 [kioycle] Og= 2252 [kdfoycle] R =0.287 [klfkgk]

rc =25 rr=16 T1 =300 [K]

T2 =909.4 [K] T3 =2274 [K] T4 =1082 [K]

W1 = 0.01415 [m?] W2 = 00003844 [m?] W3 =0.002211 [m

Wa = 001415 [md] W et = 13.3 [kdfoycle] Weto =133 [kfoycle]
Thus:

Heat added = Q_s = 22.52 kJ/cycle ...Ans.

Max. temp. in cycle = T3 = 2274 K .. Ans.

Thermal efficiency = eta_th = 0.5905 = 59.05% ... Ans.

Mean Effective Pressure = MEP = 1002 kPa = 10.02 bar ... Ans.

Also, note that, using the EES Functions, we get the same results for Thermal effcy., Net work and
MEP:

i.e. eta_th_2 = 0.5905, W_net_2 = 13.3 kJ/cycle, and MEP_2 = 1002 kPa.
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(b) To plot the variation of Q_s, T3, eta_th and MEP with comprn. ratio, rr for different values of

cut off ratio, rc:

First, compute the Parametric Tables:

For rc = 1.5:
[ 2 ] ]+ [¥]= hd

2 rr Q, T3 T MEP

114 [kJicycle] IK] [kPa]
Run 1 5 4714 8566 04266 177 6
Run 2 g 5.071 9215 04669 2008
Run 3 7 5.393 9301 0.4933 2218
Run 4 B 5 689 1034 0.5249 2412
Run & g 5 963 1084 0. 5467 259 2
Run 6 10 6.22 1130 0. 5654 276.2
Run 7 11 6462 1174 0.5817 292 2
Run 8 12 6.691 1216 0.596 3074
Run 9 13 6.908 1255 0 6087 322
Run 10 14 7116 1293 06202 335.9
Run 11 15 7.315 1329 0.6305 349 2
Run 12 16 7507 1364 0.6399 3621
Run 13 17 7691 1398 0 6485 3745
Run 14 18 7.869 1430 06565 386.5

18
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For rc = 2:

¥ haE hd hd hd

I r Qg i MEP

1 [kJicycle] [kPa]
Run 1 5 9.428 1142 0.385 320.7
Run 2 6 10.14 1229 0.4283 368.3
Run 3 7 10.79 1307 0.4625 4113
Run 4 8 11.38 1378 0.4904 4507
Run & 9 11.93 1445 0.5139 4873
Run 6 10 12.44 1507 0.5339 5216
Run 7 11 12.92 1566 0.5514 £53.9
Run 8 12 13.38 1621 0.5667 584 6
Run 9 13 13.82 1674 0.5804 613.9
Run 10 14 14.23 1724 0.5926 641.9
Run 11 15 14.63 1773 0.6037 6655
Run 12 16 15.01 1819 0.6138 6947
Run 13 17 15.38 1864 0.6231 719.6
Run 14 18 15.74 1907 0.6316 743.8

For rc = 2.5:
hdE hdE hd s hd

P r Q. Tt MEP

11 [kJicycle] [kPa]
Run 1 5 14.14 1428 0.3479 4347
Run 2 6 15.21 1536 0.3938 508
Run 3 7 16.18 1633 0.43 573.7
Run 4 8 17.07 1723 0.4597 633.7
Run & g 17.89 1806 0.4846 659.2
Run 6 10 18.66 1884 0.5058 741.2
Run 7 11 19.39 1957 0.5243 790.1
Run & 12 20.07 2026 0.5406 536.5
Run 9 13 20.72 2092 0.5551 580.7
Run 10 14 21.35 2155 0.5681 923
Run 11 15 21.95 2216 0.5798 963.5
Run 12 16 22 52 2274 0.5905 1002
Run 13 17 23.07 2329 0.6003 1040
Run 14 18 23 61 2383 0.6094 1076
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Now, plot the results:
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MEP vs comprn. ratio for Diesel cycle
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“Prob.1.28. Air in a piston - cylinder device of bore = 200 mm, stroke = 300 mm and a clearance volume
= 7% of stroke volume, undergoes a Diesel cycle. The P and T of air at the beginning of compression
are 1 bar and 27 C. The max. temp. in the cycle is 1900 K. Calculate the following: (i) compression ratio
(ii) Cut - off ratio (iii) heat transferred to air in kJ/kg (iv) heat transferred from air in kJ/kg (v) cycle
efficiency, and (vi) MEP. [VTU-ATD-July-Aug. 2003]”

Fl r
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+ V1 14
Fig.Prob.1.28
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EES Solution:

“Data:”

d=0.2“m”

L=0.3"m”

p1=100“kPa”

T1=27+273“K”

T3=1900“k ... Max. temp””

R= 0.287°k]/kg K”

gamma=1.4

cp = gamma * R/ (gamma - 1) “kJ/g.K ... sp. heat at const. pressure”
cp - cv = R “... finds cv, sp. heat at const. volume....k]/kg.K”
“Calculations:”

V_s =PI *dA2* L/4“m3...stroke vol”

V_c=0.07* V_s“m3...clearance vol”

V1=V_s+V_c“m3 ... volume at the beginning of compression”
V2=V_c “..vol. at point 2”

“Process 1-2:”

rr=V1/V2"..comprn. ratio”

pl * Vl=m * R * T1%..calculates mass, m in kg”

p2 / pl=rrAgamma®....finds p2, kPa”
T2/T1=rrA(gamma-1)“... finds T2”

“Process 2-3:”

p2=p3 “...const. pressure heat addition”

p3* V3=m* R* T3 “..finds V3, m"3”

“Process 3-4:”

V4=V1..const. vol. process 4-1”

p3 * V3Agamma=p4 * V4Agamma®“....finds p4, kPa’

T4 /T3 = (V3 / V4)A(gamma-1) “.finds T4.. for isentropic process 3-4”
“Cut off ratio, rc:”

rc = V3/V2“... cut-off ratio”

“Heat added:”

Q_in=m * cp * (T3-T2)“Kk]/cycle”

“Heat rejected:”

Q_out=m * cv * (T4-T1)“kJ/cycle”

“Work output:”

W=Q_in-Q_out“k]J/cycle”

“Thermal efficiency:”

eta_th =W/ Q_in

“Mean Effective Pressure:”

mep=(W/V_s)“kPa”
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Results:

Unit Settings: 51 C Pa J mass deg

cp = 1.005 [kdfkok] v = 07175 [kfkgk] d=0.2 [rm]
Nty = 0.6004 v=14 L=0.3 [m]

m = 001177 [kg/oycle] mep = 7548 [kPa] pl1 =100 [kPa]
p2 = 4550 [kPa] p3= 4550 [kPa] pd = 2878 [kPa]
Qi = 11.85 [kfoyole] Clout = 4.735 [kdfoycle] R =0.287 [kdfkoK]
rco=2.128 rr=15.29 T1 =300 [K]

T2 =893 [K] T3 =1800 [K] T4 =863.4 [K]

W1 = 0.01008 [m?] W2 = 10006597 [m] W3 =0.001404 [m]
W4 = 0.01008 [m?] W= 0.0006557 [rn] Yo = 0009425 [

W= 7113 [kjoycle]

Thus:

Comprn. ratio = rr = 15.29 .... Ans.

Cut-off ratio = rc = 2.128 .... Ans.

The Wake
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Heat supplied to air = Q_in = 11.85K]J .... Ans.

Heat rejected = Q_out = 4.735 K] .... Ans.

Cycle efficiency = eta_th = 0.6004 = 60.04 %... Ans.

MEP = 754.8 kPa = 7.548 bar ... Ans.

“Prob.1.29. An air standard Diesel cycle has a compression ratio of 16. The temp before compression
is 27 C and the temp after expansion is 627 C. Determine: (i) net work output per unit mass of air
(ii) thermal efficiency, (iii) specific air consumption, in kg/kWh. (iv) cut off ratio (v) expansion ratio.
[VTU-ATD-]July 2005 & Jan. 2006]”

EES solution:

“Data:”
rr =16 “...comprn. ratio”
P1=100 “kPa”

T1=27+273 “K.... temp. before compression”
R=0.287 “k]/kg.K”

cp=1.005 “kJ/kg.K”

cv = 0.7175 “kJ/kg.K”

gamma=1.4

T4 = 627+273 “K ... temp. after expansion”
“Calculations:”

“Process 1-2:”

P1* V1=R* T1 “..finds V1 for mass = 1 kg”

rr = V1/V2 “.. finds V2~

P1* V1Agamma=P2 * V2Agamma “.finds P2, kPa”
T2/T1=(rr)A(gamma-1) “.. finds T2, K”

“Process 2-3:”

P3 = P2 “.const. pressure heat addition in 2-3”
“Proces 4-1:”

V4=V1 “. .for process 4-1”

P4/T4 = P1/T1 “..finds P4, kPa”

“Process 3-4:”

P4 * V4Agamma=P3 * V3Agamma “..finds V3, m/3”
T4 /T3 =(V3/V4)A(gamma-1) “..finds T3 , K”

“Cut off ratio, rc:”
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rc = V3/V2 “...cut off ratio”
“Expansion ratio, re:”

re = V4/V3 “....expansion ratio”

“Heat supplied:”

Q_in=cp*(T3-T2) “kJ/kg”

“Heat rejected:”

Q_out=cv*(T4-T1) “kJ/kg”

“Net work output:”

W_net=Q_in-Q_out “k]J/kg”

“Thermal efficiency:”

eta_th=W_net/Q_in “thermal effcy”

“Specific Air Consumption:”

SAC=3600/W_net “Specific Air Cons. in kg/kWh”
“Mean Effective Pressure:”
MEP=W_net/(V1-V2) “Mean Effective Pressure, kPa”

Results:

Unit Settings: 51 K kPa kJ mass deqg

cp=1.005 [kJ/kgK] v = 07175 [kdfkgK] i = 06048

v=14 MEF = 816.1 [kPa] F1 =100 [kPa]
P2 = 4850 [kPa] P3 =4850 [kPa] P4 =300 [kPa]
Qi = 1089 [kdfka] Qo = 4305 [kfki] R =0.287 [kdfkgk]
rc o= 2192 rr=16

SAC = 5.465 [kg,-"kWh]| T1 =300 [K] T2 =909.4 [K]

T3 =1993 [K] T4 =900 [K] W1 = 0861 [mfkg]
W2 = 0.05381 [m3kg] W3 =0.1179 [m3kg] We = 1867 [mfk]

Wiyt = G555 [k.J,"kg]|

Thus:

Net work output = W_net = 658.8 kJ/kg .... Ans.
Thermal efficiency = eta_th = 0.6048 = 60.48% ... Ans.
Sp. Air Consumption = SAC = 5.465 kg/kWh ... Ans.
Cut off ratio = rc = 2.192 .... Ans.

Expansion ratio =re =7.3 ... Ans.
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“Prob.1.30. Conditions at the beginning of compression in an air standard Diesel cycle are: P = 200
kPa, T1 = 380 K. The compression ratio is 20 and heat addition per unit mass is 900 kJ/kg. Determine:
(i) the max. temp (ii) cut off ratio, (iii) net work per unit mass of air in kJ/kg, (iv) thermal efficiency,
and (v) the mean effective pressure.

»

Also, plot the variation of these quantities as compression ratio varies from 5 to 25. [Ref: 3]

P r
V3 —»
2 > 3
5=C
5=C
4
L J
11
o Ve fe Vs » v
+ V1 -
Fig.Prob.1.27

EES Solution:

“Data:”

rr = 20 “.comprn. ratio”

gamma = 1.4 “.for air”

R = 0.287 “kJ/kg.K”

cp = gamma * R/ (gamma - 1) “kJ/g.K ... sp. heat at const. pressure”
cp - cv = R “... finds cv, sp. heat at const. volume....k]/kg.K”

P1 =200“kPa”

T1 =380 “K”

Q_s =900 “kJ/kg ... heat supplied”

m =1 “kg”

“Calculations:”

“Find all the four temperatures:”

m = P1* V1 / (R* T1) “finds volume of air at beginning of compression, mA3”
“Process 1-2:”

V1/V2 =rr “..finds V2, m"3”

P1* ViAgamma = P2 * V2Agamma “..finds P2, kPa”
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m=P2*V2/(R*T2)“..finds T2, K’

“Process 2-3:”

P3 = P2 “..since Process 2-3 is at const. pressure”
Q. s=m*cp*(T3-T2)“..finds T3, K”

P3*V3/ T3 =m*R “..finds V3, mA3”

V3/V2 = rc “..finds cut off ratio, rc”

“Process 3-4:”

V4 = V1 “..for const. vol. process 4-1”

P3 * V3Agamma = P4 * V4Agamma “..finds P4, kPa”
P4/ T4=P1/T1“..finds T4, K ... since V4 =V1”
“Process 4-1:”

Qr=m*cv*(T4-T1) “kJ/kg .... heat rejected”
“Therefore: Net work:”

W_net = Q_s - Q_r “kJ/kg...net work output”
“Thermal efficiency:”

eta_th = W_net / Q_s “.thermal efficiency”

“Mean Effective Pressure:”

MEP = W_net / (V1 - V2) “kPa ... mean effective pressure”
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“Verify these values using the EES Functions already written:”
eta_th_2 = EFFCY_Diesel(rc, rr, gamma)

W_net_2 = W_net_Diesel(P1, V1, rc, rr, gamma)

MEP_2 = MEP_Diesel(P1,rc, rr, gamma)

Results:
Unit Settings: 51 C Pa J mass deqg

cp=1.005 [klikgk] ov = 07175 [kfkok] niy = 0602
Mg 2 = 0.6ROZ v=14 m =1 [koloycle]
MEP=1147 [kPa] MEP2=1147 [kPa] F1 =200 [kPa]

P2 =13258 [kPa] P3 =13258 [kPa] P4 =424.3 [kPa]

0 = 3058 [kdfkg] (Cle= 900 [kikg] R =0.287 [kdfkigK]
rco=1.711 rr=20 T1 =380 [K]

T2 =1259 [K] T3 = 2155 [K] T4 =806.2 [K]

W1 =0.5453 [m W2 = 002727 [m7) W3 = 0.04666 [m7]
W4 = (5453 [md] W o = 594.2 [k ko] Wper s =594.2 [klfkg]
Thus:

Max. temp. = T3 = 2155 K ...Ans.

Cut off ratio = rc = 1.711 .. Ans.

Net work per unit mass of air = W_net = 594.2 kJ/kg .... Ans.

Thermal efficiency = eta_th = 0.6602 = 66.02% ... Ans.

Mean Effective Pressure = MEP = 1147 kPa = 11.47 bar ... Ans.

Also, note that, using the EES Functions, we get the same results for Thermal effcy., Net workand MEP:

i.e. eta_th_2 = 0.6602, W_net_2 = 594.2 kJ/kg, and MEP_2 = 1147 kPa.
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(b) To plot the variation of T3, rc, W_net, eta_th and MEP as compression ratio, rr varies from 5 to 25:

First, compute the Parametric Table:

™|z [¥]= ] 4 [ 5 ™= [
P m T3 rc Wt Nin MEP
e K] [klrkg] [kPa]
Run 1 5 1619 2.239 3302 0.3668 76568
Run 2 G 1674 21581 37s.7 04174 826.8
Run 3 7 1724 2.083 4112 04569 8797
Run 4 3 1769 2.026 4398 0.4387 9218
Run 5 9 1811 1.879 463.6 0.5152 956.5
Run 6 10 1850 1.939 4338 0.5376 9859
Run 7 1 1888 1.804 501.2 0.5569 1011
Run 8 12 1923 1.873 516.4 05738 1033
Run 9 13 1956 1.845 529.9 0.5888 1053
Run 10 14 1988 182 5419 0.6021 1070
Run 11 15 2019 1.793 527 0.6141 1086
Run 12 16 2048 1.778 G625 0.625 1100
Run 13 17 2076 1.759 5714 0.6349 1113
Run 14 18 2103 1.742 5796 0.644 1125
Run 15 19 2130 1.726 5872 0.6524 1137
Run 16 20 2155 1.711 594 2 06602 1147
Run 17 21 2130 1.693 6007 0.6674 114a7
Run 18 22 2204 1.685 G067 06741 1166
Run 19 23 2228 1.673 124 0.6304 1174
Run 20 24 2251 1.661 G17.7 0.6863 1182
Run 21 25 2273 1.651 G227 0.6919 1190

Now, plot the results:
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“Prob.1.31.An oil engine works on ideal Diesel cycle, with a compression ratio of 20. Heat addition
at constant pressure takes place up to 10% of stroke. Initial pressure and temp are 1 bar and 67 C.
Compression and expansion follow the law P. vA1.3 = constant. Find the following: (i) temps and
pressures at all salient points (ii) mean effective pressure of the cycle, (iii) net work done per kg of air,
and (iii) the thermal efficiency. Also, plot the variation of W_net, MEP and eta_th as compression ratio

varies from 5 to 25”

P 4
— 3 ——>
2 - 3
polytropic
pvitn=c
4
polytropic
pvtn=c
&
—» 'U'EI Vs '
+ V1 5
Fig.Prob.1.31
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EES Solution:

Note that here, the compression and expansion are not isentropic, but polytropic.

Therefore, Net work should be calculated as area of P-v diagram, and not as (Qs - Qr).

“Data:”

rr = 20 “.comprn. ratio”

gamma = 1.4 “.for air”

n = 1.3 “...polytropic index of compression and expansion”

R = 0.287 “kJ/kg. K”

cp = gamma * R/ (gamma - 1) “kJ/g.K ... sp. heat at const. pressure”

cp - cv = R “... finds cv, sp. heat at const. volume....k]/kg.K”

P1 = 100“kPa”
T1 =67+ 273 “K”
m — 1 ((kg”

“Calculations:”

“Find all the four temperatures:”

m = P1* V1 / (R* T1) “finds volume of air at beginning of compression, mA3”

“Process 1-2:”

V1/V2 =rr “..finds V2, m"A3”

P1 *V1An = P2 * V2An “..finds P2, kPa”

m=P2*V2/(R*T2)“..finds T2, K”

“Process 2-3:”

P3 = P2 “..since Process 2-3 is at const. pressure”

(V3-V2)/(V1-V2)=0.1“..since, by data, cut off occurs at 10 % of stroke .... finds V3, mA3”
P3*V3=m*R*T3“..finds T3, K”

Q_s=m*cp * (T3 - T2) “...finds heat supplied in Process 2-3 = Q_s, kJ/kg”

V3/V2 = rc “..finds cut off ratio, r¢”

“Process 3-4:”

V4 = V1 “..for const. vol. process 4-1”

P3 * V3An = P4 * V4An “...finds P4, kPa”

P4/ T4=P1/T1“..finds T4, K ... since V4 =V1”

“Process 4-1:”

Qr=m*cv* (T4 -T1) “kJ/kg .... heat rejected in Process 4-1”

“Net work: should be calculated as area of P-v diagram, and not as (Qs - Qr), since compression and
expansion are polytropic and there is heat transfer during these processes too”
“W_net=P2*(V3-V2)+(P3.V3-P4.V4)/(n-1) - (P2. V2 -P1. V1) / (n-1)

ie. W_net=P2*(V3-V2)+R*(T3-T4)/(n-1) -R*(T2-T1) / (n-1) ...kJ/kg...net work output”
W_net=P2*(V3-V2)+R*(T3-T4)/ (n-1) -R*(T2-T1)/ (n-1) “.kJ/kg”

160
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“Thermal efficiency:”

eta_th = W_net / Q_s “.thermal efficiency”

“Mean Effective Pressure:”

MEP = W_net / (V1 - V2) “kPa ... mean effective pressure”

Results:

Unit Settings: 51 C Pa J mass deq

cp=1.005 [klikgk] ov = 0.7175 [kdikgK] i = 06277
=14 m =1 [kg] WMEP=1079 [kPa]
n=1.3 F1 =100 [kPa] P? =4913 [KPa]
P3 =4913 [kPaq] P4 =399.1 [kPa] 0 = 729.7 [kdfkiy]
Oy= 1594 [kl R = 0.287 [kdfko-k] e = 2.9

=20 T1 =340 [K] T2 =835.2 [K]
T3 =2422 [K] T4 =1357 [K] W1 = 0.9758 [rm7]
W2 =0.04879 [m7] W3 = 01415 [m7] W = 1.9758 [m7]
Woar= 1001 [kdikg]

Thus:

P1 = 100 kPa, P2 = 4913 kPa, , P3 = 4913 kPa, P4 = 399.1 kPa .... Ans.
T1=340K, T2 =835.2 K, T3 =2422 K, T4=1357 K .... Ans.

MEP = 1079 kPa = 10.79 bar ... Ans.

Net work output = W_net = 1001 kJ/kg .... Ans.

Thermal efficiency = eta_th = 0.6277 = 62.77% ... Ans.

