Intro and Terminology

Monday, August 22, 2022 9:51 AM
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Manometers and Barometers

Wednesday, August 24, 2022
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Problem 1-72 Find: SG,

1-10 Barometer
A specialized “manometer” to to
measure atmospheric pressure.
Pc + pgh = Pyrp.

But P =0, therefore,

Pamb =pmwgh

At atmospheric pressure (101.325
kPa), h = 29.92 inches of Mercury. In
weather reporting, only the h is noted.
Barometer h rises and fall with

atmospheric pressure.
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Syllabus

Monday, August 22, 2022 10:09 AM
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ME 2519 Thermodynamics Fall 2022 Syllabus

INSTRUCTOR INFORMATION

Instructor: Dr. Christensen

Email: kchrist@mat.edu
Office: 129 Toomey Hall
Office Hours: Won,Wed 11 am to Moon; F 11 am to 2 pm

COURSE TIME AND LOCATION

Lecture Room: Bertelsmeyer Building, Room B-10
Lecture Time: MW /F 10:00 am— 10:50 am

COURSE SUMMARY

Required Text:
Thermadymamics —An Engineering Approach, Y. Cengel et of, McGraw-Hill, 5" ed.
Course Description:
Emergy transformations and the relation of energy to the status of matter. Fundamental laws, concepts,

and modes of analysis which underlie all applications of energy corversion in enginesring. This is 3 note-

intensive class.

Prerequisite:
A grade of "C” or better in e=ch of Comp Sci 1570 or 1970 or 1971, Math 1214 {or 1208), 1215 (or 1221},

2222, and Physics 1135.

Course Content:
For this course we will be covering Chapters 1 through 3 from the text.

Homework:
Approximately 15 homework assignments will be given owver the semester. Assignments will be due as

stated in Canvas. Late assignments will not be accepted without an explanation from the student provided
1o the instructor.

Exams:
Thers will be three (3) select matzrial exams and one partially comprehensive finzl exam for this courss,

The fourth (Final} exam will emphasize Chapter 8 material with some questions from topics discuss=ed in
lecture throughout the semester. This final exam will b2 held on the suggested date & time provided by
the Registrar (Fttp//registrar. metedu/finaleams/]. All four exams will be clozed book/closed note. See
the provided course calendar for dates of exams. I you expect to miss an exam date please maks arrange-
ments with the instructor at least a wesk prior to the exam date. Make-up exams will NOT be considered
axcept in extreme circumstances at the discretion of the instructor.

Last revised: 168, August 2032 1
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ME 2519 Thermodynamics Fall 2022 Syllabus

Exam Material:
The distribution of material for each exam is as follows;

* 1% exam: Chapters 1, 2, and 3
* 2" ayam: Chapters 4 =nd 5
* 3 axam: Chapters 6 and 7

*  Comprehensive Final: Chapter 8 with some material from previous exams.

Course Grode Breakdown:

It=m weighting
Homework 20%

Exam 1 20%

Exam 2 20%

Exam 3 20%

Fimal Examn 20%

Total 1005 |

Course Grading Scale:

A 50% and zbove | NOTE: It is not my intention to adjust, curve, or replace grades on |
B &0—a85% | individual assignments or exams. Hyou have = disagreement re-

c FO—75% garding 3 grade on an assignment or ex@m you must bring it to my

D &0—-65% attention within & business days from when it was returned in class. |
F below 60

IMPORTANT: The course instructor reserves the right to lower, but not raise, the grade cutoffs shown above.

General Grading Policies:
Cowrse homework and tests scores will be posted to Canvas on a regular basis. Please monitor these grades

amd report errors in 3 timely manner. Graded assignments and exams returmed in class should be collected.
Unclaimed graded exams and homework assignments may be discarded after a few weeks. If you have a
disagreement about 2 posted grade on Canwvas you need the graded assignment to make a case for a change.

ADMINISTREATIVE MATERIALS

Academic Dishanesty:
The Student Aczdemic Regulations hamdbook (http://resistrar.mst.edu/academicregs/index. html) de-
scribes the student standard of conduct relative to the System's Collected Rules and Regulations section
200,010, and offers descriptions of academic dishonesty including cheating, plagiarism, or =zbotage. Addi-
ticnally, the Honor Code adopted by the Missouri 28T Student Council (http://stuco. mst.edu/honorcode/)
stresses the honesty and respect expected out of all students. Note that in this course suspected academic

dishonesty can result in a zerc on the assignment/exam and reporting of the incident to the relevant =d-

ministrative office.

Last revised: 168, August 2032 2
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ME 2519 Thermodynamics Fall 2022 Syllabus

Title 1%:

Mizzouri University of Science and Technology is committed to the safety and well-being of all members of
its commumity. U3 Federal Law Trde [ states that no member of the university community shall, on the
basis of sex, be excluded from participation in, or be denied benefits of, or be subjected to discrimination
under any education program or activity. To learn miore about Title IX resources and reporting options {con-
fidertial and non-confidential) available to Missouri S&T students, staff, and faculty, please visit hitp://ti-

tleix mst.edu.

Classroom Egress Maps:
Pleasze familiarize yourselves with the clazsroom sgress maps posted on-line at: hittp://desisnconstruc-

tion.mst.edu/floorplan/#T.

Disability Support Services:
If you hawe 2 documented disability |http://dss. mst.edu) and anticipate needing accommodstions in this

course, you are strongly encouraged to meet with me early in the semester. You will need to request that
the Disability Services staff send a letber to me verifying your disability and spedfying the accommeodation

you will need before | can arrange your accommodstion.

7]

Last revised: 168, August 2032

Thermodynamics Page 7



Homework 1

Sunday, August 28, 2022 3:32 PM

1-47 A vacuum gage connected to a chamber reads 35 kPa at a location where the
atmospheric pressure is 92 kPa. Determine the absolute pressure in the chamber.

Pﬁb z Pa.‘,n - Pﬁv'ﬂb
= A2 KA - 35 kP,
Pal:s = 57 K Po.

1-63 A manometer containing oil (p = 850 kg-"n‘!:‘) is attached to a tank filled with air. If the oil-level difference between the two columns is 80 cm and the
atmospheric pressure is 98 kPa, determine the absolute pressure of the air in the tank. Answers: 105 kPa

pm.) z Pﬂd’ﬁ t P SL\

PM’S z A% KP. + 695[7 Fslrﬂ)[ 2207 mi152) (.$7) Izﬂam

looo

Paps = 104 bbA K B ~

1-72 Consider a double-fluid manometer attached to an air pipe shown in Fig. P1-72. If the specific gravity of one fluid is 13.55, determine the
specific gravity of the other fluid for the indicated absolute pressure of air. Take the atmospheric pressure to be 100 kPa. Answer: 1.59

Air
P =69 kPa
L\_L— 40 ¢m
i SG,
28 ¢cm
SG, = 13.55 J
FIGURE P1-72

L~ ,ﬂ Sr)lu-f'{‘y
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Ahe
C by = bOKp « 13.550" 807" D029 - 100 k A
(o g0 /52> (A n)

$6,7 . 5s%2

1-75 Consider the manometer in Fig. 1-73. If the specific weight of fluid B is 20 KN/m?,
what is the absolute pressure, in kPa, indicated by the manometer when the local
atmospheric pressure is 720 mmHg? h

3
Atmospheric
pressure
I’l\
q:
Hran
12 cm lSlcm
A
%'L, Scm .
¥ Fluid B
} J/VWRN/III"
Mt 30 cm 24
Fluid A
10 kN/m* U
Y
FIGURE P1-73
p\: Pocm * A Sl‘c * %%Lm Porm = PKS Kl\ = géks Prater &
P( = St)kb. Pater Sh) * PU (SLH T p’oS["L 33 H:_): ['}55

Pl: S[ﬂ‘b-P""{’”‘ -hj—&“- PUSL“ ¥ pﬁsl"l‘

P= 12.55( 1000 ka [*>( 72 m)( 2807/ +(Zm</v}ﬁ°>£.ls ~>+ (0K |n

w00

P, = a0177 kP
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Energy, Energy Transfer and General Energy Analysis

Monday, August 29, 2022 9:57 AM

i
PDF+Slides
+2-1+thru...

ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis

Thermodynamics Page 10



ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis
2-2
and e =
e = E / mass is total energy per mass (kJ/kg)
= 12> m-V? (kJ)
is KE/mass (kJ/kg)

Weight + elevation in gravity field = mgz (kJ)
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ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis

2-2 Forms of Energy (cont.)
U = internal energy:
the “sum of all of the microscopic forms of energy”:

= sensible energy (due to motion of atomic particles;
indicated by Temp)

= latent energy (changes with phase of mass)
= chemical energy (stored in atomic bonds)

= huclear energy (stored in bonds within nucleus of
atoms).

For ME2519, U is the energy inherent in mass with T>0.
U (kJ) and v (kJ/kg)
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ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis
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ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis

2-2 Forms of Energy (cont.)

m = pAV (m/sec)
p = density (kg/m?)
A = cross sectional flow area (m?)

V = avg velocity normal to A (m/sec)
Vol = volumetric flow rate = VA (m3/sec)

m = pVol
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ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis

2-3 Energy Transfer by Heat (Q)
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ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis

2-4 Energy Transfer by Work (W)
Work (W) is non-heat energy crossing the boundary of a system

W does not exist unless energy crosses the boundary

W can enter or leave a system

W(kJ) and w{kJ/kg)

Recall mechanical Work resultswhenaforceactsin direction of motion

Power (W) is the rate at which W crosses the boundary

i.e. the rate at which W is done
therefore W = jWa’t or W =WNAt if W =constant

W(kJ |sec=kW)

Mechanical Work results when a force acts in direction of motion
OR a torque results in rotary motion

Thermodynamics Page 16



ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis

2-4 Energy Transfer by Work (W)
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ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis
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ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis
2-4 Energy Transfer by Work (W) (cont.)

Therefore, can write:

2
Ap=fdP=P2—P1
|

2

2
but 1W2 = f oW and 1QZ :f (SQ
i |

1
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Mechanical Forms of Work

Wednesday, August 31, 2022 10:02 AM
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ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis

2-5 Mechanical Forms of Work (W)

Thermodynamics Page 20



ME227 Chapter 3 Energy, Energy Transfer, and
General Energy Analysis

2-5 Mechanical Forms of Work (W)
Shaft Work:

Done by rotating shaft producing (or requiring) a torque
Woipr = 27NT and W, =27aNT where

N =shaft rotations, radians

N =shaft rotations per sec, rad/sec

27 =radians/rotation

I =torque, N-m

ME227 Chapter 3 Energy, Energy Transfer, and
General Energy Analysis
2-5 Mechanical Forms of Work (W)

Shaft Work

Stator

Rotor

Blades
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ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis

2-5 Mechanical Forms of Work (W)
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ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis

2-5 Mechanical Forms of Work (W) (cont.)
Work required to accelerate a mass=W_=AKE

dv

With W = [Fdx and F =ma=m—- >

Fdx= zm—dx but ——If
GCC j J
T dt dt

2

Therefore W__ ijdV m[i]

1

or W _=KE —KE and W;mz%
[

ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis

2-5 Mechanical Forms of Work (W) (cont.)
Work required to overcome gravity =W, =WiAy

where Ay is change in elevation in a gravity field
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ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis

2-5 Mechanical Forms of Work (W) (cont.)
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ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis

2-6 1st Law of Thermodynamics

General Form

AE = Ein— Eo,,

dE

e ARy L o
dt gy

p"‘ l‘vf‘
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27
o turbines with G0-m-ciameter blades &1 that locason, Take the air density 10 be 1.25 kym®

- a o
Wae = Vace At =/~1£Ke,,,—f/f') ~

Homework 2a

Wednesday, August 31, 2022 5:38 PM

15 A water ot that lsaw mzzie at 60 mis at a fow rale of 120 kgis is 1o be used to generaie pawer by striking the buckets localed an the perimeter of
aM\ele-!e ing ¥ su:wm; naration polential of this water

M= 120 kals vz 60 als

. 2 ™M Ke
w"“ Ke = Lv°
2
w: L A
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oy
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vw: zlhp, 000 WV
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2-31 How much wark, in k), can a spring whasa spring constant is 3 kNicm produce after it has been comprassad 3 om fram its unkaced lergth®

U’""? Ld } PJ?- F: k»
V,’;,'-ss d j.i k c fa © 3“)
Wspin o 4§ (OFNJAY LDem Y

Wiping = 125 KN - o
Wipng 70,135 KN- m
WVsphing = 0135 k3

2-33  The angine of a 1500-ky aulomabile has a power rating of 75 kW, Detenming the fime regured ta accelarate this car from rest to 2 speed of 100 kmih
at full power on a kevel moad. |s your answer realistic?

;s 18§00 ks

Ap I power - 76 K

P [} t
Ke? zv V=V .
M Vy V2100 kal
A-“: z ‘:/060

. ik L 4y 5" |
A+ > (1500 ka) (100 kmlh 5400 3¢ 1y00n)
T L7 kw)
Ay = 7.716 S5ec
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Energy Conversion Effifiencies

Friday, September2,2022  10:02 AM

[
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ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis

2-7 Energy Conversion Efficiencies

ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis
2-7 Energy Conversion Efficiencies (cont.)

Another example : hot water heaters
Energy into water/energy input to heater :

electric water heater superior to gas water heater
S/gallon of hot water: electric heater inferior to gas heater

Thermodynamic efficiencies may NOT tell the whole story

ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis

2-7 Energy Conversion Efficiencies (cont.)

Combustion gases
25°C ' CO,. Hy0, ete.

LHV = 44,000 k)/kg
1 kg
Gasoline

. 25°C
2

Thermodynamics Page 28
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ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis

2-7 Energy Conversion Efficiencies (cont.)

ME2519 Chapter 2 Energy, Energy Transfer, and " < 200m
General Energy Analysis T.55 perp J":’a Yo
4 prive <10 )
2-7 Energy Conversion Efficiencies (cont.) Vol How ruppz .9 D
b{.i!ﬂ’c,ﬂil
Fe  pove Il1'u.'nn, br pory
n= Yelgp PVl A1
W,
Prigh Thigh
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ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis
2-7 Energy Conversion Efficiencies (cont.)

ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis
2-7 Energy Conversion Efficiencies (cont.)
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ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis
2-7 Energy Conversion Efficiencies (cont.)

ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis
2-7 Energy Conversion Efficiencies (cont.)
Problem 2-65
Given: wind turbine
wind velocity = 7 m/sec.
blade diameter = 80 m
overall efficency = 30%
air density = 1.25 kg/m?.
Find: 1) mechanical energy of air per unit mass (kJ/kg)
2) max power generation (kW)
3) actual power generation (kW)

ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis

2-7 Energy Conversion Efficiencies (cont.)
Hydraulic Turbine

ME2519 Chapter 2 Energy, Energy Transfer, and

General Energy Analysis
2-7 Energy Conversion Efficiencies (cont.)

W,
Note: 1, is the inverse of ;7 Moo= ;‘"""’
iV
similarly
n ) :WmLT‘AEM:mmm_V.OIAP:V;IAP
motor drivan ‘motor > & 0 0 1 ———
R o= Wd(ﬂ\' Wnrh.l'i' deﬂ\' Wn-il\' WJ«LV
— ; _Wmur_wxﬂw_w %4
Wrroisdrtven gumirster — s st pumaratir = _W 2 = —sfxoLl
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ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis
2-8 Energy & Environment

ME2519 Chapter 2 Energy, Energy Transfer, and
General Energy Analysis

2-8 Energy & Environment
» DuPont plant in northern California
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Homework 2b

Saturday, September 3, 2022 10:28 AM
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Properties of a Pure Substance

Monday, September 12, 2022 9:58 AM
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ME2519 Chapter 3 Properties of a Pure Substance

1. Tables (Definitions and how to use)
2. Ideal Gas Law
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ME2519 Chapter 3 Properties of a Pure Substance

3-1 Pure Substances

Thermodynamics Page 34



ME2519 Chapter 3 Properties of a Pure Substance
3-2 Phases of a Pure Substance

3 principal phases: solid, liquid and gas
Can be several phases within a principal phase(e.g.steel)
Phase: distinct molecular arrangement
—Solids : molecules close together in usually crystalline
or lattice structure (steel example)
—Liquids : molecules close together but without any order

—Gas/vapor: molecules not ordered and not close together

(will define difference later)
In ME2519 will emphasize gases and liquids more than solids
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ME2519 Chapter 3 Properties of a Pure Substance
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ME2519 Chapter 3 Properties of a Pure Substance
3-3 Phase Change Processes of Pure
Substances (cont.)
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ME2519 Chapter 3 Properties of a Pure Substance

3-3 Phase Change Processes of Pure
Substances (cont.)

Critical point

Saturated Saturated
liquid vapor

I
0.003106
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ME2519 Chapter 3 Properties of a Pure Substance
3-3 Phase Change Processes of Pure
Substances (cont.)
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ME2519 Chapter 3 Properties of a Pure Substance

3-3 Phase Change Processes of Pure
Substances (cont.)

compressed or subcooled liquid: a liquid which is not
about to vaporize

saturated liquid: is liquid that is about to vaporize
saturated vapor: a vapor that is about to condense
superheated vapor is vapor that is not about to
condense

saturated mixture: mixture of saturated liquid and
saturated vapor; water is “inside” or “under” the
vapor dome

superheated vapor: vapor that is “outside” the vapor
dome; any addition of heat causes temperature to
rise;

gas: vapor that is "far” from the vapor dome

Thermodynamics Page 40



ME2519 Chapter 3 Properties of a Pure Substance

ePlot of saturation
pressure vs saturation
temperature in text
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ME2519 Chapter 3 Properties of a Pure Substance
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ME2519 Chapter 3 Properties of a Pure Substance

Similarly

u:uf+x(ug—uf):uf+xu

b/
h=h,+x(h,—h,)=h,+xh,

S =Sf +.'J.’,'(..‘n'g —Sf)= Sf +xng

-If x is known, then v, u, h,or s can be calculated OR

-If property v, u, h,or s is known, then x can be calculated
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Property Diagrams

Wednesday, September 14, 2022 10:03 AM
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ME2519 Chapter 3 Properties of a Pure Substance
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ME2519 Chapter 3 Properties of a Pure Substance

3-4 Property Diagrams For Phase-Change
Processes (cont.)

1. T-v Diagram

SUPERHEATED
VAPOR
REGION

SATURATED
LIQUID-VAPOR
REGION
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ME2519 Chapter 3 Properties of a Pure Substance

3-4 Property Diagrams For Phase-Change
Processes (cont.)

2. P-v Diagram

Similar to T-v diagram except lines of
constant T have opposite trend of constant P
lines on T-v diagram

— Will be important to show W later

Triple point: combination P and T at which
all 3 phases of water exist in equilibrium

3. P-T Diagram

Sometimes called phase diagram because
phases are separated by lines
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3-4 Property Diagrams For Phase-Change
Processes (cont.)
2. P-v Diagram

1
I
1
I
I
|
\
\
\

|

COMPRESSED|
LIQUID 1 [

REGION

SATURATED
LIQUID-VAPOR
REGION

Thermodynamics Page 47



ME2519 Chapter 3 Properties of a Pure Substance

3-4 Property Diagrams For Phase-Change
Processes (cont.)

3. P-T Diagram

Substances

" that expand

on freezing

5|
-
o
S

Triple point

VAPOR
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P=constant

(superheated
steam)
TABLE A-6

Ugs=Ug-U
ngSf

* -~
f  TABLESA-4&AS5 Vg
U ug
(f=saturated (g=saturated
liquid) vapor)
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ME2519 Chapter 3 Properties of a Pure Substance

Similarly
u=1u, +x(ug —uf):uf + X,

h=h,+x(h —h,)=h, +xh,

s:sf+x(sg —Sf): sf+xsfg

-1f x is known, then v, u, h, or s can be calculated OR

-If property v, u, h, or s is known, then x can be calculated
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TABLE A-4

Saturated water—Temperature table
Specific volume,
g

Sat. Sat. Sat. L L L
Temp., press., liguid, wapar, . A i Evao.,
Teg P kPa v, Vg Sy

ool 06117 0001000  206.00 23749 2 . 9.1556
5 DB725 0001000 147.03 23818 1 1! 3 B.5487
10 12281 0001000 10632 23887 - . . B.74BB
15 L7057 Q001001 77.885 2395.5 L X 528 85558
20 23392 0001002 57762 24023 . L 8.36596

25 3 0.001003 43.340 104 2a05.1 . 3 B.1895
0,001 004 32.879 125.73 L 24159 . . 1 I Bn152

0001006 25205 L46 | .0 24227 z E . 78466

- 0.001008 19.51% 167 53 4 2a7E4 i .| . ! 76832

0.001010 15.231 1BB.. 2436.1 . 294, B8 i 75247

0001012 12026 33 24427 . . 5 rano
0.001015 9.5639 . 2445.3 & .} . . 72218
000107 T.E670 - 2455.9 . g : 70763
0.001020 6.1935 | 24624 . 69360
o.oo1o23 50396 i 24689 . 1 . b.FIEG
0.001026 4.1291 314 3 24753 it 4 X A 6.6655
0001029 34053 24816 3360 308 | 3 s 5.5355
0.001032 28261 } 2487 8 | : 64085
0.001035 23593 2454.0 . . L (¥ =]
0.001040 1.9808 E 2500.1 | X - 6.1647

0.001043 14720 L 2506.0 . 2 60470
o.o010a7 14136 ] 20718 25119 g S 266834 E 59319
0.001 062 12094 “ 20564 25177 g h 2691.1 K 58193
0.001056 10950 X 20409 25233 i 2 26986 1. 57092
0.C01080 089133 503 20263 25289 X A 270680 L 56013

0001065 oz y 20095 29343 27131 54966
ooo10r 19834 25395 = 27201 y 53919
0001076 . 19773 25447 B . 27269 i 8,290L
0.001080 . 19609 25498 3 27338 5.190L
0001088 2 1944.2 259544 27398 50919
aoo10al 035248 B3 19274 %591 3 M8 4.9953
QU] 096 034648 19103 25635 L FYLIE ] 49002
0001102 030680 18930 25678 208 27575 4 8066
0001108 D2rze4a 18754 25719 1 7628 d 47143
0001114 0.24260 X 18575 25787 27679 46233

0.00L121 O21659 . 18394 25794 F . e 2 45335
D.ooL127 0.19384 B 18209 26828 | ¥ 2 .1 44448
0.001134 0.17390 L 1802.1 28%86.0 3 . 7mla A 43572
nooilal 015636 | 17830 2589.0 g * 42705
0.001149 0.14085 3 17636 285017 . . 2281 41847
0.0011567 012721 . 17437 25842 . . | . 40957 B

Saturated waler—Pressure table

Entropy.

kg kg - K

liguid, vapor, i Evap., vapor, . . liquid, Evap,
v ‘e Yy 5 %

0.001000 129.19 . 23552 . 0.1059 88690

0001001 §7.964 . 2338.1 i ! .7 0.195% 86314

0.001001 66.9%0 . 2325.5 ! 9 02606 84621

0.001002 54.242 2315.4 03118 83302

0.001003 45654 X 2306.9 0.3543 82222

0.001004 34791 - 2293.1 0.4224 80510
0.001005 28.185 g 2282.1 2 i 7.9176
0.001008 19.233 2261.1 » 76738
0.001010 14.670 . 22454 - L 7.49%
0.001014  10.020 ! 22221 ! 2 - 12522

