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Option Explicit           line 1

Public Sub Flowsheet_Iteration()       line 2
Dim n_components As Integer        line 3

        n_components = 4 

' Dimension x and g values 
Dim x_old() As Double         line 4
ReDim x_old(n_components)        line 5

Dim g_old() As Double         line 6
ReDim g_old(n_components)        line 7

Dim x_current() As Double        line 8
ReDim x_current(n_components)       line 9

Dim g_current() As Double        line 10
ReDim g_current(n_components)       line 11

' Call Successive Substitution for first two iterations 
Call Successive(x_old, g_old, x_current, g_current, n_components) line 12

' Call Wegstein Method 
Call Wegstein(x_old, g_old, x_current, g_current, n_components)  line 13

End Sub            line 14

Sub Successive(x_old, g_old, x_current, g_current, n_components)  line 15

' Read x1 and resulting g(x1) values from sheet 
Dim i As Integer         line 16
For i = 0 To n_components – 1       line 17

            x_old(i) = Sheet1.Cells(i + 11, 3)      line 18
            g_old(i) = Sheet1.Cells(i + 11, 10)      line 19

Next i           line 20

' Place g(x1) values on sheet as new x2 values 
For i = 0 To n_components – 1       line 21

            Sheet1.Cells(i + 11, 3) = g_old(i)      line 22
Next i           line 23

' Read x2 and resulting g(x2) values from sheet 
For i = 0 To n_components – 1       line 24

            x_current(i) = Sheet1.Cells(i + 11, 3)     line 25
            g_current(i) = Sheet1.Cells(i + 11, 10)     line 26

Next i           line 27

End Sub            line 28

Sub Wegstein(x_old, g_old, x_current, g_current, n_components)  line 29

Dim Slope() As Double         line 30
ReDim Slope(n_components)        line 31

Dim Theta() As Double         line 32
ReDim Theta(n_components)        line 33
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Dim x_new() As Double         line 34
ReDim x_new(n_components)        line 35

' Set up Wegstein Method iteration loop using j as counter 

Dim j As Integer         line 36
Dim i As Integer         line 37

Dim Max_Iteration As Integer       line 38
        Max_Iteration = 10         line 39

For j = 1 To Max_Iteration        line 40

' Then calculate Slope and Theta 
For i = 0 To n_components – 1       line 41

If (x_current(i) - x_old(i) = 0.0#) Then    line 42
                    Slope(i) = 0.0#        line 43

Else          line 44
                    Slope(i) = (g_current(i) - g_old(i)) / (x_current(i) - x_old(i)) 

line 45
End If          line 46

If ((1 - Slope(i)) = 0.0#) Then      line 47
                    Theta(i) = 1        line 48

Else          line 49
                    Theta(i) = 1 / (1 - Slope(i))     line 50

End If          line 51

' Check extrapolation bounds 
If Theta(i) >= 10.0# Then Theta(i) = 10.0#    line 52
If Theta(i) <= -10.0# Then Theta(i) = -10.0#   line 53

' Calculate new x values for sheet 
                x_new(i) = (1.0# - Theta(i)) * x_current(i) + Theta(i) * g_current(i) 

line 54
Next i          line 55

' Place new x values on sheet 

For i = 0 To n_components – 1       line 56
                Sheet1.Cells(i + 11, 3) = x_new(i)     line 57

Next i          line 58

' Set x and g values 
For i = 0 To n_components – 1       line 59

                x_old(i) = x_current(i)       line 60
                g_old(i) = g_current(i)       line 61
                x_current(i) = Sheet1.Cells(i + 11, 3)    line 62
                g_current(i) = Sheet1.Cells(i + 11, 10)    line 63

Next i          line 64

' Here we could check a convergence criterion parameter 
      ' (Max_Change) to allow code exit or 

' Continue to loop until Max_Iterations 

Next j           line 65
End Sub            line 66
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Sub Bound()           line 1
' We want to bound the water feed rate between [xa, xb] or [xleft, xright] 
' We get the initial guess, x0 now called x1, from cell G2 on the flowsheet  

                 line 2 
    x1 = Range("G2").Value         line 3

' We next calculate our objective function  
' This is done on the flowsheet in a separate Sub Procedure  line 4 
Call Flowsheet(x1, F)         line 5

    f1 = F            line 6

' Next we determine the direction for the step delta_x    line 7 

    delta_x = Range("G3").Value        line 8

    xright = x1 + delta_x         line 9
Call Flowsheet(xright, F)        line 10

    fright = F           line 11
    xleft = x1 - delta_x         line 12

Call Flowsheet(xleft, F)         line 13
    fleft = F           line 14

    Iteration_limit = 10000         line 15
    Iteration = 0          line 16

Do            line 17
If fleft > f1 And fright > f1 Then Exit Do     line 18

If f1 > fright Then         line 19
            Iteration = Iteration + 1       line 20
            xleft = x1          line 21
            fleft = f1          line 22
            x1 = xright         line 23
            f1 = fright         line 24
            xright = x1 + (2 ^ Iteration) * delta_x     line 25