(b) Also, plot the variation of W_net , MEP and eta_th as compression ratio varies from 5 to 25:
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First, compute the Parametric Table:

hd had E ¥ hd
P rr Wt MEP Nih
= [klikg] [kPa]
Run 1 5 95.64 122.5 0.432
Run 2 5 136.2 167 5 0 4658
Run 3 7 180.9 216.3 0.4924
Run 4 8 229.2 268.5 0.6138
Run 5 9 280.8 323.8 0.5317
Run 6 10 335.4 381.9 0.5468
Run 7 11 392.5 442 5 0.5598
Run 8 12 4522 505.5 0.5711
Run 9 13 514 1 570.7 0.6811
Run 10 14 £78.1 638 0.5899
Run 11 15 644 1 707.2 0.5978
Run 12 16 712 778.3 0.605
Run 13 17 781.7 851.1 0.6114
Run 14 18 853 925 6 0.6173
Run 15 19 926 1002 0.6227
Run 16 20 1001 1079 0.6277
Run 17 21 1077 1158 0.6323
Run 18 22 1154 1239 0 6365
Run 19 23 1233 1321 0.6405
Run 20 24 1313 1404 0.6442
Run 21 25 1394 1488 0.6476
Now, plot the results:
1400
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MEP vs comprn. ratio for Diesel cycle
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1.3.3 Problems solved with TEST:

Prob.1.32. The compression ratio of a Diesel cycle is 14 and the cut off ratio is 2.2. At the beginning of
the cycle, air is at 0.98 bar and 100 C. Find: (i) Temps and pressures at salient points, (ii) Air standard
efficiency, and (iii) the MEP. [VTU]
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TEST Solution:

Following are the steps:

Gas Power Cycles

1. From the TEST daemon tree, select the ‘Reciprocating cycles’ daemon:

. Daemon Map: A Clickable Map of Daemon (Thermoynamic Calculator) Groups |
thermofluids.net - Daemons

The Daemon Tree: A Series of Simplifications Leading to the Corect Analysis Tool

]

System Analysis

Basic Tools

States

I
| =1

- . =

. —
| FF Guad Closed Crpen
|t ] | ---] g

Tah:e!_J DeskCal Converter,

System States

| Flow States

[ P I
Unsteady Closed Processes [ ™= o J Cpen-Steady Systems [me Procasses
| L
[ [ Llﬂdr Cyel -
Specific Generle T Generic Specific
|
TR SR

[ [
|Unifurm Systems | [Hun-uniiﬂ-rm Non-Mixing |

| Nu:un-Unifarrn;S-:-ml-Mi-:lng |

| Non-Uniform Mixing |

. T | 3
| ! Reciprocating Cycles | I 1 % | | Combustion and Chemieal Equilibrium |
R i - -
|

| Paychrometry |

| I 1

iSngle-Flmﬂ 5','5tEIT|S.E [ Non-Mixing Multi-Flow Systems ]
y %

l Mixing Multi-Flow 'E-','ste-msl

i

-~ -
Vapor Pover and Vaper Compression and
Peychigmetiy

Gas Power Cycles Gas Refrigeration Cycles

Combustion and

Chemical Equilibrium | Gas Dynamics

=

| 1 I I

2. Hovering the mouse pointer over ‘Reciprocating cycles’ brings up the following pop up:

MNode Specific Help

Reciprocating Fngines:

Analyze air-standard Otto, Diesel, and vanous other cycles. Select a gas model to launch the daemon, which

builds upon the generic closed process daemans.

Chapler 7 covers reciprocaling enygines,
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3. Clicking on ‘Reciprocating cycles’ brings up the window for material selection. There is also

a schematic diagram and animation of Diesel cycle:

compressed air T

Diesel
Cycle:

Isentropic Expansion

4« ®H » »
RAUK STOF PLAY FAST

EXPERIENCE THE POW

FULL ENGAGEMENT...

RUN FASTER.
RUN LONGER..
RUN EASIER...
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4. For Materials model, choose Perfect Gas (PG) model, where cp is constant:

[Speciﬁc, Closed Process, Cycle Daemons: Select a Material Mode!]
Closed - Process - Specific - Reciprocating Cycles

thermofluids.net - Daemons . Systems -

Select a material model fo launch the cinsed (reciprocating) cycle dasmon

Closed Power Cycle Daemons: Sclect a Material Model to Launch

‘&_ Gas Models

PC odel ‘

Navigation |

|
Sap Pure Gas Models Gas Mixture Models

~“ 1= ==
¢, S oomst - RT By aRT
PG Model G Mogzl G Madsl

5. Select Air as the working substance and fill in data for p1, T1 and m1= 1 kg for State 1, i.e.

at beginning of compression, and hit Enter. We get::

 Specific, Closed Process, Cycle Daemon: PG Model i
- Sperific - Reriprorating Cycles - PG Model

thermofluids.nefk - NDaemons - Systems - Closed - Proress

Move monse over a variable to display its value with maore precision

# Mixed © 81 ( English ﬂ ¥ Help Messages On Super lterate

Cycle Panel

Supernitialize

Frocess Panel

Ri c pf c vl ki
o TS| e TS 7 e TS = S e

Note that properties for State 1 are calculated. Here, p1 = 98 kPa, T1 = 100 C.

167

Download free eBooks at bookboon.com



Applied Thermodynamics: Software Solutions

Part-I (Gas Power cycles) Gas Power Cycles

6. For State 2: Enter v2 = v1/14 (since compression ratio is 14), s2 = s1 (since Process 1-2 is
isentropic) and m2 = ml. Hit Enter:

Move mouse over a vanable lo display ils value with more precision.

“Mxed i CEngish  <[6Cased v s| Hobm uperteste | |ETETEETENIY

Procass Pansl Cyde Panel I

1) Panel

R2 c_p2 c_v2 k2

Here, p2 = 3948.38 kPa, T2 = 1073.86 K ....Ans.

7. Similarly, for State 3: Enter p3 = p2 (since Process 2-3 is a const. pressure process), v3 = v2 *
2.2 (since cut off ratio is 2.2), and m3 = m1. Hit Enter, and we get:

Move mouse over a variable lo display fis value with more precision.

@ Mixed sl CEnglish  <[6Cased v|>| @ ieipm Super-Calcuiate [l Load |

Frocess-Hanei

O Fanel

| s

I

R3 c.p3 cvd k3
R s~ R o S s~ A e~

Here, p3 = p2 = 3948.38 kPa, T3 = 2362.49 K ....Ans.

8. And for State 4, enter: v4 = v1 (since Process 4-1 is a const. volume process), s4 = s3 (since

process 3-4 is isentropic), and m4 = m1. Hit Enter:

Move manuse over a varahle in display its value with more precision

@ Mixed €SI CEnglish  <[eCase0 v >| ¥ Heipm Oon  Supererate Super-Calculale

Process Panel Cyde Pancl

/0 Panal |
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Here, p4 = 295.67 kPa, T1 = 1125.79 K ....Ans.

9. Now, go to the Process Panel. For Process A (i.e. process 1-2), enter State 1 and State 2
for b-state and f-state respectively, and Q = 0 since process 1-2 is adiabatic. Hit Enter, and

we get:

Move mouse over a variable o display its value with more precision.

# Mixed 8l ¢ English < |@Case-D vﬂ ¥ Help Messages On Super—ltetafel Super-Calculate M

State Panel | Process Panel | Cycle Panel | |/0 Panel I

Closed Process - A
Mass: M, =m, =m
/(.I
Encrgy: m(e', = ff»,) =Q-\W,+ W,
_M‘
ATH Q H;uil
—% ) = T_ +Sgn

B

Entropy: M (S

AL

Note that the boundary work, W_B etc for this process are immediately calculated.

This e-book Y o N
ismadewith SETASIGN

SetaPDF h Y 4

\7\‘ PDF components for PHP developers

www.setasign.com
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10. Similarly, for Process B (i.e. process 2-3): enter b-state and f-state, hit Enter:

Move mouse over a variable to display its value with more precision.

 Mixed 58I  English ﬂ ¥ Help Messages On Super-terate Supe -ulate Supernitialize

State Panel Process Panel Cyrde Panel

l o IPmcess-B[z—‘B] \i;;| = ' - - ;____' 5 _: .' Calculate |8

N | we - | sgen
[Frer T Y 0 TR T
- Delta E Delta_S

11. And, similarly for Process 3-4:

0 =1293.1361 kJ [Net heat transfer]

* Mixed ¢ SI ¢ English <|@Case-0 v >| W HelpMessagesOn  Superterate Super.C te Load SuperInitialize
g i R

State Fanel | Process Fanel | Uycle Hanel i) Hanel

< |Process-G 341 33 = = Siale-3 > Stales sialH >
3 yen

12. Again, for Process 4-1:

Q=0.0 kJ[Net heattransfer]

# Mixed ¢ S|  English < IMaSe—-i) ﬁﬂ ¥ Help Messages On  Super-terate Super-Calculate m Super-Initialize

State Panel Process Panel Cycle Panel W0 Panel
< | Process-D [4-1] | Ly‘ i Calculate | [vol=constant
Wwa
R | _ [tac LI
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13. Now, go to Cycle Panel, click on Calculate and SuperCalculate. All calculations are

available here:

Move mouse over a variable to display its value with more precision.

& Mixed  SI  English < I@Case-o v:ﬂ ¥ Help Messages On Super-lterate Super-Calculate | m Super-Initialize

State Panel Cycle Panel IO Fanel
= NS -

intiaiize ||

|_max 1_min b_max p_min Wi
ZZ0 R I = 2 T T ] I
0 out W.in W_out 0O et W_net
ez w  v|[eevesss o v fEssemseT[w  v|fmeslel. v fmessTTo v
S gen,int efa_th MEP J N Wdot_net
[2S2aTT [ v [FB2STIII % | 2SS e ]| [CINET) [ v
[ Overall Cycle Equations (n processes): Hf’m -
e . i _',-,0; e S I J-,O a
QJZ_;(Q)Q,;MQ) Tgm@ég
W, - Zmbus (,,.0) W, - —Z.uu'u {#,,.0) rig Lo
W, T .
o= 55 ot 17 Woa=Que ﬁWm
Note that:
Air standard efficiency = eta_th = 50.297% .... Ans.
MEP = 742.945 kPa = 7.43 bar ... Ans.
14. Get the TEST code etc from the I/O panel:
Fommmm v OUTPUT OF SUPER-CALCULATE
# Daemon Path: Systems>Closed>Process>Specific>PowerCycle>PG-Model; v-10.ca08
Fommmm - Start of TEST-cOde ~-----===mmmmmm oo oo
States {

State-1: Air;

Given: { pl= 98.0 kPa; T1= 100.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; m1= 1.0 kg; }
State-2: Air;

Given: { v2= “v1/14“mA3/kg; s2= “s1”k]J/kg.K; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m1’kg; }
State-3: Air;

Given: { p3= “p2“kPa; v3= “v2*2.2“mA3/kg; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m17kg; }
State-4: Air;

Given: { v4= “v1”m~3/kg; s4= “s3“k]/kg.K; Vel4= 0.0 m/s; z4= 0.0 m; m4= “m17kg; }

}
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Analysis {

Process-A: b-State = State-1; f-State = State-2;
Given: { Q= 0.0 kJ; T_B= 25.0 deg-C; }
Process-B: b-State = State-2; f-State = State-3;
Given: { T_B= 25.0 deg-C; }

Process-C: b-State = State-3; f-State = State-4;
Given: { Q= 0.0 kJ; T_B= 25.0 deg-C; }
Process-D: b-State = State-4; f-State = State-1;
Given: { T_B= 25.0 deg-C; }

}
fommmm oo End of TEST-code ~-----mmmmmm oo oo oo
s Property spreadsheet starts:
# State  p(kPa) T(K) v(mA3/kg)  u(k]/kg) h(k]J/kg) s(kJ/kg)
# 1 98.0 373.2 1.0927 -31.83 75.26 7.118
# 2 3948.38 1073.9 0.0781 470.24 778.42 7.118
# 3 3948.38 2362.5 0.1717 1393.55 2071.56 7.909
# 4 295.67 1125.8 1.0927 507.45 830.53 7.909
fommmee- Property spreadsheet ends-------------o-mm oo

RAND
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# Mass, Energy, and Entropy Analysis Results:

# Process-A: b-State = State-1; f-State = State-2;
# Given: Q= 0.0 kJ; T_B= 25.0 deg-C;
# Calculated: W_B= -502.06488 kJ; S_gen= -0.0 kJ/K; n= 1.4005353 UnitLess; Delta E=

502.06488 kJ;

Delta_S=-0.0 kJ/K;

Process-B: b-State = State-2; f-State = State-3;

Given: T_B= 25.0 deg-C;

Calculated: Q= 1293.1361 kJ; W_B= 369.8205 kJ; S_gen= -3.5459874 kJ/K; n= 0.0 UnitLess;
Delta_E= 923.31555 kJ; Delta_S= 0.79121226 kJ/K;

Process-C: b-State = State-3; f-State = State-4;

Given: Q= 0.0 kJ; T_B= 25.0 deg-C;

Calculated: W_B= 886.1062 kJ; S_gen= -0.0 kJ/K; n= 1.4005353 UnitLess; Delta_E= -886.1062

H OB H H H B OB R

&

Delta_S=-0.0 kJ/K;

Process-D: b-State = State-4; f-State = State-1;

Given: T_B= 25.0 deg-C;

Calculated: Q= -539.27423 kJ; W_B= 0.0 kJ; S_gen= 1.0175225 kJ/K; n= Infinity UnitLess;

Delta_E= -539.27423 kJ; Delta_S= -0.79121226 kJ/K;

Cycle Analysis Results:

Calculated: T_max= 2362.4949 K; T_min= 373.15 K; p_max= 3948.3792 kPa;
p_min= 98.0 kPa; Q_in= 1293.1361 kJ; Q_out= 539.27423 kJ;
W_in= 502.06488 kJ; W_out= 1255.9266 kJ; Q_net= 753.8618 kJ;
W_net=753.8618 kJ; S_gen,int= -2.52846 kJ/K; eta_th= 58.29718 %;
MEP= 742.9465 kPa;

HOH O H ¥ O H OB H OH O H OB R

In addition:

To plot the variation of W_net, eta_th and MEP with compression ratio varying from 10 to 24,

following are the steps:

Go to State 2, enter for v2 as: v2 = v1 / 10, for compression ratio of 10. Hit Enter.
Click on SuperCalculate.
Go to Cycle Panel and read out the values for W_net, eta_th and MEP.

L A

Repeat steps 1 to 3 for next value of compression ratio in State 2, and tabulate the results
in EXCEL.
5. Plot the graphs in EXCEL:
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Plots:

Comprn. ratio W_net (kJ) Eta_th (%) MEP (kPa)
10 590.82 52.28 600.75
12 676.43 55.64 675.30
14 753.86 58.30 742.95
16 824.91 60.47 805.22
18 890.81 62.29 863.15
20 952.45 63.85 917.48
22 1010.5 65.20 968.77
24 1065.46 66.39 1017.42

Gas Power Cycles

W net (k1)
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eta_th vs comprn. ratio for Diesel cycle
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MEP vs comprn. ratio for Diesel cycle

1100 +
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L

800 -

MEP {kPa)

700
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Comprn. ratio

Prob.1.33. The compression ratio of a Compression Ignition engine working on Diesel cycle is 16. Temp
and pressure of air at the beginning of compression is 300 K and 1 bar, and the temp of air at the end of

expansion is 900 K. Determine: (i) cut off ratio (ii) expansion ratio, and (iii) the cycle efficiency.

P 4
—\/3—]
2 > 3
5=C
5=C
4
'
—+ Ve !: Vs » Vv
+ W1 >
Fig.Prob.1.33
176

Download free eBooks at bookboon.com



Applied Thermodynamics: Software Solutions

Part-I (Gas Power cycles) Gas Power Cycles
TEST Solution:

Following are the steps:

Steps 1 to 4 are the same as for the previous problem.

5. Select Air as the working substance and fill in data for p1 = 100 kPa, T1 and m1 = 1 kg for

State 1, i.e. at beginning of compression, and hit Enter. We get:

| Specific, Closed Process, Cycle Daemon: PG Model |

thermofluids.net - Daemons - Systems - Closed - Process - Specific - Reciprocating Cycles - PG Model

Move mouse over a variable to display its value with more precision.

“ Mixed 51 English d [+ llelp Messages On Superiterate Super-Calculate m

Ltate Panel Process Pansl Cycle Panel 12 Panal |

R1 c pt ot kt
B s [O  e GGER i RGR i
Note that properties for State 1 are calculated.

6. For State 2: Enter v2 = v1/16 (since compression ratio is 16), s2 = s1 (since Process 1-2 is

isentropic) and m2 = m1. Hit Enter:

Move mouse over a variable to display its value with more precision.

© Mixed S| C English || " HeipMessageson  Superfterate | |[EEFTTSYEN R

Process Panel | Gycie Panel Vo Panel !

Calculate m Fotmation Enilialpy: @
[ | m I | _|

7| w2
_| 2
(as | IO s ]
M2

Here, p2 = 4857.497 kPa, T2 = 910.78 K ....Ans.
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7. Similarly, for State 3: Enter p3 = p2 (since Process 2-3 is a const. pressure process), s3 = s4,
and m3 = m1.. Hit Enter, and then go to State 4, and enter: T4 = 900 K (by data), v4 = vl

(since Process 4-1 is at const. volume), m4 = m1, and hit Enter. We get:

Move mouse over a varlable to dispiay Its value with more precision.

“ Mixed 21 English < |Casc 0D = :j ¥ Help Messages On Super lterate Super-Calculate Supernitialize
Process P

Sustn Batick | anel | Cycle Panel

Calculate | No-Plots v

Note that p4 = 300 kPa, T4 = 900 K. And, s4 is also calculated as s4 = 7.68006 kJ/kg.K
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8. Then, go back to State 3. Remember that now s3 = s4. Click on Calculate. We get:

T3 = 10056504 K [Absolute temperature]

# Mixed ¢ SI  English < ICase—l:l v:'ﬂ W Help Messages On Super-terate | Super-Calculate m

Hrocess Fanel I Cycle Fanel i Panel |
Initalize
03 o | _J us _J H3
———m—m— ) . &
| - | ves < I | B
___:___:_:
phis. __ | psi3. <] ms | vos
| | e S

e pld

_— (7 T _—I_IC
Here, p3 = p2 = 4857.497 kPa, T3 = 1995.65 K ....Ans.

9. Now, go to the Process Panel. For Process A (i.e. process 1-2), enter State 1 and State 2
for b-state and f-state respectively, and Q = 0 since process 1-2 is adiabatic. Hit Enter, and

we get:

T_R =298 15 K [Roundary lemperahire]

% Mixed ¢ 51 € English ﬂ Iv Help Messages On Supe_r—ltératel Super-Calculate m Super-Initialize

Sialc Pancl | Process Mancl | Cycle Pancl /3 Panc] |

i - I Process-A[1-2]

Closed Process - A

Mass:  mi, =, =m Wintlip:
0 9 F-& Work in negative
Energy: ( - e,,) (PVH 1+ W, e YI—" Heat In positive

Entropy: m(‘.!rf Sb)=T2ISan

. E
AS

Note that the boundary work, W_B etc for this process are immediately calculated.
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10. Similarly, for Process B (i.e. process 2-3): enter b-state and f-state, hit Enter:

Move mouse over a varable to display its value with more precision.

& Mixed Sl CEngi D L T R AR .o Coicuiato [ Lood |

State Panel Process Panel Cyele Panel 2 Panel

< | Process B2 3] | nit
we 7| 78 | sgen

e | 2 - :
[essssamN - v 3 ~| <
Delta_S

n Delta_E -
CESN] TR o )

11. And, similarly for Process 3-4:

T_B=20815 K [Boundary temperature]

&~ Mixed © Sl C English < | >| ¥ HelpMessages On Super-lnitialize
Glale Manel | Procesas Panel

. <19mcess—c[3—4] Bl
=

n Delta E

[} Delta_ S
- N < v
12. Again, for Process 4-1:

Move mouse over a vanable to display 1is value willl more precision.

« Mixed ¢ 51 ¢ English = I llelp Messages On Super-terate Super-Calculate m Super-nitialize

State Panel Process Panel | Cycle Panel 110 Panel

o [smted ) - [smet v
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13. Now, go to Cycle Panel, Click on Calculate and SuperCalculate. All calculations are

available here:

T_max = 19956504 K [Highesttemperature]

# Mixed ¢ SI ¢ English < |®Case—0 | > W Help Messages On Super-lterate I Super-Calculate | m

State Panel Process Fanel Cycle Panel 110 Panel
Initialize i caicuiate |§ egenerator Donor: | State-Null_ v |- Receiver: | StateNull_ v

T_max T_mir p_max p_min

Q out W_mn W_out Q net W_net
[essosseT » v [TessaN e v [iossseaT 0 v |[BSewesra e v/[emSsEITTe v

S gen,int eta_th MEP N Weot_net
(T R | Fr—
O overall Cycle Equations (n processes): PV(M

=—!min S0, ix=krnax J-,U )
Qo ; (2.0 G ; (0;.00 - 0, @ 0
o= S 0y} W= ~min ) s 2|

T

M =255 Mo =157 W =0 v,
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Note that:

Air standard efficiency = eta_th = 60.51% .... Ans.

MEP = 816.15 kPa = 8.16 bar ... Ans.

Cut off ratio = v3/v2 = 2.1911 .... Ans.

Expansion ratio = v4/v3 =7.3 ... Ans.