0.001017  7.6481 ’ 22046 J . 9 0 7.0752
0.001020  6.2034 4 2190.4 X L . 5 0 6.9370
0.001022 52287 k 2178.5 A 6 0 68234
0001026 39933 . 21588 ¥ 6.6430
0.001030  3.2403 . 2142.7 6.5019
0.001037 22172 . 2111.8 .1 38444 g 6.2426
0.001043  1.6941 £ 2088.2 3 L 6.0562
0001043 16734 5 2087.0 5.0476
0.001048  1.3750 : 2068.8 X . 5.9100
0.001083  1.15%4 1 2052.3 1 L1 1. 5.7894

0.001057  1.0037 2 2037.7 L 5.6865
0.001061  0.BB578 . 20246 . . . 5.5968
0001064  0.79329 20127 . = 55171
0001067 071873 1 2001.8 - 5.4453
0.001070 065732 . 1991.6 . . 53800

0001073 060582 A 1982.1 ¥ 9 1 53200
0001076 0.56199 § 1973.1 : 1 52645
0001079 052422 1964.6 . 4 52128
0001081 049133 5 1956.6 . . 5.1645
0.001084 046242 1948.9 3 5.1191

0001088 (0.41392 1 19345 . 3 27434 5.0356
0001093 037483 . 1921.2 27481 49603
0.001087  0.34261 3 1908.8 ! 6 27524 48916
0.001101 031560 . 1897.1 27%6.2 1.9308
0001104 029260 . 1886.1 . ! 2‘?51-&‘.. 1.9623

0.001108 027278 - 1875.6 A 27628 1.9918 47153
0001111  0.25582 . 1BE5.6 27657 20195 46642
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T v v 1 s v u n s
T mng kg Wiy kg Kimlhg kikg kg kg K
P = 4.0 MPa (250.35°C) P = 4.5 MPa (257 44C)

78008 004406 2599.7
004733 26514
0.05138 27130
005842 28186
0.06477 29142
007076 30058
0.07652 30960
0.08766 3276.4
0.098% 3460.0
010916 36488 .
0.11972 38433 3 g .8 43802 796159
013020 40439 4628.3 B.1648
0140654 42804 4882 | 83566
0.16992 44635 : X 015103 44626 85880 65 51413 85388
018157 46809 0.16140 46801 .5 B.7616 3 .3 54057 87124
P = 6.0 MPa (275 59°C) £ = 7.0 MPs (285,83°C)
0.03245 25899 6 58902 | 0027378 26810 27726 54148 |0.023525 25705
5 2839.9 0.024279 25923

30169 6. 0.029975 27483

g3asssspesk

S

0.039958 2879.5

0.042187 2979.0

0.048157 3074.3

0051966 3167.9 X

D.055665 3261.0 ! 0.048463 32547
0.062850 34483 . 0.054829 344

g 0069856 3639.5 4 0061011 36387

43766 0076750 3835.7 0.067082 3832.7

46254 0.083571 4037.5 2 0.073079 40350

42471 48797 0.090341 42450 4 . 0075025 42428

51394 0.097075 44579 4 0084934 4486.1

0.12107 46777 54041 0.103781 4676.1 ! 0.090817 45745

P = $0 MPa (308.35°C) P = 10.0 MPs (311.00°C} P = 12.5 MPa (32781

0.020489 2558.5 4 0018028 26452 2725.5 0013496 25056 26743 548638

0.023284 2647.6 . 0019877 26116

0029816 27250 ! 0.022440 26996 2924.0 0016138 2624.9 28266 57130
0.026436 2833.1 g . 0020030 2789.6

0.029782 2944.5 4 0023019 2913.7

0032811 3047.0 ! 0.025630 30232

0035655 31454

0038378 3242.0

0041018 33380 .| g

0.043597 34340 . . 0.034612 84220

0048629 3628.2 : 4085 | 0038724 36188

0.053547 38265 0.042720 38189

0.058391 4029.9 0046641 40235

0.063183 4238.5 . 0050510 4233.1

0067938 44524 o . 0.054342 34477

0.080733 46729 0072667 4671.3 0058147 46673 53%.1 8.2819

EEGEsnanssessagk
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ME2519 Chapter 3 Properties of a Pure Substance

3-5 Property Tables (cont.)
Two additional properties (besides v and u):
- Enthalpy (h) - A Combination Property
h=u+Pv(kl/kg) ORH =U + PVol
(k3/kg)
- Entropy (s) in tables is also a property
(Chapter 7) (kJ/kg-K)

h and s are determined from tables just like
vandu
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ME2519 Chapter 3 Properties of a Pure Substance
Table A-4 (Water; Saturated Mixture)

TABLE A-4
Saturated water—Temperature table

Specific volume, Internal energy, Enthalpy, Entropy,
mikg kJfkg kJ/kg klikg - K
Sat. Sat. Sat. Sat. Sat. Sat. . Sat.
Temp., press., liquid, vapor, liquid,  Evap., vapor, Evap., wvapor, Evap., vapor,
T°C P kFa v, Vg Uy U iy hyg fig S 5

0.0L 06117  0.001000 206.00 0,000 23749 23749 2500.9 2500.9 X 9.1556 9.1556
5 08725 0.001000 147.03 21019 23608 23818 2489.1 2510.1 8.9487 9.0249
10 1.228]1 0.001000 10632 42020 23466 23887 24772 2519.2 B8.74B8 B.B999
15 17057 0.001001 77885 62,980 23325 23955 2465.4 25283 8.5559 B.7803

2.3392 0.001002 57.762 83,913 23184 24023 2453.5 25374 B.3696 B.6661

25 31698 0.001003  43.340 10483 23043 2409.] 2441.7 25465 B8.1895 B.5567
4246% 0.001004 32879 12573 22902 24159 24298 2555.6 80152 84520
56291 0001006 25205 14663  2276.0 24227 2417.9 25646 7.8466 B.3517
7.3851 -* 0.001008 19.515 167.53 22619 24294 2406.0 25735 7.6832 82556
9.5953 0.001010 15251 188,43 22477 24361 23940 25824 7.5247 81633

12,352  0.001012 12.026 209.33 22334 24427 23820 2591.3 7.3710 8.0748
16,763  0.001015 9.5639 230.24 22191 24493 2369.8 26001 7.2218 7.9898
19547  0.001017 7.6670 261,16 22047 24569 2357.7 26088 7.0769 7.9082
25.043  0.001020 6.1935 272,09 21903 24624 23454 26175 6.9360 7.8296
3l.202  0.001023 50396 293,04 21758 24689 2333.0 2626.1 6.7989 7.7540

ME2519 Chapter 3 Properties of a Pure Substance
Table A-5 (Water; Saturated Mixture)

Saturated water—Pressure table

Specific volume, Internal energy, Enthalpy, Entropy,
mikg kJikg kJ/kg kJikg - K
Sat. Sat. Sat. Sat. Sat. Sat, Sat. Sat,
liquid, vapor, liquid, Evap., wvapor, liquid,  Evap., wvapor, liquid, Evap., vapor,

vy Vg uy Ugy Up hy By he Sy S S,

0.001000 129.19 29.302 2355.2 29.303 2484.4 2513.7 0.1059 B.8690 B8.9749
0.001001 87.964 54,686 2338.1 54,688 2470.1 2524.7 0.1956 8.6314 B8.8270
0.001001 66.990 73.431 23255 73.433 24595 25329 0.2606 8.4621 87227
0.001002 54.242 88422 23154 ’ 88.424 24510 25394 03118 8.3302 8.6421
0.001003 45654 10098 2306.9 10098 24439 25448 0.3543 B.2222 B.5765

0.001004 34.791 121.39 2293.1 121.39 24323 2553.7 0.4224 B.0510 84734
0.001005 28.185 137.75 22821 137.75 24230 25607 04762 79176 83938
0.001008 19.233 168.74 2261.1 168.75 2405.3 2574.0 0.5763 7.6738 8.2501
0.001010 14.670 191.79 22454 191.81 2392.1 25839 0.6492 7.4996 8.1488
0.001014 10.020 22593 22221 22594 23723 25983 0.7549 7.2522 B.0071

0.001017 7.6481 25140 22046 251.42 23575 2608.9 0.8320 7.0752 7.9073
0.001020 6.2034 271.93 2190.4 271.96 23455 2617.5 0.8932 6.9370 7.8302
0.001022 5.2287 289.24 21785 289.27 23353 26246 09441 68234 77675
0.001026 39933 31758 21588 31762 23184 2636.1 1.0261 6.6430 7.6691
0.001030 3.2403 34049 21427 340.54 23047 26452 1.0912 6.5019 7.5931
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3-5 Property Tables (cont.)

How to get properties for subcooled/compressed
liquids
Basic problem: Can’t match the given P AND T.

- If you match P, then T is too low (subcooled liquid).

- If you match T, then P is too high (compressed liquid).

Which point do you select?

- Answer: Because T is a bigger driver of v, u, h and s, pick

T = Tsat, and use the saturated liquid properties (i.e. v,
u hy, and s¢)

Don’t use Table A-7 (compressed water table)

Saturated water—Pressure table

Specific volume, Internal energy, Entropy,
milkg kJ/kg klikg - K

Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
liquid, vapor, liquid,  Evap., wapor, liquid, vapor, liquid, Evap., vapor,
v Vg Uy Uy U, hy g 5 S 5

0.001000 129.19 29.302 2355.2 23845 29.303 2513.7 0.1059 B8.8690 B8.9749
0.001001 87.964 54,686 2338.1 23928 G4.688 2524.7 0.1956 B.6314 B8.8270
0.001001 66.990 73.431 23255 23989 73.433 25329 0.2606 8.4621 8.7227
0.001002 54.242 88,422 23154 24038 B8B.424 2539.4 0.3118 8.3302 8.6421
0.001003 45,654 100.98 23069 2407.9 10098 2544.8 0.3543 8.2222 8.5765

0.001004 34,791 121.39 2293.1 24145 121.39 2553.7 0.4224 8.0510 84734
0.001005 28.185 137.75 22821 24198 137.75 2560.7 0.4762 7.9176 8.3938
0.001008 19.233 168,74 22611 24298 16875 25740 05763 7.6738 8.2501
0.001010 14.670 191.79 22454 2437.2 19181 25839 0.6492 7.4996 8.1488
0.001014 10.020 22593 22221 24480 22594 25883 0.7549 7.2522 8.0071

0.001017 7.6481 251.40 22046 24560 25142 26089 08320 7.0752 7.9073
0.001020 6.2034 27193 21904 24624 27196 2617.5 0.8932 6.9370 7.8302
0.001022 52287 28924 21785 24677 28927 26246 09441 68234 7.7675
0.001026 3.9933 31758 21588 24763 317.62 2636.1 1.0261 6.6430 7.6691
0.001030  3.2403 34049 21427 2483.2 340.54 26452 10912 6.5019 7.5931

4 kPa and T = 20°C means?

20 kPa and T = 95°C means?

7.5 kPa and u=1800 kl/kg means?
7.5 kPa and u=2600 kl/kg means?
25 kPa and s=.6500 kJ/kg-K means?

Case 1: P=
Case 2: P
Case 3: P
Case 4: P
Case 5: P
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Option 1: Pgiven = Psat,
but Tgiven < Tsat

Point 3 Actual state; P =
Psat and T = Tsat

Option 2: Tgiven = Tsat,
but Pgiven > Psat
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HW 3a

Tuesday, September 20, 2022 9:49 AM

3-22 Complete this table for H,O:

T.%C P,kPa v, m%kg Phase description

140 Dbls? 0035  Stvate| Aipkre V£V < Wy A-d

155ue 550 ov1ea7  Saturated liquid P ;4»6—05‘ O o
125 750 LODI0LS  Conpessed Fquid Sak 7 paszeN  lia.sd
300 LEMPB 0140 S,pechegfod  uaps- A4

3-27 Complete this table for refrigerant-134a:

1. °G P, kPa u, kd/kg Phase description

20 $7140 95  Satondd ke Wy LUy ;J A-1t
a

-12 (8540 34.25  Saturated liquid 8o+ )gi’,y.z.,‘,,{?o 7
6.L 400 300 Superhaty wmprr w7 Wa A-13
8 600 0.4 Y Svptrce /el fg,ud P7 Byar A1

3-43 100 kg of B-134a al 200 kPa are contained in a piston—cyinder devics whose velume is 12.322 m, The piston is now moved until the
wolume is one-half its original size. This is done such that the pressure of the R-134a does not change. Determine the final termperature and the
change in the total internal energy of the R-134a.

V: V,,[/,_\;lq'_)lz/l[)a M =100 K-(ﬁ

MF olzdzT n¥Yk Py= oo kp,
T:4d0 417 V| - 12022 m°
(
Ve 2V . ublbl LU - v
T2 ~10.0°C A2 f,: P
pIRA
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Fof Vy-Ve . O8lli- ooerga - o135
* et = ©.a’4%S) - . o5 37

w,= W HLUS—MU: 1% 20 €6(25C22V. S1-3%.26) = 152.5 }tflkj
AU =als o 1> = w0 kgl 2.8 -T63.0%) KTk “)lusa kT

hted piston—cylinder devica at a pressura of 200 kPa. The container is now heatad until the temparature ks 30°C.
voluma of 134a,

3-57 10 kg of R-134a fill a 0.7-m weigl
Daterming the initial temperature and final volume of the

Ty
Ve Volyns 98 0kge 0
- 3
Vb\ 2 7 m
V(: 07 nplk'ﬁ
Pz Z00
T - -1009a 0 4.0 ' )
T’L: o0 [
v, © g7 rﬂ//iJ A-19

Volo, = Vgom = 0ky ~ (0§79 ~7[ky = | 1§74 =7
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Ideal Gas Equations

Monday, September 19, 2022 10:01 AM
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3-6 Ideal Gas Law
Lavosier & the French Revolution

He discovered that: P o« i
Vol

Therefore, with proportionality constant and a fixed mass:

Pv=RT where R= &
M

Lavosier the "Father of Chemistry"

s
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3-6 Ideal Gas Law

Use T(K) always!
R, is universal gas constant (= 8.314 kJ/kmol-K)
M is the molar mass
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ME2519 Chapter 3 Properties of a Pure Substance
3-6 Ideal Gas Law

¢ Is Steam an Ideal Gas?

¢ Only away from the
vapor dome (see
figure)
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ME2519 Chapter 3 Properties of a Pure Substance
3-7 Compressibility Factor (2)
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3-7 Compressibility Factor (cont.)

+ How to get Z2?

+ Use specific Z vs T and P chart for each gas OR
+ Calculate: P, and Ty where:

(PR "reduced pressure")
P crit

(Tg "reduced temperature")

Tcrit
Vactual

= BT /p_ (v called "pseudo—reduced specific volume")

T.i and P in Table A—1

Use generalized compressibility chart ( page 137) to get Z as a function
of P and Ty
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3-7 Compressibility Factor (cont.)
¢ Pcrit and Tcrit in Table A-1

TABLE A-1

Molar mass, gas constant, and critical-point properties

. Critieal-point properfies
Guas ai-f prog

Muolar mass, constant, Temperature, Pressure, Volume,

Substance Formula M kgkmol Rklikg K K MPa m fkmol
g - T T SR T g SR T e e
Ammonia NH, 17.03 04882 4055 11.28 0.0724
Argon Ar 39,948 0.2081 151 4 86 0.0749
Benrene CH, TH.115 0. 1064 562 492 02603
Bromine Br 159.808 0.0520 584 10.34 0.1355
n-Butane CH 5B.124 0.1430 425.2 3.80 0.2547
Carbon dioxide cO 44.01 (L1889 W2 7.39 00943
Carbon monoxide CO 28.011 0.2968 133 3.50 0,063
Carbon tetrachloride oL, 153.82 0L.05405 556.4 4.56 0.275%
Chloring Cl T 01173 417 1.71 0.1242
Chloroform CHCI, 11938 0. 06564 536.6 547 0.2403
Dichlorodifluoromethane (R-12) CCLF 120,91 0.06876 184.7 401 02179
Dechloroflucromethane (R=21) CHCLF 102.92 008078 431.7 5.17 0.1973
Ethane CH 30,070 0.2765 5.5 4.48 0. 1480
Ethyl alcohol C.H.OH 46,07 0. 1805 56 638 D.1673
Ethylene CH, 28.054 0.2964 282.4 5.12 0.1242
llel-ium He 4.003 20769 5.3 0.23 00578
n-Hexane CH, 86.179 0.09647 507.9 1.03 03677
Hydrogen (normal ) H 2016 4.1240 333 1.30 00649
Krypton Kr B3.80 009921 2004 5.50 0.0924
Methane CH, 16,043 0.5182 191.1 4.64 0.0993
Methyl alcohol CH,OH 12.042 0.2595 513.2 1.95 0. 1180
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ME2519 Chapter 3 Properties of a Pure Substance
3-7 Compressibility Factor (cont.) (Figure A-15)

ve 3
e 4

(b} Intermediate pressures, 0 < P, <7

) - ' 4
It

by s
it : F=S.
4
4
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ME2519 Chapter 3 Properties of a Pure Substance
3-7 Compressibility Factor (cont.)

b

-

Pv/RT

E & B

)
3

Solid lines =Tr
Dotted lines = wr

z
g
5

E E 5 & &

3.0 4.0 5.0
Reduced pressure, Pr
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ME2519 Chapter 3 Properties of a Pure Substance
3-7 Compressibility Factor (cont.) (page 137)

O o o

= 1.20 f'./

i

A a I_.egtﬂ:

7

% Methane 8 [so-pentane

O Ethylene @ n-Heptanc

A& Ethanc & Nitrogen

O Propane ® Carboa dioxide
O p-Butane ® Waler

Average curve based on daia on
hy!dmc:rbmlns

3.0 35 4.0 4.5 5.0 55 6.0

Reduced pressure Py
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3-8 Other Equations of State
+ Van der Waals Equation of State (1873)

Critical point
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ME2519 Chapter 3 Properties of a Pure Substance
3-8 Other Equations of State (cont.)
+ Beattie-Bridgeman Equation of State (1928)
P=£"£(l—

— 3
v vl

wherev=v-M

A=AO(1—§] and B:Bo[l—g)

Vv \4

Table 3-4 in text has 4, B, 4, B,, a, b,and c for 7 gases.

Problems:can't use to calculate 7" orv directly
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3-8 Other Equations of State (cont.)
+ Benedict-Webb-Rubin Equation of State (c. 1940)
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Constants that appear in the Beattie-Bridgeman and the Benedict-Webb-Rubin equations of state

| When P is in kPa, ¢ is in m¥kmol, Tis in K, and R, = 8.314 kPa-m¥%kmol-K, the five constants in the Beattie-
Bridgeman equation are as follows:

Ay a B, b ¢

K 131.8441 0.01931 0.04611 -0.001101 4.34 x 10*
Angon, Ar 130.7802 0.02328 0.03931 A 599 x 10#
Carbon dioxide, CO, 507.2836 0.07132 0.10476 A 6.60 = 10°
Helium, He 2.1886 0.05984 0.01400 . 40
Hydrogen, H; 20,0117 =0.00506 0.02096 Y 504
itrogen, N 136.2315 0.02617 0.05046 \ 4.20 = 104
Oygen, O, 151.0857 0.02562 0.04624 ! 4.80 = 10*

d Bn:;nn 4. Van Wylen and Richard E. Sonntag, Fundsmentals of Classical Thermodynamics, English/S! Version, 3rd ed. (New York: John Wiley & Sons,

, p. 46, table 3.3 :
6) When P is in kPa, ¥is in m¥kmol, Tis in K, and R, = 8.314 kPa.m¥kmol-K, the eight constants in the Benedict-
Webb-Rubin equation are as follows:

Gas E A b By ¢ G « Y

n-Butane, 190.68 10216 0.039998 0.12436 3.205 = 107 1,006 = 10° 1.101 x 10°% 0.0340
Gy

Carbon

diowide, CO;,  13.86 277.30 0.007210 0.04991 1.511 = 10° 1.404 x 10" 8470x 10-° 0.00539
Larbo

‘monoxide, CO 3,71 135.87 0.002632 0.05454 1.054 = 10° B.673 x 10° 1.350x 10°* 0.0060
Methane, CH,  5.00 187.91 0.0033B0 0.04260 2.578 = 10° 2286 x 10F 1.244 x 10* 0.0060
Nitrogen, N 2.54 106.73 0.002328 0.04074 7.379x 10° B.164 x 10° 1.272 x 10-* 0.0053

Sawce: Kenneth Wark, Tharmodynamics, 4th ed. (New York: McGraw-Hill, 1983), p. 816, table A-21M. Oviginally published in H. W, Cooper and J. C.
Galdirank, Hydrocarbon Processing 46, no, 12 (1967), p. 141,
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ME2519 Chapter 3 Properties of a Pure Substance
3-8 Other Equations of State (cont.)

+ Virial Equation of State

p_RT all) b(1) ), d(r), -
v v Vv v v

a(T), b(T), c(T') etc called virial coefficients.

Get from experimental data or statistical mechanics

Note: as P—0, a, b, ¢,etc— 0 so that P=£

v

Requires computer for practical application
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Energy Analysis of Closed Systems
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ME2519 Chapter 4 Energy Analysis of Closed Systems

1) Moving Boundary Work

2) Energy Balance for Closed Systems
3) Specific Heats

4) U and H for...everything

ME2519 Chapter 4 Energy Analysis of Closed Systems
» Goal: define and use 1st Law for closed systems
Energy in or out by Q and/or W only! (fixed mass)
4-1 Moving Boundary Work (or just “Boundary Work”)
(W)
» Usually a piston-cylinder device (mass is fixed, but not volume)
oW, = Fdx = PAdx = PdVol

therefore __Process path

- BW, = F dx = PAdX

ME2519 Chapter 4 Energy Analysis of Closed Systems
4-1 Boundary Work (cont.)
» Sometime called “PdV" work

» On P-v diagram: W, Is area under curve; magnitude of W,
depends on path of the process

ME2519 Chapter 4 Energy Analysis of Closed Systems

4-1 Boundary Work (cont.)
» Wy g (volume decreases); W, o, out (volume Increases)

P P
2
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ME2519 Chapter 4 Energy Analysis of Closed Systems

4-1 Boundary Work (cont.)
» Which path represents the maximum work?

« Quasi-equilibrium process: P is uniform inside piston
« Non-quasi-equilibrium: P not uniform inside piston

Important!!! Can be integrated only if P=P(Vol) OR
P=constant

w, = | PdVol

ME2519 Chapter 4 Energy Analysis of Closed Systems

4-1 Boundary Work (cont.)
» Q:What Is W,, If T = constant for an ideal gas?

ME2519 Chapter 4 Energy Analysis of Closed Systems
4-1 Boundary Work (cont.)
= Q: What Is W,, If P = constant?
Wy = j PdVol and W, = PAVol
AND, if ideal gas, then
mRT; mRT,
PAVol =P =
° [ P P

and W, = mRAT

] =mR(T; —Tq)

» Q:Whatis W, if Vol = constal

ME2519 Chapter 4 Energy Analysis of Closed Systems
4-1 Boundary Work (cont.)

» Other Processes?
What if PVol™ = constant?

Called polytropic process

constant constant
‘W and w,, — deVol = W

P,Vol, — P,Vol
andiWy = =aroe— anoi

Then P = dvVol

-n
T,-T
If ideal gasthen W) = %n‘)
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ME2519 Chapter 4 Energy Analysis of Closed Systems
4-1 Boundary Work (cont.)
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HW 3b

Saturday, September 24, 2022 7:38 PM

3-71 A 400-L rigid tank contains 5 kg of air at 25°C. Determine the reading on the pressure gage if the atmospheric pressure is 97 kPa.

p\n[-’NQT

pS‘ p_Po.h-.

