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Thermodynamic Properties are Measurements
p,T,v, u ,h,s      - measure directly 

-measure by change

Tables

Curve fits                                    Tables

Correlation's,  Boyles Law                  Tables  
pv=c @ T=c            limited hand

calculations 

Equations of State,  pv=RT               Tables
Calculation Modules 

NIST, EES, HYSYM
interactive, callable 

Property
Data
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kPa 8587.9C 300 @p   
C 195.04kpa 1400 @T   

C  300 and kpa 1400at water  

saturation

saturation
=

=
kpa 362.23C 6 @p  

C 15.71kpa 500 @T  
C 6 and kPa 500at   134aR
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saturation
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−

C 195.04
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kPa 8587.9
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T

v

superheated
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p=constantp=constant
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Three Tables
Temperature Table

at  spaced T’s
Pressure Table

at spaced  P’s
Superheat Table

at spaced T and P
6 Properties
Temperature
Pressure
Volume
Internal Energy
Enthalpy
Entropy

Figure A-9E
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TEMPERATURE TABLE
Saturation properties only as a function of temperature
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PRESSURE TABLE 
saturation properties only as a function of pressure
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Saturation liquid internal energy at .01 C.                          0. kJ/kg Table Base
Saturation vapor internal energy at 15 C.                             2395.5 kJ/kg 
Saturation vapor entropy at 10 C.                                          8.8999 kJ/kg K
Enthalpy at 5 C, 1 bar

approximate saturated liquid enthalpy at 5 C                  21.020 kJ/kg
Temperature of saturated vapor at 2381.8 kJ/kg     

internal energy.                                                                   5 C
Enthalpy of vaporization at 5 C                                            2489.1 kJ/kg  
Volume at 10 C, 1 bar

approximate saturated liquid volume at 6 C                    .001000  cubic m/kg
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Steam at 20 C
has an enthalpy 
of 1800 kJ/kg.
What is the
internal energy? ( )

kJ/kg 1706.78u
913.833.2402.783.913u

ux uu
.7x

2453.5x 83.915
kJ/kg 1800

hx hh
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TEMPERATURE TABLE
Table A-4, A-4E
PRESSURE TABLE
Table A-5, A-5E

SUPERHEAT TABLE
Table A-6, A-6E

Water

Table A-7,
A-7E
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Engineering Equation Solver - EES
Fluid Property Information - 69 fluids available
Thermophysical Functions - 25 properties calculated

h=enthalpy(steam, T=200.,P=200)  superheated vapor
h=enthalpy(steam,T=200.,X=1)      saturated vapor
u=intenergy(steam,T=200.,X=0.)     saturated liquid
p=pressure(steam,T=200.,X=0.)     saturation pressure

EQUATION WINDOW

Thermophysical Functions
entropy
intenergy
pressure
quality
density
enthalpy
isidealgas
temperature
volume

Function Arguments
H specific enthalpy
P pressure
S specific entropy
T temperature
U specific internal energy
V specific volume
X quality

Available from Text Student Resources CD
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EES

FLUIDS

FUNCTIONS 
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Solve

Windows
Equations
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Windows
Arrays
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Windows
Plot Window
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23kJ/kg 1931.3u
kJ/kg 2204.6.762kJ/kg 251.4u

5-A Table Pressure                kPa  20 @uxkPa 20 @uu

uxuu
C60.06kPa 20 @ re temperatusaturationT

phase two.762x
kJ/kg 2357.5xkJ/kg 251.422047.2

5-A Table Pressure   kPa 20 @hxkPa @20hkJ/kg 2047.2
EXPANSIONTHEAFTER

kJ/kg 2047.2h
kJ/kg  1404.8.5kJ/kg  1344.8h

4-A Table eTemperatur      300 @hxC 300 @hh

hxhh
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SUPERHEATED TABLE
superheat properties as a function of temperature and pressure
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Enthalpy at 600 C and 4.5. MPa                              3670.9kJ/kg
Temperature at entropy of  6.7714 and 4. MPa         400 C
Internl energy  at 4.5 MPa and entropy of  7.0323          3096. kJ/kg
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COMPRESSED LIQUID  (SUBCOOLED LIQUID) TABLE
Subcooled properties as a function of temperature and pressure
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A saturated  mixture of 2 kg water and 3 kg vapor in contained in
a piston cylinder device at 100 kpa. Heat is added and the piston,
initially resting on stops, begins to move at a pressure of 200 kpa.
Heating is stopped when the total volume in increased by 20%.  Find:

a)  the initial and final temperatures.
b)  the mass of liquid water when the pressure reaches 200 kPa    and the 

piston starts to move. 
c)  the work done by the expansion.  

   kJ/kg  1670.622088.2.6417.40u

uxuu
 /kgm 1.0168v

.001043)(1.694.6.001043v
vxvv

99.61T
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 totalkg 5
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kJ/kg  2988.65h

173.
1.1989-1.31623
1.1989-1.2192  vof ratio

3092.1      1.31623     300
  1.2192           

2971.2       1.1989     250
h                 v          T 
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450470eTemperatur
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2530
2527pressure

C. 500 and C 450between 
MPa 27pat  einterpolatThen    27).p500, and 450(T h@

get   to30P and 25pbetween  C 500at  and C 450at first  eInterpolat

                         3084.8h             9.3165h   500T
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Linear Interpolation with 3 Variables 
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T
18

8.314pv

T
18

1545.15pv

:for water

heat  specificconstant     
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% Error in assuming water is an ideal gas 
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SPECIFIC HEAT
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Figure 4-24
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AIR TABLE
air properties as a function of temperature 
with variable temperature dependent specfic heat 
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NIST  Webbook Properties
fttp://webbook.nist/gov/chemistry/fluid
Temperature Table for Water in .1 degree increments
from 40 to 40 degrees.

Select Units

Select Table Type
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Select fluid
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Set low and high temperature
and temperature increment.
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