14. Get the TEST code etc from the I/O panel:

B OUTPUT OF SUPER-CALCULATE

# Daemon Path: Systems>Closed>Process>Specific>PowerCycle>PG-Model; v-10.ca08
Hommmm o Start of TEST-code ---------m-m oo
States {

State-1: Air;
Given: { pl= 100.0 kPa; T1= 300.0 K; Vell= 0.0 m/s; z1= 0.0 m; m1= 1.0 kg; }
State-2: Air;
Given: { v2= “v1/16“mA3/kg; s2= “s1”k]J/kg.K; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m17kg; }
State-3: Air;
Given: { p3= “p2“kPa; s3= “s4”k]/kg.K; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m17kg; }
State-4: Air;
Given: { T4= 900.0 K; v4= “v1”m~3/kg; Vel4= 0.0 m/s; z4= 0.0 m; m4= “m17kg; }
}
Analysis {
Process-A: b-State = State-1; {-State = State-2;
Given: { Q= 0.0 kJ; T_B=298.15 K; }
Process-B: b-State = State-2; f-State = State-3;
Given: { T_B=298.15K; }
Process-C: b-State = State-3; f-State = State-4;
Given: { Q= 0.0 kJ; T_B=298.15 K; }
Process-D: b-State = State-4; f-State = State-1;
Given: { T_B=298.15K; }

}
Bommm oo End of TEST-code ---------mmmm oo oo
oo Property spreadsheet starts:
# State p(kPa) T(K) v(mA3/kg) u(k]J/kg) h(k]/kg) s(kJ/kg)
# 1 100.0 300.0 0.861 -84.24 1.86 6.893
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# 2 4857.5 910.8 0.0538 353.39 614.77 6.893

3 4857.5 1995.7 0.1179 1130.71 1703.43 7.68
# 4 300.0 900.0 0.861 345.66 603.95 7.68
e Property spreadsheet ends-------------=-- oo oo
# Mass, Energy, and Entropy Analysis Results:
# Process-A: b-State = State-1; f-State = State-2;
# Given: Q= 0.0 kJ; T_B=298.15 K;
# Calculated: W_B= -437.62894 kJ; S_gen= -0.0 kJ/K; n= 1.4005353 UnitLess; Delta_E=
437.62894 KJ;
# Delta_S= -0.0 kJ/K;
# Process-B: b-State = State-2; f-State = State-3;
# Given: T_B= 298.15 K;
# Calculated: Q= 1088.6602 kJ; W_B= 311.343 kJ; S_gen= -2.8642204 kJ/K; n= 0.0
UnitLess;
# Delta_E= 777.3172 kJ; Delta_S= 0.7871639 kJ/K;
# Process-C: b-State = State-3; f-State = State-4;
# Given: Q= 0.0 kJ; T_B=298.15 K;
# Calculated: W_B= 785.0417 kJ; S_gen= -0.0 kJ/K; n= 1.4005353 UnitLess; Delta_E=
-785.0417 KJ;
# Delta_S=-0.0 kJ/K;
# Process-D: b-State = State-4; f-State = State-1;
# Given: T_B=298.15 K;
# Calculated: Q= -429.90448 kJ; W_B= 0.0 kJ; S_gen= 0.6547428 kJ/K; n= Infinity
UnitLess;
# Delta_E= -429.90448 kJ; Delta_S= -0.7871639 kJ/K;
# Cycle Analysis Results:
# Calculated: T_max= 1995.6504 K; T_min= 300.0 K; p_max= 4857.497 kPa;
# p_min= 100.0 kPa; Q_in= 1088.6602 kJ; Q_out= 429.90448 kJ;
# W_in= 437.62894 kJ; W_out= 1096.3846 kJ; Q_net= 658.75574 kJ;
# W _net= 658.75574 kJ; S_gen,int= -2.20948 k]J/K; eta_th= 60.51068 %;
# MEP= 816.1507 kPa;

#000*CALCULATE VARIABLES: Type in an expression starting with an ‘=" sign (‘= mdot1*(h2-h1);
‘= sqrt(4*A1/PI)) etc.) and press the Enter key)*++0rt*
=v3/v2
v3/v2 = 2.191142569735077 = 2.1911 ...cut off ratio...Ans.
=v4/v3
v4/v3 = 7.302126397888614 = 7.302 ... expansion ratio....Ans.
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Prob.1.34. One kg of air undergoes a Diesel cycle commencing from 15 C and 1 bar. The compression
ratio is 15. The heat transfer to the cycle is at constant pressure and is equal to 1850 k]J. Calculate: (i) the
cycle efficiency, and (ii) the MEP. [VTU]

Fl F Y
— 3 ——»
2 > 3
5=C¢C
5=cC
4
'

| Vele Vs » v

+ W1 -
Fig.Prob.1.34
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Applied Thermodynamics: Software Solutions

Part-I (Gas Power cycles) Gas Power Cycles
TEST Solution:

Following are the steps:

Steps 1 to 4 are the same as for the previous problem.

5. Select Air as the working substance and fill in data for pl= 100 kPa, T1= 15 C, and m1=1
kg for State 1, i.e. at beginning of compression, and hit Enter. We get:

ESpeciﬁc, Closed Process, Cycle Daemon: PG Mode!]

thermofluids.net - Daemons - Systems - Closed - Process - Specific - Reciprocating Cycles - PG Model

Move mouse over a variable to display its value with more precision.

& Mixed 351 O English ﬂ v Help Messages On Buper-lterate | Super-Calculate m Supernitialize

State Panel | Process Panel l Cycle Panel 0 Panel

Calculate | InMmialize
n a

—— —lw ———— i

Ri ¢ pf c vl
O o ORI ¢ BT Gk SRS i

Note that properties for State 1 are calculated.

6. For State 2: Enter v2 = v1/15 (since compression ratio is 15), s2 = s1 (since Process 1-2 is

isentropic) and m2 = ml. Hit Enter:

Move mouse over a variable to display its valuc with more precision.

& Mixed ¢ S|  English <|Case—0 \_?ﬂ ¥ Help Messages On Super-ateratel Super-Calculate m

Process Panel | Cycle Panel 110 Panel

Calculate Mo-Plots Initialize Formation Enthalpy: @ . O

A v

|~
faszeos e _ _ _ _mg
E _J 2 =

Here, p2 = 4437.694 kPa, T2 = 579.331 C.
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7. Similarly, for State 3: Enter p3 = p2 (since Process 2-3 is a const. pressure process), and

m3 = ml. Hit Enter. Not all calculations are completed, since data is not enough:

Move mouse over a vartable 1o dispiay its value with more precision.

= Mixed ¢ 81 English = [+ llelp Messages On Superterate I culate m

State Panel | Process Panel Cycle Panel 0 Panel |

H | Calculate

8. Now, go to State 4, and enter: s4 = s3 (for isentropic process 3-4), v4 = v1 (since Process 4-1

is at const. volume), m4 = m1, and hit Enter. We get:

Move mouse over a variable to dispiay jts value with more precision.

“ Mixed 851 CE glist < ICasH) ;M': e [+ llelp Messages On Super-lierate | Super-Calculate m

State Panel FHrocess Hanet | Lycle Hanet LU Fanel |

ho-Plots s | Initialize Formation Enthalpy:

Again, data is notenough (i.e. atleast two independent properties must be known to make all calculations).

However, these calculations will be made automatically later with SuperCalculate.
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9. Now, go to the Process Panel. For Process A (i.e. process 1-2), enter State 1 and State 2
for b-state and f-state respectively, and Q = 0 since process 1-2 is adiabatic. Hit Enter, and

we get:

Delta_S=-0.0 kK [Change in entropy of the system]

# Mixed ¢ Sl ¢ English <|Case-0 viiJ [V Help Messages On Super—lferatel

Stale Panel | Process Panel | Cycle Pangl

<[Process-Alt2l v > | : |State2  w|
_“_l B _J 5_gen

Closed Process - &

Mass: m.=m, =m

5
0
i

energy: m(e, —e,)=0Q (Wn-+y

Work in negative
Heat In positive

Weu
Entropy: +5 =0

Note that the boundary work, W_B etc for this process are immediately calculated.

With us you can
shape the future.
Every single day.

For more information go to:
WWw.eon-career.com

Your energy shapes the future.

e-on
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10. Similarly, for Process B (i.e. process 2-3): enter b-state and f-state, hit Enter:

T_B =250 dey-C [Boundary lemperalue]

& Mixed 51 English = ¥ Help Messages On Super-terate Super Calculate m Super Initialize

State Panel | | Cycie Panel |0 Panel

| <frmeesseryvof g e B EE e |
4] 2 Ed Seen

Again, data is not enough to make all calculations.

11. And, similarly for Process 3-4:

Move mouse over a variable o display its value with more precision.

# Mixed © 81 ( English 4|.Cage-0 v = ¥ Halp Messages On Super-terate Super_Calculate SuperInitialize

State Panel Process Panel Cycle Panel O Panel

l < I Process-C [3-4] v_;'|

Again, data is not enough to make all calculations.

12. Now, for Process 4-1: Enter for b-state and f-state as shown, and click on SuperCalculate.

Immediately, all calculations, including for the previous States, are made. We get:

Move mouse over a variable to display its value with more precision.

¥ Mixed 81  Englis < I@Casi: 0 v > ¥ Help Messages On Super Itcr'mni Super-Calculate m m

State Panel | Process Panel Cycle Pane! i3 Panel

. < |F’mu‘.\cs D4 1] .-'.“.'"-.| > |

188

Download free eBooks at bookboon.com



Applied Thermodynamics: Software Solutions
Part-I (Gas Power cycles) Gas Power Cycles

13. Now, go to Cycle Panel. All calculations are available here:

Move mouse over a variable to display its value with more precision.

# Mixed S|  English ﬂ ¥ Help M : Supe m Super-Initialize

State Panel Process Panel IO Panel

__ __ __ __ _:
S gen,int cta_th J  Wdot nct.

EeET v v v _Im ]

[ Overall Cycle Equations (n processes):

e —gmm( 0.0 G- ﬁ‘,m( 0,0

Wy, - imax (.00 W, me (7, .0}
it J=l
W, Lo
Lo R

Thus:

Cycle efficiency = eta_th = 55.185% ... Ans.

Net work output = W_net = 1020.93 kJ .... Ans.

MEP = 1322.75 kPa = 13.2275 bar .... Ans.

14. Now, go back to States Panel and see State 3 and 4:

Move manse aver A variahle tn display its valne with more precision

# Mixed © 51 ( English ﬂ ¥ Help Messages Un Super-iterate | Super-Calculate

State Panel | Process Panel | Cycle Pane| 10 Panel I

Initialize Formation Enthalpy: @

R3 ¢ p3 v w3 k3
PR | TR - e TR = e T

Note that T3 = 2422.8896 C .... Max. temp in cycle.
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And, State 4:

Move mouse over a variable fo display its value with more precision.

# Mixed © 81 ( English 4@(;1:;94 -‘\s_'j ¥ Help Messages On hl’:pp.rfliemfel culate Supernitialize

Process Panel [ Cycle Pancl 113 Pancl

5 | &) — | —— -
= TR 1 TR R T - e
Note that T4 = 1172.105 C, p4 = 501.56 kPa.
15. Also see Processes B, C and D in the Process Panel:

Process B (2-3):

O =00 ki[Net heat transfer]

©Mixed sl CEnglish  <|ecase0 v|>| ¥ HepMessageson  superterate | |[ETgemrery  [EER]

Stale Panel | Process Panel Cycle Panel 10 Panel

Process C (3-4):

Move mouse overa variable to display its value with more precision.

~ Mixed 81  English < IOC:I!!Q'O M_,Ll ¥ Help Messages On Super lterate Super-Calculate Super-nitialize

Siale Panel | Process Panel Cycle Panel 110 Panel
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Process D (4-1):

Move mouse over a variable to dispiay its value with more precision.

# Mixed ¢ Sl  English ﬂ ¥ Help Messages On Super-terate Super-Calculate m SuperInitialize

State Panel | Process Panel I Cycle Panel ] 110 Panel |
| <[rrocesspinv>| e v EEEE EEE oo |
| a | ws K | sqen
- - - - Y

n Delta E Delta S

16. Get the TEST code etc from the I/O panel:

Frommmmmm OUTPUT OF SUPER-CALCULATE

# Daemon Path: Systems>Closed>Process>Specific>PowerCycle>PG-Model; v-10.ca08
oo Start of TEST-c0ode -----==mmmmm oo oo
States {

State-1: Air;

Given: { p1= 100.0 kPa; T1= 15.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; m1= 1.0 kg; }
State-2: Air;

Given: { v2= “v1/15"mA3/kg; s2= “s1”k]J/kg.K; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m1”kg; }
State-3: Air;
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Given: { p3= “p2“kPa; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m1’kg; }
State-4: Air;
Given: { v4= “v1”mA3/kg; s4= “s3“k]/kg.K; Vel4= 0.0 m/s; z4= 0.0 m; m4= “m17kg; }
}
Analysis {
Process-A: b-State = State-1; f-State = State-2;
Given: { Q= 0.0 kJ; T_B= 25.0 deg-C; }
Process-B: b-State = State-2; f-State = State-3;
Given: { Q= 1850.0 kJ; T_B= 25.0 deg-C; }
Process-C: b-State = State-3; f-State = State-4;
Given: { Q= 0.0 kJ; T_B= 25.0 deg-C; }
Process-D: b-State = State-4; f-State = State-1;
Given: { T_B= 25.0 deg-C; }

}
Bommmmmmm e End of TEST-code ~-----=-=mmm oot
fommmoee- Property spreadsheet starts:
# State  p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
# 1 100.0 288.2 0.827 -92.73 -10.03 6.852
# 2 4437.69 852.5 0.0551 311.62 556.27 6.852
# 3 4437.69 2696.0 0.1744 1632.54 2406.27 8.008
# 4 501.56 1445.3 0.827 736.34 1151.11 8.008
oo Property spreadsheet ends------------omoommm oo
# Mass, Energy, and Entropy Analysis Results:
# Process-A: b-State = State-1; f-State = State-2;
# Given: Q= 0.0 kJ; T_B= 25.0 deg-C;
# Calculated: W_B= -404.34735 kJ; S_gen= -0.0 kJ/K; n= 1.4005353 UnitLess; Delta_E=
404.34735 kJ;
# Delta_S=-0.0 kJ/K;
# Process-B: b-State = State-2; f-State = State-3;
# Given: Q= 1850.0 kJ; T_B= 25.0 deg-C;
# Calculated: W_B= 529.0765 kJ; S_gen= -5.049519 kJ/K; n= 0.0 UnitLess; Delta_E=
1320.9235 kJ;
# Delta_S= 1.1554112 kJ/K;
# Process-C: b-State = State-3; f-State = State-4;
# Given: Q= 0.0 kJ; T_B= 25.0 deg-C;
# Calculated: W_B= 896.1965 kJ; S_gen= -0.0 kJ/K; n= 1.4005353 UnitLess; Delta_E=
-896.1965 KJ;
# Delta_S= -0.0 kJ/K;
# Process-D: b-State = State-4; f-State = State-1;
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Given: T_B= 25.0 deg-C;
Calculated: Q=-829.0744 kJ; W_B= 0.0 k]J; S_gen=1.6253179 kJ/K; n= Infinity UnitLess;
Delta_E= -829.0744 kJ; Delta_S= -1.1554112 kJ/K;
# Cycle Analysis Results:
# Calculated: T_max= 2696.0396 K; T_min= 288.15 K; p_max= 4437.694 kPa;
# p_min= 100.0 kPa; Q_in= 1850.0 kJ; Q_out= 829.0744 kJ;
# W_in= 404.34735 kJ; W_out= 1425.273 kJ; Q_net= 1020.9256 kJ;
# W_net= 1020.9256 kJ; S_gen,int= -3.4242 kJ/K; eta_th= 55.18517 %;
# MEP= 1322.7482 kPa;

Prob.1.35. An oil engine works on ideal Diesel cycle, with a compression ratio of 20. Heat addition
at constant pressure takes place up to 10% of stroke. Initial pressure and temp are 1 bar and 67 C.
Compression and expansion follow the law P. vA1.3 = constant. Find the following: (i) temps and
pressures at all salient points (ii) mean effective pressure of the cycle, (iii) net work done per kg of air,

and (iii) the thermal efficiency.

Note: This is the same as Prob.1.31, which was solved with EES.

Now, we shall solve it with TEST:

TEST Solution:
Following are the steps:

Steps 1 to 4 are the same as for the previous problem.

5. Select Air as the working substance and fill in data for pl= 100 kPa, T1=67 C, and m1= 1 kg

for State 1, i.e. at beginning of compression, and hit Enter. We get:

| Specific, Closed Process, Cycle Daemon: PG Model |

thermofluids.net - Daemons - Systems - Closed - Process . Specific - Reciprocating Cycles - PG Modal

Move mouse over 3 varable to display its value with more precigion.

~ Mixed 31 O English < |80ase-0 > = v Help Messages On Super-llerale Supe: -Calculale m Supe dnilialize

State Panel | oess Pane Cycle Panel 110 Panel |
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Note that properties for State 1 are calculated.

6. For State 2: Enter v2 = v1/20 (since compression ratio is 20), p2 = p1 * (v1/v2)"1.3 (since
Process 1-2 is polytropic, with n = 1.3) and m2 = m1. Hit Enter:

52=6.803145 klika K [Specific enfropy]

& Mixed 51 English E ¥ Help Messages On Super-iterate Super-Calculate Supernitialize
255 OF

State Panel Process Fanel | Cycle Panel

C-aln:u!ath No-lots _Initi:lliac:__ Formation Enthalpy: @ [,

kglkmal v

Here, p2 = 4912.91 kPa, T2 = 562.4135 C ....Ans.

°I studied
‘English for 16
ears but...
...I finally
learned to
speak it in jus
six lessons”

Jane, Chinese architect

OUT THERE

Click to hear me talking

before and after my

unique course download
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7. Similarly, for State 3: Enter p3 = p2 (since Process 2-3 is a const. pressure process), m3 =

ml, and v3 = v2 + (vl - v2) * 0.1 (since by data, (v3 - v2) / (vl - v2) = 0.1). Hit Enter.
We get:

Move mouse over a variable to display its value with more precision.

~ Mixed ( SI ( English ﬂ ¥ Help Messages On Super-lterate Super_Calculate m

State Panel | Process Panel |

Cycle Panel If0 Panel |

Calculate Initialize Formation Enthalpy: @
| ® J | w _|
_- __ _ __ _|:
_| 7| vas 4 _| e |
__ __ —m __ _IE
. ; | ms | o
g ] _ [ ] __ _I:

__ _:I __ _:I

Note that p3 = 4912.91 kPa, T3 = 2149.9841 C.

8. Now, for to State 4. And, p4 = p3 * (v3/v4)~1.3 (since Process 3-4 is polytropic with
n = 1.3). Also, m3 = m1. Click on Calculate. We get:

Move mouse over a variable to display its value with more precision.

# Mixed 81 ( English ﬂ ¥ Help Messages On Super-lterate Super_Calculate m

State Panel | Process Manel Cycle Manel

v Calculate itialize Formation Enthalpy: & . O
M _| m _| n
_— [ T Y _EI _EI _

10 Manel |

] s | vent EH | = |
_I—I _I—I _I_I -M _I—I

Here, p4 = 399.13 kPa, T4 = 1357.65 K ....Ans.

195

Download free eBooks at bookboon.com



Applied Thermodynamics: Software Solutions
Part-I (Gas Power cycles) Gas Power Cycles

9. Now, go to the Process Panel. For Process A (i.e. process 1-2), enter State 1 and State 2 for

b-state and f-state respectively, and hit Enter, and we get:

Move mvuse over d variable o display ils value wilh muore precision.

& Mixed ¢ SI  English :IMasHI \is,il ¥ Help M on SuDer—I%eraTel Super-Calculate M Supernitialize

State Panel l Process Panel Cycle Panel WO Fanel

Closed Process - &

Mass: = = 1o WinHip:
=49 ; Work in negative
Energy: = - i ] Heat in positive

Entropy:

AL

Note that the heat transfer Q and the boundary work, W_B etc for this process are immediately calculated.

10. Similarly, for Process B (i.e. process 2-3): enter b-state and f-state, hit Enter:

Move mouse over avariable to display its value with more precision.

“Mixed ¢ S ¢ English = |®Case~0 vil [+ Help M ‘Super-lterate 1 Super-Calculate m

State Panel | Cycle Panel 13 Panel

. < |Process-B 23 > |

11. And, for Process 3-4:

Q=1583.1177 kJ [Net heat transfer]

& Mixed 81  English = ¥ Help Messages On Super-ierate Sup ate 0a Supernifialize

Giate Manel Cycle Manel
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12. Again, for Process 4-1:

=255838 KJ|Netheat transter]

# Mixed ¢ 51 ¢ English < |®Cas&{l > = ¥ Help Messages On Smet—lherate.l Super-Calculate Super-nitialize

State Panal | Process Panel | Cyrie Panel Iy Panel

<[ProcessDig1i || S staled [ - [Stae1 v Calculate | an:mnstant

Delta S

e — e r—

DUKE
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13. And, now go to Cycle Panel. SuperCalculate. All calculations are available here:

“ Mixed ¢ SI { English ;—j@Case-U ~| =| ¥ llelp Messages on Super-terate Super-Calculate | Super-nitialize |
e -

1 ess t | Cycle Panel | |
[ inmaize |  calcuate | State-ull v state-Null v
T_max T_min o_max p_min Q_in
24231343 K v |[3a0015 & v [s912912 Wa v [1o00 Wa v | [1848.9557 v
Q out W_in W _out G net W _net
2480023 P | [s73 82337 K +| 14748767 ~ [1000.0533 ~| [1000.0523 v
5_genint eta_th MCP | ~ Weiot_net
[-3.35721 KK v||54.13615 % v |1079.3398 wa v nz ol KW ¥
1 Overall Cycle Equations (n processes): W
Qo == 0 2,,0); Oy = > max(,.0) O i O
1 =1 =in | = oot
,, ,, @ )
S, ) =S 7 0) maf—( T
gt J-1 = -
3 7
., T - 1 |
M =223 Thewen =1= 25 Wow =g I,
= e
Note that:

Cycle efficiency = eta_th = 54.14% % .... Ans.

(Note: With EES, we obtained eta_th = 62.77% since we took Q_s as only the external heat supplied
during const. pressure process 2-3. But, with TEST, Q_s is automatically taken as total heat supplied
in process 2-3 and process 4-1)

W_net = 1009.95 K] ... Ans.

MEP =1079.34 kPa = 10.79 bar ... Ans.