PB& h_P\/T_ _ Pn'f"ﬁ

Y Table A
Foz 0291 kS /Ko KD (279 ATXK(5 k)

5 2
400 L, (,_%6,,

P3= q71-0‘7S kpﬁ

3-77 Amass of 0.1 kg of helium fills a 0.2 m® rigid vessel at 350 kPa. The vessel is heated until the pressure is 700 kPa. Calculate the temperature change
of helium (in °C and K) as a result of this heating

Helium 0
0.1 kg

02m’
350 kPa

FIGURE P3-77

P'VOI -0 R-TI

T C’>§olu°-\) C.zA) « A-l
(-1 kqd L2765 k3 | kg~ k)

T= 3377k
T. = P, v

R

T . 790k (23] Sy
Tky Co765 k3 k)

AT= TW-T 7 b74 - 33927 2377
AT 337°C
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Energy Balance for Closed Systems

Monday, September 26, 2022 10:00 AM
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ME2519 Chapter 4 Energy Analysis of Closed Systems

4-2 Energy Balance for Closed Systems
Consider the general case:

boundary \

U KE

>

Closed System
(Fixed Mass)

PE
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ME2519 Chapter 4 Energy Analysis of Closed Systems

4-2 Energy Balance (15t Law) for Closed Systems (cont.)
» For this case, all experimental data says:

- PE = potential energy
- KE = Kinetic energy
- U =internal energy

What if Closed System is stationary on the earth’s surface?
What does 15t Law look like?

IMPORTANT: Q;,, Q..+ Wi, and W, are all positive values!
AU can be positive or negative!
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ME2519 Chapter 4 Energy Analysis of Closed Systems

4-2 Energy Balance for Closed Systems (cont.)
» In rate form, 1st Law can be written:
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ME2519 Chapter 4 Energy Analysis of Closed Systems
4-2 Energy Balance for Closed Systems (cont.)

Two Special Constant Pressure Cases:

1) Qin and Wb

Jout

15t Law becomes AU = Q;,, — Wy, g OF Q,,= AU + W,
AU + PAVol=AH so AH=Q,,
Note: Q;, and W, . and AU are all positive values

out —

2) Qou,and Wb,

1St Law becomes AU = _Qout + Wb,in or Quut= -AU +Wb,in=

AU + PAVol=AH so AH=-Q,,,
Note: Q,,. and W, ;. are positive values, AU is negative
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ME2519 Chapter 4 Energy Analysis of Closed Systems
4-2 Energy Balance for Closed Systems (cont.)

Problem 4-37 Given: piston-cylinder
P=constant, x,=0, m=2 kg, water
T,=150°C; Q,, then x,=1

Find: Q;, (kJ)
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HW 4a

Wednesday, September 28, 2022 9:57 AM

4-6 Nitrogen at an initial state of 300 K, 150 kPa, and 0.2 mlis compressed slowly in an isothermal process to a final pressure of 800 kPa. Determine the
wiork done during this process

; f
W, = 5 Pive| = 5 ogp 4V = conttln V””: = bhylla Voly - Iy, )
Vie P Vyt, baVea = p Vol In f

b V"l 1 =

Ve 150 kPer (.24 ln( Boo "P“ ) - $0.7) K3

4=T  The volume of 1 kg of helium in a piston-cylinder device is initially 5 m?. Mow hel I m is compressed o 2 i while its prassure is maintained constant at
130 kPa. Determine the initial and final temperatures of helium as well a8 the work required to compress it, in k.

Poz mRT Ly, = Zozen kT/ K K

. _120Kpn L54°)
5 [ k(10760 STy By < 21" hLk

T@z 120 kP L 2~) z
OkQLq .07 |5} I\S k> = 12387 K

Wy< S Pdlol = P S dvel - PLV.I.L’VOI.D
Lo Vokh (2-5)4° 2 -3Gp &3 [j‘”j 290 kI

b-

4-8 A piston-cylinder device with a set of stops Initially contains 0.6 kg of steam at 1.0 MPa and 400°C. The location of the stops corresponds to 40 percent
of the initial volume. Now the steam is cooled. Determine the compression work if the final state is (a) 1.0 MPa and 250°C and (b) 500 kPa. (c) Also determine

the temperature at the final state in part b.

i Steam
0.6 kg
1 MPa
400°C

;
_B FIGURE P4-8
A v

ch. V,[‘: AN = .Bkié.wsel M’//(ﬂ} = 1%8y~°
Volaz .6 kal 22275 n2lke ) = (|40 A2
k& 7 Wia
Pluoly=Vor,> = LO AP (- 1h0 1843 J000%p . Lni 574 (3= 47316
Mp~

b, W= POVl (Y- Verd = ITap 0o xbe (o p(184~")) 2 V109K kT
A1 (7S

N
a L.a)
C. NP Vel LD 182 T
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C. z -z ’5271
'} = ’/"TT;T& 12726

p=  SU0 kP Tably,  A-S
To- 150Lgy °c G e VO Va seb micder

4-17  Africtionless piston—cylinder device contains 5 kg of nitrogen at 100 kPa and 250 K. Nitrogen is now compressed slowly according to the relation A/
"4 = constant until it reaches a final temperature of 450 K. Calculate the work input during this process. Answer: 742 kJ

FIGURE P4-17

Wz S P‘)uv’ 4 M r
I-a
wyr o Ske (450 k- 0K o, gy

|-y

. 2aby WS/ Kk

n'.l"’ah"

4-29 Complete each line of the following table on the basis of the conservation of energy principle for a closed system.

Gin Wout Ey E m 82— &y .
kJ kJ kJ kI kg klikg E;’ Ei 2 Bia-Cnt +Via- 0t
280 = 1020 860 3 — - 1 _ I
35 130 5% — 5 - ¢,-¢ " Ea-E
— 260 300 - 2 -150 ~
300 — 750 500 1 —
- -200 — 300 2 -100

FIGURE P4-29

0 0
A Yok By €t R QLI Z -Bb0 11020 ¢ 280 2 w0 KT

e, ~¢ =  _860-1020 . _-$33
>
b, Bas @, ~VeurrE,z -0 -120+550 2 70
IR -ﬂ'/j—s-o_: -’qc
C. Eqsm Legoe) B, = zl-150)y+ 00 = O
ax V,uf'tg_b- E* 160 + 0 -2 =_-4p
d Woots "E-\,*E, tQ., 7 -Sovo+ 150« Jpv= SSb
61/5, = Et"l:i: 200 - 750 lo - ~ 250

e. E,‘gz”ceye,)m = J00-(-lo)l2) = SD
@.’nf LVU\’"'" E-‘;' 5‘5 /ZOO{'JDD-SU" “V{UO
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4-33  Arigid 10-L vessel initially contains a mixture of liquid water and vapor at 100°C with 12.3 percent quality. The mixture is then heated until _page 197
its temperature is 180°C. Calculate the heat transfer required for this process. Answer 92.5 kJ

Q

FIGURE P4-33

Ve Ve g (,\/,‘y\;) = polyy *. 12201671 - voly3) = . 2064 f,’h;:‘

W= U = x‘(,l,a— Ue)= 41206 + 122 [2506-9%.06) = (757 £l
~M = __\ZGJ— /1?__"/ /“7

- 2 = e
Vi Taetg oo LS 1841 kg

U, 15‘52~$ kxllﬂb A"‘l/ svpulw,hé Vapr

AV Z A lvn-ds (2582.8— (75 .25) . 6vp) = a2.22 43

4-37 2 kg of saturated liquid water at 150°C is heated at constant pressure in a piston—cylinder device until it is saturated vapor. Determine the heat transfer
raquired for this process.

4-40 Steam at 75 kPa and 8 percent quality is contained in a spring-loaded piston—cylinder device, as shown in Fig. P4-40, with an initial volume of 2 m®,
Steam is now heated until its volume is 5 m® and its pressure is 225 kPa. Determine the heat transferred to and the work produced by the steam during this
process.

Steam
e ;

FIGURE P4-40

Presgore AV a0k onstat  hecaue of 5/«}'3
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4-42 An insulated tank is divided into two parts by a partition. One part of the tank contains 2.5 kg of compressed hiquid water at 60°C and 600 kPa while
the other part is evacuated. The partition is now removed, and the water expands to fill the entire tank. Determine the final temperature of the “page 158
water and the volume of the tank for a final pressure of 10 kPa.

Evacuated

Partition

FIGURE P4-42
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Specific Heats and Internal Energy

Wednesday, September 28, 2022 10:06 AM
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ME2519 Chapter 4 Energy Analysis of Closed Systems

4-3 Specific Heats

Conduct experiment: add heat to a constant volume

container of an ideal gas:
Measure and plot Q vs. T.

Volume = Constant - % ;
Results something like this:

==

Q is known
P varies

mass = constant measure Q’ T, P

ME2519 Chapter 4 Energy Analysis of Closed Systems
4-3 Specific Heats (cont.)
» 1st Law for a closed system: define C,

AU = (Qin — Qout) + Wi — Woye)
but W, = o since Vol = constant
therefore AU = (Q;,, — Qout) and
dU = 6Q or du = éq
therefore du/dT = 8q/dT
But du/dT defined for constant volume,

du du

theref —_—= —
erefore dT aT
Vol
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ME2519 Chapter 4 Energy Analysis of Closed Systems
4-3 Specific Heats (cont.)
» IMPORTANT:

« Value of this partial derivative is value based on measured data

« this value is strictly a function of P and T (2 properties), therefore
this partial derivative is a proper

- Itis called “Specific heat at constant volume” or C,. That is,

ou

Cy = ==
v aT|

l

ME2519 Chapter 4 Energy Analysis of Closed Systems
4-3 Specific Heats (cont.)

» Next, conduct a similar experiment with a

piston/cylinder, and add Q at constant P. Measure Q,
T, and Volume.

Pressure
= Constant

//—?
Qisknown | y/olume varies ‘ da

mass = constant " slope = —
Pe=ar

Vol
measure Q, T, Vol
>T
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ME2519 Chapter 4 Energy Analysis of Closed Systems
4-3 Specific Heats (cont.)
» 1st Law for a closed system: define Cp
AU = (Qin — Qout) + Win — Woye)
but if only boundary work (Wb) is done,
then 1st Law becomes: AU = Qyet,in + Wh net,in
or AH = Quet,in Where H = U + PVol
dH = 8Q or dh = éq
therefore dh/dT = 6q/dT
But dh/dT defined for constant pressure,

i O Ok
erefore dT = aT Y

ME2519 Chapter 4 Energy Analysis of Closed Systems
4-3 Specific Heats (cont.)
» The value of this partial derivative can be defined strictly as

a function of T and P (2 properties) therefore this derivative
is a property itself. It is called “specific heat at constant

oh
Cpi—i=
aTP
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ME2519 Chapter 4 Energy Analysis of Closed Systems

4-3 Specific Heats (cont.)

> Question: Why is c, slope steeper than the c,
slope?

» Answer: because some of the energy in the
cylinder leaves as W, (piston expands) and is
not available to heat the gas.

Volume = Constant

Pressure

P = Constant
— —=
Qs known i

P varies Qis known
mass = constant

Volume varies

mass = constant

ME2519 Chapter 4 Energy Analysis of Closed Systems
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ME2519 Chapter 4 Energy Analysis of Closed Systems
4-4 Internal Energy, Enthalpy, and Specific Heats
of Ideal Gases
How are C, and C, used?

Note the ¢, vs T data
Very little curvature for large AT
For ideal gases, curve not affected by P

U is a function of T only for ideal gases
du du

aT ~ dT

or du = c,dT - Au= fcvdT e

therefore, c,, =

ME2519 Chapter 4 Energy Analysis of Closed Systems

4-4 Internal Energy, Enthalpy, and Specific Heats
of Ideal Gases (cont.)
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ME2519 Chapter 4 Energy Analysis of Closed Systems

4-4 Internal Energy, Enthalpy, and Specific Heats
of Ideal Gases (cont.)

Since u = u(T) for ideal gases and
= u + Pv = u + RT therefore
h = h(T) for ideal gases Q
oh dh
aT ~ dT
or dh = c,dT - Ah= fcpdT

therefore, Cp =

cpdT and, if AT is "low" Ah =~ ¢, AT

ME2519 Chapter 4 Energy Analysis of Closed Systems

4-4 Internal Energy, Enthalpy, and Specific Heats
of Ideal Gases (cont.)
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ME2519 Chapter 4 Energy Analysis of Closed Systems

4-4 Internal Energy, Enthalpy, and Specific Heats
of Ideal Gases (cont.)

If AT between 2 states is "large”,
using Au = ¢, AT and Ah = c,AT
become inaccurate;

4 ways to improve accuracy:

1. Table A—2(a)

2. Table A—2(b)

3. Table A—2(c)

4, Tables A—17 through A—25

ME2519 Chapter 4 Energy Analysis of Closed Systems
1. Table A-2(a)

Ideal-gas specific heats of various common gases
(a) At 300 K

&%

Gas

Air

Butane

Carbon dioxide
Carbon monaxide
Ethane
Ethylene
Helium
Hydrogen
Methane

Neon

Nitrogen
Octane

Oxygen
Propane
Steam

8E8ES

Note: The unit kig - X s equivalent 1o kikg - °C.
Source: Chemical and Process Thermodynamics J/E by Kyle, B. G., © 2000. Adapted by perminsion of Pearson Education, Inc., Upper Saddle River, NJ.
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ME2519 Chapter 4 Energy Analysis of Closed Systems
2. Table A-2(b)

(&) At various temperatures

< c,
g - K W K

88

3]

55§a38BEEEEEE
KERbEsE

BBEREESE

By
goo

o

333 EFELEEF
g3RE8

&N
o=
®
o
w
33
aew

H
BE233358

W
<y
-

0813
0825
0849 1.074

0870 1.090 0830

o2, (New York: McGraw- A, 1963, p. 753, Tabte A-4M. Orggnatly pubiished i Tabies of Therma!

1

13
-8

1
1.405
1.400
1398
1.398
1397
1.39%
1.39%6
1395
1394
1392
1.390
1.385
1.380

14.983

Source: Kenneth Wark, Thermodynamcs. 4th
Propertion of Gases, N8BS Corcular 564, 1995,

ME2519 Chapter 4 Energy Analysis of Closed Systems
3. Table A-2(c)

Ideal-gas specific heats of 5 common gases (Concluded)

lch As a function of

E,=a+ bT + cT2+ aT?
(Tin K, c,in kikmol - K)

% emor
Temperature

Substance Formula  a b c d range, K Max. Avg.
Nitrogen N, 28,90 0.1571 = 107 0.8081 = 10°% -2.873 % 10-* 273-1800 059 0.34
Orygen 0, 2548 1,520 = 10-% 0.7155 x 10-% 1.312 = 107 273-1800 1.19 0.28
Air - 2811 0.1967 = 10-7 0.4802 = 10-% 1.966 = 10~ 273-1800 072 033
mn Hy 29.11 0.1916 x 10-? 0.4003 = 10-* -0.8704 x 10°% 273-1800 101 026
Cmomllde co 28.16 0.1675 x 10-2 0.5372 x 10-% -2.222 = 10~ 273-1800 089 037
arbon

dicwide o, 22.26 5.981 x 10-? 3.501 = 10°% 7469 = 10°% 273-1800 067 0.22
Water vapor Hy0 32.24 0.1923 = 107 1.055 x 10°% 3.595 = 10* 273-1800 053 0.24
Nitrie ouide NO 2934 -0.09395 x 107 0.8747 « 10-* -4.187 x 10-* 273-1500 097 0.36
:IIN'II-I! o N0 24.11 5.8632 x 107 -3.562 x 10% 10.58 = 10-% 273-1500 059 0.26

itrogen

dioxide w0, 229 6.716 x 10-* =3.52 x 10~% 7.87 x 10 273-1500 0456 0.8
Ammonia NH, 27.568  2.8630 x 1077 | 0.99072 = 10-* 6.6909 = 109 273-1500 091 038
:u::ur 5; 27.21 2218 x 1072 -1.628 = 10 3.9856 = 107 273-1800 099 0.38
ulfur
sﬂrl?llﬂt 50, 26.78 5.795 = 10-2 3812 x 10 8612 x 10°* 273-1800 045 024
ulfur

triowide 50, 16.40 14.58 = 10-# -11.20 x 10-% 32.42 x 10" 273-1300 0.29 0.3
Acetylene CH; 218 9.2143 x 1077 —6.527 x 10~% 18.21 x 10-% 273-1500 146 059
Benzens [ 36.22 48.475 = 10°* -31.57 = 10°% 7762 x 1079 273-1500 034 020
Methanol CH,0 19.0 9.152 x 10% 1.22 x 10°% -8.039 x 10-% 273-1000 0.18 0.08
Ethanal CHO 19.9 20,96 = 10°% 10.38 = 10°% 20.05 x 1079 273-1500 040 0.22
Hydrogen

chioride HCI 30.33 -0.7620 x 107 1.327 = 10-% -4 %% w 109 2718 A ARG
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ME2519 Chapter 4 Energy Analysis of Closed Systems
Example using Table A-2(c) for CO,: a=22.26 b=
5.981%102 c =-3.510 x10° and d = 7.469x10°

Cp=a+bT+cT?+dT? (T(K))
T2

therefore Ah = f CpdT becomes:
Ty

T
AR = f(22.26 +5.981 x 10727 — 3.501 x 107572 + 7.469 x 107°T3) dT

T

2 T2

e T 1'3 T4
Ah = [22.267' +5.981 x 1072 i 3.501 x 10"5? + 7.469 X 10'9T]
T

AR (k] /kmol)

st A%, bl = e S o ToD)

ME2519 Chapter 4 Energy Analysis of Closed Systems
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ME2519 Chapter 4 Energy Analysis of Closed Systems

4. Use Table A-17 to look up u and h directly as a function of T for air

v
g K|
129559
[
139105
143887
147824
181917
39634
63279
630m%
66802
66515
09520
10203
71865
13498
75106
1669
78249
235 61 79783
24282
25002
257.24
26446
27169
278.93
206 16
29343
30069
30799 2 0 1023.3%
r 1000 1046.04
1068 %%
109189 13
11488 | ¢ 303449
1318 1 2 1.05608
49274 352,08 16107 1 207732
503 02 19 49 1120 118420 3.09825

ME2519 Chapter 4 Energy Analysis of Closed Systems
4. Use Tables A-18 through A-25 to look up u and h directly as a function of
T for: N,, O,, CO,, CO, H,, H20, O, and OH.

]

L.

17,963

17,864

18,166

18,468 5
18772 214018
187514 19,075 214489
188614 19,380 214954
189673 5 215413
190,695 215.866
191 502 216314
191 682
192,638
193.562
194,459
195328 J 4 15,686 218472
196.173 5 A 15,913 218889
196.995 2 16.141 219.301
197.79% 16,370 219.709
198.572 16,599 220113
199.331 16,830 220812
200071 6 220907
200,74 221298
201499 | 221684
202.189 68 222,067
202 863 w2407
203523 2 222822
204.170 6 223.194
204 803 223962
205424 223927
206,033 224 288
206 630 224 647
207.216 225,002
207.792 225.353
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ME2519 Chapter 4 Energy Analysis of Closed Systems a- 5 T2 conrd

Faa AV g4
then Ah (kJ/kg) = Ah (kj /kmol) Pretiov
el AR (KDY= 5 (kg/kmol) dh = cpdT =0
B §-&l Pl s VoleComy
B Au(kJ/kmol) Ead Py aad @
and Au(k] /kg) = M (kg/kmol) Puat = mRT

Ryye ﬁvl'w \
Q“‘,g .,,Lv[,T"T,>

f)‘ Vizn &T_‘
4t g ool e Lregh seab
Va ( F,‘Q TL PL
ME2519 Chapter 4 Energy Analysis of Closed Systems
4-4 Internal Energy, Enthalpy, and Specific Heats fVel 2 n RT
of Ideal Gases (cont.) 1 s lonsta b T
> How do Cyv, Cp, R and k of ideal gases relate? P/::f /p-—

[ &
(2) by definition: k = c_”
|74

kR
kK—1

(1) + @) = cp=
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ME2519 Chapter 4 Energy Analysis of Closed Systems
4-5 Internal Energy (u), Enthalpy (h), and Specific
Heats of Solids & Liquids
From h = u + Pv, get dh = du + Pdv + vdP
For solids and liquids, dv = 0, therefore,
dh = du + vdP
For solids:

since v is very low compared to v of gases,
vdP << du and therefore du = dh

That is ¢, = ¢, and Au = Ah=cAT

There is no ¢, or ¢, only c. However, c usually
called c, in tables for solids (Table A-3(b))

ME2519 Chapter 4 Energy Analysis of Closed Systems
wen-3 |

Properties of common liquids, solids, and foods (Concluded)

(b) Solids (values are for room unless otherwise)
Density, Specific heat, Density, Specific heat,
Substance p kg/m? c, kg - K Substance p kg/m* c, kg - K
Metals Nonmetals
Aluminum Asphait 2110 0920
200 K 0.797 Brick, common 1922 0.79
250 K 0.859 Brick, fireclay (500°C) 2300 0.960
300 K 2,700 0.902 Concrete 2300 0653
350 K 0.929 Clay 1000 0.920
400 K 0.949 Diamond 2420 0616
450 K 0973 Glass, window 2700 0.800
500 K 0.997 Glass, pyrex 2230 0.840
Bronze (76% Cu, 2% 2Zn, 8,280 0.400 Graphite 2500 0711
2% Al Granite 2700 1017
Brass, yellow (65% Cu, 8,310 0.400 Gypsum or plaster board 800 1.09
35% Zn) Ice
Copper 200 K 1.56
173°C 0.254 220K L7
-100"C 0.342 240 K 1.86
50C 0.367 260 K 201
0*C 0.381 273K 921 21
27'c 8,900 0.386 Limestone 1650 0.909
100*C 0.393 Marble 2600 0.880
200C 0.403 Plywood (Douglas Fir) 545 121
Iron 7,840 0.45 Rubber (soft) 1100 1.840
Lead 11,310 0.128 Rubber (hard) 1150 2.009
Magnesium 1,730 1.000 Sand 1520 0.800
Nickel 8,890 0.440 Stone 1500 0.800
Silver 10,470 0,235 Woods, hard (maple, oak, etc.) 721 1.26
Steel, mild 7.830 0.500 Woods, soft (fir, pine, etc.) 513 138
Tinostan 16 ann nian
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ME2519 Chapter 4 Energy Analysis of Closed Systems

4-5 Internal Energy (u), Enthalpy (h), and Specific
Heats of Solids & Liquids (cont.)
For liquids:
Calculation of Au and Ah depends on the process:
> For a constant P process:
dh=du +vdP, vdP =0
therefore Au =Ah = CAT

process is the heating or cooling of a liquid that
remains in the liquid state (l.e. it’s subcooled and
remains subcooled)

c values in Table A-3(a)

For a constant T process:
du << vdP since du is driven by T
therefore, Au = 0 and Ah = vAP.

process occurs in a pump: P Increases with very
little change in T

ME2519 Chapter 4 Energy Analysis of Closed Systems

Properties of common liquids, solids, and foods

(a) Ligueds

Freezing data — ,U@»gn’g‘qu .
Latent heat of Latent heat Specific
boiling vaporization Freezing of fusion Temperature, Oermly' heat
Substance point, °C nLhM.g ;lom_l_ _c _ e kg 'C _» gm’ i,tl\_g:g

T maa 7.7 3224 333 682 443
Ammonia 333 1357 o e P
0 639 460
25 602 480
Argon 161.6 2 1856 1394 114
Benzene 394 20 879
Brine (20% sodium s
chioride by mass) — -
nButane 385.2 gg‘l!
230.5 (at 0°C)
8383 114.2 783
855 156 789
800.1 108 1109
974 189 1261 e
228 - 146.2
4457 -259.2 : 707
367.1 160 5 > 5938
251 249 820
2947 -389 li.:gg
104 -182.2 v
° 301
1100 -97.7 \
198.6 -210 809

3063 57.5 703

Ol (iight)

ava 2R R
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HW 4b

Tuesday, October 4, 2022 1:10 PM

4-52  Meon is compressed from 100 kPa and 20°C to 500 kPa in an isothermal compressor. Determine the change in the specific volume and specific
enthalpy of necn caused by this compression.

