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Chapter 14. Steady-State Simulation

Performance of components

Properties

conditions

Performance prediction at conditions
off-design

design

should be known



14.2 Convergence and Divergence in successive substitution

<Example 14.1> Using the Gauss-Seidel method, solve for the x’s in the

following set of simultaneous linear equations:
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1 2 3 1

1 2 3 2

1 2 3 3

4 3 12

2 2 6

2 3 6

x x x x

x x x x

x x x x

   

   

   

A:

B:

C:

Trial value
x2=0, x3=0
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convergent

1 2 32, 1, 1x x x   

14.2 Convergence and Divergence in successive substitution

<Example 14.1>
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1 2 3 1

1 2 3 2

1 2 3 3

4 3 12

2 3 6

2 2 6

x x x x

x x x x

x x x x

   

   

   

A:

C:

B:

with different order

divergent

14.2 Convergence and Divergence in successive substitution

<Example 14.1>
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4 3 1 4 3 1
1 2 2 2 1 3
2 1 3 1 2 2

    
      
      

A-B-C, convergent A-C-B, divergent

For convergent case, large-magnitude coefficient in diagonal position

14.2 Convergence and Divergence in successive substitution
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A-B-C, convergent A-C-B, divergent

Multiply lower-
triangular by λ

4 3 1 4 3 1
1 2 2 0 2 1 3 0
2 1 3 1 2 2

 
   
     

 
  



1  convergent

14.2 Convergence and Divergence in successive substitution

0, 0.125 0.696 , 0.125 0.696i i   

1  divergent

0, 0.2713, 4.146  



14.3 Partial substitution in successive substitution
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*, 1 ,, 1
(1 )j i j ij i

x x x  
  

new new value 
computed 
from the eq.

previous

Partial substitution factor

1  Successive substitution (Gauss-Seidel method)

Toward a more convergent process 



14.4 Evaluation of Newton-Raphson technique

Successive Substitution Newton-Raphson

① straightforward to program

② sparing computer memory
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① more reliable

② more rapidly convergent

③ not necessary to list the eq. in

any special order

④

①

②

③

For small system



14.5 Some characteristics of the Newton-Raphson technique
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1 1 1 2 1 3 1, 1, 1

2 1 2 2 2 3 2 , 2 , 2

3 1 3 2 3 3 3, 3, 3
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14.8 Quasi-Newton Method
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14.8 Quasi-Newton Method

ex> Newton-Raphson vs. Quasi-Newton
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14.8 Quasi-Newton Method

ex> Newton-Raphson vs. Quasi-Newton

 Newton-Raphson

Chapter 14. Steady-State Simulation

1 1 1

2 2 2

/ /
/ /

t c
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J X F
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1

1 1.1759 0.6155
1 0.4 0

0.2539 0.7461 0.156
0.6345 0.6345 0.392

J F

J X

   
        

     
       

0.256
0.608

t

t
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14.8 Quasi-Newton Method

ex> Newton-Raphson vs. Quasi-Newton

 Newton-Raphson
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3

0.25

0.5 /

P kPa

Q m s







14.8 Quasi-Newton Method

ex> Newton-Raphson vs. Quasi-Newton

 Quasi-Newton
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1

2

1, 1,

1, 1,

1

0 .6155
0

0 .25392 0 .74608 0 .6155 0 .15629
0 .63449 0 .63449 0 0 .39053

0 .1 0 .15629 0 .25629
1 .0 0 .39053 0 .60947
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14.8 Quasi-Newton Method

ex> Newton-Raphson vs. Quasi-Newton

 Quasi-Newton

Chapter 14. Steady-State Simulation

Newton-Raphson Quasi-Newton

Fast convergence if the trial 
values are good

Wider convergence range
than NR method