14. Get the TEST code etc from the I/O panel:

Bmmmm OUTPUT OF SUPER-CALCULATE

# Daemon Path: Systems>Closed>Process>Specific>PowerCycle>PG-Model; v-10.ca08
fommmm Start of TEST-code ---------m-m oo
States {

State-1: Air;

Given: { pl= 100.0 kPa; T1= 67.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; m1= 1.0 kg; }

State-2: Air;

Given: { p2= “p1*(v1/v2)A1.3“kPa; v2= “v1/20“m~3/kg; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m17kg;

State-3: Air;
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Given: { p3= “p2“kPa; v3= “v2+(v1-v2)*0.1“m~3/kg; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m17kg; }
State-4: Air;
Given: { p4= “p3*(v3/v4)A1.3“kPa; v4= “v1”mA3/kg; Veld= 0.0 m/s; z4= 0.0 m; m4= “m17kg; }

}
Analysis {

Process-A: b-State = State-1; f-State = State-2;
Given: { T_B=298.15 K; }

Process-B: b-State = State-2; f-State = State-3;
Given: { T_B=298.15K; }

Process-C: b-State = State-3; f-State = State-4;
Given: { T_B=298.15 K; n= 1.3 UnitLess; }
Process-D: b-State = State-4; f-State = State-1;
Given: { T_B=298.15 K; }

}
- .
fommmoee- Property spreadsheet starts:
# State p(kPa) T(K) v(m~3/kg)
# 1 100.0 340.2 0.9762
# 2 4912.91 835.6 0.0488
# 3 4912.91 2423.1 0.1415
# 4 399.13 1357.7 0.9762
e Property spreadsheet ends
# Mass, Energy, and Entropy Analysis Results:
# Process-A: b-State = State-1; f-State = State-2;
# Given: T_B= 298.15 K;

u(kJ/kg)
-55.47
299.5
1437.0
673.57

h(kj/kg)
42.15
539.29
2132.41
1063.2

s(kJ/kg)
7.019
6.803
7.872
8.011

Calculated: Q= -118.95589 kJ; W_B=-473.92337 kJ; S_gen= 0.18318452 kJ/K; n= 1.3

Calculated: Q= 1593.1177 kJ; W_B= 455.61142 kJ; S_gen= -4.274912 kJ/K; n= 0.0

Calculated: Q= 255.838 kJ; W_B= 1019.26526 kJ; S_gen= -0.718985 kJ/K; Delta_E=

#

UnitLess;

# Delta_E= 354.9675 KkJ; Delta_S= -0.21579547 kJ/K;
# Process-B: b-State = State-2; f-State = State-3;

# Given: T_B=298.15 K;

#

UnitLess;

# Delta_E= 1137.5062 kJ; Delta_S= 1.0684308 kJ/K;
# Process-C: b-State = State-3; f-State = State-4;

# Given: T_B= 298.15 K; n= 1.3 UnitLess;

#

-763.4273 KJ;

# Delta_S= 0.13909978 kJ/K;

# Process-D: b-State = State-4; f-State = State-1;
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# Given: T_B= 298.15 K;

# Calculated: Q= -729.04645 kJ; W_B= 0.0 kJ; S_gen= 1.4534986 kJ/K; n= Infinity
UnitLess;

# Delta_E= -729.04645 kJ; Delta_S= -0.99173516 kJ/K;

# Cycle Analysis Results:

# Calculated: T_max= 2423.1343 K; T_min= 340.15 K; p_max= 4912.912 kPa;

# p_min= 100.0 kPa; Q_in= 1848.9557 kJ; Q_out= 848.0023 kJ;

# W_in= 473.92337 kJ; W_out= 1474.8767 kJ; Q_net= 1000.9533 kJ;

# W_net=1000.9533 kJ; S_gen,int= -3.35721 kJ/K; eta_th= 54.13615 %;

# MEP= 1079.3398 kPa;

(b) To plot the variation of W_net, eta_th and MEP with compression ratio varying from 10 to 24:
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Following are the steps:

Click on SuperCalculate.

Ll

EXCEL.
5. Plot the graphs in EXCEL:

Go to Cycle Panel and read out the values for W_net, eta_th and MEP.

Comprn. ratio W_net (kJ) eta_th (%) MEP (kPa)
10 335.48 45.68 381.85
12 452.33 48.20 505.49
14 578.31 50.16 637.99
16 712.28 51.74 778.30
18 853.38 53.04 925.63
20 1000.95 54.14 1079.34
22 1154.44 55.07 1238.92
24 1313.41 55.88 1403.95

Plot the results in EXCEL:

Gas Power Cycles

Go to State 2, enter for v2 as: v2 = vl / 10, for compression ratio of 10. Hit Enter.

Repeat steps 1 to 3 for next value of compression ratio in State 2, and tabulate the results in

1500 +

1300 -

1100 4

00 -

W net (k)

700 -

500 -

W _netvs comprn. ratio for Diesel cycle

3':”:' T 1 1 1 T
10 12 14 16 18 20

Comprn. ratio

22

24
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Gas Power Cycles

MEP vs comprn. ratio for Diesel cycle
1500 -
1300 -
1100 -
g
< 900 -
=
700 -
500 -
3':”:' T T T T T T
10 12 14 16 18 20 24
Comprn. ratio
14 Problems on Dual cycle (or, limited pressure cycle):

1.4.1 Problems solved with Mathcad:

Prob.1.36. An air standard dual cycle has a compression ratio of 9. At the beginning of compression, P

and T are 1 bar and 300 K respectively. The heat addition per unit mass of air is 1400 kJ/kg, with one-

half added at constant volume and one-half added at constant pressure. Determine: (i) the temps at the

end of each heat addition process (ii) net work per unit mass (iii) thermal efficiency (iv) the mep. [VTU]

P

—4;!‘7 Vs 'I

Ve

Fig.Prob.1.36
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Mathcad Solution:

Data:

r:=10 ___compression ratio R =0287 klkgk . Gas const. for air

Pl=100 kPa T1:=300 K v:=14 cv=0718 klkgK  cp=1005 klkgK

Q. =700 kJikg ___ heat supplied at const. vol.

Qp =700  klkg .. heat supplied at const. pressure

Calculations:

Process 1-2:

=Tir ' ie T2=7246  K..Ans.

P2 =Plt ie. P2=2167x 10"  kPa...Ans.

Process 2-3:

cpt(T4-T3) = ov*(T3-T2) = 700 kJ'kg ... heat supplied in two processes

Therefare:
Q‘. ) -

Ti=— +T2 e Ti=1607% 10 K....Ans
o

And, for Process 3-4::

0 ) 3
Ti=-F . T3 ie Ti=23x10" K...Ans
cp

Process 4-5:

Mow, we have:

oowr=1 —1 - —1 - v—1
AL w5 vyt vl w3yt { AN
E=E =ij =E‘—1-‘J: =51'- J: _since v =yl w3 =2
5 \wv4) Lv2 owd ) Lv2 owd ) . T4)
Therefore:
oyt )
Tdb TS = | - — | e, TdbyT3i = 2009
) L T4 )
T4 ) 3
So: Ti= _ e, Ti=1141x10" K....Ans.
T4y T3

204
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Gas Power Cycles

Heat rejected, Qr:
Q = cv(TI-T1) Qe Q =503367  klikg
Heat supplied, Qs:
Q=Qv+Qp e, Qg=14x 1[I'3 kJ/kg

Net work done:

Whet = Qs — Qr LB Wpe = 796433 kJikg....Ans.
Thermal efficiency:

Wiet
n =
Qs

ie. n=03569 ..Ans
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Mean Effective Pressure:

.. volume of 1 kg at state 1

....wol. at state 2

vl = RO e wl=08461 m"3kg.

P1
v = 212 e v2=0.096 m*3/kg
|
Therefore:

“,nat'm:

mep = —————
vl — +2

L. mep= 10406 % IEIﬁ Pa = 10.406 bar ... Ans.

Verify the above results for thermal efficiency, Work done and MEP with Mathcad Functions for

the same:

Following are the Mathcad Functions: (see the formulas given at the beginning of this chapter)

_ _ ' Ty
Neplr,re.mp.y) =1- pre

=1L P - D+ ep(re - 1)

Work output: P1in kPa, v1 in m*3/kg:

"-ﬁ.'i'_r__ e, 1p _.Pl.-"l.-'."..: :

:| _..Thermal effcy.

e | w—1 | T )
_ Pl-vl-[rp-',-‘-{rc —Lr +{p-1)r —lprc — 1-|] kJ/kg

- 1

Mean Effective Pressure: p1in kpa

. . 1
MEP r,tc,1p.7,pl) = #-[r'-[rp-}'-[rc -
(= 1)-(y - 1)
Remember:
vl . .
r= — _..compression ratio
Vi
rem = _..cut off ratio
w2
p= B _pressure ratio, or explosion ratio
p2

1)+ (p-1)] - r-:.rp-rn:": - 1::| kPa
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Now, for the above problem:

Pl=100 kPa vl =0.361 m"3ikg
r= vi =90 r=19
Vi
rc=L3= I e o= - e =141
v2a T3 T3
m:i—i:% K=3 m:% ie rp = 2340
Applying the above Mathcad Functions:
niwlr.re.ep.y) = 0368 = 56.9 % .... Ans.
Wit re,mp,P1.vl,7) = 726018 kJikg... Ans.

MEP(r.re.1p.7 P1) = 10401 x 10°  kPa = 10.401 bar ...Ans.

Note that the results obtained with Mathcad Functions match very well with those obtained earlier.

(b) Now, for the above problem, plot the Efficiency, Work output and MEP as the compression ratio

varies from 10 to 28:

With the above Mathcad Functions, plotting the desired graphs is very easy:

r=10,12.23 ....define r as a range variable from 10 to 28.
r= Ninlr.re.ep.7) Wir.re,p.P1.v1,7) MEP(1.1c,tp.7.P1)
10 0.587 856.245 1.105-102
12 0.616 966.653 1.2251032
14 0.629 1.066-102 1.334-102
16 0.658 1.1881032 1.4351032
18 0.673 1.243-102 1.529-102
20 0.687 1.3231032 1617102
22 0.699 1.397-102 1.7-102
24 0709 1.468102 17791032
26 0718 1.536-102 1.855-102
28 0726 16102 1.8271032
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Now, plot the results:

0.73
T T T T T T 7

0.73 [~ Thermal effcy. of Dual cycle vs comprn. ratio —
0.71 —

0.67

Nelr.rc e, 71 (0.63
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a
2000 | | | | | | |
1299 |- Work output and MEP of Dual cycle vs comprn. ratio] .-
1800
1700 e

Whork output and MEP
e
=4
L=

10 12 14 16 13 20 22 24 26 28 30
compression ratio, 1

— Work output, kl'kg

----- MEF, kPa

Prob.1.37. The compression ratio and expansion ratio of an oil engine working on the dual cycle are
9 and 5 respectively. The initial pressure and temp of air are 1 bar and 30 C. The heat liberated at
const. pressure is twice the heat liberated at const. vol. The expansion and compression follow the law
p.vA1.25 = const. Determine: (i) P and T at all salient points (ii) MEP of the cycle (iii) Efficiency of the
cycle (iv) Power of the engine, if working cycles per sec are 8. Assume cylinder bore = 250 mm and
stroke length = 400 mm. [VTU]

P4

pvin=c

| .
Hl—— = —— & E

Ve

Fig.Prob.1.37
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Mathcad Solution:

Note: In this problem, compression and expansion are polytropic, and not isentropic.

Therefore, we can not write W as Qs — Qin; Instead, W = area of the cycle in the p-v diagram.

Data:
r=%o ___compm. ratio re =3 ._.expansion ratio = v
Pl:=1 bar T1 =303 K n=125 1=14 R =287 Jkg K
D=023 m L=04 m
We have, for cut off ratio:
v vl v3 1 +1 T
tr= =——=——=—
w3 v w3 re 2 te
e w=— e, re=18 ___cutoffratio
re
Calculations:
. =D . .
Vg = T-I_ e, V.=002 m"3_.. strokevolume
Vg ) -3
Ve = e Vp=2434x 10 m*3.... clearance volume
r—1
Also: Vi="V, V21=V3

Vi=rV, ie Vi=002 m3
V4 = rc-V3 Vi=1V1
Process 1-2: ... polytropic process:

=T/ ie T2-524811 K..Ans.

P2 = Plr" ie. P2= 15588 bar....Ans.
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Process 2-3: ... const. volume process

By data:  cp®(T4-T3) = 2%cv*(T3-T2)

w =T3i-T2 Also: %

Then, we get:
3l 2y = 2(T3-T2)
T3

e, T3-(rc— 1)-y=2(T3-T2)

e T2=Ti(1-0.36)

=3 T3 = E
044
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e T3=1193x 100 K....Ans.
And: T4 = T3-rc

ie Ti=2147%x 100 K... Ans.

Process 3-4, const. pressure process:

i.e.  P3= 33428 bar

PL=P3 e Pd = 33428 bar

TS = ie. T5=1436x10" K....Ans.

Work output:

W = area 12345

Therefore:
— [Ps-(w vy (P4-V4— PSV5)  (P2V2- P1.1r1}:|_ P
n-1 n-1
ie W=21227 kJ... Ans
Mean Effective Pressure:
mep = ::_ e mep-1081x10° kPa=10.81 bar ... Ans.

z

Heat supplied....taking in to account only the heat supplied in Processes 2-3 and 3-4:

(Remember: there is heat transfer in the polytropic processes 1-2 and 4-5 too.)

P1.10°-V1
m=———

= l.e. m=0025 kglcycle cp= 1005 JkgK ev =718 Jikg K
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Qg =m-[ev-(T3 - T2} + cp-(T4 - T3} ]

i Q5=3.6i-l-><1[|-4 J

Thermal efficiency:

3
_ “{;“ ie. n=0381 =58.1%... Ans.
=

mn:
Power developed when no. of cycles is 8 per sec.:
Power = W-§

i.e. Power = 160.81%8 KWV ... Ans.

Prob.1.38. In an air standard dual cycle, P and T at the start of the compression stroke are 100 kPa and

300K. Compression ratio is 15. Max. temp of cycle is 3000 K and max pressure is 7 MPa. Determine:

1) Work done per kg of air
2) energy added per kg of air
3) MEP ....[VTU]

P4

L J

—4/‘1*"— Vs 44 v 4
Ve

Fig.Prob.1.38
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Mathcad Solution:

Data:
Pl=1 bar Ti=35300 K =15 P4=70 har T4 =3000 K P53 =P4

R =02387 hklkgK =14

oV o= R ie ecv=0718 klkgK op = R e, cp=1005 klkgK
T—1 T—1
Calcuations:
Process 1-2:
=T e T2-g86253 K
P2 =Plr  ie P2=44313 bar
Process 2-3:
F3 .
I3 = —-T2 1.8 Ti=14x 1IZII3 4
P2
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Process 4-5:
. =1
1 T4Y . 3
T5 = T4 —-— | e T5=137TT=x10 K
\r T3)

Heat supplied:

Qg =cv{T3-T2) + cp(T4 - T3 l.e. Qg=1876x 10’ kJikg...heat added...Ans.

Heat rejected:
Qp = c(T5—TI) ie Qp=773084  klkg
Work output:

W=0Qg-Qg Qe W=1203x10 kJikg...Ans

Mean effective pressure:

3
VI = M ie. V1=0861 m"3
P1-10°
Therefare:
& 3 .
mep = 1 10 = 2. mep = 1497 x 105 Pa.. = 14.97 bar.... Ans.
Vii1— = |
\ r)

Verify the above results with the Mathcad Functions written earlier:

We have:  r=15 _comprmn. ratio

o= LL = o e o= I =3 e = 2.143 ....cut off ratio
V3 T3 T3
B3 . - . . I
p = > e, rp=158 _pressure ratio V1 = 0.861 m*3
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We have the Mathcad Functions:

r._' r-_' I - :
1'-“1.-IE_.rp_.pl_.vl__'l-'-I = Pl"'l'lifp"."'(f': -1 T+{p-1r1 = lpre - 1::|
..._1
f . 1 rp-ru:r'.—l
Niplt.te.p.7)=1- — | - - : \,:|
o LUiP = 1)+ vrp(re = 1)
. 1 ., | B :
:"’":E'P=.r.-r':.-fp.-',"_-131: = p—_-l:r'.[rp.-l_-.irl: _ 1'} 4 irp_ 1';]_ r_|1'I:|_rl:. _ 1:]
(tr— 131v = 1)
L 1 ¥

Therefore:

s

Wir re,sp PL100.V1 ) = 1203 107 kJ/kg....Ans.
Ninlr.re.ep v} = 0600 = 60.9 %....Ans.

MEP(r rc rp,y . P1) = 14967 bar..Ans.

Note that the results with Mathcad Functions match very well with the results obtained above.

(b) Plot the variation of efficiency, work output and MEP as compression ratio varies from 10 to 28,

other conditions remaining the same:

With the use of these Functions, it is very easy to plot the graphs:

r=10.12..28 __definer as a range variable

r= Wi, re,1p.P1-100,V1, ) ninlr.re.ep.y) MEP(r,re.tp,v.P1)
10 906.916 0.54 11.704
12 1.034-102 05672 13101
14 1.148-102 0.598 14.371
16 1.254-102 0.619 15.54
18 1.352102 0.636 16.629
20 1.444-102 0.651 17.65
22 1.53102 0.664 18.614
24 1.611-102 0.676 19.529
26 1.689-102 0.G86 20401
28 1763102 0.695 21.235
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Now, plot the graphs:
T 1T T T 1 A
053 | Thermal effcy. vs compression ratio
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Prob.1.39. An engine working on air standard dual cycle has a compression ratio of 10. The cylinder
diameter is 25 cm and stroke, 30 cm. P and T at the beginning of compression are 1 bar and 27 C.
Pressure at the end of const. vol. heat addition is 50 bar. If the heat addition during const. pressure is

up to 5% of stroke, calculate:

i) net work done during the cycle
ii) amount of heat added

iii) amount of heat rejected [M.U]
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S w — ¥
Ve

Fig.Prob.1.39
Mathcad Solution:
Data:
r=10 Tl =30 K Pl=1 har
P3 =50 bar P4 =P3 D=025 m L=03 m

= 1401 R =10287 klkgK

op=— e, cp=1003  klkgK

v o= —— e, ev=0718 kdikg K

Vg = =D L e, Vy=0015 m"3__ stroke volume
4

Process 1-2:

P =Plr l.e. P2 =23151 har

=T b e T2=7543538 K

219
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Process 2-3:

B3 .
T3 = T2-— le. Ti=13x% 11}3 K
| 2

Process 3-4:
Ve . -3
V, = e Vo=1636x10 -~ m'3
r—1
V1= Ve+ Ve ie. Vi=0016 m'3

Vi=V+ 005V, Qe VE=23T3x 100 m3

A" S
T4:=T3— i T4=2173x l'I]'3 K

Ve
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Process 4-5: Pi = P3
. w—1
(T4 10 3
T5=Td{ —— | T5=1004x 100 K
LT3 r)
vy’
Pi=i — | - P5=13345 bar
LV

Heat supplied:

3
- W . .
mo= M e, m=0012 kg..mass of air per cycle

E-10°-T1
Qe = mcv-(T3 — T2) + m-cp-(T4 - T3)

e, Q.=23023 klicycle.... heat supplied.... Ans.

Heat rejected:

Q =mev(T3-T1) ie Q=238 klicycle.... heat rejected.... Ans.

Net Work output:

W= Qs — Qp e, W=13443 klicycle.....Ans.

Air standard effcy.:

Qs — Qr
Qs

n =

e, n=0358  =58.4%....Ans.

Mean Effective Pressure:

W
.

MEP :

]

ie MEP=0129x10° Pa=9.129bar .... Ans.

Gas Power Cycles
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Verify the above results with Mathcad Functions written earlier:

We have: ¢=10 _.compm. ratio

v T4 . T4 : -
= — = LB o= 2. rc= 145

vi T3 I3

B3 . :
p=— lLe. rp= 18988 _pressure ratio

m

We have the Mathcad Functions:

pl-vl-lirp-‘y-[ru:— l}-rr‘:_1 +(tp - l}-rr‘:_1

.._.cut off ratio

V1i=10016 m"3

- l.rp-ru:r‘: - I_EI

Wir.re,mp,pl.ovl,y) =

¥y - 1
Niple.re .y} =1- L tprc - 1
gL - D+ e -
. . 1-_'.1 T
MEP(r.re.mpy.pl) = ———— | ' [py(re - 1) + (1p
(r =1y =1}

Therefore:
Wit re, ep, P1-100,V1 v} = 13443 kJ/kg....Ans.
Nl reomp,y) = 0584 = 58.4 %....Ans.

MEP(r rc rp v P1) = 2120  bar..Ans.

-1]- r-l.rp-rc? - l:l:l

Note that the results with Mathcad Functions match very well with the results obtained above.
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(b) Plot the variation of efficiency, work output and MEP as compression ratio varies from 10 to 28,

other conditions remaining the same:

With the use of these Functions, it is very easy to plot the graphs:

r=10,12..28 _._.definer as a range variable

r W{r,rc,rp,Pl-l{HJ,‘u'l,?} T]th{f,ﬂ‘,,rp,?} I\-{E.P{r,rc,rp,';,Pl}

10 13.443 05584 9129
12 15.188 0613 10,126
14 16.765 0.636 11.034
16 18.213 0.655 11.873
18 19.555 0.671 12,654
20 2081 0.685 13.388
22 21.984 0697 14.082
24 23114 7oy 14.74
26 24179 0716 15.368
28 25196 0725 15.969

This e-book Y o N
ismadewith SETASIGN

SetaPDF h Y 4

\7\‘ PDF components for PHP developers

www.setasign.com
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Now, plot the graphs:

0.7 I U R

0.73 | Thermal effcy. vs compression ratio
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16 T T T 1
5 MEP vs comprn. ratio

L~

MAED (har)
o

0 12 14 16 18 20 22 24 26 28 30
Comprn. ratic

Prob.1.40. In an air standard dual cycle, the air is at a pressure of 100 kPa and a temp of 27 C before
the isentropic compression begins. In this process, volume of air is reduced from 0.07 mA3 to 0.004
mA3. During the process of heat addition at const. pressure, the temp of air is increased from 1160 C

to 1600 C. Determine: (i) compression ratio (ii) Cut off ratio (iii) thermal efficiency. (iv) m.e.p. [M.U.]