Call Flowsheet(xright, F)       line 26
            fright = F          line 27

Else           line 28
            Iteration = Iteration + 1       line 29
            xright = x1         line 30
            fright = f1         line 31
            x1 = xleft          line 32
            f1 = fleft          line 33
            xleft = x1 - (2 ^ Iteration) * delta_x     line 34

' Normally the next two statements (currenly comments) would not 
' be used as the flow rate can not be negative 
'               If xleft < 0 Then xleft = 0 
'               If xleft = 0 Then Exit Do    line 35 
Call Flowsheet(xleft, F)       line 36

            fleft = F          line 37

End If           line 38
Loop Until Iteration > Iteration_limit      line 39
' Place bounded water flow on spreadsheet as [xa, xb] or [xleft, xright] 

    Range("J3").Value = xleft        line 40
    Range("J4").Value = xright        line 41
End Sub            line 42
Sub Flowsheet(x, F)          line 43

' Here we place the water flow rate on the flowsheet in cell B14 
' the flowsheet will converge before it returns control to the VBA code. 

    Range("B14").Value = x         line 44
' The flowsheet is now converged with the x value (water flow rate) 
' Cell D21 contains the converged (moles H2O)/(Total moles in Reator) 
' Cell J5 contains the desired (moles H2O)/(Total moles in Reator) 
' We square the difference between converged and desired (mole fraction) 

    F = (Range("D21").Value - Range("J5").Value) ^ 2     line 45
' The value in F will be returned to the Bounding Sub Procedure  line 46 

End Sub            line 47
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Sub Interval_Halving() 
' We specify that our function has been bounded 
' between [xa, xb] or [xleft, xright] 
' and here xa and xb are given on the flowsheet (in cells J3 and J4, 

respectively) 
' 
' We get the lower bound, xa, from cell J3 on the flowsheet 
' here xa is our lower bound on the water (steam) flow rate 

    xa = Range("J3").Value 
' Here we call our "function" - which is generally done in a separate Sub 

Procedure 
Call Flowsheet(xa, F) 

    fa = F 
' Here we get the upper bound, xb, from cell J4 on the flowsheet 

    xb = Range("J4").Value 
Call Flowsheet(xb, F) 

    fb = F 
' Here we determine the mid point 

    xm = (xa + xb) / 2 
Call Flowsheet(xm, F) 

    fm = F 
    Max_Change = 0.000001 
    Iteration_limit = 100000 
    Iteration = 0 

Do 
        Iteration = Iteration + 1 
        delta_x = (xb - xa) 

If Abs(xb - xa) < Max_Change Then Exit Do 
' Here we determine the points 1/4 and 3/4 of the total length 

        x1 = xa + delta_x / 4 
Call Flowsheet(x1, F) 

        f1 = F 
        x2 = xb - delta_x / 4 

Call Flowsheet(x2, F) 
        f2 = F 

If f1 < fm Then 
            xa = xa 
            xb = xm 
            xm = x1 
            fm = f1 

ElseIf f2 < fm Then 
            xb = xb 
            xa = xm 
            xm = x2 
            fm = f2 

Else 
            xa = x1 
            xb = x2 
            xm = xm 
            fm = fm 

End If 
Loop Until Iteration > Iteration_limit 
' Here the optimum, xm, will be placed in the spreadsheet 
' and one last convergence performed 

    Range("B14").Value = xm 
End Sub 
Sub Flowsheet(x, F) 

' Here we place the water flow rate on the flowsheet in cell B14 
' the flowsheet will converge before it returns control to the VBA code. 

    Range("B14").Value = x 
' The flowsheet is now converged with the x value (water flow rate) 
' Cell D21 contains the converged (moles H2O)/(Total moles in Reator) 
' Cell J5 contains the desired (moles H2O)/(Total moles in Reator) 
' We square the difference between converged and desired (mole fraction) 

    F = (Range("D21").Value - Range("J5").Value) ^ 2 
' F will be returned to the Interval Halving Sub Procedure 

End Sub FIGURE 3.27
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