Pv5 ILT' ’ZNMn = .41 ,}%g—i
vz RT. dna & (zazk)
.—-——’p .

?
—_/A____—___. = l. zZo1-~
n k)

IDOJ(PO\
RT, .all® k3lksk (2643k). 24122
pz T Soo ¥3

2
AV= \It/\/‘zf,Qb}'.{S

4-61 A 3m® rigid tank contains hydrogen at 250 kPa and 550 K. The gas is now cooled until its temperature drops to 350 K. Determine (&) the final
pressure in the tank and (b) the amount of heal transfer.

AW E - Ry
ﬂ[/l/\,"lﬁ--l_)‘ - Bout /\&0'5: Uso
Qoste  m L, (T-T,) Co@ T LA2): 10.377 5
n, 9 kq
PVol- 7 RT

Ry, = %.)z40 K3~
m?= %" = 2s0 ¥f- () ""’)r—l' z K:Xk
' (912 "'5/)‘5-k)(1$'s‘o K2

~z2 3731 k3
(Lovt= _}7]%(10-)77.%K') CS50k-250K)= |6%4. 244kT

~MRT, 1T ke [ 4. (2IkT ks k) (35045 54 04

kP

Ppr 5= ,
D) -
v p )
4-65 An insulated rigid tank is divided into two equal parts by a partition. Initially, one part contains 4 kg of an ideal gas at 800 kPa and 50°C, and the other
part is evacuated. The partition is now removed, and the gas expands into the entire tank. D ine the final P and pl in the tank.

Ideal
o4

gas

800 kPa Evacuated

s0°C

FIGURE P4-65

o o qu 0 0 v
[T Lot | Av s AR a8/ V-
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FIQUNE F4-0D

T:T, « $0°C AV = (¢ A Uy m v
1,7,

P Vol 2m RT

Vol .2, ART, D . /Pb
Vol, 1 ~ R 23

p'b: P = %‘“: 400 fh

4-84 Consider a 1000-W iron whose base plate is made of 0.5-cm-thick aluminum alloy 2024-T6 (p = 2770 kg.'m"' and ¢, = 875 Jkg-°C). The base plate has
a surface area of 0.03 m. Initially, the iron is in thermal equilibrium with the ambient air at 22°C. Assuming 90 percent of the heat generated in the resistance
wires is transferred to the plate. determine the minimum time needed for the plate temperature to reach 200°C.

FIGURE P4-84

&,,1‘-’ CZ.-“ n = (bppw -.4 = Goow
: v 0 L0 40
AV c Ae *Afe =G~ 04y +\Yi- v oAi

Av = B = Q4+
A+- AV, M GLT T

[} = \x'_——.
t} Q
(277053 (03 ~2) L, 005 )

(%Y

37 5/ kyC (290-12)
i Je

"

4+

A b= Tl a5
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Open Systems
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

Reminder: in open systems W, Q, and mass can
cross boundary

But if volume is constant, then W, = 0.

5-1 Conservation of Mass

In open systems, mass can 1) flow in, 2) flow out,
or 3) get stored inside system
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)
5-1 Conservation of Mass (cont.)
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

5-1 Conservation of Mass (cont.)

General Form of Conservation of Mass:

d
e fpdVﬂ!+ fp(z-g)dA=0
cv s

f pdVol is the mass inside the control volume (CV),
cv

d
therefore —

dt
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

5-1 Conservation of Mass (cont.)

General Form of Conservation of Mass (cont.):

d
— fpanI+ J‘p(gtg)dﬂz 0
v és

(V-n)dA=V 1L dA

That is f p(V-n)dA

cs
is Z Moyt — Z myy

crossing control surface of open system
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

5-1 Conservation of Mass (cont.)
General Form of Conservation of Mass (cont.):

d
7 fpdvol+ fp(z-g)dfl = 0 becomes
cv S

dmcy : .
dt +ngUT—me:0 OR

; ) dmgy
Z myy — Z Moyt = dt

If open system is steady state, steady flow (SSSF):
mass is not stored or lost from CV and:

Z mpy = Z Moyt
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

5-1 Conservation of Mass (cont.)

Examples of multiple flowrate open systems:
Heat Exchangers, Mixers

Conde‘nsed .
\)I(Vatgr out:T=85F
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

5-1 Conservation of Mass (cont.)

Examples of single flowrate open systems: Compressors

Thermodynamics Page 109



ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

5-1 Conservation of Mass (cont.)

Examples of single flowrate open systems using an
incompressible fluid: Pumps ( )

AV =A V. or Volx =Volou

ouT” ouT
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

5-2 Flow Work and the Energy of a Flowing Fluid

Consider a small volume of fluid entering an open system:

W = F - distance
But F = PA and distance = AL

therefore W = PAAL = PAVol
As AVol - 0,6W = PdVol
Therefore, on per mass basis w = Pv

Pv called flow work or flow energy

Pv only used for liquids and gases
IMPORTANT: where does the flow work go?
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

5-2 Flow Work and the Energy of a Flowing Fluid (cont.)
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Energy Analysis of Steady Flow Systems
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

5-3 Energy Analysis of Steady Flow Systems

ASSUMPTIONS:
Wi Wour, Qin, and Q,,,; are constant

m's are constant
Mmcy is constant (i.e. Z m;, = z Myut)

E .y is constant (i.e. energy inside CV is constant)
Volume is constant (W, = 0)
“well—insulated” means Q = 0 (adiabatic)
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

5-3 Energy Analysis of Steady Flow Systems (cont.)
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

5-3 Energy Analysis of Steady Flow Systems (cont.)
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

5-3 Energy Analysis of Steady Flow Systems (cont.)
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

5-3 Energy Analysis of Steady Flow Systems (cont.)

Understand terms:
Qin — Qo energy crossing system boundary as heat
W;, — W,, energycrossing system boundary as work
(mh);, — (mh),,, energy crossing boundary with mass

For ideal gases:
in

Au = f c,dT or Au = c, AT
out
in

Ah = c,dT or Ah = c,AT
out
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

5-3 Energy Analysis of Steady Flow Systems (cont.)

For water and r—134a:
use Tables - Au = w;,, — u,,; and 4h = hy,, — h,y;
For liquids that remain subcooled:

Ah = cple if P = constant
Ah = vAP if T = constant

Ake and Ape are net changes in ke and pe
as mass flows through open system
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

5-3 Energy Analysis of Steady Flow Systems (cont.)
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

-]

u L3
P ¥ kg - K kg kg kg - K
0.3363 1707.0 1.29559 586.04 419.55 2.37348
0.3987 1512.0 1.34444 596.52 427.15 2.39140
0.4690 1346.0 1.39105 &07.02 434.78 2.40902
0.5477 12050 1.43557 61753 447 47 242644
06355 10B40 1.47824 62B.07 450,09 2.44356

0.7329 9m.0 1.51917 638.63 457.78 2.46048
0.840%5 BE7.8 1.55848 64922 4565.50 L 247716
0.95%90 80B.0 1.59634 B50.84 473.25 2.49364
10885 7380 163279 670.47 481.01 2.50085

706.1 1.65055 GE1.14 488.81 2.52589

676.1 1.66802 691.82 436,62 2.54175
6479 1.68515 TO2.52 504 45 2.558731
6319 1.69528 F13.27 512.33 2.57277
621.2 1.70203 T24.04 . 520.23 2.58810
596.0 1.71865 T34.82 ) 528.14 260319
5723 1.73498 74562 536.07 2.61803
549.8 1.75106 75644 54402 2.63280
5286 1.76690 T67.29 551.99 264737
508.4 1.7B249 T78.1B 560.01 2.66176
489.4 1.79783 BOO0.03 §76.12 2.69013
4541 1.82790 B21.95 592.30 ! 2.71787
422.2 1.85708 B4398 608.59 2. 74504
393.4 1.B8543 BE6.08 624.95 277170
367.2 1.91313 BBB.27 G41.40 2.79783
3434 1.54001 910.56 . 657.95 282344
321.5% 1.96633 932.93 674,58 Z.B4B56
3016 199194 | 955.38 691.28 287324
2833 201699 | 97792 708.08 289748
2666 2.04]142 1000.55 F 725.02 292128
251.1 2.06533 | 1023.25 741.98 2 94468
2368 208870 | 1046.04 758,94 296770
2236 211161 776.10 299034
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ME2519 Chapter 5 Mass and Energy Analysis of

Control Volumes (Open Systems)

Use Tables A-18 through A-25 to look up u and h as a function of T for: N,,
0,, CO,, CO, H,, H,0, O, and OH.

Ideal-gas properties of nitrogen, N;
h i 5" h ] 5
klikmal bkl el - K ke Lwrnod Kl emal el - K
a 0 o 17,563 212.066
6,391 4,562 182.639 17,864 212.564
6,683 4,770 183,538 18,166 213.055
6,975 4,979 185,180 18,468 213.541
1,266 5,188 186,370 18,772 214.018
7,658 5,396 187.514 19,075 214.489
7.84% 5,604 1B8.614 19,380 214.954
8,141 5813 1B9.673 19,685 215413
8,432 6,021 190.695 19,991 215.866
8,669 6,190 191,502 20,297 216.314

8,723 6,229 191.682 20,604 216.756

9,014 6,437 192.638 20912 217.192

9,306 6645 193,562 21,220 217.624

9,697 6,853 194,455 21,529 218.059

9,888 7,061 195,328 21,839 218.472
10,180 7270 196.173 22,149 218.889
10,471 7478 196.99% 22 450 219.301
10,763 T.687 197.794 22,772 219.709
11,065 7.895 198.572 23,085 220.113
11,347 8,104 199.231 23,398 . 220512
11,640 B314 200,071 23,714 220.907
11932 B/523 200.794 24,027 221.298
12,225 8,733 201.499 24,342 221.684
12,518 8,943 20:2.189 24,658 222.067
12,811 9,153 202.863 24,974 222.447
13.105 9,363 203.523 25292 222822
13,399 9,574 204.170 25,610 223.194
13,693 9,786 204,803 25,928 223.562
13,988 9,997 205.424 26,248 223927
14,285 10,210 206.033 26,568 224788
14,581 10,423 206.630 26,890 224.647
14,876 10,635 207.216 27,210 225.002
15,172 10,848 207.792 27,532 £25.353
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ME2519 Chapter 4 Energy Analysis of Closed
Systems

h (kJ/kmol)

then h(kJ/kg) = M (kg/kmol)

u(kj/kmol)
M(kg/kmol)

and u(kJ/kg) =
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Charging and Discharging: Unsteady Flow Processes
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

9-5 Energy Analysis of Unsteady-Flow Processes

- The “charging” or “discharge” problem is the only
unsteady flow problem in ME 2519

» Occurs when

— 1) an empty volume fills up with mass flowing it

— 2) a full volume is emptied or partially emptied with
mass flowing it
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)
9-5 Energy Analysis of Unsteady-Flow Processes

Nitrogen == 3()() kPa. 120°C

[mually
evacuated
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)

5-5 Energy Analysis of Unsteady-Flow Processes

Discharge Problem Example
The container is emptied or partially emptied
during the process

There must be heat
transfer into the drum contents
during this process for a constant
state of mass to leave the drum
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ME2519 Chapter 5 Mass and Energy Analysis of

Control Volumes (Open Systems)
5-5 Energy Analysis of Unsteady-Flow Processes

For charging problem, start with 15t Law for an open system:
dU dKE dPE

at T ar Tar - U
+Zm(h+ke+pe)—zm(h+ke+pe)

out
If KE and PE are constant, with only one m;, ,

no W,and negligible pe and ke in m;,, 1°*Law becomes::
dU

E = _Qout + minhin
Next, integrate the 15t Law for a fixed At with
constant h;, and u:

- Qout + minhin

== 3 B T

= Qout + Win = Wﬂut

MinUfinal =
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)
5-5 Energy Analysis of Unsteady-Flow Processes

For discharge problem, start with 15t Law for an open

system:

dU dKE dPE . . . .
dt+ dt + dt :Qin'l'Qaut'I'Win_Wout

+Zm(h+ke +pe)—zm(h+ke + pe)
in

out
[f the KE and PE are constant, with only one m,,;,no W

and negligible pe and ke in m,y;, 15'Law becomes:
du . _

E = Qin — mouthaut

Next, integrate the 15t Law for a fixed At with constant hgye:
—MyytUfinal = Qin — mauthout
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ME2519 Chapter 5 Mass and Energy Analysis of
Control Volumes (Open Systems)
9-5 Energy Analysis of Unsteady-Flow Processes

Example: (more typical where h,, or hoyt and volumes
are constant; T and h in Helium tank varies with
time)

Pressure

Regulator
diaphragm -

Propellant
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2nd Law and Thermal Reservoirs
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ME2519 Chapter 6 The 2™ Law of Thermodynamics
Overview

ME2519 Chapter 6 The 2™ Law of Thermodynamics

6-1 Introduction (cont.)

Many processes only occur naturally in one
direction

Examples:
= container of hot water sitting out on cold day doesn't get
hotter (although would not violate 1t Law)
= electrical resistance heater (applying heat to wires does
not generate electricity)
= paddle wheel will warm up water, but Q from water to
paddle wheels does not make them rotate

ME2519 Chapter 6 The 2™ Law of Thermodynamics
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ONE WAY

i
Processes ocour in a certain direction, and not in the reverse drecsan. |
Process Istlaw  2nd law
AP —
FIGURE 6-5

A prooess must satisfy both the fist and secand laws of thermodynamics 1o pracead.

Lol

"5 Heat

7
(( J o
\

FIGURE 6-1
Acup of hot coffes doas nal get hotler in & coaler rom.

Heal

‘ J=0
l—frm‘m\—l

FIGURE 6-2

FIGURE 6-3

1 rotate.

heat to A pandia wheel

Transfarring haat to a wire will not ganerate electricity.

The Second Law of Thermodynamics: Kelvin—Planck Statement
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ME2519 Chapter 6 The 2" Law of Thermodynamics
6-2 Thermal Energy Reservoirs (cont.)

* A two phase system (such as boiling or
condensing water) can be a thermal reservoir since
it absorbs or rejects heat at constant temperature

P = constant

ME2519 Chapter 6 The 2™ Law of Thermodynamics

6-3 Heat Engines (HE)

* A heat engine does NOT produce heat! A heat engine is a
cyclic device which converts heat to work !

Ty High T Reservoir

I TL Low T Reservoir

ME2519 Chapter 6 The 2" Law of Thermodynamics

6-3 Heat Engines (HE) (cont.)

A heat engine is a closed system because

only W and Q cross the boundary
From general form of 15t Law:
AU + AKE + APE
= (Qin = Qout) i (u,in = Wout) + (Emass.ln s Emass,oul)
But AU + AKE + APE = 0 for a cycle, and no m crosses
boundary
So 1st Law becomes 0 = (Qi, — Qout) + (Win — Woue)
or (Qu — Q1) = Wour — Win)=Whet out
or Qu = Qr + Whet,our
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ME2519 Chapter 6 The 2" Law of Thermodynamics
6-3 Heat Engines (HE) (cont.)

Fluid used in a heat engine called working fluid
Internal combustion engine not true heat engine
because working fluid (combustion gas) is
exhausted during each cycle
Steam power plant is a true heat engine using water
as the working fluid;

* Ty reservoir is the boiler

= T_reservoir is a river, lake, or the ocean (usually)

ME2519 Chapter 6 The 2™ Law of Thermodynamics

6-3 Heat Engines (HE) (cont.)
Steam Power Plant

A heat-engine cycle cannot be completed without
rejecting some heat to a low-temperature sink
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ME2519 Chapter 6 The 2" Law of Thermodynamics
6-3 Heat Engines (HE) (cont.)
Thermal Efficiency (17¢p,)
For heat engines:
—desired output is Wyet out

—required input is Qy

LV’\‘I;‘T,(‘)HT

Qu

Therefore for heat engines: ny, =

u=-Q_, Q@
QH QH

Nth's are generally low (20 to 40%)

or Nep =

ME2519 Chapter 6 The 2" Law of Thermodynamics
6-3 Heat Engines (HE) (cont.)

Ny Is relatively low even for ideal
heat engines using
frictionless machinery
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Refrigerators and Heat Pumps
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ME2519 Chapter 6 The 2" Law of Thermodynamics

= A refrigerator converts W to Q (operates like a HE in reverse):

I Ty High T Reservoir

TL Low T Reservoir

= Arefrigerator makes Q flow from T, to T,. (Q never flows from T,
to Ty naturally)

* Note that
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ME2519 Chapter 6 The 2" Law of Thermodynamics
6-3 Heat Engines (HE) (cont.)

A refrigerator or heat pump is a closed system because

only W and Q cross the boundary

From general form of 15t Law:
AU + AKE + APE

- (Qin = Qout) T (Win = Wnut) 1 (Emass,in = Emass.ﬂut)

But AU + AKE + APE = 0 for a cycle, no m and no
W ,,: crosses boundary

So 1st Law becomes 0 = (Q;;, — Qour) + Win

or Wi, = (Qin — Qour) = (Qu — Q1)

or Wi, + QL = Qp
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ME2519 Chapter 6 The 2" Law of Thermodynamics
6-4 Refrigerators (R) and Heat Pumps (HP) (cont.)
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ME2519 Chapter 6 The 2" Law of Thermodynamics
6-4 Refrigerators (R) and Heat Pumps (HP) (cont.)

Sumounding medium
such as the kitchen air

’ Un

CONDENSER

W,

EXPANSION net,in
VALVE COMPRESSOR _J_

EVAPORATOR

‘r, ]

Refrigerated space

Air conditioners are refrigerators where house is the inside of
the refrigerator!
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ME2519 Chapter 6 The 2" Law of Thermodynamics

6-4 Refrigerators (R) and Heat Pumps (HP) (cont.)

Heat Pumps (HP)

= Same cycle as refrigerator except Is to transfer Q to higher
T reservoir:

Ty High T Reservoir

T|_ Low T Reservoir
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ME2519 Chapter 6 The 2" Law of Thermodynamics
6-4 Refrigerators (R) and Heat Pumps (HP) (cont.)
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ME2519 Chapter 6 The 2" Law of Thermodynamics
6-4 Refrigerators (R) and Heat Pumps (HP) (cont.)

and
for refrigerators and air conditioners:

EER or SEER is the COPy or COPyp where Q;
or Qg is defined in BTUs (British Thermal Units) per hour

and W, is defined in Watts. Therefore,

COPp = EER/3.412 or COPp = SEER/3.412
where: 3.412 (BTU/hr) /Watt
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.8, Government Faderal law prehists removal of hs @3¢l belore zonsemer purchase

ENERGYGUIDE

SOLEUS INTERNATIONAL INC.
'A'H:haul Reverse Cycle Model 5G-TTW-12ESEZ
Without Louvered Sides Capacity: 12,000BTUs

Estimated Yearly Operating Cost

$102

|—|—|—'

Cost Range of Similar Models

Your cost will depend on your utility rates and use.

® Cost range based onfy on modids of similar capacity withowt reverse cycle and
without louvered sides

® Estimated operating cost based on a 2007 mational average elaciricity cost of
10,65 cents par kWh

® For mare information visit wew fic gow appliances
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U.S. Government Facieral lmw prowbits removal of this sbel belors comsumen purehase.

Frimdrich Air Conditioning Co.
'H'I'H REVERSE CYCLE IH-II YES10NID
WITH LOUVERED SIDES Capacily: B400BTUs

Estimated Tearly Opemtmg Cost

Cost Range of Similar Models

——

|
Your cost will depend on your utility rates and use.

» Cost rangs based only on models of similar capacity

e WITH LOUVERED SIDES

= Estimated operating costbased ona 2007  national average
cleciricity cosl ol 9088 cents per KkWh

« For more wlormaton et wwa We gov appilances EMNERGY STAR
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ME2519 Chapter 6 The 2" Law of Thermodynamics
6-5 Perpetual Motion Machines (PMM)

Two Kinds:

* 1=-PMM (Perpetual Motion Machines) of the First
Kind violate the 15t Law (i.e. energy is not
conserved or system produces more energy than it
consumes when operating)

2 - PMM of the Second Kind violate the 2"d Law (i.e.

cycle converts Q completely to W or transfers Q
from T, to T, without work)
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Homework 63

Thursday, October 27, 2022 11:13 AM

6-19 A BD0-MW steam power plant, which is cooled by a nearby river, has a thermal efficiency of 40 percent. Determine the rate of heat transfer to the river
water. Will the actual heat transfer rate be higher or lower than this value? Why?

Ny Wptoo!
Qy: V/\VJ’ du-l' . .6_00——@—1/*— Z 15'00 MW

W/\b*,w" = QH - CZ[/

O

ar

Qq"W/\al,o// = lSUOﬁW-—éOO sy e aApo Mw

Notd all fhb[b:fwf (:/a/v the. fo -t/ plaqf' will Ao Sato e vel 5o o
~v’(‘ [DWI(

6-22 A steam power plant with a power output of 150 MW consumes coal at a rate of 60 tons/h. If the heating value of the coal is 30,000 kl/kg, determine

the overall efficiency of this plant. Answer: 50.0 percent We o ’)O?o 0 kS (/(3
M= 60 fms [ 4
& 4 bs 8O 4 (29000 S loooky B, SOU 1w

1 V6porec

. Y v
f\'_hr \,.'(/;J: — |§/oﬁ_; .30

ap - 500w

6-25 A coal-burning steam power plant produces a net power of 300 MW with an overall thermal efficiency of 32 percent. The actual gravimetric air—fuel
ratio in the furnace is calculated to be 12 kg airkg fuel. The heating value of the coal is 28,000 kl'kg. Determine (a) the amount of coal consumed during a

24-hour period and (b) the rate of air flowing through the fumace. Answers: (a) 2.89 = 10% kg, (&) 402 kg's
r\'.h F M'(,OJ’ w’\"(’,oq]—“ Jo0 MW
—_—

ap Ny, = .72L
| = 2097% . 4375 AW

&
‘ A IL hv 2 T Rpo ](:Y/k>

<

P ot G2yt VRUT . D343 kg
130V ISl MY s

3

§
kS
-~
M

6
PG S PR PN T T

P

Ager Al (52N DAL ke = oz kg )
%(aa

6-42 An automotive air conditioner produces a 1-kW cooling effect while consuming 0.75 kW of power. What is the rate at which heat is rejected from this
air conditioner?

M . \m. e Mz ] tas . AC 2 & 1 7¢ kw |

Thermodynamics Page 143



6-42  An automolive air conditioner produces a 1-kW cooling effect while consuming 0.75 kW of power. What is the rate at which heat is rejected from this
air conditioner?