P4

B Oy p— A

Ve
Fig.Prob.1.40
Mathcad Solution:
Data:
Pl =1 har Tl =300 K Vi=007T m3 V2 = 0004 m"3 Vi=\2
T3 = 1160+ 273 K Td = 1600+ 273 K B =0287 klkgk T=14
225
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Calculations:

Compression ratio:

W .
r o= v lLe. r=173 ...Ans.
W2
Cut off ratio:
W . .
to= Rk = = ....since Process 34 is at constant pressure
Vi T3
e o= T-L e, fo= 1307 ...Ans.
T3

Pressure ratio:

Process 1-2:
=TI e T2-sn28 K
P; T3 : .
p=E —= ....since Process 2-3 is at constant volume
P 12
. T3 .
l.e. = l.e. =152
p — p

Now, use the Mathcad Functions written earlier:

Thermal efficiency:

; . 1 o
Niplf.rep.y) = 1- _ rp-rc
r.;.-_l (tp—- 1)+ v-1p-(rc— 1)

=3 'r'“h[r__ru:__rp__'l-'_.ll =0471 =67.2% ... Ans.

Mean Effective Pressure:

MEP(r.1c,tp.7.pl) = ﬁ-[rr‘:-[m-?-[rc— 1) +(mp-1)] - r-l.rp-ru:r‘: - 1:']
r—= '-.-|'I - 4

e MEP(r, rc,1p,7,P1) = 6.566 bar ....Ans.
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(b) Plot the variation of efficiency and MEP as compression ratio varies from 10 to 28, other

conditions remaining the same:

With the use of these Functions, it is very easy to plot the graphs:

r=10,12..28 ....definer as a range varahle
= Niplt.re.mp.y) MEP(r re mp v P1)
10 0.5849 4824
12 0613 5.345
14 0.641 58149
16 0.6549 6.257
13 0.675 6.665
20 0.6a4 7.0449
22 o 7411
24 071 7.755
26 0y2 a.084
23 0728 8.388

RAND
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Now, plot the graphs:
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Gas Power Cycles
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1.4.2 Problems solved with EES:

“Prob.1.41. Write EES Functions for: (i) thermal efficiency, (ii) work output and (iii) mean effective

pressure, for an air standard Dual (or, limited pressure) cycle”

$UnitSystem SI Pa C ]

“EES Functions:”
“Dual cycle- Functions:”

FUNCTION EFFCY_Dual(rr, rc, rp, gamma)

“Thermal effcy. of Air standard Dual cycle”

“Inputs: rc = cut off ratio = V4/V3,
rr = comprn. ratio = V1/V2,
rp = pressure ratio = P3/P2

gamma = sp. heat ratio = 1.4 for air”

“Outputs: EFFCY_Dual = Thermal effcy. of Dual cycle”

EFFCY_Dual := 1 - (1/rrA(gamma-1))* (rp * rcAgamma - 1)/((rp - 1) + rp * gamma * (rc - 1))

END

FUNCTION W_net_Dual( rr, rc, rp, P1, V1, gamma)

“W_net of Air standard Dual cycle”

“Inputs: rc = cut off ratio = V4/V3,
rr = comprn. ratio = V1/V2,
rp = pressure ratio = P3/P2

gamma = sp. heat ratio = 1.4 for air”

“Outputs: W_net_Dual = Net work output of Dual cycle”
A :=P1*Vl/(gamma - 1)

B := gamma * rp * rrA(gamma - 1) * (rc - 1)

C:=rrA(gamma - 1)* (rp -1)

D:= (rp * rcAgamma -1)

Download free eBooks at bookboon.com



Applied Thermodynamics: Software Solutions
Part-l (Gas Power cycles)

W_net_Dual:=A*(B+C-D)

END

Gas Power Cycles

FUNCTION MEP_Dual( rr, rc, rp, gamma, P1)

“MEP of Air standard Dual cycle”

“Inputs: rc = cut off ratio = V4/V3,
rr = comprn. ratio = V1/V2,
rp = pressure ratio = P3/P2

gamma = sp. heat ratio = 1.4 for air”
“Outputs: MEP_Dual = MEP of Dual cycle”
A :=P1/((gamma - 1) * (rr - 1))

B := gamma * rp * rrAgamma * (rc - 1)

C:=rr A gamma * (rp - 1)

D:=rr * (rp * rcAgamma - 1)

360°
thinking.

Discover the truth at www.deloitte.ca/careers
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MEP_Dual :=A * (B +C-D)

END

“Example:”

“From Prob.1.39, we have:”

rr = 10; rc = 1.45; rp = 1.988; gamma = 1.4

P1 =100 “kPa"; V1 = 0.0164 “m~A3”

“Then, applying the EES Functions written above, we get:”
W_net = W_net_Dual( rr, rc, rp, P1, V1, gamma)“k]J”

eta = EFFCY_Dual(rr, rc, rp, gamma)

MEP = MEP_Dual( rr, rc, rp, gamma, P1)“kPa”

Results:

Unit Settings: 51 C Pa J mass deg

n = 05834 v=14 MEF =912 [kPa] F1 =100 [Fa]
rc =145 rp =1.988 rr=10 W1 =0.0164 [m7]
Wipet = 1346 [kJ]

Thus:

Thermal efficiency, eta = 58.34 % ... Ans.

Work output, W_net = 13.46 kJ .... Ans.

MEP =912 kPa =9.12 bar .... Ans.

“Prob.1.42. An air standard limited pressure cycle has a compression ratio of 15 and compression begins
at 0.1 MPa, 40 C. The max. pressure is limited to 6 MPa and the heat added is 1.675 MJ/kg. Compute:
(i) the heat supplied at constant volume per kg of air, (ii) heat supplied at const. pressure per kg of
air, (iii) work done per kg of air, (iv) cycle efficiency, (v) cut off ratio, and (vi) the MEP of the cycle.
[VTU-ATD-]July 2007]”
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—4;4'7 Vs 4’[ v ':-‘
Ve

Fig.Prob.1.42

EES Solution:
“Data:”

T1=40+273“K”
R=0.287“k]/kg.K”
cp=1.005"k]/kg.K”

gamma=1.4
cp/cv=gamma“finds cv, kJ/kg.K”
p1=100“kPa”

rr=15"..comprn. ratio”

m=1“kg”

q_in=1.675%10A3“k]”
p3=6*1073“kPa, max. pressure”
p4=p3 “for Process 3-4”

“Calculations:”
“Process 1-2:”

pl* Vi=m* R * T1“To calculate V1, m”3/kg”

p2 / pl= rrAgamma“finds p2, Pa”

T2 / T1= rrA (gamma-1)“finds T2, K”

V1/V2=rr“To find V2, mA3”

“Process 2-3:”

V3i=V2

p3 /T3 =p2/T2nds T3, K”

“Process 3-4:”

m* cv* (T3-T2) + m * cp * (T4-T3) = q_in“finds T4, K”
V3 /T3 =V4/T4“inds V4, mA3”
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“Process 4-5:”
V5=V1
T4/ T5=(V5/ V4)A(gamma-1)“finds T5, K”

g_cv=m * cv * (T3-T2)“k] ... heat supplied during const. vol. process 2-3”
q_cp=m * cp * (T4-T3)“k]... heat supplied during const. pressure process 3-4”
g out = cv * (T5-T1)“k] ... heat rejected during const. vol. process 5-1”

w_net = q_in - q_out “k]J ... net work output”

eta_th = w_net / q_in“..thermal efficiency”

mep = w_net / (V1-V2)“kPa .... mean effective pressure”

rc = V4 / V3“cut-oft ratio”

rp = p3/p2 “...pressure ratio”

“Verify with EES Functions written above:”

W_net2 = W_net_Dual( rr, rc, rp, P1, V1, gamma)“k]J”
eta_th2 = EFFCY_Dual(rr, rc, rp, gamma)

MEP_2 = MEP_Dual( rr, rc, rp, gamma, P1)“kPa”
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Results:

Unit Settings: 51 C Pa J mass deq

cp=1.005 [JfkoK]
v=14
pl=100 [kPa]
Oep = 1440 [kJ]
R = 0.267 [klfkgK]
T1 =313 [K]

TE =1233 [K]

W4 =0.1284 [

v = 0.7179 [JkgK]
m =1 [ke]
p2=4431 [kPa]

Qe = 235 [kJ]

rc =2.144

T2 =8247 [K]
W1 = L8983 [m-]
WE = L8983 [m-]

i = 0.EOS7

Nike = 0.6O57

mep = 1210 [kPa]

MEP;=1208 [kPa]

p3=6000 [kPa]
Oin = 1675 [kJ]
rp =1.354

T3 =1252 [K]
W2 = 0.05989 [m7]

Wiy = 1014 [kJ]

pd = 6000 [kPa]
Oout = BEOS [kJ]
rr=15

T4 = 2685 [K]
W3 =0.05989 [m]

Woges = 1014 [kJ]

Thus:

Heat supplied at const. volume = q_cv = 235 kJ/kg ... Ans.

Heat supplied at const. pressure = q_cp = 1440 kJ/kg ... Ans.

Work output = w_net = 1014 kJ/kg ... Ans.

Cycle efficiency = eta_th = 0.6057 = 60.57% ... Ans.

Cut off ratio=r _c=2.144 ... Ans.

MEDP of the cycle = mep = 1210 kPa = 12.1 bar ... Ans.

Note that results calculated with EES Functions, viz. eta_th2, w_net2 and MEP2 match very well

with the above results.
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(b) In addition, plot eta_th, W_net and MEP as compression ratio varies from 10 to 28, other

conditions remaining the same:

First, compute the Parametric Table:

il e B P ol
m T]th wnet mEp
Fun 1 10 0.5835 9773 1208
Fun 2 12 0.5965 999 2 1213
Fun 3 14 0.6036 1011 1212
Run 4 16 0.6071 1017 1207
Fun & 18 0.6083 1019 1201
Fun B 20 0.6081 1019 1194
Run 7 22 0.60659 1017 1186
Run g 24 0.605 1013 177
Fun 9 26 0.6026 1009 1168
Run 10 28 0.5998 1005 1160
Now, plot the results:
e Thermal efficiency vs comprn. ratio for Dual cycle
0605 |
06|
= [
;0.595 _
050 |
0.585 |,
058 L~ : : : : : : : : L
10 12 14 16 18 20 22 24 26 28 30
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Work output vs comprn. ratio for Dual cycle
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MEP vs comprn. ratio for Dual cycle
1220 : : : : : :
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Prob.1.43. The compression ratio and expansion ratio of an oil engine working on the dual cycle are
9 and 5 respectively. The initial pressure and temp of air are 1 bar and 30 C. The heat liberated at
const. pressure is twice the heat liberated at const. vol. The expansion and compression follow the law
p.vA1.25 = const. Determine: (i) P and T at all salient points (ii) MEP of the cycle (iii) Efficiency of the
cycle (iv) Power of the engine, if working cycles per sec are 8. Assume cylinder bore = 250 mm and
stroke length = 400 mm. [VTU]

pvtn=c

1
Jeh— o8 —— & %
Ve

Fig.Prob.1.43
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This problem is the same as Prob.1.37 which was solved with Mathcad.

Now, let us solve it with EES and draw plots of eta_th. W_net and MEP vs comprn. ratio.

Note: In this problem, compression and expansion are polytropic, and not isentropic.

Therefore, we can not write W as Qs — Qin; Instead, W = area of the cycle in the p-v diagram.

EES Solution:
“Data:”

T1=30+273“K”

P1=100“kPa”

R=0.287“k]/kg K
cp=1.005“k]/kg.K”

n =1.25%..polytropic index”
cp/cv=gamma“finds cv, kJ/kg.K”
gamma = 1.4

rr=9“.comprn. ratio”

re = 5 “expn. ratio”

D =0.25“m ..... dia of cylinder”
L =04 “m .... stroke length”

cyclespersec = 8..no. of working cycles per sec”

“Calculations:”

V_s=pi*L*DA2/4 “mA3 .... stroke volume”

V2=V_s/ (rr-1) “..finds V2”

rc =rr / re “...cut off ratio”

“Process 1-2:”

P1*V1=m*R* T1“inds m, kg”

P2 / P1= rrAn“finds P2, Pa”

T2/ Tl=rrA(n - 1)“finds T2, K”

“Process 2-3:”

V3=V2

P3 /T3 =P2/T2%nds T3, K”

g_cv=m?*cv* (T3 - T2) “k] ... heat supplied during const. vol. process 2-3”
q_cp =m * cp * (T4-T3) “KkJ... heat supplied during const. pressure process 3-4”

q_cp =2 * q_cv “.heat liberated at const. pressure. is twice that at const. vol”
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“Process 3-4:”

rc = V4 / V3. . finds V4~
T4 = T3 * rc “finds T4, K”
P4 =P3

“Process 4-5:”

re = V5/ V4 “.. expn. ratio”

V5=V1
T4 / T5 = reA(n-1)“finds T5, K”
P4/ P5 =re’n

g_in = g_cv + q_cp “k]J... total heat input”

g_out = m* cv * (T5-T1)“K] ... heat rejected during const. vol. process 5-1”

w_net = P3* (V4 -V3) + (P4*V4 -P5*V5)/ (n-1) - (P2*V2-P1*VI1)/(n-1) “KJ ... net work
output”

eta_th = w_net / q_in"..thermal efficiency”

mep = w_net / (V1-V2)“kPa .... mean effective pressure”

Power = w_net * cyclespersec “kW...power developed”

(]
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Results:

Unit Settings: 51 C Pa J mass deqg

cp=1.005 [kfkgk]
Nt = 0.581
mep = 1081 [kFa]
P3 = 3543 [kPa]
Oep = 24.36 [kJ]
R = 0.287 [kfkgK]
T1 =303 [K]
T5 =1436 [K]
W4 = 0004418 [rn]

Thus:

ov=0.7179 [JkgK]
v=14
=125

P4 = 3543 [kPg]

oy = 12,18 [kJ]

rc=1.8

T2 =524 [K]

W1 =0.02209 [m?
WE =0.02209 [m?

P and T at the salient points:

oyclespersec =4

L=0.4 [m]

P1 =100 [kPa]

P5 = 473.8 [kPa]

Qir = 36.54 [kJ]

re =h

T3 =1193 [K]

W2 =0.002454 [
Wy = 0.01963 [

P1 =100, P2 = 1559, P3 = 3543, P4 =3543, P5 = 473.8 kPa ... Ans.

T1 =303, T2 = 524.8, T3 = 1193, T4 = 2147, T5 = 1436 K .... Ans.

MEP = 1081 kPa = 10.81 bar .... Ans.

D =0.25 [m]
m = 0.0254 [kg]

P2 =1559 [kPa]

Fowar = TE4.5 [kity]

Qo = 20.66 [kJ]
=4

T4 =2147 [K]

W3 =0.002454 [rm?]

Wit = 21.23 [kJ]

Efficiency = eta_th = 0.581 = 58.1% ... Ans.

Net work output = w_net = 21.23 kJ....Ans.

Power developed for 8 cycles per sec. = 169.8 kW ... Ans.

Note: These values match with those obtained with Mathcad in Prob.1.37.

“Prob.1.44. The compression ratio of an air standard Dual cycle is 8. Air is at 100 kPa, 300 K at the
beginning of the compression process. The temp of air at the end of constant pressure heat addition
process is 1300 K. The heat transfer to the cycle is 480 kJ/kg. Determine: (i) heat transferred at constant
volume per kg of air, and (ii) the cycle efficiency. [VTU]”
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Gas Power Cycles
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Fig.Prob.1.44

EES Solution:
“Data:”

T1=300“k”

pl =100 “kPa”
R=0.287k]/kg.K”
cp=1.005"k]/kg.K”

gamma=1.4
cp/cv=gamma‘“findst cv, kJ/kg.K”
rr=8 “comprn. ratio”

T4 = 1300 “K”

q_in = 480 “kJ/kg”

m=1“kg”

“Calculations:”

“Process 1-2:”

pl* Vi=m* R* T1*inds V1, m"3/kg”
p2 / pl= rrAgamma“finds p2, Pa”

T2 / T1= rrA(gamma-1)“finds T2, K”
V1/V2=rr“To find V2, mA3”
“Process 2-3:”

V3=V2

p3 /T3 =p2/ T2%inds p3, kPa”
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“Process 3-4:”

m* cv* (T3-T2) + m * cp * (T4-T3) = q_in“finds T3, K”

V3 /T3 =V4/T4“inds V4, mA3”

“Process 4-5:”

V5=V1

T4/ T5=(V5/ V4)A(gamma-1)“finds T5, K”

g_cv=m * cv * (T3-T2)“k]J ... heat supplied during const. vol. process 2-3”
q_cp=m * cp * (T4-T3)“K]... heat supplied during const. pressure process 3-4”
g_out = m* cv * (T5-T1)“K] ... heat rejected during const. vol. process 5-1”
w_net = g_in - q_out “k]J ... net work output”

eta_th = w_net / q_in“...thermal efficiency”

mep = w_net / (V1-V2)“kPa .... mean effective pressure”

rc = V4 / V3“cut-oft ratio”

rp = p3/p2 “...pressure ratio”

« »

“Verify with EES Functions written above:”

W_net2 = W_net_Dual( rr, rc, rp, P1, V1, gamma)“k]”
eta_th2 = EFFCY_Dual(rr, rc, rp, gamma)

MEP_2 = MEP_Dual( rr, rc, rp, gamma, P1)“kPa”
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Results:

Unit Settings: 51 C Pa J mass deqg

cp = 1.005 [kdfkoK] ov = 0.7179 [Jfko-K] nih = 0.5615
Ntz = 05615 v=14 m =1 [kg]

mep = 357.8 [kPa] MEP; = 3575 [kPa] p1=100 [kPa]
p2=1838 [kPa] p3=3081 [kPa] Oep = 145.4 [kJ]
oy = 3346 [kJ] i =480 [kJ] Qout = 21005 [kJ]
R = 0.287 [kdfko-K] rc =1.125 o =1.676

tr=8 T1 =300 [K] T2 =E89.2 [K]
T3 =1155 [K] T4 =1300 [K] T5 =533.2 [K]
W1 = 0.861 [m? W2 =0.1076 [m7] W3 = 01076 [m
W4 =01211 [m WE = 0861 [ Wt = 2695 [kJ]

Wpepo = 2684 [kJ]

Thus:

Heat transferred during const. vol. process = q_cv =334.6 kJ/kg .... Ans.
Cycle efficiency = eta_th = 0.5615 = 56.15% ..... Ans.

Note that results calculated with EES Functions, viz. eta_th2, W_net2 and MEP2 match well with

the above results.

1.4.3 Problems solved with TEST:

Prob.1.45. An engine working on Dual combustion cycle draws air at 1 bar, 27 C. Max. pressure is
limited to 55 bar. Compression ratio is 15. If the heat transfer at constant volume is twice that at constant
pressure, determine: (i) cut off ratio, (ii) explosion ratio, (iii) temperatures at salient points, and (iv) air
standard efficiency. [VTU]

TEST Solution:
Following are the steps:

Steps 1 to 4 are the same as for Problem 1.32, using PG model.

Download free eBooks at bookboon.com



Applied Thermodynamics: Software Solutions
Part-I (Gas Power cycles) Gas Power Cycles

5. Select Air as the working substance and fill in data for pl= 100 kPa, T1= 27 C, and m1=1

kg for State 1, i.e. at beginning of compression, and hit Enter. We get:

| Spedific, Clused Process, Cycle Daemon: PG Mou’ei’]

thermofluids.net - Daemons . Systems . Closed - Process . Specific - Reciprocating Cycles - PG Model

Move mouse over a vanable to display its value with more precision.

& Mixed S| ¢ English <I®Case—u vnﬂ [¥ Help Messages On Super-fierate Super-Calculate

Process Panel I Cycle Panel 10 Panel |

Note that properties for State 1 are calculated.

6. For State 2: Enter v2 = v1/15 (since compression ratio is 15), s2 = s1 (since Process 1-2 is

isentropic) and m2 = ml. Hit Enter:

Move mouse over avariable to display its value with more precision,

# Mixed ¢ Sl  English ﬂ ¥ Help Messages On Super-terate I Super-Calculate m Supernitialize

Process Panel | Cycle Panel W0 Panel |

Here, p2 = 4437.694 kPa, T2 = 887.98 K ....Ans.
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7. Similarly, for State 3: Enter p3 = 5500 kPa, v3 = v2, and m3 = m1.. Hit Enter, and we get:

Move mouse over a variable to display its value with more precision,

% Mixed ¢ S|  English ﬂ ¥ Help Messages On Superterate | Super-Calculate m Supernitialize

Process Panel | Cycle Panel IO Panel

Initialize Formation Enthalpy:

Note that T3 = 1100.55 K ... Ans.

245 Click on the ad to read more

Download free eBooks at bookboon.com



http://s.bookboon.com/accentureCZintl

Applied Thermodynamics: Software Solutions

Part-I (Gas Power cycles) Gas Power Cycles

8. Now, for State 4: enter p4 = p3, m4 = ml, and since cv * (T3 - T2) =2 * cp * (T4 - T3), i.e.
(u3 - u2) =2 * (h4 - h3), we enter for h4 as: h4 = h3 + (u3 - u2)/2. Hit Enter. We get:

Move mouse over a variable to display its value with more precision.

