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equation fitting

(conversion of data to equation form)

physical relationship
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accuracy



13.3 Criteria for fidelity of representation

(1) Sum of the deviations squared

(2) Average percent absolute deviation

(3) Goodness of fit

Chapter 13. Mathematical Modeling

2

1
( )

n

i i
i

SDS y Y


 

2

1

100 n
i i

i i

Y yAPD
n Y

 
  

 


100 1 SDSGOF
G

  2

1

( )
n

i mean
i

G Y y


 

2

1

1 ( )
n

i i
i

RM S y Y
n 

 

1

1 ( )
n

i i
i

B ias y Y
n 

 

1

1 n

i i
i

AAD y Y
n 

 

eqn.   exp. 



13.4 Linear regression analysis

- Parameters appear in linear form not the variable
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13.5 Nonlinear regression analysis

- Steepest decent method – unconstrained optimization

ex)
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13.6 Thermodynamic properties
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Property equations

1.                 Equations for vapor

2.        The specific heat at zero pressure

3.            Relation for saturated conditions

4.         The density of liquid
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13.7 Internal energy and enthalpy
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13.7 Internal energy and enthalpy
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13.8 Clausius-Clapeyron equation
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13.8 Clausius-Clapeyron equation
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13.8 Clausius-Clapeyron equation

( )

(2593.1 211.4)(1 ) 0.625
(50.5 273.15)(11.775 0.0010124)
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<Solution>
- calculation with Clausius-Clapeyron equation

12.961 12.335 0.626 kPa 
- calculation from steam table



13.10 Maxwell Relations
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13.11 Specific heats
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13.12 P-v-T equations
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Van der Waals

Redlich-Kwong



13.13 Building a full set of data
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13.13 Building a full set of data

<Example 13.6> Starting with a base enthalpy of h=0 kJ/kg for

saturated liquid water at 0℃, the enthalpy of superheated vapor at

4000 kPa and 500℃ using the following equations: (1) Redlich-Kwong

equation of state (a=43.951, b=0.001171), (2) cpo
from Table 13.3 and

(3) the p-T equation for saturation conditions at low pressure,

.
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ln 19.335 5416 /P T 



13.13 Building a full set of data

<Solution>
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From the Redlich-Kwong equation, 

Clapeyron equation : 

3206.54 /gv m kg



13.13 Building a full set of data

<Solution> From Table 13.3
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500 & 0.6108
2501.5 986.95 3488.5 /o C kPa

h kJ kg  

Integration from 0 to 500℃ at 0.6108 kPa

0

0

0
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6 2
0 1.8703 0.0001968 0.6528 10pc t t   

Equation fitting (t is in ℃)
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13.13 Building a full set of data

<Solution>
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From the Redlich-Kwong equation

499.9 0.085963245748
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500 & 4000

3488.5 ( 0.010) (4000 0.61) 3448.5 /
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kJ kg

         

     



13.13 Building a full set of data

<Solution>
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