Intro and Terminology

Monday, August 22, 202z 9:51 AM
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Manometers and Barometers

Wednesday, August 24, 202, 9:53 AM

k- TCC\{'ZTJ,I;

p(ﬂiiqu: Novme) force orerded per vt areq

N/n*

Pavs = Parn ¢ PS‘%‘
Ta ﬂ.,.‘&, Pes Pant « '3"

KPew = 1000

N anomreter V- tvbe

Problem 1-72 Find: SG,

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

But P =0, therefore,

Pamb =pllomwygh

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, 202z 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
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Homework 1

Sunday, August 28, 202 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.

P“bs z Pa.‘,n - Pﬁv“sb
= A2 KA - 35 kP,
Pal:s = 57 K Po.

1-63 A manometer containing oil (p = 850 kg-"m:‘) 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 Pvd’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
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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 Ana

Monday, August 29, 202z 9:57 AM

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

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
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)

Thermodynamics Page 12



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, 202. 10:02 AM
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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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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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Homework 2a

Wednesday, August 31, 202, 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
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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?

1k L &y 5'-

A+ 2 (1500 Kka) (100 klh 5400 3¢ 1y00n
T L7 kW)
Ay = 7.716 Sec

vhick s close o s Avn ber
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Energy Conversion Effifiencies

Friday, September 2, 202:  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, 202 10:28 AM
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Properties of a Pure Substance

Monday, September 12, 202: 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
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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
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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, 202 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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ME2519 Chapter 3 Properties of a Pure Substance
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
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Property Tables
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ME2519 Chapter 3 Properties of a Pure Substance

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

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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