& Mixed ¢ Sl * English ﬂ ¥ Help M on Supel—ltera‘ae-l Super-Calculate m SuperInitialize

Process Panel Cycle Panel I3 Panel |

Note that T4 = 1176.44 K....Ans. And, s4 = 7.11408 kJ/kg.K.

9. Now, for State 5: Enter v5 = v1, s5 = s4, m5 = m1, and hit Enter. We get:

Move mouse over a variable to display its value with more precision.

* Mixed { SI  English < ﬂ ¥ Help Messages On Super—iterate! Super-Calculate m Super-Initialize

State Panel Process Panel |

Cycle Panel 110 Panel |

Mn-Plots w' Formation Enthalpy:

2 s _I s _I J J =

|_' & £l h:h— w3 ) P oo ¥]
T e

Note that T5 = 408.415 K ... Ans.
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10. Now, go to the Process Panel. For Process A (i.e. process 1-2), enter State 1 and State 2

for b-state and f-state respectively, and Q = 0 since process 1-2 is adiabatic. Hit Enter, and

we get:

Q=-T7.57299 kJ[Netheattransfer]

# Mixed ¢ S|  English < |&Case-0 v > ¥ Help M Super-fterate Super-Calculate Super-Initialize
g p

State Panel Cycle Panel WO Fanel |

. < | Process-4[1-2]

“| a | ws ) Ed 5
[ [CEEEET 0 FEE 0000 T T
n

| ] Delta_F Delta_S
[aosET e V@SN [fE s v

Closed Process - &

Mass: ) WinHip:
b L Work in negative
Energy: g H =] : Heat in positive

Entropy:

Note that the boundary work, W_B etc for this process are immediately calculated.
11. Similarly, for Process B (i.e. process 2-3): enter b-state and f-state, hit Enter:

Move mouse over a variable to display its value with more precision.

# Mixed ¢ SI  English ﬂ ¥ Help M Supe late Supernitialize

Stale Panel

l < |ProcessB23] v vl Tomte: | ze | [Vol=constant

W_B=0.0 kl[Boundary work of pdV kind]

 Mixed 58I  English ﬂ ¥ Help M on Super-terate I Super-Calculate m Supernitialize

State Panel Process Panel Cycle Panel /O Panel
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13. Again, for Process 4-5:

Move mouse over a variable to display its value with more precision.

« Mixed ¢ S| ( English <[€Case-0 v|>| W Helph : Super-Caiculate [l Load Sl Super-initiaiize

State Panel 10 Panel |

14. And, for Process 5-1:

Q=00 kl[Net heatfransfer]

* Mixed S|  English ﬂ ¥ Help M : Supe late Super-nitialize

State Panel

l - IPmcess-E[Sd] v,| = : ‘b = | .- ‘Sfates _ | calculate

15. Now, go to Cycle Panel, Click on Calculate and SuperCalculate. All calculations are

available here:

Move mouse over a variable to display its value with more precision,

“ Mixed ¢ S|  English ﬂ ¥ Help M Super-Calculate Super-nitialize

Stale Panel Process Panel 110 Panel

Inilialice Ci Regensrator Do State-Null v e State-Null

p_min

_I—_I_I _I_I _I_I _I_I
W.in
_”_ ___

S gen.int

_I:__ _I_Ij_[

[ Overall Cycle Equations (n processes):

Ouu= —imin( 0,0 O =3 max( 0,0

—

W > max( BJ’O} W= —irmn (wao)

_;-l

W, S
g = g.”; T it ZI_K; Wi =Cha
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Note that:

Air standard efficiency = eta_th = 66.05% .... Ans.

MEP = 187.68 kPa = 1.877 bar ... Ans.

Cut off ratio = v4/v3 = 1.069.... Ans.

Explosion ratio = p3/p2 = 1.239... Ans.

16. Get the p-v plot from the Plots widget:

p. kPa (log Scale) [ 2.456, 2242177 )

130136

Lo,

63.0957

0.0432 v, m*3/Kyg (log Scale) 09
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17. And get the TEST code etc from the I/O panel:

Frommm v~~~ OUTPUT OF SUPER-CALCULATE
# Daemon Path: Systems>Closed>Process>Specific>PowerCycle>PG-Model; v-10.ca08
Fommmm e Start of TEST-code -------==mmmmmm oo oo
States {
State-1: Air;
Given: { pl= 100.0 kPa; T1= 27.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; m1= 1.0 kg; }
State-2: Air;
Given: { v2= “v1/15"mA3/kg; s2= “s1”k]J/kg.K; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m17kg; }
State-3: Air;
Given: { p3= 5500.0 kPa; v3= “v2’m~3/kg; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m17kg; }
State-4: Air;
Given: { p4= “p3”kPa; h4= “h3+(u3-u2)/2”k]/kg; Vel4= 0.0 m/s; z4= 0.0 m; m4= “m1°kg; }
State-5: Air;
Given: { v5= “v1”m~3/kg; s5= “s4’k]/kg.K; Vel5= 0.0 m/s; z5= 0.0 m; m5= “m17kg; }
}

“I studied
English for 16 P
years but...
...I finally

learned to

speak it in jus
Six lessons”

Jane, Chinese architect
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before and after my
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Analysis {

Process-A: b-State = State-1; f-State = State-2;

Given: { Q= 0.0 kJ; T_B= 25.0 deg-C; }

Process-B: b-State = State-2; f-State = State-3;

Given: { T_B= 25.0 deg-C; }

Process-C: b-State = State-3; {-State = State-4;

Given: { T_B= 25.0 deg-C; }

Process-D: b-State = State-4; f-State = State-5;

Given: { Q= 0.0 kJ; T_B= 25.0 deg-C; }

Process-E: b-State = State-5; f-State = State-1;

Given: { T_B= 25.0 deg-C; }

}
oo End of TEST-code -=------mmmmm oo oo e
oo Property spreadsheet starts:
# State  p(kPa) T(K) v(mA3/kg) u(kJ/kg)  h(kJ/kg) s(kJ/kg)
# 1 100.0 300.2 0.8614 -84.13 2.01 6.893
# 2 4437.69 888.0 0.0574 337.05 591.89 6.893
# 3 5500.0 1100.6 0.0574 489.36 805.2 7.047
# 4 5500.0 1176.4 0.0614 543.73 881.36 7.114
# 5 136.07 408.4 0.8614 -6.56 110.65 7.114
oo Property spreadsheet ends------------moommm oo
# Mass, Energy, and Entropy Analysis Results:
# Process-A: b-State = State-1; f-State = State-2;
# Given: Q= 0.0 kJ; T_B= 25.0 deg-C;
# Calculated: W_B= -421.1864 kJ; S_gen= -0.0 kJ/K; n= 1.4005353 UnitLess; Delta_E= 421.1864
kJ;
# Delta_S=-0.0 kJ/K;
# Process-B: b-State = State-2; f-State = State-3;
# Given: T_B= 25.0 deg-C;
# Calculated: Q= 152.30618 kJ; W_B= 0.0 kJ; S_gen= -0.3570654 kJ/K; n= Infinity UnitLess;
# Delta_E= 152.30618 kJ; Delta_S= 0.15377201 kJ/K;
# Process-C: b-State = State-3; f-State = State-4;
# Given: T_B= 25.0 deg-C;
# Calculated: Q= 76.15309 kJ; W_B= 21.778816 kJ; S_gen= -0.1885046 kJ/K; n= 0.0 UnitLess;
# Delta_E= 54.37427 KkJ; Delta_S= 0.066914104 kJ/K;
# Process-D: b-State = State-4; f-State = State-5;
# Given: Q= 0.0 kJ; T_B= 25.0 deg-C;
# Calculated: W_B= 550.2939 kJ; S_gen= -0.0 kJ/K; n= 1.4005353 UnitLess; Delta_E= -550.2939
kJ;
# Delta_S=-0.0 kJ/K;
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# Process-E: b-State = State-5; f-State = State-1;

# Given: T_B= 25.0 deg-C;

# Calculated: Q= -77.57299 kJ; W_B= 0.0 kJ; S_gen= 0.03949498 kJ/K; n= Infinity UnitLess;
# Delta_E= -77.57299 KkJ; Delta_S= -0.22068611 kJ/K;

# Cycle Analysis Results:

# Calculated: T_max= 1176.438 K; T_min= 300.15 K; p_max= 5500.0 kPa;

# p_min= 100.0 kPa; Q_in= 228.45927 kJ; Q_out= 77.57299 kJ;

# W_in= 421.1864 kJ; W_out= 572.0727 kJ; Q_net= 150.88628 KJ;

# W_net= 150.88628 kJ; S_gen,int= -0.50608 kJ/K; eta_th= 66.04516 %;

# MEP= 187.67789 kPa;

#*CALCULATE VARIABLES: Type in an expression starting with an ‘=" sign (‘= mdot1*(h2-hl1);
‘= sqrt(4*A1/PI)) etc.) and press the Enter key) et

#Cut off ratio:

=v4/v3

v4/v3 = 1.0689545558054636... Ans.

#Explosion ratio:

=p3/p2

p3/p2 = 1.2393824892196206....Ans.
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(b) If the variation of sp. heat with temp is to be taken in to account:

In conventional calculations, we use Gas Tables for Ideal Gas properties of air. This table, shown below,

[Ref: 3] tabulates enthalpy (h), internal energy (u), relative pressure (p ), relative volume (v ) etc. against

T (K).
Important: For an isentropic process 1-2, we use the relations:

] ]
e and

P Pr1

v2

"1 ) V11
For, example, in the above problem, we have:
P1 =1 bar, T1 = 300 K. ... Then, from the Table, vr1 = 621.2
Process 1-2 is isentropic. And, since compression ratio is 15, v1/v2 = 15.
Therefore:
v1/v2 = vrl/vr2 = 15. So, vr2 = vr1/15 = 41.433

Now, interpolate from the Table to get T2 corresponding to vr2 = 41.433.

We get: T2 = 840 K approx.
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TABLE A-22 ldeal Gas Properties of Air
TIK) b and u(kMkg), 1 (kg - K)

when As = 0 when As =0
T i [ =~ e i, T h u , e o,
il 1] 19597 14256 120559 03363 1T 450 45180 a2 111161 5775 2236
210 097 14969 134444 03987 1512, 460 46202 IWoy 1307 6245 2114
20 21997 15682 139105 04650 1346, 470 4720 33732 P15604 6742 20001
230 23002 6 143557 05477 1205 480 48249 TR ZITTED T268 1EG.S
2450 25002 17113 1A4ATEM 6355 1084, 490 49274 35208 LI9BTGH TEM 117
250 250005 17828 151917 07329 am. 00 0302 35049 221952 B411 176
260 2alu0e IR545 155848 OLES05 BRT.E 510 $13.32 IA6.92 273003 Q031 1621
I .11 19260 159634 09500 BOR.0 520 52363 T4 225097 GhAE4 1541
280 280,13 19975 163279 10889 TiR0 530 531498 IBLEL  2I2TOGT 37 146.7
285 28514 M3AIZ 165055 1.1584 .1 540 54435 IR9. 220006 110 1397
90 2916 MeYl 166802 1.2311 6761 550 554.74 306 RS 23NROY 1186 133.1
295 29517 21049 168515 13068 647.9 560 565.17 4 42 2 3A6ES 1266 1270
3 e 21407 170203 13860 621.2 570 571559 411.97 235531 1350 1212
305 305312 21767 1.TIRGS 14686 560 580 SRA 41955 23TME 1438 1157
3 3 F1I5 1.7M5E 1.5546 5723 540 $96.52 42715 239140 1531 116
315 315.27 FRS 175106 16842 549.8 &0 SO7.02 43478 2400902 1628 105.8
. ] 3209 FRA2 176680 1.7375 528.6 610 617.53 44242 ARG 1730 1.2
325 325.31 B2 1.7E249 1.B345 S08.4 G20 G2E.07 450.08 244356 1836 9692
3 33034 23561 LT97ER 1.9352 489.4 630 GIEAL 457.78 Z460dE 1984 92 84
330 350042 MIR? 1B7I90 214y 454.1 21 64032 46550 Z2ATTIG G BR.0Q
s isn4A9 25002 1.B5708 23 422°F G50 65984 473 149364 2186 B3
sl 35058 I57.24 1.BES43 2626 3034 650 67047 4B1.01 250985 2313 Bl.B9
i IMLeT Mddh 191313 B9 367.2 G670 G6R1.14 4BEE] 152589 2446 TR
38D snTT TGS 1.84001 117 3434 &80 691.R2 406,62 254175 2585 73.50
390 390RE ITR93 196633 1481 321.5 590 TO2.52 S45 255731 M TL56
400 BT R ZEA1G6  1.991%d 3.B06 A6 TO0 T13.37 51233 257177 ZR.ED G976
410 411.12 343 2001659 4.153 2833 710 T4 520.73  15ERID 3R G707
420 421.76 n0ee 204142 4522 266 T20 T34 R2 528.14 260319 3202 64.53
430 43143 WT 206533 4915 2511 T30 T45.62 53607 26IRO3 3z 6213
440 441.61 31530 208870 5332 2368 TaO T56.44 54402 263IED 1550 5082

1., and r, doa for use with Egs. 6,43 snd 644, respecively.
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TABLE A-22 (Comtimued)

TIK). k and aikifkg), 5 (klfkg - Ki

Gas Power Cycles

when As = 0 when As = 0

r i ] e P o, T ] ] & P ,
750 T67.29 55099 144737 37.35 57.683 1300 139597 QOZLZEZ 337M5 309 11.275
T TIR.1E 56001 266176 39.27 55.54 1320 1419.76 DMOER 329160 3515 0747
T TE.11 56807 1ATS05 41.31 5339 1340 144360 DIOSR94 330950 3753 10.247
TED RONLO3 5TR.12 269013 4335 51.64 1360 146749 IOTT.00 232724 901 9.T=0
79 B10.99 58421 270400 | 4555 49,86 1380 149044 109526 334474 424.2 9337
BN B21.95 S|EI0  LTITET 47.75 45,08 1400 151542 111352 336200 450.5 BOI9
B2 R43.08 60859 2174504 52.59 4484 1420 153944 113177 337001 ATR.O B.526
L2 BH6.08 62495 277170 | ST.60 41.85 1440 156350 1150003 339586 506.9 B.153
Rl RER.2T BI040 2797E3 63,09 L2 1460 1587.63 1168.49 341247 5371 T.801
BED 1056 G5T.05 2RI GE.08 36,61 1480 161079 11B695 342891 5688 TAGE
o0 93293 674.58 1B4R56 75.29 34.31 1500 163597 120541 344516 6019 T.152
920 95538 69128 21ET3IM BZOS 218 1520 166023 122387 346120 | 6365 6854
o0 97702 TORORE  1R9T48 BO.2% nx 1540 168450 124243 347712 BTLE B.569
60 1NLSS TI502 292128 970} 1540 1560 170882 1260099 349176 TI0S 6301
9E0 102325 T4198 294468 | 1052 673 ISB0 173317 127965 3.50BZ9 TS0 6
1000 160 TSEG4 296770 | 1140 517 1600  1757.57 Q119830 352364 T2 5.804
1020 1B.ES TIGID 299034 | 1234 n.72 1620 178200 131696 353879 B34.1 5.574
40 1091.B5 T9R3I6 300260 | 1333 2. 1640 180646 133572 355381 B7R.9 5.355
60 1114.86 EI0&Z 303449 | 1439 .14 1660 1E30.96 135448 356867 U25.6 5.147
080 1137.89 EITHE 305608 | 1552 19.98 I6GB0 185550 137324 358335 9742 4,549
1 116107 B4533 307732 | 167.1 IEE96 | 1700 18BOLL 135927 35979 1025 4.761
1120 118428 B62TY 309RIS | 1797 I7.886 | 1750 19416 14308 16336 1161 4.328
1140 120757 EEO.35  3.10RE3 | 1931 16546 | 1200 20033 14872 31.6684 1310 344
1160 1230092 E97.91 313916 | 207.2 I6.064 | IBSO 20653 1534.9 323 1475 3601
1180 1254.34 1557 315916 | 1222 15.241 1900 21274 1586 iTsd 1655 3.395
1200 1277.79 933233 3.1TRER | 23RO 14470 | 1950 Z2I89.7 16306 376577 1852 3.022
1220 130131 95009 11983 | 547 13,747 | 2000 2252.1 1678.7 37954 068 1776
1240 132493 D6E95 321751 | X713 13.069 | 2050 23146 17268 1833 2303 1555
1260 1348.55 SEAM)  32363F | 2908 12435 | 2100 23774 17753 3. B605 2550 1356
1280 137224 1D04.76 325500 | 3104 [1.E35 | 2150 24403 18238 38901 2837 2175
200 25032 18724 30191 3138 2012
50 25664 19213 310474 1464 1864

Sewree: Tables A-X2 ore based on L. H. Keenan and 1. Kaye, Gos Tobdes, Wiley, New '!'-m.t.. 1985,

For given T get p_and v_from the Table.

For given p_or v, interpolate the value of T from the Table.

Obviously, referring to the Table, interpolating etc is tedious.

All this labor is avoided if we use TEST for calculations, as illustrated below:

If the variation of sp. heat with temp is to be taken in to account, it is done very easily in TEST:

a) Just choose Ideal Gas (IG) model, instead of PG model. In IG model, variation of sp. heat

with temp is taken in to account.

b) Select air as working substance, and copy the TEST code to the I/O panel

¢) Click on Load to load this TEST code.
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[Speciﬁc, Closed Process, Cycle Daemon: IG Model |

thermeofluids.net - Daemons - Systems - Closed - Process - Spedfic - Reciprocating Cycles - IG Model

Move mouse over a variable to display its value with more precision.

& Mixed ¢ 8l  English = ICaso—O ‘{.ﬂ [ Help Messages On ‘Super-terata Super Calculate

Siate Nanel | Process Manel | Cycie Manel

#—————Start ot 1IES1-Codes

State-1: AIr
{p1= U0 KPa, 11=2/0 deg-C; Vell=0Umis; Z1=0.0m; mi=1Ukg; }

State-2: A,
Given:  {ves VIS mrakg, s2="sT KUKGK VelZsUUmis, Z=0Um; mZ2=mi kg }

State-3 AIr
GINEN.  {p3=550U0 KA, v3S V2 MUEKG, Vel3= UL mis; Z3=U0m; m3=m1 kg, }

State-4: AIr;
Given:  {pd="pIkHa; ha=hI+HUI-UZNZ Kikg, Veld=UUmis; 24=U0m; mé=mi kg, }

State-5: AIr
Gven:  {vo=V1Tmr3kg, s5="s4"KJkgK; Velb=UUmis; =00 m; ma=miTkg; }
H

Analysis
Frocess-A b-State = State-1; 1-State = State-Z;

d) Now, click on SuperCalculate, and immediately, all calculations are up-dated.

Move mouse over a variable to display its value with more precision.

& Mixed 51  English ﬂ ¥ Help Messages On Super-terate i

State Panel | Process Panel | Cycie Panel 10 Panel
i OUTPLIT OF SUPFR-CAI CLI ATF OPFRATION FROM THF | OADFDN TEST-CONF A~~~ m s ﬁl
:
Fr = ANALYST: Dr. Muliya: TEST License: Professional™*** B
E Solution logaed at: May 25, 2014 6:11:26 PM

Fr 3+ TEST-code: To save the solufion, copy the codes generated below into a text file. To reproduce the solution at a later time, launch
the daemon (see path name below), paste the saved TEST-cede atthe bottom ofthis /0 panel, and click the Load button.

Daemon Path: Systems=Closed=Process=Specific=PowerCycle=|G-lModel; v-10.calg

A 3 3 3

# -Start of TEST-code-

States {
State-1: Air;
Given:  {p1=100.0kPa;, T1=27.0deg-C; Veli=00mls; z1=00m; m1=1.0kg; }

State-2: A,
Gen: (V= VMY mRdkg, s2=TSTTRJKQK VelZ=UUmis; = UUm; mZ="mi1Tkg; }

State-3 Alr,
Ghven:  {p3=5500.0 kPa; v3="vZ m*3fkg, Vel3=0.0mis; z3=0.0m, m3="mT kg, }

&
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e) Go to Cycle panel and see the results:

Use the MO Panel as a sdentific calculator that recognizes state properties (e.g. 3.14*9.5"2, h2-h1, p1*(Vol1/Vol2)"1.3, etc)

~ Mixed ¢ S|  English < I@Case—l] vi] W Help Messages On Super—lterafe] Super-Calculate M Super-nitialize

State Fanel Process Panel Cycle Panel 1i0 Pane|
Initialize | Ealculute ; - Slai&NuII ~ £ : State-NuII i vl

T_min

vl— — — m
_:_@“:m@m—

S gen.int efa th . Wdot_net
ST o v |[EEsa [ v —I_I 1 [EEE|| [
3 Overall Cycle Equations (n processes): [Vr i
O =—imin( 0,00 G =imax(gj,m 0, 0.
W Zmax[WBJ 0} W, = —me {5,.0) L @ — L
J=1
W’mx Twin ) Er— —
T =255 ot =1- T e =G {\er

Thus:

Air standard efficiency = eta_th = 62.86% .... Ans.

MEP = 258.52 kPa = 2.585 bar ... Ans.

Cut off ratio = v4/v3 = 1.086.... Ans.