’

(Zye Win * Q= 1jv +  7Ser *#  L75 kv

6-48  An air conditioner removes heat steadily from a house at a rate of 750 kJ/min while drawing electric power at a rate of 5.25 kW, Determine (a) the COP
of this air conditioner and (b) the rate of heat transfer to the outside air. Answers: (a) 2.38, (b) 1065 klimin

Cobn: G, 0 kslein loa, [z 4y
win S 3 kW b0Js

(ﬂ“:‘*’ia' Ub= S 25 kw + 7$0§

k) 69> -

10

6-57 Relrigerant-134a enters the condenser of a residential heat pump at 800 kPa and 35°C at a rate of 0.018 kg/s and leaves at 800 kPa as a saturated
liquid. If the compressor consumes 1.2 kW of power, determine (a) the COP of the heat pump and (b) the rate of heat absorption from the outside air.

M oy
800 kPa

800 kPa
x=0

35°C

fl ﬂ Expansion
Uﬂ

valve

FIGURE P6-57

hz 267 34~ (

25- L3 )627‘.44,-2:7-)?): el
,'O- '}l.)" ‘5

-17
cho= %g o
l\L.L‘v q.;"’K /(%; A'IL

Q”:" I':'(}' .~ LJ

K

08 (272 -9S.4%)
AT 1%

Su, LE
v "}lt’}

[Aal .

)

COPu"

B« &. .o 2189-1 2 [Lafg ko
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Carnot Cycle

Friday, October 28,2022 10:03 AM
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ME2519 Chapter 6 The 2" Law of Thermodynamics

) ] (o > (2
6-6 Reversible and lrreversible Processes Energy ‘
source

ot Ty

= A reversible process is a process that can
be reversed so that the system and
surroundings are returned to their initial
state.

Insulation

If 10 kJ of Q was rejected to the surroundings during the

process, then 10 kJ of Q must be absorbed by the system
when the process is reversed

If the system does 50 kJ of W on the surroundings during
the process, then reversing the process requires 50 kJ of
W to be done on the system

(i.e no net k or heat to either the system or
surroundings)

Insulation

) Process 4-1

FIGURE 6-36
Expcution of the Camol cycss in A clased systam,

Ruversiale Isothermal Expansion (process 1-2, Ty = constand). Intialy (state 1), the temperature of the gas is Ty and the cylinder hesd is in coss

macl-imammsnl P r.,magsss Howid | dicing wark an s, As ihe
1o decrease. But an finfesimal amount o, same heat s Sansfered Irom the reservoy r the
g:s rasing the gas lemperature to Ty, Thus, the Ty Gince the gas and the

reservar never excesds a dierantial amount o, this is a reversile heal transler process. Il cortinues until the piston reaches pasition 2. The smourt
ol otal heat ransfemed %o the gas during this prcess is Oy

Reversinle Adibatic Expansion (rocess 243, lemperature drops frem Ty 1a &l At state 2, the reservar that was in ccrtact wth the cylinder head =
e

that the n . doing work on unti
its temperature drops from Ty to T (stale 3. T fric d the process fo be quasi-eq . 50 the process is
ravarsbia as well as adiahatc,
Reversible Isothermal Compression {process 3-4, T = constant). Al state 3. W head is removed, A s brought
h a snk al empes T, Now the piston an L] . As L its
temparature tends 10 rise. But as 5000 as it rises by i ymound o7, haat is 3as 10 tha sink, causing the gas
Iamwslune o cop 0 7L Thiss, the gas Wrparahes MMaing constant at "l Snce Th terpseatun umm batwann the gas and T sirk naves
it T, this i process. | continues untl the pision reaches state 4. Tha amount of heat rejcied
- Immlns gas churing this peocass is O,
ME2519 Chapter 6 The 2" Law of Thermodynamics Feversiala Adiabailc Comprasaion {procass 4.1, lamparaturs fsas ¥am T, 1 Ty, S8 4 1 such ik whes 1 I orparsies rmsenvis s amavec
the insulaion is put back on the cylnder head, and Inog:sl: compressed in a reversible manner, so the gas retums 1o s nitial state {state 1). The
temparature risas fam T, 10 Ty during this revarsbie process, which comgh

6-6 Reversible and Irreversible Processes (cont.)
PA

FIGURE 6-37
PV diagram of the Carnot cycle.

The Carnot principles.

1. Tha etficiency of an i haat engina is always less than the afficicncy of a revarsibia cne aparating betwaen the sama twe resanvairs.
2. The efliciencies of all reversibile haat Qﬂgim noerajirg batwean the same bao reservoirs are the same.
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ME2519 Chapter 6 The 2" Law of Thermodynamics
6-6 Reversible and lrreversible Processes (cont.)

What causes a process to become irreversible?
IRREVERSIBILITIES!

Friction (contrast with spring force)
Unrestrained expansion or compression (abrupt duct
expansion vs smooth duct transition)
Mixing of two gases (scramjet mixing and burning of
hydrogen and air)
Q transfer across a finite T gradient (next chapter: how to get
Q with no AT)
Electric resist: (electric resistance heating vs heating of
wiring)
Inelastic (plastic) deformation of solids (bent paper clips
don’t bend back like a piece of rubber)
Chemical reactions (vinegar and baking soda; never goes in
reverse)

ME2519 Chapter 6 The 2" Law of Thermodynamics
6-6 Reversible and Irreversible Processes (cont.)
* jnternally reversible process means the only
irreversibilities are in the surroundings

externally reversible process means the only
irreversibilities are in the system

totally reversible process means there are no
irreversibilities in the system or the surroundings

ME2519 Chapter 6 The 2" Law of Thermodynamics
6-7 Carnot Cycle

* The Carnot (Heat Engine) Cycle consists of 4
reversible processes:

1—2 Isothermal expansion
(Pv = constant)

23 Adiabatic expansion
(Pv* = constant)

34 Isothermal compression
(Pv = constant)

41 Adiabatic compression
(Pv* = constant)
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ME2519 Chapter 6 The 2" Law of Thermodynamics
6-7 Carnot Cycle (cont.)

ME2519 Chapter 6 The 2" Law of Thermodynamics
6-8 The Carnot Principles

ME2519 Chapter 6 The 2" Law of Thermodynamics

6-8 The Carnot Principles (cont.)

15t Carnot Principle: ny, of irreversible heat engine is
always less than ny, of reversible one operating between
same two reservoirs
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ME2519 Chapter 6 The 2" Law of Thermodynamics

6-8 The Carnot Principles (cont.)
1st Carnot Principle:

ME2519 Chapter 6 The 2" Law of Thermodynamics

6-8 The Carnot Principles (cont.)
1st Carnot Principle:

ME2519 Chapter 6 The 2" Law of Thermodynamics

6-8 The Carnot Principles (cont.)
1%t Carnot Principle:
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ME2519 Chapter 6 The 2" Law of Thermodynamics

6-8 The Carnot Principles (cont.)
1%t Carnot Principle:

ME2519 Chapter 6 The 2" Law of Thermodynamics

6-8 The Carnot Principles (cont.)
2™ Carnot Principle: n,, of any reversible heat engine
operating between same two reservoirs is the same

Heat
Engine 2

ME2519 Chapter 6 The 2" Law of Thermodynamics

6-8 The Carnot Principles (cont.)
2" Carnot Principle:

Heat
Engine 1
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ME2519 Chapter 6 The 2" Law of Thermodynamics

6-8 The Carnot Principles (cont.)
2™ Carnot Principle:

ME2519 Chapter 6 The 2" Law of Thermodynamics

6-8 The Carnot Principles (cont.)
27 Carnot Principle:

Heat
Engine 1

ME2519 Chapter 6 The 2" Law of Thermodynamics

6-8 The Carnot Principles (cont.)
27 Carnot Principle:
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Thermodynamic Temperature Scale

Monday, October 31, 2022 10:03 AM
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ME2519 Chapter 6 The 2" Law of Thermodynamics

6-9 The Thermodynamic Temperature Scale

* A thermodynamic temperature scale is
independent of the properties of the substances
that are used to measure temperature.

= But, first...
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ME2519 Chapter 6 The 2" Law of Thermodynamics
6-9 The Thermodynamic Temperature Scale (cont.)

* Recall from the 2nd Carnot Principle that ny,., is
the same for any reversible heat engine operating
between the same 2 thermal reservoirs.

If the Ny, IS NOt dependent on the HE, then what
else could it depend on?

The only alternative is that somehow ny,., Is
actually dependent on the temperatures of the 2
thermal reservoirs!
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ME2519 Chapter 6 The 2" Law of Thermodynamics
6-9 The Thermodynamic Temperature Scale

If . depends on 7, and 7., then since

0, 0,

n,=1—5 therefore

QH REV H |REV

But what is f(7,,7,)?
0

‘2 |REV

:f(];*TH)

Start with

and & = r(r.1)

‘3 |REV
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ME2519 Chapter 6 The 2" Law of Thermodynamics
6-9 The Thermodynamic Temperature Scale (cont.)

But % = % X Qj
Q3 REV QJ REV Q* REV
therefore f(7,,7;)= f(Z,,1,)x /(Z,,T;)

But this statement can only be true if

f(T,1.)= ¢ )and f(T,1.)= 9’5(11) L f(T,,T)=¢(I’)

(7;)
¢(T ¢(T) #(T,)
HT) 4T,) 4T

#(T,) H(T;)
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ME2519 Chapter 6 The 2" Law of Thermodynamics
6-9 The Thermodynamic Temperature Scale (cont.)

Ther= et - A2 T ¢(3’l)
O AT,

But ¢(7') is an arbitrary function.

Therefore Kelvin chose the simplest function of 7" possible:
T itself. Therefore
0

<5

QL TL

(—] == and so for Carnot cycles: — =
+/ REV

2nH H TH

On
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ME2519 Chapter 6 The 2" Law of Thermodynamics
6-10 Carnot Heat Engine

Ty High T Reservoir

T|_ Low T Reservoir
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ME2519 Chapter 6 The 2" Law of Thermodynamics
Ocean Thermal Energy Conversion (OTEC)

100 MW OF POWER
~120,000 Hawallan Homes
Powered by Seawater

WARM WATER INTAKE

orEc

e

MIXED WATER RETURN ‘

COLD WATER INTAKE

ST T,=77°F =537R
T, =41°F= 501R
Nen=1-(T /Ty
= 0.067
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ME2519 Chapter 6 The 2" Law of Thermodynamics

Geothermal Power Plant

T, = 283°F = 743R
T, = 77°F = 537R

New=1-(T/ Ty
=0.277

Thermodynamics Page 158



ME2519 Chapter 6 The 2" Law of Thermodynamics
6-11 Carnot Refrigerator & Heat Pump

|T|.| High T Reservoir |

. COFR,, drops as T_drops T Low T Resarvolr
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ME2519 Chapter 6 The 2" Law of Thermodynamics
6-11 Carnot Refrigerator & Heat Pump

COR <COR,__ refrigerator is irreversible

COEP =COP_ refrigerator is reversible

RE&RNGT

COE >COP refrigerator is impossible

RC&RNGT
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ME2519 Chapter 6 The 2" Law of Thermodynamics

6-9 The Thermodynamic Temperature Scale (cont.)

= This equation is used, in part, to define the absolute
temperature scales: T(K) and T(R)

Q_H |

5 1
QL REV
l.e. T, can be defined if T_is known.
Above is incomplete because it only defines the ratio of 2
temperatures

It also requires a reversible heat engine to define the ratio

In practice a is used
to define the magnitude of a degree K or degree R.

: °F and °C can be negative. Absolute T (K and R)
always positive or zero. Remember: A thermodynamic

temperature scale is independent of the properties of the
substances that are used to measure temperature.
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ME2519 Chapter 6 The 2" Law of Thermodynamics

6-9 The Thermodynamic Temperature Scale (cont.)

Vol = constant
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Homework 6b

Tuesday, November 1, 2022 10:24 AM

6-82 An inventor claims fo have developed a heat engine that receives 700 kJ of heat from a source at 500 K and produces 300 kJ of net work while
rejecting the waste heat to a sink at 290 K. Is this a reasonable claim? Why?

N, » \&y;éqf’go,.azu Q,: 100Kk3
"
. 0
l :l—/b__l_ w . .42 T“r Sa K
Moot TITTTD de @7 “ooky

" x4 Ny Locaot IMF[)@

T :7200 v
- lll
s Wert e g S poible .

6-85 A heat engine operates between a source al 477°C and a sink at 25°C. If heat is supplied to the heat engine at a steady rate of 65,000 kJ/min,
determine the maximum power output of this heat engine.

L. R P L S Y14 Ry = 5,000
T, 5 ,
fye Vot T 24777

n —
Qu

lm

Waout: .pol7 C b5, 002 lfT/rn\ _6{0"

(Wt = §52. 43 K|

6-88 In tropical climates, the water near the surface of the ocean remains warm throughout the year as a result of solar energy absorption. In the “page 314
deeper parts of the acean, however, the water remains at a relatively low temperature since the sun's rays cannot penetrate very far. It is proposed

to take advantage of this temperature difference and construct a power plant that will absorb heat from the warm water near the surface and reject the waste
heat to the cold water a few hundred meters below. Determine the maximum thermal efficiency of such a plant if the water Py at the two i
locations are 24 and 3°C

Tu’ AR 2 7k

X
z 24°C fipe—
| Boiler |

_.:" |

AL cean
T -

Condenser

FIGURE P6-88

J PR 7L -
"H.m‘u P { -?l;‘ - [~ —Z/cl‘l - 07]

6-98 Determine the minimum work per unit of heat transfer from the source reservoir that is required to drive a heat pump with thermal energy reservoirs at
460 K and 535 K.

v sz Ypo k
n= LH’%L T“,';'_)f,('
Min o, Tk =
4L 2. q"l. > l k)
gy

ql e Tl
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6-106 A heat pump i used 1o heat a house and maintain it at 24°C. On a winler day when the cutdoor air temperature is -5°C, the house is estimated 1o
lose heat at a rate of 80,000 kl/h. Determine the minimum power required to aperale this heat pump.

Cofur Qe . L

\:}:,. \- .Ek

T

10,241y

6-110 A completely reversible heat pump has a COP of 1.6 and a sink

€ 0o 69 k3| h
10.24 (4

of 300K.C

)
—

>

L0s

Ty: 29° = 29%
T - 5%C* 260k

(.’ZK . Y vooKTl)

sz kv

of the source and (b) the rate of

heat transfer to the sink when 1.5 kW of power is supplied to this heat pump.

(’DPHP . A

(43‘-
T
T, -1
-{‘ Lo

-

Tl ) ’fo/B =T
AT

|25 &

(a) the temp

kP~ Li
Ty" JoOK

q’;qz LSpw
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Entropy

Monday, November 7, 2022 9:57 AM
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ME2519 Chapter 7 Entropy Claovsus T ne %‘,Wl ,‘-H
7-1 Entropy

= From Chapter 6 (2nd Law of Thermodynamics):
<0

ol

Z 0 ;r{@u{)/f/‘o IQ/

=0 revps bl

S|

) KJ/K)

int v

ME2519 Chapter 7 Entropy T//]'I’MM [L(M/\Jt\/gﬂ)(g P/dw/} .
7-1 Entropy (cont.) ;
AS = = (kI/K)
The Clausius Inequality T,
* Consider 2 HEs: 1 reversible and 1 irreversible (real)

\'

0 irreversible process
Sen { = 0 reversible process
< 0 impossible process

Isentropic: internally reversible, adiabadic, delta s is zero
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ME2519 Chapter 7 Entropy
7-1 Entropy (cont.) The Clausius Inequality (cont.)

For HE,_, : f%:%_%

H

But for HE

REV?

ME2519 Chapter 7 Entropy
7-1 Entropy (cont.) The Clausius Inequality (cont.)

}‘Q = Qu QL
T

For irreversible (real) HE:

7T

BUt QL > L.REV
Therefore, letQ, =0, .., + O, pr

T T T

H L L L

Then §%:%_ @+@ _ = Qiour

o % <0 for HE,,

ME2519 Chapter 7 Entropy
7-1 Entropy (cont.) The Clausius Inequality (cont.)

f% <0 is known as the Clausius inequality

"<" applies to irreversible cycles and
"=" applies to reversible cycles
The Clausius inequality provides the definition of entropy

The key is this part of the Clausius inequality :
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Entropy: a thermodynamic quantity
representing the unavailability of a system's
thermal energy for conversion into mechanical
work, often interpreted as the degree of
disorder or randomness in the system




ME2519 Chapter 7 Entropy 7-1 Entropy (cont.)

f@ =0 looks like fdP=0 or de=0 or de=0
REV
where P, T, and U are all properties.

0

Clausius: — must be a property
REV

Property called entropy
Symbol S (kJ/K), or s(ki/kg-K)

ME2519 Chapter 7 Entropy
7-1 Entropy (cont.)

First Law for a closed system (process):

dU =60 — oW or oW =dQ—-6U
Consider a reversible and irreversible process
Recall oW,,, > W .., (oW )
Therefore 60Q,,, —dU > 60 —dU
50
i

or 0Q,,, >()Q% >

.'.dS>£
T
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ME2519 Chapter 7 Entropy
7-1 Entropy (cont.)

8 5 S
ThatisAS>f7Q soAS=f?Q+?versus AS=I%

What Is the source of the additional AS when §Q < §Qggy?
It is NEW S created by irreversibilities; it is referred to as Sggy
IMPORTANT: Sggy Is always positive!

Therefore

6Q 6Q
dS=T+dS¢,~EN o AS = IT'FSGEN

This means that S is a property, but NOT a conserved property.
Whenever any process occurs with irreversibilities
(all real processes) then new S is created.

ME2519 Chapter 7 Entropy
7-1 Entropy (cont.)

Important: since S is a property, if state 1 and state 2
are known, then AS is fixed

How much new S (Sgg,) is created depends to what
degree the process is irreversible.

ME2519 Chapter 7 Entropy 7-1 Entropy (cont.)

Internally Reversible, Isothermal Heat Transfer Process
= |f T=constant and Q could be accomplished reversibly, then

= Note: AS can be positive or negative depending on whether Q Is
positive (IN) or negative (OUT).
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ME2519 Chapter 7 Entropy
7-1 Entropy (cont.)

* [nternally Reversible, Isothermal Heat Transfer Process

Let the system reach thermal equilibrium with surroundings (T;). Do
work on system by pushing the piston in (negative W).

Gas P and T will increase
Repeat

ME2519 Chapter 7 Entropy
To Summarize So Far
* 1. AS of a closed system is driven by Q and
irreversibilities (Sggy)
2. AS is positive for Q;, and negative for Q. during a
process
3. AS due to irreversibilities (Sggy) always positive
4.Sgen20
if Sgeny = 0 then process is reversible
if Sgey > 0 then process is irreversible
if Sggy < 0 then process is impossible
5. The more irreversible the process, the greater Sgy
6. S is not conserved
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ME2519 Chapter 7 Entropy
7-2 Increase of Entropy Principle

Recall for any process that

But Sggy > 0, therefore AS of an isolated system > 0
Concept called the increase of entropy principle

Since the universe is considered an isolated system, this means
the universe is “filling up” with generated entropy!

Also: since all real processes are irreversible, S can only
increase with time; but when S = Sy, S cannot decrease and
will remain at Sy,x. This concept is used to predict the
completion of chemical reactions.

ME2519 Chapter 7 Entropy

7-3 Entropy Changes of Pure Substances

For water and r-134a, entropy (S) comes from tables just like v, u
and h:

eo. s=§,+x(s, -5, )=5,+x5,

and ssubcooled = sf atT= Tsat
For a fixed mass: AS = m(s, - s,)
The vapor dome looks the same on a T-s diagram as it does on
a T-v diagram:
P = constant
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Isentropic Process

Wednesday, November 9, 2022 10:05 AM
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Qi_ Qout

T(n Tout

Therefore, if process is adiabatic (Q = 0) and reversible
(sgen = 0) then process is isentropic

Question: BUT is an isentropic process always
adiabatic and reversible?

Recall that As = s, — 5y =

+ Sgen

k] Qun Qout kJ
What if s = $357—, i —_—- = =35
hat if sgen Yy and Ton Tout -
In this case the process is isentropic, but not adiabatic or
reversible. But, in ME2519, when we say isentropic, we

mean adiabatic (¢ = 0) and reversible (sggpy = 0).

ME2519 Chapter 7 Entropy
rty Diagrams with Entropy

Q =TpA4s and

- .
Ty
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FIGURE 7-26
As In mechanical systams, friction in the workplace Is bound to generate entropy and reduce performance.

We also know that {or and elactron exchange (chemical reactions) generate entropy and are highly ireversibie.
Likewise, unvestrained opening of the mouth to scatter angry words is highly irmeversile since this generates entropy, and it can cause considerable damage. A
parson who gets up in anger is bound %o sit down at a loss. Hopefully, someday we wil be able to come up with some procedures to quantify entropy generated
during nontechnical activities, and maybe even pinpoint its primary sources and magnitude.

Third Law of Thermodynamics: the entropy of a pure crystalline substance at absolute zero
temperature is zero (since there is no uncertainty about the state of the molecules at that instant)



ME2519 Chapter 7 Entropy
75 Property Diagrams with Entropy (cont.)

T-s Diagram

Mollier Diagram

Internally
reversible
process

dA =TdS

2 |
Area =JI TdS=Q),
|

ME2519 Chapter 7 Entropy
7 operty Diagrams with Entropy (cont.)

Isentropic
process

ME2519 Chapter 7 Entropy
; ioperty Diagrams with Entropy (cont.)

Carnot Heat
Engine Cycle
on T-s
Diagram

)

| =TS
P~ =

()
~
25 4
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— —
S is a measure of disorder or randomness;
(e.g. solids have lower S than gases)

Recall that AS = & - Qout + Sgen
Tin Tout ’

- (Q can increase or reduce S
-W does not affect S

-W is organized energy vs
Q (disorganized energy)

Because Storar (ASsystem + ASsurrounding) always increases,
disorder of universe also increases
-eventually universe reaches state of maximum S
(same T everywhere so that no work can be done)
-hypothetical state called "heat death”

Third Law of Thermodynamics:

i S of a pure crystalline substance is 0 at T = 0 (K)
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Homework 7a

Thursday, November 10, 2022 12:01 PM

7-20 In Prob. 7-19, assume that the heat is fransferrad from the cold resenvoir to the hot reservoir contrary to the Clausius statement of the second law. Prove that
this vickates the increase of entropy principle—as it must according fo Clausius,

AS,: Ba

S < Q"”( :’ - EE (Y2
A U _’(L/ —"1@:: &od{' Q,,,

A5, = AglﬁAS._c Q&ﬂ-f -Q’l
Tl-l ‘r‘_'

To7T, o A% 5 neqetre.

ueﬂ‘&' %;S vi:)lﬁ‘[b' ’a ez 0" «S P’;q ";'IL.

T-24  Air is compressed by a 40-kW compressor fram Py 1o P2 The air lemperature is maintained constant al 25°C during this process as a resull of heat transfer
1o the surrounding medium at 20°C, Delermine the rate of entropy change of the air, State the assumptions made in solving this problem. Answer 0,934 KW

bt Jaw  S3SE T2 Tyw 257c = 2a53 K
0= ’&;',]— t L%,*ﬁLl,!f,l,l) W;a2 40 kw
Qo £ Win Q& < 20°C = 293 )

A Sasr® - Qo ~bo kv . «,lj"‘.}-‘—’%’

Tar i za%k

AS SSymes Ao w&b;l‘f:% Ja con, oy on.

Aicis |ovag @ AS negakee.,

7-34 The radiator of a steam healing system has a volume of 20 L and is filled with superheated water vapor at 200 kPa and 150°C, Al this moment both the inlet
and the exit valves to the radiator are closed. Afier a while the temperature of the steam drops to 40°C as a result of heat transfer to the room air. Determing the
entropy change of the steam during this procass. Answer: —0.132 kK

A-b- Vo| =20l z 02 4
Ve - Asagl atlky v,
PR A W & 72 T 150

1

Pz 200 KPn
A_”: mM= Vv[’:
Vg = . ol go¥ -v— T-L‘ "0.('
V, « 1a. s15 0 . J
95‘ s 724 m-'%au’ L0 287y

2 .
z .t75b
59 g.15s

Ko Vo, -V, A58~ pploog . ou a(
|c~.f15 - «o0|008 :

\/sfvf
$,7 S, « ,(zﬁjs,;‘)z CS724+4  04A((3.2554-.5724) = .q4 323

45+ m G5 -5) = .0L0% (  a4daal -7 231)
ASs -.121 K3/K

7-36 An insulated piston-cylinder device contains 0.05 m® of saturatad refrigerant- 134a vagor at 0.8-MPa prassure. The refrigerant is now allowed to expand in a
ravarsible mannes until the prassure drops 1o 0.4 MPa. Determine (&) the final termparature in the cylinder and (&) the work done by the refrigarant.
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o~

¢ at 0.8-MPa pressure. The refrigerant is now allowed to expand in &

7-36 An insulated piston—cylinder device contains 0.05 m? of satu

+ mannas until the pressure drops 10 0.4 MPa. Delermine rd'] If ef al |st5raturs I.'hs cylinder and (&) the work done by the refrigerant.

A-12:
W Vo Zdh §2 oz 4 0a
‘/|;V'7> = ae¢s3 = |
5/‘ 95 : bls {7'“5
= (. _ ,05 - a
% = sy mSL3
:)M“"ﬂp:.c . S,:SL
A/l‘l',
AL * =z S,” Sy Al1853- 2977 _ g4
Sp= , 787 2 53,5" = A1~ 292)7
Ts,. € 5.‘{ \ ’L
ho= LTI Var oy fc,cwtuﬁfwf):b'),bl ¢ Q87 [ 235.0-4341) >  232.13
Wy 6% 4l
lan  clpsed ;Y;h«-.j
“las( 232.a3. z¥g2) Z[270% i3

lst

T-48  Water vapor enters a compressor at 35 kPa and 160°C and leaves at 300 kPa with the

the specific enthalpy of water at the compresaor exit?

iseats)e

At
g‘
"

5,1
Tee a0

AM‘ = b,ou\';

-r Lmt—w') -

as at the inlet. What are the temperature and

qu .‘tI)TLP:l
£l i,
[]
T
b
{‘ ? FIGURE P7T—48
£12 %
v-250 —
& bra} « é.%;ﬁ")( §aop- w.i8a7) % 7>2uz
= Bordzdr e [ 222 ) (7ap g5ve) 2 B24se
50~
0 [0 $onTh( so0-w0) < [478.87C
g. 711 -% 0
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Jge——"> < Tewc - ';u}*-)t 500 —nvv) ~ Yyio.8 ~
g. P -% 9347

wr Y7t o« 7g © 3G D270 = 344/.2{%
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T ds Relations
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ME2519 Chapter 7 Entropy
. g Tds Relations
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ME2519 Chapter 7 Entropy
the Tds Relations
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2519 Chapter 7 Entropy
he Tds Relations (cont.)

arly,
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TdS = du + Pdv and Tds = dh — vdP
are the "Tds Equations” ; rewrite as

du Pdv dh vdP
ds — — = andds — — - —

7 7 f 0
= Next, integrate ds equations to define As

for solids and liquids
in terms of other properties
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du Pdv

F lid ds = —+
or solids use ds = — T d
u

" dv isnearly zero therefore ds = -

" but for solids du = Cgy,,dT
CavgdT

—» therefore for solids ds =

= and As = Cuvgln( ) (for solids)
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ME2519 Chapter 7 Entropy
:8"AS for Solids and Liquids (cont.)
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AS ldeal Gasses
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ME2519 Chapter 7 Entropy
7-9 AS for Ideal Gases
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ME2519 Chapter 7 Entropy
7-9 AS for Ideal Gases
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ME2519 Chapter 7 Entropy
Answer 1: Use Table A-2 (a)

Ideal-gas specific heats of various common gases
(a) At 300 K

Gas constant, R [ c,
Gas kg - K kl/kg - K kJkg - K
Air 0.2870 1.005 0.718
Argon 0.2081 0.5203 0.3122
Butane 0.1433 1.7164 1.5734
Carbon dioxide Cco. 0.1889 0.846 0.657
Carbon monoxide 0.2968 1.040 0.744
Ethane 0.2765 1.7662 1.4897
Ethylene 0.2964 1.5482 1.2518
Helium 2.0769 5.1926 3.1156
Hydrogen 4,1240 14.307 10.183
Methane 0.5182 2.2537 1.7354
Neon 0.4119 1.0299 0.6179
Nitrogen 0.2968 1.039 0.743
Octane 0.0729 1.7113 1.6385
0 0.2598 0918 0.658
0.1885 1.6794 1.4909
0.4615 1.8723 1.4108

»

£8285

5888

33

:—‘-—-—-—-——-——-.—-—-—-—-u-—o—v—
B8RS
SO o, 8

Note: The unit ki/kg - K is equivalent to ki/kg - “C.
Source: Chemical and Process Thermodynamics 3/E by Kyle, B, G., © 2000, Adapted by permission of Pearson Education, Inc., Upper Saddle River, NJ.
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ME2519 Chapter 7 Entropy
7-9 AS for Ideal Gases (cont.)

then:
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ME2519 Chapter 7 Entropy
Answer 2: use Table A-2(b)

(b) At various temperatures

[ g, €, ¢, €, c,
kg - K kg - K kg - K klikg - K klkg - K kikg - K k

A Carbon dioxide, CO, Carbon manaxide, CO

1.003 0.716 ’ 0.791 0.602 1.314 1.03% 0.743 1.400
1.005 0.718 K 0.846 0.657 1.288 1.040 0,744 1.399
1.008 0.721 ' 0.895 0.706 1.268 1.043 0.746 1.398
1.013 0.726 . 0.939 0.750 1.252 1.047 0.751 1.395
1.020 0.733 - 0.978 0.790 1.239 1.054 0.757 1.392
1.029 0.742 . 1.014 0.825 1.229 1.063 . 0.767 1.387
1.040 0.753 . 1.046 0.857 1.220 1.075 0.778 1.382
1.051 0.764 . 1.075 0.886 1.213 1.087 0.790 1.376
1.063 0.776 . 1.102 0.913 1.207 1.100 0.803 1.370
1.075 0.788 . 1.126 0.937 1.202 1.113 0.816 1.364
1.087 0.800 1.148 0.959 1.197 1.126 0.829 1.358
1.099 0.812 . 1.169 0.980 1.193 1.139 0.8az2 1.353
1.121 0.834 . 1.204 1.015 1.186 1.163 0.866 1.343
1.142 0.855 . 1.234 1.045 1.181 1.185 0.888 1.335

Hydrogen, H, Nitrogan, N, Oyen, O,
14.051 9.927 1.039 0.742 1.400 0,913 0.653 1.398
14.307 10.183 1.039 0.743 1.400 0.918 0.658 1.395
14.427 10.302 1.041 0.744 1.395 0.928 0.668 1.389
14.476 10.352 1.044 0.747 1.397 0,941 0.681 1.382
14.501 10.377 1.04% 0.752 1.395 0,956 0,696 1.373
14.513 10.389 1.056 0.759 1.351 0.972 0,712 1.365
14.530 10.405 1.065 0.768 1.387 0.988 0.728 1.358
14.546 10.422 1.075 0.778 1.382 1.003 0.743 1.350
14.571 10.447 1.086 0.789 1.376 1.017 0.758 1.343
- 14.604 10.480 1.098 0.801 1.371 1.031 0.771 1.337
14.645 10.521 1.110 0.813 1.365 1.043 0.783 1.332
14.695 10.570 1.390 1.121 0.825 1.360 1.054 0.794 1.327
14.822 10.698 1.385 1.145 0.849 1.349 1.074 0.814 1.319
14.983 10.859 1.380 1.167 0.870 1.341 1.090 0.830 1.313

Source: Nenneth Wark, Thermodynamics, 4th ed. (New York: McGraw-Hill, 1983), p. 783, Table A-4M. Originally published in Tables of Thermal
Fropertres of Gases. NBS Cocular 5564, 1955.

e e T
L
Baayisusas
=4 o 0o o

._.
8
ra

L8R R
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ME2519 Chapter 7 Entropy
7-9 AS for Ideal Gases (cont.)

Answer 2: Table A-2(b) provides values of C, and C, as a
function of T.

= Calculate T,,qraqe for €.,y & Cpyy, then

= Table A-2(b) has data for air, CO,, CO, H,, N,, and O,.
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ME2519 Chapter 7 Entropy
Answer 3: use Table A-17 (air only)

f

kg - K
237348
2.39140
2.40902
1.43557 242044
1.47824 2 244356

1.51917 ' 246048
1.55848 k 247716
1.59634 2459364
1.63279 2.50985
1.65055 2.52589

1.66802 2.54175
1.68515 2 g 2.55731
1.69528 . 2.57277
1.70203 E ¢ 2.58810
1.71865 i s 2 2.60319

1.73498 2.61803
1.75106 , 2.63280
1.76690 2.64737
1.78249 o 266176
1.79783 : 4 2.69013
1.82790 L 2.71787
1.85708 & ¢ 2.74504
1.88543 277170
1.91313 g 2.79783
1.94001 E 2.82344

1.96633 2.B4856
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ME2519 Chapter 7 Entropy
7-9 AS for Ideal Gases (cont.) 5.0 rabie 4 — 17

Answer 3: Table A-17 (air only)
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ME2519 Chapter 7 Entropy
Answer 4: Use Tables A-18 (N,) thru A-25 (OH):

Ideal-gas properties of nitrogen, N,
h i o T h 5
kJkmol kJ/kmol kJkmol - K K kJfkmol - K

0 0 0 600 . 212.066
6,391 4,562 182.639 212.564
6,683 4,770 183,938 620 213.055
6,975 4,979 185.180 630 . 213.541
7.266 5,188 186.370 640 ' 214.018

7,558 5.396 187.514 650 214,489
7,849 5,604 188.614 660 214,954
8,141 5813 189.673 215.413
8,432 6.021 190.695 680 . 215.866
8,669 6.190 191.502 690 ' 216.314

8,723 6,229 191.682 700 . 216.756
9,014 6,437 192.638 217.192
9,306 6,645 193.562 720 217.624
9,597 6,853 194.459 730 . 218.059
9,888 7,061 195.328 : 218.472

10,180 7.270 196.173 750 218.889
10,471 7.478 196.995 760 . 219.301
10,763 7.687 197.794 219.709
11,055 7.895 198.572 220.113
11,347 8,104 199.331 E 220512

11,640 8314 200.071 220,907
11,932 8,523 200.794 221.298
12,225 8,733 201.499 221.684
12,518 8,943 202.189 . 222.067

A H
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ME2519 Chapter 7 Entropy

7-9 AS for Ideal Gases (cont.)

Answer 4: For N,, O,, CO,, CO, H,, H,0, O, and OH use
Tables A-18 through A-25:
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ME2519 Chapter 7 Entropy
7-9 AS for Ideal Gases (cont.)

For an isentropic process, if C, and C, are assumed constant,
then the following relate P, T and v during the process for
ideal gases

If A.':r=cl,.]11£+}2]111';—2 then setting As=0 vyields :%=

v

1 1

|fm=cpm%—ﬂm§

1 1

P
combining these two yields : —=
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k-1
If As=cyh1£+R]nv then setting As=0 vyields : o _ [ﬁJ
VZ

V

1 1

T
k-1
k
If As=c, 111——}2]115 and setting 4s = 0 yields : T— P
T; P; T1 I:’1

PZ

combining these two yields : —=

Type equation here.

As = Cpl f2 Rl i
s HT: HP:t
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Reversible Work

Monday, November 14, 2022 10:05 AM
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ME2519 Chapter 7 Entropy
7-10 Reversible Steady-flow Work

* Not W, because volume of open system is assumed constant
* W, is reversible steady-flow work for an open system
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ME2519 Chapter 7 Entropy
7-10 Reversible Steady-flow Work (cont.)

e If flow through open system experiences no A ke or A pe
(like pumps, turbines and compressors, but NOT nozzles
and diffusers) then:

IMPORTANT: w,_, varies directly with v, therefore more work
required to compress gas (large v) than a liquid (small v):

For same m and AP:

— Wggey Of liquids (pumps) << wgg, of gases (compressors)

— Wgg, Of liquids (hydraulic turbines) << wy, of gases (gas turbines)
If P of mass flow through open system = constant, then wpg, = 0.
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ME2519 Chapter 7 Entropy
7-10 Reversible Steady-flow Work (cont.)

e IMPORTANT: w_, is the area under the curve on a P-v diagram:
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ME2519 Chapter 7 Entropy
7-10 Reversible Steady-flow Work (cont.)

Important!!! Can be integrated only if v=v(P)

W, = IvdP
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ME2519 Chapter 7 Entropy
7-10 Reversible Steady-flow Work (cont.)
e Q: Whatisw,, if T = constant?
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ME2519 Chapter 7 Entropy
7-10 Reversible Steady-flow Work (cont.)
Q: What is w,, if P = constant?

W, = IvdP therefore w_, =0

AND, if gas is ideal, then w_ =0

Thermodynamics Page 201



ME2519 Chapter 7 Entropy
7-10 Reversible Steady-flow Work (cont.)
Q: What is w,, if v = constant?
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ME2519 Chapter 7 Entropy
7-10 Reversible Steady-flow Work (cont.)

If Pv" = (C(constant) (polytropic process)

. C [C)”"
then v’ =— or v=| —
P P

2 2 C In
therefore w_ = f vdP = I[—] dP
1 1 P

n
and wrev — ﬁ(Pﬂ!Z - P1V1)

If ideal gas:

W ""r*l'"li"(-rz_T1):nRT1

n-1 n—1
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ME2519 Chapter 7 Entropy
7-10 Reversible Steady-flow Work (cont.)

Recall isentropic processes for ideal gases:

k-1 o K
5=ﬁ and£=§ kand5=ﬂ
I \v, I, \ R h \»
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ME2519 Chapter 7 Entropy
7-10 Reversible Steady-flow Work (cont.)
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ME2519 Chapter 7 Entropy
7-11 Minimizing the Compressor Work

For a given m and AP, wgg, required can be reduced if v is reduced:
Done in practice by cooling the gas as it moves through a compressor
Called multistage compression with intercooling or just "compressor

intercooling”
Intercooling only possible with a multistage compressor
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ME2519 Chapter 7 Entropy

7-11 Minimizing the Compressor Work
L
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ME2519 Chapter 7 Entropy
7-11 Minimizing the Compressor Work (cont.)

*  When these are plotted on a P-v diagram for a fixed AP,

it yields:
P n
A Wrey = Area (polytropic)

\ 2 2 | 2

n = k (isentropic)

n=1
(isothermal)

* This is not a good way to compare these 3 processes
because:

they each have a different final state

there is an increasing heat transfer required for these
processes (except n = k)

can minimize work if heat is removed
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ME2519 Chapter 7 Entropy

7-11 Minimizing the Compressor Work (cont.)

e Effect of intercooling on required W shown on a P-v
diagram: [

* Intercooling

Isothermal 7 Intercooling

If intercooling is used, the amount of W saved depends on
pressure between compressor stages

E.g. if polytropic compression is used in both stages, then
intermediate pressure (P,) can be found by defining total
work required by both stages:
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ME2519 Chapter 7 Entropy
7-11 Minimizing the Compressor Work (cont.)

n—1 _ n-1

.  WRT (i]”_lﬂﬂ (E;Jn_l

'COMPRESSIGN — :
n 1\ B n 11

dw,
Set —=*%£ =0 and solve for P,

X

P

. P
Result is P, =./FF, which means that ?“:
1

use same pressure ratio for both compressor stages
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ME2519 Chapter 7 Entropy

7-11 Minimizing the Compressor Work (cont.)
e  Aftercoolers for internal combustion engines

exhaust gas

aftercooler

Two-stage charge
air cooler for four-stroke
engine
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ME2519 Chapter 7 Entropy

7-12 Isentropic Efficiencies of Steady-Flow
Devices

*  For adiabatic (Q=0) devices (i.e. pumps, turbines, and
compressors), minimize irreversibilities for max W, or
min W,

* Use "adiabatic” or “isentropic” efficiency
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ME2519 Chapter 7 Entropy
7-12 Isentropic Efficiency of a Turbine
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ME2519 Chapter 7 Entropy
7-12 Isentropic Efficiency of a Compressor

— wﬂﬂN _hl_hZS_TI’_T;S
h—-h T-T

1 2

Ucam Pressor
ACTUAL

T — T - T?{IGH’IFP'ESSG?'(]I o ];.)

25
k-1

NOTE: i is fixed

1

Ahgctual
Ahmin
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ME2519 Chapter 7 Entropy
7-12 Isentropic Efficiency of a Pump

NOTE: AP is fixed
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ME2519 Chapter 7 Entropy
7-12 Isentropic Efficiency of a Nozzle
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Homework 7b

Tuesday, November 15, 2022 10:42 AM

64 A 25-kg iron block initially at 280°C is quanched i an im

sulated tank that contains 100 kg of water at 18°C. Assuming the water that vaponzes during the
pracess condensas back in tha tank, dotarming the tatal entrapy change during this procass.
l}“' LG\W L[a)bl 5'{1'}1!"\- f’) Zsk

My, lVULS

Ave T, 2R00 2 £SOK
AV J W * 4V, < 4, AT;*"”.‘,L_ATH,‘U T'oz19 =241 k

,_—

T'LW=l . ‘1__

M C; (/Tq,’-r‘:>;' ”‘vaCTz’T.L,)
T-,,"' M C: T,: rmoL, Tp-/ ﬁ; on\ € {"’r—l /4'3
M s "Mule
Ty 2Ske La(IS2) < 1006 (MWD _ g a7 4K
O 75 C~">)"3 lugk(\ Co9.1%)

As-f{ ASW+ASI

pA . g ln 1 4 - £ l A
MT(- l_ ‘J‘: /"l‘ [ J ()—— [w ?/5 LB('4S> I/\ ._r— l)’ “7(?,(3( 4_(%) l,, ?/q"),a\

7-75 Determine the final lemperature when air is expanded isentropically from 1000 kPa and 477°C to 100 kPa in a piston—cylinder device.

T, (0)5F T2 477°C = 750K
}1’: ({\ b= 1690 kla
K= 1.3%7 Poc 100 Kim
C pir AT @~500%)

,L337-!

a3 |>a4s5 K , 1z1Ls°L
T,z 750K(pao> L5 °

7-79 A 1.5-m" insulated rigid tank contains 2.7 kg of carbon dioxide at 100 kPa, Now paddie-wheel work is done an the system until the pressure in the tank rise
10 150 kPa. Determine the entropy change of carbon doxida during this process. Assuma constant specific haats, Answer 0,719 &Ik

FIGURE P7-79

ve Vel LS53 65562 Vole .S 47
Ia 2.7 ke é\) m7# 2.7 kj

Pl= oo Kp.

Pv :ﬂT, Pz 150 Kb

< By 107;’9,.5‘995‘ "3> Za%.1 K

Ko A-1
Tor Pov o 1S08A C5s6aY) _ sl

B AR . = S
fL A%ga
. = pu
Tpeg =~ 350k Cora0b K3 (A
1, v, 8
AS = ﬁ( vla B sl
A~ —= At [ =mr Y [ du\ - b Ao B8 J<j"
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0
AS = ﬁ(bv'n% * R lq/"{‘f
As= 2.7 l(b(,.'?DG [(ra'k ln i.:/(,\%_lB = .77} g’

7-86 Alr at 27°C and 100 kPa is contained in a piston—cylinder device. When the air ks comprassed adabatically. a minimum work input of 1000 kJ will Increasa
the prassura o 600 kPa. Assuming air has constant spacific heats evaluated &t 300 K, detarming the mass of air in the device.

-\
T, (I 5K Tz21°C* ook
T, ({\} Voo i
et g W

Ist Laww closed sysdom:
AU\ z V;n
Aunz mCv (T’L‘T‘) s Wi

Mz wa : p0ky [ A4 3k
ﬁf'f/ﬂ‘ 1% (500 6-4p0)k J

A1

7-101  Calculate the work produced, in kJ/kg, for the reversible steady-flow process 1-3 shown in Fig. P7-101.

A
500 O]
-
100 —
1)
=
al
100
= Y6))
2)

v, mlkg
FIGURE P7-101
\q/reJISxF f ) kvs A
-1 1 +3 o - fo = -
l L 122 20 (w0 seedite = <300 %

g
123 1% (4007100 kpo > 00

W, = W, V= -J00¢207 o | U

7-104 Salurated water vapor at 150°C is compressed in a reversible steady-flow device to 1000 kPa while its specilic volume remains constant. Determine the

wark raquirad in kg,

Wi 5‘11, 1

Cew?® v ('P-L'P:)

P« 10O~
A=Y v cont,
NV 2 -}alq’% nl’,ks
b= wThib Ko

1< Iso b¢
T
w )

Wews A4 .'"/,33( 1000 |h - $7616 Kf)

W 205 b Qﬁ

7-106 Water enters the pump of a steam power plant as saturated liguid at 20 kPa at a rate of 45 kg/s and exits at 6 MPa. Neglecting the changes in kinetic
potential energies and assuming the process lo be reversible, determing the power inpu 1o the pump

u: -DOo1y A2 P.2 20kta
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7-106 Waler enters the pump of a steam power plant &s saturated liquid at 20 kPa at a rate of 45 kg's and exits al 8 MPa. Neglecting the changes in Kinetic
potential energies and assuming the process lo be reversible, determing the power inpu 1o the pump

v:  -bojonn 22 f,= 20k

o Ky ;oS Ay 0

WMU.S}SPf ™ “/q,./’;/;r r't," { Mmpe
+£ 0

n

f-‘VAP = ﬁVU—L’PI)

1
Wz 45 kg (.ODIDOT ry,ﬁ)( b,000 ks - 20 kpn)
- 1712487 [\

T-116  Argon gas antars an adiabatic furbine at 800°C and 1.5 MPa a1 a rate of B0 kgémin and exhausts at 200 kPa. If tha power output of the turbine is 370 kW,

detenmine the isentrops: efficiency of the turbine.
o,
T2 800° ZIp7IR

¢SSF | o Lo, bz Ls Ml
R BO Kilmn< HB0 Rals
Oz - W,ot +h(h,rh1§ Wbt D70 kv

- sz ZDOA/q
Vou*'— ML’(“’/.Z)

/.);; (.ﬂ"‘) *‘

L bb7-t
for Mook [ BT = 474k

Woul: 40 ke (.§703 %ﬁ;( 1073 - 4721 ¢
{6

Wask? 9411 gw AT

r\-i)l.: };a s %q%
dy v

7-118  Steam at 4 MPa and 350°C is expanded in an adiabatic turbine to 120 kPa. What is the isentropic efficiency of this turbine if the steam is exhausted as a

saturated vapor?