Explosion ratio = p3/p2 = 1.312... Ans.

f) TEST Code etc are gven below, briefly:

Fommmmvms v OUTPUT OF SUPER-CALCULATE

# Daemon Path: Systems>Closed>Process>Specific>PowerCycle>IG-Model; v-10.ca08

E EeCEEEEER e Start of TEST-code ---------m-mmmmm oo
States  {

State-1: Air;

Given: { pl= 100.0 kPa; T1= 27.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; m1= 1.0 kg; }
State-2: Air;

Given: { v2= “v1/15"mA3/kg; s2= “s1”kJ/kg.K; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m17kg; }
State-3: Air;

Given: { p3= 5500.0 kPa; v3= “v2”mA3/kg; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m17kg; }
State-4: Air;
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Given: { p4= “p3”kPa; h4= “h3+(u3-u2)/2”k]/kg; Vel4= 0.0 m/s; z4= 0.0 m; m4= “m1’kg; }
State-5: Air;
Given: { v5= “v1”mA3/kg; s5= “s4”k]/kg.K; Vel5= 0.0 m/s; z5= 0.0 m; m5= “m17kg; }
}
Analysis {
Process-A: b-State = State-1; f-State = State-2;
Given: { Q= 0.0 kJ; T_B= 25.0 deg-C; }
Process-B: b-State = State-2; f-State = State-3;
Given: { T_B= 25.0 deg-C; }
Process-C: b-State = State-3; f-State = State-4;
Given: { T_B= 25.0 deg-C; }
Process-D: b-State = State-4; f-State = State-5;
Given: { Q= 0.0 kJ; T_B= 25.0 deg-C; }
Process-E: b-State = State-5; f-State = State-1;
Given: { T_B= 25.0 deg-C; }

-~
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#ommme- Property spreadsheet starts:
## State p(kPa) T(K) v(mA3/kg) u(k]/kg) h(kJ/kg)  s(kj/kg)

# 1 100.0 300.2 0.8614 -84.12 2.02 6.893
# 2 4193.16 839.1  0.0574 327.84  568.64 6.893
# 3 5500.0 1100.6 0.0574 548.29  864.13 7.122
# 4 5500.0 11952 0.0624 631.33  974.35 7.218
# 5 156.04 468.3 0.8614 38.71 173.12 7.218
e Property spreadsheet ends--------------=--mmmmmm oo

# Cycle Analysis Results:

# Calculated: T_max= 1195.2439 K; T_min= 300.15 K; p_max= 5500.0 kPa;
p_min= 100.0 kPa; Q_in= 330.66235 kJ; Q_out= 122.82308 kJ;
W_in= 411.96042 kJ; W_out= 619.7997 KkJ; Q_net= 207.83926 kJ;
W_net= 207.83926 kJ; S_gen,int= -0.6971 kJ/K; eta_th= 62.85544 %;
MEP= 258.5181 kPa;

H OB B W

#00*CALCULATE VARIABLES: Type in an expression starting with an ‘=" sign (‘= mdot1*(h2-h1);
‘= sqrt(4*A1/PI)] etc.) and press the Enter key)**+0rt*

#Cut off ratio:

v4/v3 = 1.0860422812893336 .... Ans.

#Explosion ratio:

p3/p2 = 1.3116600154084803.., Ans.

Prob.1.46.An engine working on Dual combustion cycle takes in air at 1 bar and 30 C. The clearance is
6% of the stroke and cut off takes place at 10% of the stroke. The max. pressure in the cycle is limited to

70 bar. Find: (i) the temperatures and pressures at salient points, and (ii) air standard efficiency. [VTU]

TEST Solution:
Following are the steps:

Steps 1 to 4 are the same as for Problem 1.32, using PG model.
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Applied Thermodynamics: Software Solutions
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5. Select Air as the working substance and fill in data for p1= 100 kPa, T1= 30 C, and m1=1
kg for State 1, i.e. at beginning of compression, and hit Enter. We get:

[Speciﬁc, Closed Process, Cycle Daemon: PG Model |

thermofluids.net - Daemons - Systems - Closed - Process - Spedfic - Recdprocating Cycles - PG Model

Move mouse over a variable to display its value with more precision,

= Mixed ¢ Sl ¢ English <|Mase—0 v;ﬂ ¥ Help Messages On Super—lheq'ale' Super-Calculate

Process Panel | Cycle Panel 110 Panel

Note that properties for State 1 are calculated.

6. For State 2: Enter Vol2 = 0.08 * (Voll - Vol2) i.e. Vol2 = 0.08 * Voll / 1.08, s2 = s1 (since

Process 1-2 is isentropic) and m2 = m1. Hit Enter:

Move mouse over a variable to display its value with more precision,

% Mixed ¢ S|  English ﬂ ¥ Help Messages On Super-lteratel culate m SuperInitialize

Process Panel | Cycle Panel WO Panel

_:I__ __ _D

Here, p2 = 3828.89 kPa, T2 = 859.8 K ....Ans.
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Applied Thermodynamics: Software Solutions
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7. Similarly, for State 3: Enter p3 = 7000 kPa, Vol3 = Vol2, and m3 = m2. Hit Enter, and we get:

lim-mm-m-amﬁa&eﬁ_éh.&splaﬁévﬂmm more precision.

# Mixed S|  English <|®Case-0 v:-j [ Help Messages On Super-fterate Super-Calculate | m | Super-Initialize

State Panel Process Panel Cycie Panel 0 Pane |
_J v3 __J u3 _J
i ~ | [olopaas ) g v||s2zozear ||k v |j2Tat8ss | |wie -

n 7| e 7| = od J_fa
T s D - | s~

ohi3 psi3 | m3 7| vos M3
I kg v lkimg v be |G v v|[8sT kgt v

R3 ¢ p3 c v3

klkg K ~ 071651

| kamgx v | 140 || UnitLess ~|

kg K + | [1.00310

Note that T3 = 1571.89 K ... Ans.
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Applied Thermodynamics: Software Solutions
Part-I (Gas Power cycles) Gas Power Cycles

8. Now, for State 4: enter p4 = p3, m4 = m3, and (Vol4 -Vol3) = 0.1 * (Voll - Vol2), i.e. Vol4 =
Vol3 + 0.1 * (Voll - Vol2) since cut off occurs at 10% of stroke. Hit Enter. We get:

Move mouse over avariable to display its value with more precision.

“ Mixed ¢ S  English ﬂ ™ Help M On Super-lterate Super-Calculate m
| Process Panel
Calculate No-Plots +

Supernitialize
Cycle Panel

/0 Panel

Initialize Formation Enthalpy: @

aT

R4

Note that T4 = 3536.75 K....Ans. And, s4 = 7.11408 kJ/kg.K.

9. Now, for State 5: Enter Vol5 = Voll, s5 = s4, m5 = m4, and hit Enter. We get:

Move mouse over avariable to display its value with more precision.

“ Mixed ¢ S  English ﬂ ™ Help M On Super-lterate Super-Calculate m Super-Initialize
State Panel |

Process Panel Cycle Panel

/0 Panel

Calculate No-Plats v
I _| J

Initialize Formation Enthalpy:

_:I_I: _— _EI

Note that p5 = 569.21 kPa, T5 = 1725.55 K ... Ans.
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10. Now, go to the Process Panel. For Process A (i.e. process 1-2), enter State 1 and State 2
for b-state and f-state respectively, and Q = 0 since process 1-2 is adiabatic. Hit Enter, and

we get:

Move mouse over a variable to display its value with more precision.

# Mixed S|  English ﬂ ¥ Help M Super—ltewaie' Super-Calculate m Super-Initialize

State Panel Cycle Panel WO Fanel |

. < | Process-A[1-2]

Closed Process - &

Mass:

0 g ; . Waork in negative
Energy: -8, - AR | - : Heat in positive

Entropy:

Note that the boundary work, W_B etc for this process are immediately calculated.
11. Similarly, for Process B (i.e. process 2-3): enter b-state and f-state, hit Enter:

Q=0.0 kJ[Net heattransfer]

“ Mixed ¢ SI  English 2 |®Cas&0 ;_v.flﬂ ¥ Help Messages On Super-lterate Supe ulate Super-Initialize

State Panel | Process Panel |

12. And, similarly for Process 3-4:

0 =5102188 kJ[Netheat transfer]

“Mixed sl CEnglish  <|@Case0 v >| WHelpMessagesOn  Supertterate| B

State Panel | Process Panel | Cyrle Panel 1) Panel
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Applied Thermodynamics: Software Solutions

Part-l (Gas Power cycles)

13. Again, for Process 4-5:

| & Mixed ¢ S| € English

j'@éase-o' v'_ j [¥ Help Messages On

Process Panel |

Super-lterate

Super-Calculate

Gas Power Cycles

ﬁ.JDOSA lInitl e==

v | [1297.739 7]
v [a297.730 ":_: |

|states v

W E

Delta E

14. And, for Process 5-1:

* Mixed  Si

" English

j@éase:d v'_j v Help Messages On

Process Panel |

Super-lterate

Super-Calculate

J & gen
v|[on Pl v

s=constant

m Supernitialize |

| I

| j Process-E [5-1]
|

| _| @
;1 010.15955 K
| L

||

=5

v-. _.;.:J

|State5 v |
7| ws

Nelta_F

User Defined

~| [Fioiaiisess [u

Unilless
| L

The Wake
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Applied Thermodynamics: Software Solutions

Part-I (Gas Power cycles) Gas Power Cycles

15. Now, go to Cycle Panel, Click on Calculate and SuperCalculate. All calculations are
available here:

Q=-1019 15955 k1 [Mel beel Iranesfer]

& Mixed ¢ S| ¢ English <|0C:ase-0 v = ¥ Help Super-Calculate 04 Super-initalize

State Fane! Hrocess Fanel I Pane]

:rllti:h:l:-; Calculate anarator Donar: State-Mull v | sceiver: State-Null +

T_max

T_min p_max o_min Qin
FRET v PRSI @00 v v v e v

0_out W.in W._out Q_net W._net
[OOSR v ESEOINNN 0 | [SSRREANN (| [WSEESSINN (v [MeEwss v

S_gen,int ata_th MEP __J N - Welot_net
E0T T TR RO - ) | vl

O Overall Cycle Equations (n processes):

Q== min( Q, 00 @ = > max(2,.0)
A =

Wy, -im(ww ) w, - —im‘m (Wa,.0)

et mH
=t == a0 W=
T > Thoam = o =G

Note that:

Air standard efficiency = eta_th = 58.94% .... Ans.
MEP = 1815.87 kPa = 18.16 bar ... Ans.