Plﬁ "’ Mﬁo-
"r’r, 350 ,L.‘ 6’2]}(

P,= 110K
£.%

FIGURE P7-119

A6 = (5343 /Kyt
hye 23p0a3%? kflki

A-S: hthy = 24754 k/"s* %, (2b&4.0 - 24704) = 248%.a4 K

/53
S 1506 ¢ 1202101325 (\304) 15044 ) = | 36

-ukﬁt(: [us- ol >25
120- |p| 310 [7_234, .2.9545) ¢ 7 194

¢ =z n
S 1o kpa 7.37 H’|’¢L5- o1 3y

S¢ b5, 25a S set e

hy e, = AI%PE€ A RIS R LI L

hy o ke ? U875 T 2g98 ( 7440 -43Q05= 7 (824

I e BSMB (9L getta- 47 T 2 4114

1\7,5 <
7.721 -L2b
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‘Sf' Leww S P
0= Apot A CL'."‘J.L}_’)

Voot = A lh, - A—L)

i L Choh,)
. > LWou ae ~
Nise __:L__—J' z '{Ll__[;_l_; )
West S ri

= 2042%- 24%7 4y
2043~ 14t

n-'h\ - -60 ‘J

7-124 The adiabatic compressor of a refrigeration system compresses saturated R-134a vapor at 0°C 1o 600 kPa and 50°C. What is the isentropic efficiency of
this compressor?

FIGURE P7-124

T: 0tL7k
nbaf Vi e 2 bos—h X, < |
" aih. -
.o« ha-he T 50% = 32%7¢
L“: ;Z)’U_g Poc LO0 kfe

A9
h,z240 4%
S-L;FI
hose  To2Mr A3y 423 [7,7(7_33 - 2hT.46) 7 2Lc 32
s -4
Moy = 265.32 ’Z"D,}; 172
2a0.3 -250.5
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Entropy Balance

Wednesday, November 16, 2022 10:03 AM
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ME2519 Chapter 7 Entropy
7-13 Entropy Balance

e Define Entropy Balance Equation for:
— A closed system
— An open system
— An extended system
Use the Entropy Balance equation to determine:

S, for a closed system

S,y for an open system

S..or 8. for an extended system
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ME2519 Chapter 7 Entropy
7-13 Entropy Balance for Closed System

— Equation

— It accounts for all of the entropy change
during a process, including any “new” entropy created
during process

— lrreversibilities cause Sz, (“new” entropy) which is
always positive (= 0 only for a reversible process)
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ME2519 Chapter 7 Entropy
7-13 Entropy Balance for Closed System (cont.)

*« In ME2519, most of the Q happens at a fixed T, therefore, the
integral term is often replaced as follows:

— where T Is the temperature at which Q. crosses the
system boundary; often T of thermal reservoir or T of
surroundings

— How can we make sure the T is constant?
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ME2519 Chapter 7 Entropy
7-13 Entropy Balance Extended Systems
For an “extended” closed system:
» Boundary temperature (Tsurr) is constant
« Therefore can use ) Q/Tsurr in S balance equation
« Can be used for closed and open systems

System Only Extended System Ty, =

T, # constant — f?““mxf?fta"t
p K -

constant -
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ME2519 Chapter 7 Entropy
7-13 Entropy Balance for Extended Closed System

— Only difference using an extended system is the T at
which Q crosses the boundary
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ME2519 Chapter 7 Entropy
7-13 Entropy Balance for Open System

Open System same as Closed System with Mass Flow

dS K_IN K.oUur
SH_ZQ _ZQ

+3ris = ris +S
2105 = 2, 1S +Sgzy

=0:
dt

and O=ZQK,IN +ZQK,DUT +Zm_zm +$EN
TK T, IN ouT

K
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ME2519 Chapter 7 Entropy
7-13 Entropy Balance for Open System (cont.)

For an open SSSF system:
_ QK,lN QK,QUT . . .
0=> - + > ms =Y ms+ S,
TK TK IN ouT

For an "extended" open SSSF system:

0= Z%ﬂ —ZQ“’”T + s = s + S,

T

SURR our

SURR

Only change is T at which Q crosses system boundary
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Homework 7¢

Wednesday, November 16, 2022 1:06 PM

120 klkg, and the air i an antropy of 0.40 klkg-K. Using constant specific heats, ine (&) the exit

input 1o the comprassor, and (c) the antropy generation during this process.

T,

RLE
dslby P,z

0 <
L 297 o A

1.7 LZQSK\& 1o0?

'd

b bt Jaw S55P
0= 'q/wj’ + Wi 'eh‘-'b“l.

\"/.'n = %yu" e (/’L-rl 'T-b}
W,‘.\f

entropy generation in the heat exchanger

095 m.l Cold
10°C water
Hot — ,,U,_
water o T
5 S5 =% =5 jCs —>
85°C | — 1
1okgs | |

FIGURE P7-141

a, ls4 | eaw SSSF'LOH water -
O¢  Qir /“1‘(,11,)- /"th.
ek )? 0001

oz 2%k
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T-136 Air enters a compressor steadily at the ambient conditions of 100 kPa and 22°C and leaves at 800 kPa. Heat is lost from the compressor in the amount of

of the air, (b) the work

o, s: 0 h o R 5 e 100k
A f P 1222°%C - TaSK

400 k e

C = ons

T

2o - [.005 (295-25¢.801) =

7-141  Cold waler (¢, = 4.18 kJ/kg-°C) leading to a shower enters a well thin-walled, double-pipe, heat ger at 10°C at a rate of 0.95
kgls and is heated to 70°C by hot water (¢, = 4.19 kg °C) that enters at 85°C at a rate of 1.6 kg/s. Determine (a) the rate of heat transfer and (b) the rate of

(.,f ,
1,7 0C=7%3 ¥

t

.,

‘l’
=

Tos Te gots 120 K3LIe
K ke K

13%Y.| &
%

4.1¢ IJ/I{'S L

a
70 ;L L_"-j/, 347K

Rine (a5 AbHIC A 1Bkl - k) (W3- 28k cpp2 4- 1%, KT I8g™

»SC > 354y
V.5 /\'j/s



S ./': B .r',;, ST TF sy
Gz 2 730K r = Vhkgls
>
\. Ut b, ot
R, = ';'L O’hcrz"r;)
Tl et LT,
N,'b,h h

T2 17828

S K
sg =z Jt7?
rIa[,»l"l)Jr 258

lst [ 5”)&’%@
0; g/‘:’s" 2/\;5 -+ ga’l
) 1 o _
550')3 fe Cpe Ia Tzt 4, Loy I Toe

T 4

1 O
3 K K— kT ‘>4 g
Ssers .05 ,s(q,w./'sk)l,, st Lbks (414 KT 3l %’-

gﬁp\’ pé pyA kY

S

7-150 The inner and outer surfaces of a 4-m x 10-m brick wall of thickness 20 cm are maintained at temperatures of 16°C and 4°C, respectively. if the rate of heat

sfer through the wall is 1800 W, detEDrmine the rate of entropy generation within the wall
S ). ' - Az AL10Y, 540~
% e 282 - Bt esqn u 2
el oV 1/,:. lc - Z 261 K
. Wi Tyen®c= 277k
o= X - Y Qr 1800V
T, T
Som™  lgpo_ 1802w

277K zv ek

5"9,/,.-./ ,Z[ﬂ%-"i
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Exergy

Friday, November 18, 2022 10:13 AM
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ME2519 Chapter 8 Exergy
8-1 Exergy: Work Potential of Energy
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ME2519 Chapter 8 Exergy
8-1 Exergy: Work Potential of Energy
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ME2519 Chapter 8 Exergy
8-3 2nd Law Efficiency for Cyclic Devices
Heat engines, refrigerators, and heat pumps

For HEs:n, =n,/n, =n./1,.. .
Compare two HEs as follows

Heat
Engine 2
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ME2519 Chapter 8 Exergy
8-3 2Md | aw Efficiencies (Cyclic Devices) (cont.)

For refrigerators:n, = COF,/COF,
Fer heat pumpseyy —COF /COF

HPypx

W
NOIE:np, = p’;m’ﬂ—om for Work — producing processes

REV_OUT

NOTE:n, = ——="—for Work — consuming processes
ACTUAL_IN

Define 77, of turbines, compressors, heat exchangers,

mixers, condensers, etc in section8-8
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ME2519 Chapter 8 Exergy
8-2 Reversible Work and Irreversibility

® W, .. just pushes air around outside of piston cylinder
*Woerir = Wicruu = Weme fOr closed systems only

fD r IF BOLUNDARY OuT!? P

W, =W — P (Vol, —Vol) isincreased

BGL."»D ARY IN? USEFUL BOUNDARY

s o i(Pel sl I edHEed
for W

* 7., = change in exergy = AX
i.e. if X, =dead state, then W, =X,
e ] =irreversillity= W -W . (=0

REV_OUT ACTUAL

o] =irreversibility =W, ..., v —Waey (I >0)

Fa

e ] = lost work potential OR X, (destroyed Exergy)
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Homework 8a

Tuesday, November 22, 2022 6:00 PM

B-17 Consider a thermal energy reservoir at 1500 K that can supply heat at a rate of 150,000 kJ/h. Determine the exergy of this supplied energy, assuming an
environment temperature of 25°C.

L= Q’ 336'2.,4 T, = 1s0ok
TU

. T<=15°%C? 7o K
%= (\’ ) WL bge ¥34)
ke 22394 KW

am‘ 150000 o slh = A 67 KTk

8-22  Ahouse that is losing heat at a rate of 35,000 kJ'h when the outside temperature drops to 4°C is o be heated by electric resistance heaters. If the house is
be maintained at 25°C at all times, determine the reversible work input for this process and the imeversibility, Answer: 0685 KW, 9.04 kW

Cof’u = Be - 11— ] 25 000 §3l}< 9722 k35

¢ \.J’q -, ‘r_/l'

RN 2V ,r“ _l,

w;‘\ rev’ a L"’ I} -—

o “ T“) v = 2507 ¢ 2084
Wi, e aize ks (- 220

\/\/:\lgc., = '[I?F ‘(w
1; éu‘ u);“:fw = q.7t1 - . (35S
T: a.037) kv

H o“

v 4% z77k

)

\
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Exergy for Closed Systems

Monday, November 28, 2022 10:04 AM
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ME2519 Chapter 8 Exergy
8-7 Exergy Balance for Closed Systems

Exergy Balance for closed system:

AP= z[l ) T; ]QK N E[ 1= T; ]QK ouT + [H; w RJ(VOZE I lT'}?'DII )]ﬂ-"
BN RO |

_ [Iﬂ,c}t.ﬂ' B P:J U?O]E N VOIl )]oa:&" -X DEST

where @ is defined as the exergy of a closed system
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ME2519 Chapter 8 Exergy
8-7 Exergy Transfer by Heat and Work

j[1-2 |50 @y
e
Lo
A
W, — P (Vol,-Vol) boundary
W shaft, elec

O, (kJ)
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ME2519 Chapter 8 Exergy
8-7 Exergy Balance for Closed Systems

Combining 1st Law and S-Balance for Closed Systems yields:
A®D =AU + AKE +APE - TAS + P(Vol, - Vol))

or ®=U-U. ~T(S—8 )+ P (Vol -Vol )+ KE + PE and

AP = T{ }U Z[ I ]Q w ['”r + £ ( Vol, —Vol, )]r

K J

- [” — PI’J“ U!’ = 4 U-] ], T,;,S.;-_;,-:_-.I

Compare above X -balance to original X -balance for Closed Systems

: .

'I T f)” (I{) !2 — I.U{ 1 }] T -
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ME2519 Chapter 8 Exergy
8-7 Exergy Balance for Closed Systems
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ME2519 Chapter 8 Exergy

8-7 Exergy Balance for Closed Systems
Use to determine Wrev

AP= E{l - T_]]QK,IN B Z(l B T_U]QK,GUT + [wa,w — R (Vol, —Vol, )]n

K. K.

b.oUT DEST

rewrite X -balance equation in "reversible" version:

, T . . T . . .
AD = 2[1 B Fﬂ JQK,IN i 2(1 _ T_ﬂ JQK,GUT + [H;EF:&H B Pﬂ(}"glﬁ B 'T’;G‘El . ]

A

K. K

- [H:?Em our — by (r‘o}z —Vol, )]OUT

A® is unchanged;solveX -Balance forW,,,

Thermodynamics Page 240



ME2519 Chapter 8 Exergy
8-7 Exergy Balance for Closed Systems

+ Use of Extended Closed System

Closed System Extended Closed System 1 _
- —-____ constant
T, # constant T e

constant

buffer zone

Qy

A(I)=E(1-:'I'_—°)QK+ AD, =3 (1-10)a +....
K

sys Tsurr

Jice]
oo e
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ME2519 Chapter 8 Exergy
8-7 Exergy Balance for Closed Systems

Summary: 5 "pieces":

*

1. 1"'Law provides W, .

2. Entropy —Balance equation provides S_,..

3. Exergy —Balance equation can provide WV,

>

4. Exergy —Balance equation can provide X,
but easier to use X, .. =15,

DEST o~ GEN
2 WREI—' - W,f: CTUAL — “* DEST
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ME2519 Chapter 8 Exergy
8-7 Exergy Balance for Closed Systems
Closed System EquationS'

AU + AKE + APE=30, , — +|w,  — B (Vol,~Vol)|

L ouT

a [H; our — 4o (Vaiz B VGEI )]O-’--"T

a-ﬁﬂ\ _y ;{}{T_I_SGEN

K

ADP=U, - Ul ~T(S,—S )+ P(Vol, - Vol )+ AKE + APE
AD= 2( - %JQK m 2[ - :;-?] K our T [W - BJ(VG]; . Vozl )]p.r

K K

i [H,.; ouT (VO” —Vol )]or T DEST
X sy = 105 oay

DEST

Thermodynamics Page 243



ME2519 Chapter 8 Exergy
8-7 Exergy Balance for Closed Systems

AU +AKE+APE =30, -30. +W —-W

out
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ME2519 Chapter 8 Exergy

8-7 The Decrease of Exergy Principle and Exergy
Destruction

* The increase of principle: for an isolated system (no Q, W
or mass crosses the system boundary):

Therefore,

if Xpoest > 0 then process is

If Xpest = 0 then process is reversible
if Xpest < 0 then process is
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Homework 8b

Friday, December 2, 2022 10:27 AM

#-28 A mass of 8 kg of helium undergoes a process from an inifial state of 3 m*/kg and 15°C to a final state of 0.5 m*kg and 80°C. Assuming the surrcundings 1o
be at 25°C and 100 kPa, determine the increase in the useful work patential of the helium during this process.

M“ 3kt>
A G 24Ut ak8 «AIE =~ ToASt LAV, s 5. 72%% k
AV Man=m (v AT .5 m3ky

Va
AWn= CbksL?'lCﬁ 3(’7}3 ~2%8)= 1620.1KT T+ %(7'(« = I35%
A-ZL T, zst - TO%k

Pa: 100 Ic pe.
As= Mas= M Ll o T2 ehla B =)
l ')s§l -.L
= Qhg [ 2USE A, I gen €707 Bl 3
As= 2y, ba% uz

To AS = 7 ag C- Vi)

Poas ® Po Crtuy =110,) = 100 kpa ( Shg)C 5~ )
z-12000 K

AYY

- 2b0 ks

ABz 16101 7360 kS -zoop k3
A §= %01k

B-31 The radiater of a steam healing system has a volume of 20 L and is filked with superheated waler vapor at 200 kPa and 200°C. Al this moment both the inlet
and the exit valves to the radiator are closed. After a while it is observed that the temperature of the steam drops to 80°C as a result of heat transfer to the room air,
which s at 21°C. Assuming the surroundings to be at 0°C, determine (a) the amount of heat fransfer to the room and (&) the maximum amount of heat that can be
supplied 1o the room if this heat from the radiator is supplied 1o a heat engine that is driving a heal pump. Assume the heat engine operates betwean the _page 462
radiator and the surroundings. Answer: (a) 30.3 kJ, (&) 116 kJ
=027

b) 16 kJ - 20 -—
Vol = e = 47y x

ﬁ S:ri!m r:; 'ZD& KPL
: ISTUK

P, =200kPa
2 a%k

o, -
- & -
T~ 80
., o/, <
FIGURE P&-31 'r‘;r z U (o

To pt =z 273K

= 200°C

T,

a. -4
'3; Loe 0uq,\‘7[;3
NARA TR Y]
5( z '7’ 50‘, [(S, J/k

me Vol - .02 01851 kg
v 1.0% 044

[AN

taz VoW o L0 04& - po 1028 - 317
V,‘)/VF 3 Jdos) - _00)o
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TV T R AN A SU RN 5

S22 Sp>fasey = LOTSEF 371 b5 35507 T14 6

Qui= - ~duz OV TESI6-10157)
’)d+/-ya

- OV bt L\’"

b 4 ﬁ«u;)an(.fr/;,)w odp, = 38 13

l’\'q,’lﬁ»\ "Ta A)“‘ ﬂgA Vﬂl: - L\}g.’}'(lbd
wgv{'(fw < Ml‘lA-z'fTa'AS

= 01851 (26548 10157+ 27 7. 4% ~T-508] )
= §.3kS

&ul“‘ﬁ*: LOP 1/"/;’)

8-34 Apslon cylinder dc @ contains 8 kg of r I'gq,aHSdaalO?MF‘a‘\ wl BO°C. The ‘g anl isr OM'CO(JICUJ\ onstant pressun tlt exists as a liquid at
20°C. If the surmoundings a: 1100 kPa and 20°C, determine (g} the exergy of the refrigerant at the initial and the final states and (b) m ergy destroyed during
this pro

. A-172: ~1= 3/<3

< 71':'/’0.

Vi .034%75 t=f0t: 333k

w, = ‘Z74~O7

s, = 1Lb2s7 T,= 20T=2 43k

V[ ,v;v z 'Z751 /‘1‘) 1/0‘ 20T < Z"aj){
Po = |OC [(fe

-—lll

A - <.000 BlL

h A 72%5

5':% .JwsZ

Pz W, =T (S SO 1P CULI- Volu) ¢ kie P2

O - m(ow-w,mTols,-50) + Pyl V,-Vo)

T, 2 §(2740)-24 881~ zad(l.o2s7-1.0%15) OO ( OD34825- % 37D))

$.r 1u7.35 kI

T, 2 L7988 -74%51 -2 .30062 - | palativo( -p0O8l6 -2327D))
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T.= DUt 47 K

b.

A &? Wy:a 4 '0 AVl '}J@
= LV -V =P LVl -Vl ) =X
)("4 N ia’i‘z "U*"’\(/V ol, ~Vol,)
Kys= 10285 306,47 + (q06kpn - 100 . ) (. 2 70 - 604523
‘/\R} = 5.0 kY
8-48 A piston-cyfinder device initially contains 1.4 kg of refrigerant-134a at 100 kPa and 20°C. Heat is now transferred to the refrigerant from a source at 150°C,

and the piston, which is resting on a set of stops, starts moving when the pressure inside reaches 120 kPa. Heat transfer continues until the temperature reaches
gs to be at 25°C and 100 kPa, determine (a) the work done, (b) the heat transfer, (c) the exergy destroyed, and (d) the second-law
¢ (a) 0.49 ) 67.9 kJ, (c) 142

80°C. Assuming the surroundin

efficiency of this process. Answer: (a) 0497 kJ. (b) 67.9 k), (c 8 k), {d) 26.2 percant
™M: ,, Jk 9
/,=100 kP
el aa 2 Qo < 2K
n:t{r}.. .I“ S T-|- Gl C= Z’(D ¢
' 1. zispiL~ ¥2K
FIGURE P8-48 3
> |wkPe

b5
T,780°C = 383k

G A-12°
V, = .27979 To= 25° = 225K
2488l Po?  (0Okf~

A
AL G

2\
A 17 Avr)  vel\w

Vor  ((T¥deSe  20242) /25 247LY
(2 «72| r2a q7)(2- Z 6. ¥
(-2873 « 1 22817 [ 241

N\ n

Vs
917

Wout* PAV, © 120 khe L 14 gD (.24 25 -.2373)

Voot = ), buB kY

b, AV @a Ut

R:a = A (Az—u')kh?oo} z

Ra- LL.OZAT

Ld(2&v.94 -Z99-8]) + | b4%

L. 4> B . Bot o
Ten T,,Jr SQM

Some  rls-5) - 6?/.13” - AL ). 2dps-L0614) - %02
' 127

Fiy 2 TeSge = 7,0D (. 043Y4)

Ry [ d.AS KT

[ . - 1 Th \ an h r_ .
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)(l&)-‘ [ 445 kY

( 1’,0) (Q a ’a '%) 0,3 * W;,,—D,J
( Tm 0" - Cl/pod' - bPorr Ly )

A% - Q' %M“'”) =) pap & pe WY(-29)5u-.2257T)
AT 20025 k¥
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ME2519 Chapter 8 Exergy
8-8 Exergy Balance for Open Systems

Start with Exergy Balance for closed system:

AD = E(l — %JQ — E[l _ i ]OL ouvr T [Htw _ R:(Vﬂzz . Voll )]L\

b

_[Warr_P Vﬂl — Ve I)]orr DEST

Include mass flow rates for an open system:
dx T T

= =3 ° 10, . —2[1-== |0 +IV
dt_ o { I; J—--L,L\ [ T—;} =K OoUT

G[T + Eiy;\"'i‘il"'.lié’ Zmﬂ{]'w DEST
where I/ is the exergy of a flowmg fluid.
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ME2519 Chapter 8 Exergy
8-8 Exergy Transfer by Heat, Work, and Mass

- .
XQ:f(l—mTﬂ-]é‘Q (kJ)

it

, I .
X, = {1 _E]Q&. (kJ)

X =

H.-

W — P (Vol,—-Vol) boundary
W shaft, elec

XM’(:SS —m w
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ME2519 Chapter 8 Exergy
8-8 Exergy Balance for Open Systems

Fora Steady State Steady Flow (SSSF) system::

0= Z(l_)QAﬂ. _2(1_]94& our T N

. "po or + LY — 2, Y — X DEST

with a single mass flowrate :

N N |
0=1-2210, ., — = 1-22 |0 .. + W,,
B

b b,

— H::‘:‘J or 1 M ( Wi —Wour.
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ME2519 Chapter 8 Exergy
8-4 Exergy Balance for Open Systems

Next, combine 1°'Law for SSSF open systems :

QL-"-." - Qos:.-*r + Hn - Ha or =M (.h +ke+ p e)oz.-'r —m (h +ke+ p e)mq

and S-Balance equation for open systems :

QK 5 A : —
== +ms, —mS,, . +S.,. =0
.