16. Get the p-v plot from the Plots widget:

p, kPa (log Scale)
16967 .1

B3.0857

0.049 v, m*3/Kg (log Scale) 0.9

265

Download free eBooks at bookboon.com



17. And get the TEST code etc from the I/O panel:

States

~~~~~~~~~~~~~~~~~~~~~ OUTPUT OF SUPER-CALCULATE

Daemon Path: Systems>Closed>Process>Specific>PowerCycle>PG-Model; v-10.ca08

———————————————————— Start of TEST-code ~--------mmmm oo

State-1: Air;

Given: { pl= 100.0 kPa; T1= 30.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; m1= 1.0 kg; }

State-2: Air;

Given: { s2= “s17kJ/kg.K; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m1”kg; Vol2= “0.08*Vol1/1.08"mA"3;

State-3: Air;

Given: { p3= 7000.0 kPa; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m2”kg; Vol3= “Vol2"m~3; }

State-4: Air;

Given: { p4= “p3”kPa; Vel4= 0.0 m/s; z4= 0.0 m; m4= “m37kg; Vol4=“Vol3+0.1*(Vol1-Vol3)"mA3;

State-5: Air;
Given: { s5= “s4”k]/kg.K; Vel5= 0.0 m/s; z5= 0.0 m; m5= “m47kg; Vol5= “Vol1’mA3; }
}

Analysis {

HOH B H B R

Process-A: b-State = State-1; {-State = State-2;
Given: { Q= 0.0 kJ; T_B= 25.0 deg-C; }
Process-B: b-State = State-2; f-State = State-3;
Given: { W_B= 0.0 kJ; T_B= 25.0 deg-C; }
Process-C: b-State = State-3; f-State = State-4;
Given: { T_B= 25.0 deg-C; }

Process-D: b-State = State-4; f-State = State-5;
Given: { Q= 0.0 kJ; T_B= 25.0 deg-C; }
Process-E: b-State = State-5; f-State = State-1;
Given: { W_B= 0.0 kJ; T_B= 25.0 deg-C; }

-------- Property spreadsheet starts:

State p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
1 100.0 303.2 0.87 -81.98 5.02 6.903
2 3828.89 859.8 0.0644 316.86 563.61 6.903
3 7000.0 15719 0.0644 827.08 1278.19 7.336
4 7000.0 3536.8 0.145 2234.92 3249.92 8.149
5 569.21 1725.5 0.87 937.18 1432.39 8.149
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# Mass, Energy, and Entropy Analysis Results:

# Process-A: b-State = State-1; f-State = State-2;

# Given: Q= 0.0 kJ; T_B= 25.0 deg-C;

# Calculated: W_B= -398.84207 kJ; S_gen= -0.0 kJ/K; n= 1.4005353 UnitLess; Delta_E=
398.84207 kJ;

# Delta_S= -0.0 kJ/K;

# Process-B: b-State = State-2; f-State = State-3;

# Given: W_B= 0.0 kJ; T_B= 25.0 deg-C;

# Calculated: Q= 510.2188 kJ; S_gen= -1.2789873 kJ/K; Delta_E= 510.2188 kJ; Delta_S=
0.43229505 kJ/K;

# Process-C: b-State = State-3; f-State = State-4;

# Given: T_B= 25.0 deg-C;

# Calculated: Q= 1971.7263 kJ; W_B= 563.8887 kJ; S_gen= -5.799439 kJ/K; n= 0.0
UnitLess;

# Delta_E= 1407.8376 kJ; Delta_S= 0.8137636 kJ/K;

# Process-D: b-State = State-4; f-State = State-5;

# Given: Q= 0.0 kJ; T_B= 25.0 deg-C;

# Calculated: W_B= 1297.739 kJ; S_gen= -0.0 kJ/K; n= 1.4005353 UnitLess; Delta_E=
-1297.739 KJ;

# Delta_S=-0.0 kJ/K;

# Process-E: b-State = State-5; f-State = State-1;

# Given: W_B= 0.0 kJ; T_B= 25.0 deg-C;

# Calculated: Q= -1019.15955 kJ; S_gen= 2.1722193 kJ/K; Delta_E= -1019.15955 kJ;

Delta_S= -1.2460587 kJ/K;
# Cycle Analysis Results:

# Calculated: T_max= 3536.75 K; T_min= 303.15 K; p_max= 7000.0 kPa;

# p_min= 100.0 kPa; Q_in= 2481.945 kJ; Q_out= 1019.15955 kJ;

# W_in= 398.84207 kJ; W_out= 1861.6277 kJ; Q_net= 1462.7856 KJ;

# W_net= 1462.7856 kJ; S_gen,int= -4.90621 kJ/K; eta_th= 58.93707 %;
# MEP= 1815.8724 kPa;

Prob.1.47.An air standard Dual cycle uses 1 kg of air and has a compression ratio of 14. The P and T
at the beginning of the adiabatic compression are 1 bar and 30 C respectively. The temp at the end of
constant volume and constant pressure heat addition are 1200 C and 1500 C respectively. Taking into
account the variation of sp. heat with temp, calculate: (i) heat supplied, (ii) heat rejected, (iii) net work

done, and (iv) air standard efficiency.
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TEST Solution:
Following are the steps:

Steps 1 to 3 are the same as for Problem 1.32.

4. For Materials model choose IG model, where cp is dependent on temp:

[Speuifiu, Clused Process, Cyde Daemons: Sefect a Malerial Model |

thermofluids.net - Daemons - Systems - Closed - Process - Specific - Reciprocating Cycles

Select a material model to launch the closed (reciprocating) cycle dasmon.

Closed Power Cycle Daemons: Select a Material Model to Launch

Gas Models
PC Model |

MNavigation |

|
Moy Pure Gas Models Gas Mixture Models

-
"o w?
_;.w-’?z‘

_'\ -
33‘;= RT
n-1G Model

1 Model

G ’

X
. ®
54
HG Mode|

Pl Model|
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5. Select Air as the working substance and fill in data for p1= 100 kPa, T1= 30 C, and m1=1
kg for State 1, i.e. at beginning of compression, and hit Enter. We get:

|:Specific, Closed Process, Cycle Daemon: IG Modef]

thermafluids.net + NDaemons « Systems - Closed - Pracess - Specific - Reriprocating Cyrles - 16 Madel

rhod = 1.1404357 kg/m*3 [Dencity]

& Mixed 51 O English = |®Ca.s&0 | |:| [+ Help Messages On Super-iterate | Super-Calculate m

Hrocess Fanel ' Lycle Panel IlJ Hanel

Mo-Plots v i Formation Enthalpy: @ o

|

T1 ot _] vi | ut
n _| _| Vel _| % J
_______ :_

J i B . ) - . J Valt

Note that properties for State 1 are calculated.

6. For State 2: Enter v2 = v1/14 (since comprn. ratio is 14), s2 = s1 (since Process 1-2 is

isentropic) and m2 = 1 kg. Hit Enter:

Move mouse over a variable to display its value with more precision.

# Mixed  SI  English 2 |@Case-0 v > ¥ Help Messages On er-lterate Super-Calculate Super-Initialize
g g

State Panel Process Panel Cycle Panel U Panel

Here, p2 = 3815.16 kPa, T2 = 826.12 K ....Ans.
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7. Similarly, for State 3: Enter T3 = 1200 C, v3 = v2, and m3 = 1 kg. Hit Enter, and we get:

p2 =3815.1611 kPa [Absolute pressure]

“ Mixed ¢ S| ¢ English < |Mase—l) ~ = | W Help Messages On ‘Super-lterate Super-Calculate Super-Initialize

State Panel | Process Panel | Cycle Panel WO Panel

Note that p3 = 6803.27 kPa ... Ans.

8. Now, for State 4: enter p4 = p3, m4 = 1 kg, and T4 = 1500 C, and hit Enter. We get:

Move mouse over a variable o display its value with more precision,

# Mixed © 8l ¢ English < |®Case—0 -\&ﬂ ¥ Help Messages On Super-lterate Supe! g Supernitialize

State Panal Prarsss Panel Cyrle Panel I Panel

Move mouse over a variable to display its value with more precision,

® Mixed 8 E gli < |m;;.»n | = v Help Messages 0n ﬁlper—ltamfel SuperCalculate Suparnifialize

State Panal Process Panel | Cycla Pansl 110 Panel

HH Calculale I Fi

Note that p5 = 283.49 kPa, T5 = 798.78 K ... Ans.
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10. Now, go to the Process Panel. For Process A (i.e. process 1-2), enter State 1 and State 2
for b-state and f-state respectively, and Q = 0 since process 1-2 is adiabatic. Hit Enter, and

we get:

# Mixed © 51 ¢ English < IECase-EI v':J W Help Messages On Superlterate [ | Super-Calculate @ | Super-Initialize | |

ale Panel Process Panel | Cycle Panel |

<|Pmcess—h[1-21 vAﬂ ﬂa‘te-1 | alculate s=constant

Q | we k4
RN CEEC [T

i

Delta E Delta &

oo Y- 2~

Closed Process - A

Mass:  m, =m, =m dbe L5 [ WinHip: ]
0 Work in negative
Energy: fn({_’: e, ) = 3 4 : . Heat in p0fitive |

Entropy:

Note that the boundary work, W_B etc for this process are immediately calculated.
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11. Similarly, for Process B (i.e. process 2-3): enter b-state and f-state, hit Enter:

Move mouse over a variable o display its value with more precision,

# Mixed © 8l ¢ English < |®Case—0 Agﬂ ¥ Help Messages On Super-lterate Supe e Supernitialize

State Pansl| Process Panel Cycle Panel 110 Panel

12. And, similarly for Process 3-4:

0 =566.12946 kJ [Netheat iransfer]

* Mixed ¢ S|  English < |®Case—i} \ﬂﬂ ¥ Help M I Super jate a Supernitialize

State Panel | Process Panel Cycle Panel 12 Panel

H mccsn'G[Sﬂ * 4 l“i? &t tate | ..'.:ZE|C:IJ|EI-:Z! . Initialize
= I < | s
_— _— _— Fiooes T ]

e Delta_E Delta_S

13. Again, for Process 4-5:

Move mouse over a variable to display its value with more precision,

& Mixed ¢ Sl  English < iMasei) VJ'ﬂ I+ Help M Super-terate | Super-Calculate Supernitialize

State Panel | Process Panel Cycle Panel U Panel

R T S T
ﬂ Q _[ wB J S yen

n

[] Delta £ Delta_S
[ — - A -

14. And, for Process 5-1:

@ Mixed €SI € English >| W Hepm ETERCECH superCalcuiate [l Load |

State Panel Process Panel Cycle Panel /0 Panel
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15. Now, go to Cycle Panel, Click on Calculate and SuperCalculate. All calculations are

available here:

Move mouse over a variable to display its value with more precision,

# Mixed ¢ SI ¢ English ﬂ ¥ Help Messages On Super-lterate | Super-Calculate SuperInitialize

State Panel Process Panel Cycle Panel 110 Panel
Q. in

T_max T_min p_max p_min
[ v S < | [sss i e | [GRONM e s v
Q out W.in W _out Q_net W _net

S_gen.int eta_th | Waot_net

[ Overall Cycle Equations (n processes):

O =S min(0,0; 0, =3 max(0,0)
71 L

W,, = max (W, 0} W, =~ wmin (W, ,0)
= i

T = Qm; Mot ZI—K; W =Chn

Note that:

Heat supplied = Q_in = 933.87 kJ ... Ans.

Heat rejected = Q_out = 377.07 kJ .... Ans.

Net work done = W_net = 556.70 kJ .... Ans.

Air standard efficiency = eta_th = 59.62% .... Ans.

MEP = 689.22 kPa = 6.892 bar ... Ans.
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16. Get the p-v plot from the Plots widget:

p, kPa (log Scale)
16443.3

B3.0957

0.0471 v, m*3/kg (log Scale) 0.9

Struggling to get
interviews?

Professional CV consulting & writing assistance
from leading job experts in the UK.

". Take a short-cut to your next job!

@h U Improve your interview success rate by 70%.

TheCVagency
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17. Get the TEST code etc from the I/O panel:

Homm OUTPUT OF SUPER-CALCULATE

# Daemon Path: Systems>Closed>Process>Specific>PowerCycle>IG-Model; v-10.ca08
B Start of TEST-code ---- - mmmmm o oo
States {

State-1: Air;
Given: { pl= 100.0 kPa; T1= 30.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; m1= 1.0 kg; }
State-2: Air;
Given: { v2= “v1/14’mA3/kg; s2= “s1”k]/kg.K; Vel2= 0.0 m/s; z2= 0.0 m; m2= 1.0 kg; }
State-3: Air;
Given: { T3= 1200.0 deg-C; v3= “v2”mA3/kg; Vel3= 0.0 m/s; z3= 0.0 m; m3= 1.0 kg; }
State-4: Air;
Given: { p4= “p3”kPa; T4= 1500.0 deg-C; Vel4= 0.0 m/s; z4= 0.0 m; m4= 1.0 kg; }
State-5: Air;
Given: { v5= “v1”mA3/kg; s5= “s4”k]/kg.K; Vel5= 0.0 m/s; z5= 0.0 m; m5= 1.0 kg; }
}
Analysis {
Process-A: b-State = State-1; f-State = State-2;
Given: { Q= 0.0 kJ; T_B= 25.0 deg-C; }
Process-B: b-State = State-2; f-State = State-3;
Given: { W_B= 0.0 kJ; T_B= 25.0 deg-C; }
Process-C: b-State = State-3; f-State = State-4;
Given: { T_B= 25.0 deg-C; }
Process-D: b-State = State-4; f-State = State-5;
Given: { Q= 0.0 kJ; T_B= 25.0 deg-C; }
Process-E: b-State = State-5; f-State = State-1;
Given: { W_B= 0.0 kJ; T_B= 25.0 deg-C; }

}
fommm End of TEST-code ---------mmmmmmm oo e oo
fommmeee- Property spreadsheet starts:
# State  p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(kJ/kg)  s(kj/kg)
# 1 100.0 303.2 0.87 -81.96 5.04 6.903
# 2 3815.16 826.1 0.0621 317.3 554.38 6.903
# 3 6803.27 1473.2  0.0621 883.43 1306.2 7.406
# 4 6803.27 1773.2  0.0748 1165.07 1673.94 7.633
# 5 263.49 798.8 0.87 295.11 524.35 7.633
Hommmooo Property spreadsheet ends----------------omommmm o
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# Mass, Energy, and Entropy Analysis Results:

#
#
#
kJ;
#

#

Process-A: b-State = State-1; f-State = State-2;
Given: Q= 0.0 kJ; T_B= 25.0 deg-C;
Calculated: W_B=-399.26157 kJ; S_gen=-0.0 kJ/K; n=1.3798746 UnitLess; Delta_E=399.26157

Delta_S=-0.0 kJ/K;

Process-B: b-State = State-2; f-State = State-3;

Given: W_B= 0.0 kJ; T_B= 25.0 deg-C;

Calculated: Q= 566.12946 kJ; S_gen= -1.3958921 kJ/K; Delta_E= 566.12946 kJ; Delta_S=

0.5029155 kJ/K;

@‘*ﬁ##*ﬂ:lﬂ::ﬂ:#

H O B H

Process-C: b-State = State-3; f-State = State-4;

Given: T_B= 25.0 deg-C;

Calculated: Q= 367.73578 kJ; W_B= 86.09596 kJ; S_gen= -1.0062462 kJ/K; n= 0.0 UnitLess;
Delta_E= 281.63983 kJ; Delta_S= 0.22714564 kJ/K;

Process-D: b-State = State-4; f-State = State-5;

Given: Q= 0.0 kJ; T_B= 25.0 deg-C;

Calculated: W_B= 869.9579 kJ; S_gen= -0.0 kJ/K; n= 1.3249912 UnitLess; Delta_E= -869.9579

Delta_S=-0.0 kJ/K;

Process-E: b-State = State-5; f-State = State-1;

Given: W_B= 0.0 kJ; T_B= 25.0 deg-C;

Calculated: Q= -377.07303 kJ; S_gen= 0.534648 kJ/K; Delta_E= -377.07303 kJ; Delta_S=

-0.7300611 kJ/K;
# Cycle Analysis Results:

Calculated: T_max= 1773.15 K; T_min= 303.15 K; p_max= 6803.2656 kPa;
p_min= 100.0 kPa; Q_in= 933.8653 kJ; Q_out= 377.07303 kJ;
W_in= 399.26157 kJ; W_out= 956.05383 kJ; Q_net= 556.79224 kJ;
W_net= 556.79224 kJ; S_gen,int= -1.86749 kJ/K; eta_th= 59.62233 %;
MEP= 689.22144 kPa;
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1.5 Problems on Stirling cycle:
1.5.1 Problem solved with TEST:

Prob. 1.48. Following data refers to an ideal Stirling cycle with ideal regenerator. P, T and V of the working
medium at the beginning of isothermal compression are 100 kPa, 30 C and 0.05 m~3 respectively. The
clearance volume is 1/10 of the initial volume. The max. temp attained in the cycle is 700 C. Draw the
p-v and T-s diagrams. Calculate: (i) net work, (ii) thermal efficiency with 100% regenerator efficiency,

and (iv) thermal efficiency without the regenerator. [VIU]

3

Qs
.
\\T=|::

2 4
b\
Qr
T=c 1

Fig.Prob.1.48

EXPERIENCE THE POV
FULL ENGAGEMENT...

RUN FASTER.
RUN LONGER..
RUN EASIER...
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TEST Solution:
Following are the steps:

Steps 1 to 4 are the same as for Problem 1.32, using PG model.

5. Select Air as the working substance and fill in data for pl= 100 kPa, T1= 30 C, and Voll=

0.05 mA3 for State 1, i.e. at beginning of compression, and hit Enter. We get:

[Speciﬁc, Closed Process, Cycle Daemon: PG Model
thermofluids.net - Daemons - Systems - Closed - Process - Spedfic - Recprocating Cycles - PG Model

Move mouse over a variable to display its value with more precision.

@ Mixed S8 English ﬂ W Help Messages On SIID(-'!E“‘BI".’—I"‘E[ SuperCalcilate Supernitialize

State Panel Process Panel I Cycle Panel i Panel |

R1 ¢ pt cvl K1
ORI o R o AR nax v R v ]

Note that properties for State 1 are calculated.

6. For State 2: Enter Vol2 = 0.1 * Voll, T2 = T1 (since Process 1-2 is isothermal) and m2 = ml.
Hit Enter:

Move mouse over a variable o display its value with more precision.

& Mixed 81 English j v Help Messages 0n Super-terate Super-Calculate

Process Pancl | Cycle Panel 110 Panel |

Calculate No-Plots v ninalize rormation tnthalpy: @

iy ns? LI Ll
[ R | king v __ _|: _:

K2 c _pZ ; !

Here, we get p2 = 1000 kPa.
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7. Similarly, for State 3: Enter T3 = 700 C, Vol3 = Vol2, and m3 = m1. Hit Enter, and we get:

Move mouse over a variable to display its value with more precision.

* Mixed  S8I C English ﬂ ™ Help M On Super-lterate ] Super-Calculate m Super-Initialize

State Panel Frocess Panel Cycle Panel WO Fanel

Note that p3 = 3210.13 kPa.

8. Now, for State 4: enter T4 = T3, m4 = m1, and Vol4 =Voll. Hit Enter. We get:

Move mouse over a variable to display its value with more precision,

% Mixed ¢ S|  English ﬂ ¥ Help Messages On Super-terate Super-Calculate m Supernitialize

State Panel | Process Panel | Cycle Panel 110 Panel

Note that p4 = 321.01 kPa
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9. Now, go to the Process Panel. For Process A (i.e. process 1-2), enter State 1 and State 2 for

b-state and f-state respectively, Hit Enter, and we get:

Move mouse over a variable to display its value with more precision.

@ Mixed ¢ SI English < Iﬁ".ase-n -‘}‘ﬂ ¥ Help Messages On Super—ﬂm:ﬂal SuperCalcilate Supernitialize

State Panal Process Pansl Cycla Panal U0 Panel

. < I Mrocess-A[1-2]

—

O T s

Closed Process - &4

Mass: m, —m, —m WinHip:
3 ; ¢ Work In negative
Energy: m (g =3 ea) =0~ B ” i : Heat in positive

AE

Entropy: m(.s*f —.s'b)
A

Note that the boundary work, W_B, Q etc for this process are immediately calculated.

10. Similarly, for Process B (i.e. process 2-3): enter b-state and f-state, hit Enter:

Q=27 589664 Kkl [MNet heat transfer]

# Mixed ¢ Sl  English < IMase—i) Mlﬂ ¥ Help Messages On Super-terate Super-Calculate m Super-Initialize

State Panel Process Panel Cycle Panel W0 Panel |

Move mouse over a variable to display its value with more precision,

@ Mixed €SI CEnglish  <[aCased v| »| W Helpm t Supe ™ En

Gtate MNanel Proceas Panel IfO Manel |
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12. Again, for Process 4-1:

Q=236.957954 kI [Net heat transfer]

& Mixed Sl ¢ English < |®Case—0 v.-iﬂ v Help Messages On Super—ltelatei Super-Calculate m

State Panel Process Panel Cycle Panel | 110 Panel |

This e-book Y o N
ismadewith SETASIGN

SetaPDF h Y 4

Y \7\‘ PDF components for PHP developers

www.setasign.com
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13. Now, go to Cycle Panel, Click on Calculate and SuperCalculate. All calculations are

available here:

Move mouse over avariable to display its value with more precision.

& Mixed 81 English = IﬁCa;e—G - ¥ Help Messages On Super-lterate i Super_Calculate m Supernitialize

State Manel Mrocess Manel Cycle Panel U0 MNanel

|.’|it-5:al-:-_|:: Calc uJal o ':. taiel _ F teII v

W _net

—:I _:I_:I _:I BESET e v

5 gen,int J Wdot_net

———:I_I_Il | 2

[ Overall Cycle Equations (n processes):

O = —Zmin( 2.0 Oy =Zmam( 2.:.0)

w,, Zmax(ﬁm o) W, = ‘me (,,.0)

Wu e
Q:, L - zl—ﬁi W =

e =

Note that values obtained here are for the case when there is no regenerator:

Air standard efficiency = eta_th = 39.42% .... Ans.

MEP = 565.445 kPa = 5.654 bar ... Ans.

Now: when there is a regenerator with 100% efficiency:

Thermal efficiency is equal to that of a Carnot engine.

i.e. eta_th = (TH _ TL) / TH where temps are in Kelvin.

We get: eta_th = (T3 - T1) / T1 = 0.6885 = 68.85% ... Ans.
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14. Get the p-v plot from the Plots widget:

p, kPa (log Scale)

71974
4
3y
630957
0.0682 v, m*3/kg (log Scale) 0.9
T.K
107045
E|
27283 Pl A1
562 s, kd'kg.K 8.81
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15. I/O panel gives the TEST code etc:

B OUTPUT OF SUPER-CALCULATE

# Daemon Path: Systems>Closed>Process>Specific>PowerCycle>PG-Model; v-10.ca08
B Start of TEST-code ---- - mmmmm o oo
States {

State-1: Air;
Given: { pl= 100.0 kPa; T1= 30.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; Voll= 0.05 m~3; }
State-2: Air;
Given: { T2= “T17deg-C; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m1”kg; Vol2= “0.1*Vol1’m~3; }
State-3: Air;
Given: { T3=700.0 deg-C; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m17kg; Vol3= “Vol2”mA3; }
State-4: Air;
Given: { T4= “T3deg-C; Vel4= 0.0 m/s; z4= 0.0 m; m4= “m1”kg; Vol4= “Vol1’mA3; }
}
Analysis {
Process-A: b-State = State-1; f-State = State-2;
Given: { T_B=298.15 K; }
Process-B: b-State = State-2; f-State = State-3;
Given: { T_B=298.15K; }

RAND
MERCHANT
BANK

Adivision of FirstRand Bank Limited

Y O | l T I I I N K Traditional values. Innovative ideas.
]

YOU CAN WORK
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Rand Merchant Bank uses good business to create a better world, which is one of the reasons that the country’s top talent chooses to
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Process-C: b-State = State-3; f-State = State-4;
Given: { T_B=298.15K; }
Process-D: b-State = State-4; f-State = State-1;
Given: { T_B=298.15K; }

}
Fommm e End of TEST-code === mmmmmm oo e
e Property spreadsheet starts:
# State  p(kPa) T(K) v(mA3/kg)  u(kj/kg) h(kj/kg)  s(kJ/kg)
# 1 100.0 303.2 0.87 -81.98 5.02 6.903
# 2 1000.0  303.2 0.087 -81.98 5.02 6.243
# 3 3210.13 973.2 0.087 398.08 677.36 7.078
# 4 321.01 973.2 0.87 398.08 677.36 7.739
fommme- Property spreadsheet ends---------------omommmmm oo
# Mass, Energy, and Entropy Analysis Results:
# Process-A: b-State = State-1; f-State = State-2;
# Given: T_B=298.15 K;
# Calculated: Q=-11.512925kJ; W_B=-11.512925 kJ; S_gen= “6.368884E-4"k]/K; n= 1.0
UnitLess;
# Delta_E= -0.0 kJ; Delta_S= -0.037977654 kJ/K;
# Process-B: b-State = State-2; f-State = State-3;
# Given: T_B=298.15 K;
# Calculated: Q= 27.589664 kJ; W_B= 0.0 kJ; S_gen= -0.04450915 kJ/K; n= Infinity
UnitLess;
# Delta_E= 27.589664 kJ; Delta_S= 0.04802704 kJ/K;
# Process-C: b-State = State-3; f-State = State-4;
# Given: T_B=298.15 K;
# Calculated: Q= 36.957954 kJ; W_B= 36.957954 kJ; S_gen= -0.08597993 kJ/K; n= 1.0
UnitLess;
# Delta_E= -0.0 kJ; Delta_S= 0.037977654 kJ/K;
# Process-D: b-State = State-4; f-State = State-1;
# Given: T_B=298.15 K;
# Calculated: Q= -27.589664 kJ; W_B= 0.0 kJ; S_gen= 0.04450915 kJ/K; n= Infinity
UnitLess;
# Delta_E= -27.589664 kJ; Delta_S= -0.04802704 kJ/K;
# Cycle Analysis Results:
# Calculated: T_max= 973.15 K; T_min= 303.15 K; p_max= 3210.127 kPa;
# p_min= 100.0 kPa; Q_in= 64.54762 kJ; Q_out= 39.10259 kJ;
# W_in= 11.51293 kJ; W_out= 36.95795 kJ; Q_net= 25.44503 kJ;
# W_net= 25.44503 kJ; S_gen,int= -0.08534 kJ/K; eta_th= 39.42055 %;
# MEP= 565.44507 kPa;
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#*CALCULATE VARIABLES: Type in an expression starting with an ‘=" sign (‘= mdot1*(h2-h1);
‘= sqrt(4*A1/PI)) etc.) and press the Enter key) et
# Carnot Efficiency: = (TH - TL ) / TH, temps in Kelvin
(T3 -T1)/ T3 = 0.6884858449365463 ... Carnot efficy.

1.5.2 Problem solved with EES:

“Prob.1.49. For a hot air engine working on Stirling cycle, following data is given: Temp limits: 800 K and
300 K. Compression ratio = 2, efficiency of regenerator = 90%, and initial pressure of air = 1 bar. Find:
(i) heat supplied par kg of air (ii) heat rejected per kg of air (iii) net work done per kg of air (iv) mean
effective pressure, and (v) Thermal efficiency. Compare the thermal efficiency with that of ideal Stirling

cycle with a 100% efficient regenerator”

P i
3
Qs T
i \T , Qs
- | ] " 4
3 - ?
7 v=og /
4 4 v=rc
s ZL J
Qr e ™% N T1R 1
i= o 2 o
v 5
Fig.Prob.1.49

EES Solution:

“Data:”
T1 =300 “K”
T3 = 800 “K”
T2=T1
T4 =T3

rr = 2 “...comprn. ratio”

eta_reg = 0.9 “...efliciency of regenerator”
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P1 = 100“kPa”

m = 1“kg”

R =0.287 “kJ/kg.K..... gas constant for air”

cv = 0.718 “kJ/kg.K... sp.heat at const. volume’

]

“Calculations:”

P1*vl/(R*T1)=m".finds vl, mA3”

v2 = vl/rr “..finds v2, m"3”

v_s=vl - v2 “mA3 ... stroke volume”

Q_s=R*T3*In (rr) + (1 - eta_reg) * cv* (T3 - T1) “kJ/kg .... heat supplied”
Q. r=R*T1*In (rr) + (1 - eta_reg) * cv* (T3 - T1)“kJ/kg .... heat rejected”
W_net = Q_s - Q_r “kJ/kg .... net work done”

MEP = W_net / v_s “kPa....mean effective pressure”

eta_th = (Q_s - Q_r) / Q_s “...thermal effcy. with regenerator effcy. considered”

eta_ideal = (T3 - T1) / T3 “...Ideal or Carnot efficiency”

360°
thinking.

Deloitte.

Discover thC truth at WWW.dClOitte,CalcareerS © Deloitte & Touche LLP and affiliated entities.
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Results:

Unit Settings: 51 C kPa kJ mass deqg

ov = 0718 [kdfkoK] Nideal = 0.625 Treg = 0.9
ik = 0.51 m =1 [ko] MEP =231 [kPal]
P1 =100 [kPa] ;= 9558 [kdiko] (=185 [kfkg]
R = 0287 [kdfko-K] rr=2 T1 =300 [K]
T2 =300 [K] T3 =800 [K] T4 =800 [K]
vl = 0861 [ w2 = 0.4305 [ vy = 004305 [

W ot = 99.47 [kdfkg]

Thus:

Heat supplied = Q_s = 195 kJ/kg .... Ans.

Heat rejected = Q_r = 95.58 kJ/kg .... Ans.

Work done = W_net = 99.47 kJ/kg ... Ans.

MEP = 231 kpa = 2.31 bar ...Ans.

Thermal efficiency = eta_th = 0.51 = 51% ....Ans.

Ideal or Carnot efficiency = eta_ideal = 0.625 = 62.5% .... Ans.
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(b) Plot the variation of eta_th as regenerator efficiency varies from 0.85 to 1, other conditions

remaining same:

First, compute the Parametric Table:

[ [
123 Mreg Mth
Run 1 0.85 0467
Run 2 0.86 0475
Run 3 0.87 0.4833
Run 4 0.88 0.4919
Run & 0.89 0.5007
Run 6 049 051
Run 7 0.91 0.5195
Run 8 092 05295
Run 9 0.93 0 5398
Run 10 0.94 0.5504
Run 11 0.95 0.5617
Run 12 0.96 056733
Run 13 0.97 0.5854
Fun 14 0.98 0.593
Run 15 0.99 06112
Run 16 1 0625
e—

Now, plot the graph:

0.65
Thermal effcy. vs regen. effcy. for Stirling cycle

0611 T3=800K

0.57

1th

0.53 |

0.49

0.45L 4
084 08 088 09 092 094 095 0098 1

Treg
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(c) Plot the variation of eta_th as the high temp. T3 varies from 800 to 1300 K, for regenerator
efficiencies of 0.85, 0.9, 0.95 and 1:

First, compute the Parametric Table:

eta_reg = 0.85 eta_reg=10.9
| 2 [ 1 |- -
7 ™3 "It . P T3 = N =
K] 1,11 K]
Run 1 800 0.467 Run 1 500 0.51
Run 2 850 0.4792 Run 2 850 0.5246
Run 3 900 04899 § | Run3 | 900 0.5374
Run 4 950 0.4993 Run 4 950 0.5487
Run 5 1000 0.5076 "Run5 | 1000 0.5533
Run & 1050 05151 § Run 6 1050 0 5679
Run 7 1100 0.5218 Run 7 1100 0.5761
Run 8 1150 0.5279 "Rung | 1150 05335
Run 9 1200 05334 | Run 9 1200 0.5902
Run 10 1250 0.5385 "Run10 | 1250 0.5964
Run 11 1300 0.5431 "Run 11| 1300 0.6021
9

T WANT T0 CHANGE  DIRECTION,

{5 AND THE WORLD,

GOT-THE-ENERGY-TO-LEAD.COM
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eta_reg = 0.95 eta_reg =1
i ™z [ - ™= (2

1}11 b5 i 1>11 i i

: [K] : [K]
Run 1 300 0.5617 Run 1 800 0.625
Run 2 B850 0.5794 Run 2 B&0 0.6471
Run 3 900 0.5951 Run 3 900 0.666T
Run 4 950 0.609 Run 4 950 0.6842
Run & 1000 0.6215 Run & 1000 07
Run 6 1050 0.6327 Run & 1050 07143
Run 7 1100 0.6429 Run 7 1100 07273
Run 8 1150 0.6521 Run 8 1150 0.7391
Run 9 1200 0.6606 Run 9 1200 0.75
Run 10 1240 0.65683 Run 10 1250 0.76
Run 11 1300 0.6755 Run 11 1300 0.7692

Now, plot the results:

| Thermal effcy. vs high temp. T3 for Stirling cycle
0.75]

0.7 |

0.65| etagq = 0.95 ]

Nth

06|

0.55|

N Etareg = D.Sﬁ E
05]

YT SR IR R R BN D B O DU B
800 850 900 950 1000 1050 1100 1150 1200 1250 1300
T3 [K]
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