Result : Ay defined by properties only (2=o0ut, 1 = in)
Ay =h,—h + ke, — ke + pe, — pe, —To(s, —s,)

If ¥ =0 at the dead state, then
w=h—h—T(s—s,)+ke+ pe
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ME2519 Chapter 8 Exergy
8-8 Exergy Balance for Open Systems

Next, combine :

1. Definition of w=h+ke+ pe—1s
2. First Law for SSSF open systems
3. S-balance for SSSF open systems

Result with a single mass flowrate :

0= 2[1 i ];]QRF\T B Z(l B E]Qx ovr T Hz’x

b . b

— II;'{T +m (wﬂv — WOE..-T) — ];SGEE\
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ME2519 Chapter 8 Exergy
8-8 Exergy Balance for Open Systems

Compare two versions of X -balance for open systems:

X

DEST

=TS

GEN

Thermodynamics Page 255



ME2519 Chapter 8 Exergy
8-8 Exergy Balance for Open Systems

Use X-balance to define Wrev

Start with exergy balance equation again:

K ourT

for one m and a reversible process:

0= Z{]‘_] "’—IVEEI +m(‘)[/ .--’_l//()[.-'T)

R _

or +IVREI Z(I_T_{}]QK +m(Ww_WGUT)

K
If the process is adiabatic, result is simpler
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ME2519 Chapter 8 Exergy
8-8 Exergy Balance for Open Systems

Use of an Extended Open System

For an extended open system, 7, =T, therefore

5 Ty . . ~
W REV — - T_{ Qp +m (W w Yo L-"IJ

bECD mes Extended Open System

Wesy = 21 — D 1y
Fi%s

ouUT
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ME2519 Chapter 8 Exergy
8-8 Exergy Balance for Open Systems

Summary : 5 "pieces":

1. 1°"Law provides W

ACTUAL

2. Entropy —Balance equation provides ng

3. Exergy —Balance equation can provide WREI_,,

4. Exergy —Balance equation can provide X,

but easier to use X, =

N (AN /AT, A

ACTUAL
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ME2519 Chapter 8 Exergy

8-8 Exergy Balance for Open Systems
For Steady State Steady Flow (SSSF) Open Systems:

0=0, —Oopy + Wy — Wy, +Zrin, (h+ ke + pe),

our

— Y, (h+ ke + pe)

Jour

0 -
0=Y =X . QA .OUT

- )) T +2ms,, —2XmsS,, .+ S,

K K

Ay =h—h +ke,—ke + pe,— pe, —To(s, —5s,)

°= Z{l B ?]an - Z[l ) ZJQKGL’T + WTW _ ;?C-JUT

b E.r

X

DEST

+ Xm, W, — X
X, .. =ToS,,

DEST

OLTWGLT
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ME2519 Chapter 8 Exergy
What about Unsteady-Flow Processes?
1. fixed volume is filled with a mass flow rate the container

2. fixed volume is emptied or partially emptied by a mass flow
rate the container

Nitrogen = 200 kPa, 120°C

Initially
evacuated

Charging Problem Discharge Problem
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ME2519 Chapter 8 Exergy
Exergy Analysis of Unsteady-Flow Processes

1" Law for charging/discharging problems:
QW +> m(h+ke+ pe)—> m(h+ke+ pe)=mu, —mu,

ouT

Also: m —m,=m_, (discharge)

and m, —m, =m,_ (charging)
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ME2519 Chapter 8 Exergy
8-8 Exergy Balance for Open Systems
2nd |_aw Efficiencies for Steady Flow Devices

- Can derive equation for 2" Law efficiencies by writing the exergy
balance equation in the following format:
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ME2519 Chapter 8 Exergy
8-8 Exergy Balance for Open Systems

2nd |_aw Efficiency for Gas Turbines
Apply to adiabatic turbine by starting with exergy balance equation

for a single flow rate, steady flow open system:

oz[

)O —W - YDES; + m (W_w = IIVGUT)

x

Since it is adiabatic therefore
0= _H::f.n TAL -X pest T ™ (Wﬂr —Wour )
OR
m (.!f’m = WGL-:T) — Wt{::'n.au +X DEST
which is in the 4=B+ X, format.
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ME2519 Chapter 8 Exergy
8-8 Exergy Balance for Open Systems

2nd |_aw Efficiency for Gas Turbines
Question:
How do you know that sy, —,,,) is positive?
Answer:
Previously (v,,, — v, )=, —v,)=h —h —T(s, s )+ Ake + Ape
therefore y, —w, =h —h —T,(s, —s,) if Ake and Ape<<h —h,
From I —s diagram: 4, —h, >0

and since s, > s, therefore —T (s, —s,)>0

therefore 7it(y/,, — ¥,y ) is positive
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ME2519 Chapter 8 Exergy
8-8 Exergy Balance for Open Systems

2nd |_aw Efficiency for Gas Turbines (cont.)
- Therefore, the 2" Law efficiency of an adiabatic turbine is:

E _ WACIUAL — m(hl _hz) _ h’l _hz
A iy Vo) MWy Vo) v,—-v,
B A-X X

— — DEST :l_ DEST

T?H Adiabatic Turbine

or ??II Adiabatic Turbine E A A

o T8en Ts

m(Wmf_Woar) m( 1 _tffz) v, — ¥,

m ?—;]SGEN — 1 GEN
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ME2519 Chapter 8 Exergy
8-8 Exergy Balance for Open Systems

2nd aw Efficiency for Compressors
- Similarly, for an adiabatic compressor:

E WQ ¥V, =1- GEN

T] IT Adiabatic Compressor A h2 hl hg _ h}

APy

compressor
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ME2519 Chapter 8 Exergy
8-8 Exergy Balance for Open Systems

2nd Law Efficiency for Heat Exchangers
For a heat exchanger use:

!

0:2[1—--%-JQK—W—XD ot MY = my
—

E ouT

Putting into 4 = B + X, format shows that:

e
stream

4 3
-y e (i3]l

stream
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ME2519 Chapter 8 Exergy
8-8 Exergy Balance for Open Systems

2nd Law Efficiency for Adiabatic Mixers

_" -
M3 (mixed)
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Homework 8c

Wednesday, December 7, 2022 12:22 PM

Steam is throttled from 8 MPa and 450°C to 6 MPa. Determine the wasted work potential during this throttling process. Assume the surroundings to be at

P %,000 Kpe

50
5°C. Answer: 36.5 kikg

A-b

h: 22735

[

52 Lssia Vo= d0%L-

ho = P,f §, 000 k/fe
S by depolafion sl 2

Pt BT 2:;;;:?3&7353% bianin 30D

$S.% b.to=

X- lpe tmaee— 555F E
U £ A CV '*‘flt)” ~ Yo f

YRS AR 2 P hy - Tgls =33

Vb= Tolse-3d = za% ( (479 £.5570)

L gy © 3’@}‘%

8-54  An adiabatic steam nozzle has steam entering at 500 kPa, 200°C, and 30 m/s, and leaving as a salurated vapor at 200 kPa, Calculate the second-la
efficiency of the nozzle. Take T, = 25°C. Answer: BE.4 percent

A-C: P:500 kP~
k':. T7%5. % »
S.z 106\ Ti= 200°C
V2 20 a4l
21066 7 %, -

7.]127
/ Pre 20O KP-
To= 23°C = 29%BIC

A-5-
,11; 3:'
S(’$1C
Is+ Lo SO¢F
D ~ Chtke > lh tre,)
Akez, Al = 1%58.% 27063 - |da S
X blay S5OF .
O ALV-1) -4
LY PR A (A h,~ha ’Toéf,'SzJ -4Ke o
Av. v b _ho—%_ o s\
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* o5 = V|" W,_ z l\,’hn 'Toéf,"Sz) 'AK"I()/
AbeW = ['ll'[""l’."O(/?l’SL)
Ak 7 L855.% <2063 - zay( 2. 041-0.127)% 144

rov

Ng < (4‘1}
& A.m/""*i 8
A/(l,/gu [L

Ng < g&’-lo/a

B-56 Argon gas enters an adiabatic comprassor at 120 kPa and 30°C with a velocity of 20 m/s and exits at 1.2 MPa, 530°C, and 80 m/s. The inlet area of the
comprassor is 130 em?. Assuming the surroundings to be at 25°C, determine the reversible power input and exergy destroyed. Answer: 126 KW 412 kW

0. Cpe 592 R 209 P> 120 pepe

o8l (DpD) T220°C =2

vie RT_
t ﬂ,\—' = — T - _ G255

fz WAV < 1730 (20) )
'l. 7 Pe
e 4Ly L5255 caov) .2/

Vl:"ZD/\xl;

T,2510°C ¢ ook
Isd Lo
0z Wa + A (,4,- hothe, - ke s Upe B0l
Winr al CaT+ 5y -5 ) A% 190
Wae W40 .510)( gU3-3033 ¢ )5 (30) - Z (zo)!) Tpz 25°¢ - zask
(W7 170 21 Kw
P Valey e .
U: "\};s[fbd “’,:1 (J(({"Wz)

A - [—/AT

Winsor = A b hah =T Cs50+ Ake)

1
L(/;,,l,w = ﬁ(’("‘"}':’TaC-(/(,'\ %’k’n %)-" J‘zl/,~,!l:[/[")

Vi mvs . 44480 74015~ 298 ( 027a20+3)
W N A R

.
"‘Lcw

b

gz Wineed - Vin fon = 130207 120,05

Lrpe 417 KW

B-68 Steam expands in a turbine steadily at a rate of 18,000 kgh, entering at 7 MPa and 600°C and leaving at 50 kPa as saturated vapor. Assuming the
surroundings 1o be at 100 kPa and 25°C, determine (a) the pawer potantial of the steam at the inlet conditions and (&) the power cutput of the turbine if there were
no irreversibilities present. Answer: (2) 7710 KW, (b} 5775 kW

a, hoz 650.¢ m<1¢, oo
$|-" /2.04(

D -9 ...
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a, hoz 650 rm<l1%, oo

S = 1.0 41

ll ‘l 1 5 pl: 7/4/4.

of p? by % .

S .72 T(’ADDL
\r,= hl" L\O - To Liy‘sb) -fke—'f’b flf SDKPGI
Y_; Yso b 10 99272470~ 3478%qz
Y < V6 M, Po= 0L Kba
Ve 4V - 9000 r/’? (isvz.y )y, T,.25°C

3607

Y. 70vy4 v

)Lliq.[.\‘w:
Of'wou{"l'/;(/lyl’w‘LS‘i les

VoA os & L~ ha-To Lss )

hoy =hy = 2has2
540 A 7.542

A LRI VAT AT IR S EPLINA LI EE R X DY)
~e D

Weok S775.1 Kw

Nau

8-71 Hot combustion gases enter the nozzle of a turbojet engine at 230 kPa, 627°C, and 60 m/s and exit at 70 kPa and 450°C. Assuming the nozzle to be
adiabatic and the surroundings to be at 20°C, determine (a) the exit velocity and (b) the decrease in the exergy of the gases. Take k = 1.3 and ¢, = 1.15 kJ/kg*C for
the combustion gases.

230 kPa 70 kPa
({-(‘)inf’; :lﬁ(tl(,'
FIGURE P8-71
L. pI: o0 1("‘
O2n Chtke Y- Liyike) T,» b1y °C zavok

v < bo ~lf
? [
keor Y2 o Nis(ermese) Llwoatyp®the 70 Kfe
g C > 1’?._: wspC=723k

< : A P
Vo= !‘Z (,sz'l)fﬁ < 6 d U.a%‘ BU (‘77/0'6

b AY= hooh -ToCs,-5,) < Ake
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AV =¢, CT.-T)) - ToLc,L[%,ru,.%));, Lo Lpe

e LS (4S0- b7) - 20)2( pp3ar) 4+ 205 25 —1. %
Alf: -1$72 !‘/5'
)
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Nozzles and Diffusers

Thursday, March 2, 2023 11:22 AM

Changes in PE negligible

/

Vi—> Noazle —>V,>>V, ¢ Heat transfer is usually very small because the fluid
does not spend much time in the device
¢ No work involved

\\

V,——> Diffuser —t> V,<<V,

/

EXAMPLE 5-4  Deceleration of Air in a Diffuser

Air at 10°C and B0 kPa eners th difuser of 3 jet engin sieadly with a valozity of 200 m/s. The iniet area of the citfuser s 0.4 m™. Tha alr loaves the dittuser
wih a v ity y smal compared with the infet velocty. Detarmine (2} the mass Sow rate of the air and (&) the lempaerature of the air laaving $he
AfMuser

SOLUTION  Air entiers e défuser of a jet engine steadiy af a specified velocity. The mass flaw rate of a and the Seerperature at e difuser exi are to b
determined.

Assumptions 1 This is & sheady-low procass since thare is 10 changs wilh lime a1 ANy pant and ths B, = 0 and A, = 0. 2 Ar is an idesl gas since i
= at a high temperature and low presswe rolsive 10 s critcal-port values. 3 The potential energy change iz 2ero, Ape = 0. 4 Heal transter is negigiie. §
Kinatic anargy at the dffuser axt is neglgibie. 6 Thare are no work Inleractons

Analysis  We ke the dWuser as he system (Fig. 5-27) This is & control vokane SiNce Mass Crosses the System boundary during the procass. We obsenw
hat there s only one infet and one exit and thus ™ = ™, = =

f——-

FIGURE 5-27
The difuser of a jet engine discussed i Example 5-4,

T:10%= 743K V, % 0wls
P_ 30 Kfa
\/ f’Zo:nb'

A"‘ Mn

q. I J‘,g\ 60 -

PvzRT = v:%‘-.. 237 Unp [ Kg-K (_7)63&: Lots i‘

@

f;l'-' A_\/' - "n‘(,ZWn/S’= 7q.g£=.
3
v 1015 ke, s
E'N’tb" I!Qlﬁncb-

Ke + m ‘l, i Kal +r'11|z
& CAT,-T,)= LA LEy

T T - LEL; (—L@-I S 283k (307K
i Z Lf Mk ZCI,UDS kslkﬂ"‘) lﬂop';zbt ) + -

Thermodynamics Page 273



EXAMPLE 5-5 Acceleration of Steam in a Nozzle

Steam at 250 psia and 700°F steadily enters a nozzle whose inlet area is 0.2 ft%. The mass flow rate of steam through the nozzle is 10 Ibm/s. Steam leaves the
nozzle at 200 psia with a velocity of 900 ft/s. Heat losses from the nozzle per unit mass of the steam are estimated to be 1.2 Btu/lbm. Determine (&) the inlet
velocity and (b) the exit temperature of the steam.

SOLUTION Steam enters a nozzle steadily at a specified flow rate and velocity. The inlet velocity of steam and the exit p are 1o be

Assumptions 1 This is a steady-flow process since there is no change with time at any point and thus Amgy = 0 and AEgy = 0. 2 There are no work
interactions. 3 The potential energy change is zero, Ape = 0.

Analysis We take the nozzle as the system (Fig. 5-28). This is a control volume since mass crosses the system boundary during the process. We observe
that there is only one inlet and one exit and thus ™, = m, = m_

Goot = 1.2 Bu/Ibm
\ |
S
1 Steam s
/ m = 10 Ibm/s |
/ /: 200 psia
P, = 250 psia Vv, = 900 fu's
T, =T00°F
Ay =021

(1 h. (,'L‘ops.'l-"lﬂa'f) T -H& A- ‘E 2 ll,‘ 1374 ¢ 01'/”"'1
vz 2028 {4l

AY v'm 2
. Al - . z. p) 16mls
a:—r—p Ve o—m . BEAO B G0 B0l 154 4fds

' ' RARE

b E feryy lalence”

KEI* P'h| 4 kEL +m AS +A'1,0..+

1o [ 1014l
ho= LWRVINeh e 4 C ELXH aw'S 1tk (zm—f:w;) £ 127 §Te y;“
(1% 0"
hor 13544 OTR
Tb~

Telle A-46 -
T, Lh,, P =

T {20 °F
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Turbines and Compressors

Saturday, March 4, 2023 6:44 PM

Heat transfer is usually negligible because they are well insulated
KE and PE changes are negligible in comparison to enthalpy

EXAMPLE 5-6 Compressing Air with a Compressor

Air at 100 kPa and 280 K is compressed steadily to 600 kPa and 400 K. The mass flow rate of the air is 0.02 kg/s, and a heat loss of 16 kl'kg cccurs during the
pracess. Assuming the changes in kinetic and potential energies are negligible, determine the necessary power input to the compressor.

SOLUTION  Air is compressed steadily by a compressor to a specified P and p The power input to the compressor is to be _page 230
determined.

1 This is a steady-flow process since there is no change with time at any point and thus Amgy, = 0 and AEg, = 0. 2 Air is an ideal gas since it
is at a high temperature and low pressure relative to its critical-point values. 3 The kinetic and potential energy changes are zero, Ake = Ape = 0.
Analysis We take the compressor as the system (Fig. 5-30). This is a control volume since mass crosses the system boundary during the process. We
observe that there is anly one inlet and one exit and thus ™ = ™ = ™_Also, heat is lost from the system and work is supplied to the system,
= 16 klikg
Gom ‘Ib klkg T Py =600 R_Pu
T,= 400K

i

= =1

| P,= 100 kPa
T,=280K

Enhsq balece
\;’;.‘*"‘h,ﬁ"@w{"‘”")ll

N ALy g +herh)

\'J.,.r ALaL,“nL,(,T,-TO\

Vs 00 kel (1b RSy« (1005 SIky K00~ 2903
Ve 2.732 fW

EXAMPLE 5-7 Power Generation by a Steam Turbine

The power output of an adiabatic steam turbine is 5 MW, and the inlet and the exit conditions of the steam are as indicated in Fig. 5-31. (a) Compare the
magnitudes of Ah, Ake, and Ape. (b) Determine the work done per unit mass of the steam flowing through the turbine. (c) Calculate the mass flow rate of the
steam.

Py =2MPa
T, = 400°C
V, =50 m/s

71=10m

&
>
<<
)
\—
<
(o]

10v0 h‘lr'

AAE L(Cwomd (Dald?) LTS < f10as iy

Ape glo-zd® Oslaplbr 103y L 15TFa,

1000 M35t

-4 kSlkA
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hLTOn Upo’ty ¥ Table h,-»}z%.wcuj

h,z o k{yl\‘: Al13723)+ 225 = 2341.0) kSlky
Al | -9%7.3a k'Slks
Ene @ batace
Vo z -4h " Alke - Ape
Vet 57248 (T/ky

“* E: 5.73 kyls
Weu ¥
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Throttling Valve

Saturday, March 4, 2023

7:14 PM

T

The flow through them may be assumed to be adiabatic (Aq = 0)
since there is neither sufficient time nor large enough area for any
effective heat transfer to take place

No work interactions

Ape=0 uy+ PV, =u+ Py,

Ake =0

(a) An adjustable valve

(b) A porous plug

(¢) A capillary tube

FIGURE 5-32
Throttling valves are devices that cause large pressure drops in the fluid.

EXAMPLE 5-8 Expansion of Refrig 134ainaR

FRefrigerant-134a enters the capillary tube of a refrigerator as saturated liquid at 0.8 MPa and is throtiled to a pressure of 0,12 MPa, Determine the quality of the
refrigerant at the final state and the temperature drop during this process.

SOLUTION Refrigerant-134a that anlara a capillary tube as saturated liquid is throttled to a specified pressure. The exit quality of the refrigerant E ge 2:
and the drop are o be
Assumptions 1 Heal transfer from the tube is neghgible. 2 Kinetic energy change of the refrigerant is nsghy‘ble

Analysis A caplilary tube is a simple fl device that is used in ions to cause a large pressure drop in the
refrigerant. Flow through a capillary tube is a throttling process; thus, the enthalpy of the refrigerant remains constant (Fig. 5-34).

Throttling
valve
KRN P21 Ml
wy = BRAD k. |
) = 94.80 Kl/kg Pruy=6.68 :lr“k;
Py = 068 Kikg hy = 95.45 kifkg
(hy = 95.48 KIkg) :

FIGURE 5-34
Dwring a throttling process, the enthalpy (flow energy + internal enargy) of a fluid remains constant. But internal and flow energies may be converted to each
other.

. 1‘1.: ht' ‘«(
Il“5

ku“ LML bz 4548 k]’kj) 7 Table
b
by T3 4n

Lz Qsus-124 _:

270.aa-2247

1147

S TE

P
1,'»* - |‘$‘{ z
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Therefore, -

T1 =T2 if working fluid is an ideal gas

Internal energy + Flow energy = Constant



Mixing Chamber

Saturday, March 4, 2023 8:39 PM

No work interactions
Ape=0

Ake =0

Ag=0

' Cold
waler

T-elbow

Hot
water

FIGURE 5-35
The T-elbow of an ordinary shower serves as the mixing chamber for the hot- and the cold-water streams.

EXAMPLE 5-9  Mixing of Hot and Cold Waters in a Shower

Consider an ordinary shower where hot water at 140°F is mixed with cold water at 50°F. If it is desired that a steady stream of warm water at 110°F be
supplied, determine the ratio of the mass flow rates of the hot to cold water. Assume the heat losses from the mixing chamber to be negligible and the mixing to
take place at a pressure of 20 psia.

SOLUTION In a shower, cold water is mixed with hot water at a ifi P . Fora ified mixture
of the hot to cold water is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time at any point and thus Amgy, = 0 and AE, = 0. 2 The kinetic and potential
energies are negligible, ke = pe « 0. 3 Heat losses from the system are negligible and thus Q % 0. 4 There is no work interaction involved.

Analysis We take the mixing chamber as the system (Fig. 5-36). This is a control volume since mass crosses the system boundary during the process. We
observe that there are two inlets and one exit.

. the ratio of the mass flow rates

The saturation temperature of water at 20 psia is
227.92°F. Since the temperatures of all three

streams are below this value (T < Tsat), the water
in all three streams exists as a compressed liquid

hy = h;g 49 = 107.99 Btu/Ibm

hy = h;g 0 = 78.02 Btu/lbm

(VJ +”1..>ll; '

Jde Ly A hy—h, _ 7802-1807 _, .

Yhoshe ghy vl " h,—h, 107.99-7802
1Ll|l",) ;‘7"1.

1 z h "L-.
bl
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Heat Exchangers

Monday, March 6, 2023 3:37 PM e Heat exchangers are devices where two moving fluid streams
exchange heat without mixing
B ¢ When the entire heat exchanger is selected as the control

volume, Q = 0, since the boundary for this case lies just beneath
the insulation and little or no heat crosses the boundary

g“':: - e Typically involve no work interactions
ul
¢ Negligible kinetic and potential energy changes (Ake = 0, Ape =
0) for each fluid stream
Hot £ ¢ Under steady operation, the mass flow rate of each fluid stream
fluid . .
flowing through a heat exchanger remains constant.

FIGURE 5-38

A heat exchanger can be as simple as two concentric pipes.

Refrigerant-134a is to be cooled by water in a condenser. The refrigerant enters the condenser with a mass flow rate of 6 kg/min at 1 MPa and 70°C and
leaves at 35°C. The cooling water enters at 300 kPa and 15°C and leaves at 25°C. ing any pl drops, (&) the mass flow rate of the
cooling water required and (b) the heat transfer rate from the refrigerant to water.

SOLUTION Relrigerant-134a is cooled by water in a condenser. The mass flow rate of the cooling water and the rate of heat transfer from the refrigerant to
the water are 1o be determined.

Assumptions 1 This is a steady-flow process since there is no change with time at any point and thus Amgy, = 0 and AEq,, = 0. 2 The kinetic and potential
energies are negligible, ke = pe = 0. 3 Heat losses from the system are negligible and thus Q= 0. 4 There is no work interaction.

Analysis We take the entire heat exchanger as the system (Fig. 5-40). This is a control volume since mass crosses the system boundary during the process.
In general, there are several possibilities for selecting the control volume for multiple-stream steady-flow devices, and the proper choice depends on the
situation at hand. We observe that there are two fluid streams (and thus two inlets and two exits) but no mixing.

Water
15°C
300 kPa

®

Conpesied lad)

b amputssed

'6)

:;:é Lii,";‘
0 E/\US-‘ ‘&\Anc&:
M{Lh’k + ;‘wlllw 4 ’:’& 7-”‘4;",‘“

b d) = Ay Lhy b

mo* o Chon-ha)

hyo o

hyz 3072.37
h,, 2 b1 age
hynz 100.%%
"..,.1 :wll.(j

"ot 0 ks lm,',,
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