Integration of the GFV Equation in a Trapezoidal Channel Using the HP48 Calculator.

We use the following form of the equation:




which can be solved for the longitudinal distance, x, for known values of the depth Y. 



First create a directory called ‘GVFINT’ 

[] [VAR] [NEW] [] [  ] [  ] [G][V][F][I][N][T] [ ] [OK] [   CHK] [OK]



Then  move to that directory:
[ENTER] [GVFIN]



Type the following equation and store them in the variable ‘GVFEQ’:

‘(1-Q^2/g*((b+2*m*Y)/((b+m*Y)*Y)^3))/




<---- GVF equation
(So -(Q*n/Cu)^2*((b+2*Y* (1+m^2))^(4/3)/



<---- GVF equation
((b+m*Y)*Y)^(10/3)))’        





<---- GVF equation
‘GVFEQ’ [STO]







<---- stored in GVFEQ


We also need to store values for the geometric parameters (b, m), gravity (g), discharge (Q), Manning’s n (n), the units constant (Cu), and the bottom slope (So).  Let’s try using the following values: b = 2 m, m = 0, g = 9.81 m/s2, Q = 7 m3/s,  n = 0.013,  Cu = 1.0 m1/3/s,  So = 0.0003.  Enter them into the calculator as follows:
2  ‘b’    [STO]
0  ‘m’ [STO]
9.81  ‘g’ [STO]
7  ‘Q’ [STO]
0.013
‘n’ [STO]

1  ‘Cu’ [STO]      0.0003    ‘So’ [STO]



Let’s integrate the GVF equation for values of depth Y from 2.7 m and 3.1 m, using the following keystrokes:

[] [SYMBOLIC] [OK]





Select “Integrate”
[CHOOS]   (select GVFEQ: ‘(1-Q^2...) [OK]


Select GVF equation

[ ] [  ] [Y] [OK]                            



Select integration variable

 2.7 [OK] 3.1 [OK]





Enter lower and upper limits
[CHOOS] [] [OK]





Select ‘Numeric’ result
[OK]







Calculate integral

It will take your calculator a while to get the following result:  -8127.80...

_____________________________________________________________________________________

Once values of the parameters b, m, g, Q, n, Cu and So have been entered for the first time, changing those values is relatively simple.  Suppose you want to use the following parameters for a second integration: : b = 6.56 m, g = 32.2 ft/s2, Q = 247 ft3/s, Cu = 1.486 ft1/3/s,  with the same values of n, m and So, we would enter the new values into the calculator as follows:



6.56    [ENTER]  [‘] [b]  [STO]

32.2    [ENTER]  [‘] [g]   [STO]



247      [ENTER] [‘] [Q] [STO]

1.486  [ENTER]  [‘][Cu]  [STO]

Before proceeding with the integration, it is a good idea to check that the values stored are correct.  To do this, just press the buttons below the corresponding variables, i.e.,

 [S0] [CU] [N] [Q] [G] [M] [B].
The integration is performed by using the steps indicated above.  For the last set of values, integrating between Y(low) = 8.85 ft and Y(hi) = 10.17 ft,  the result is -26966.52 ft.

_____________________________________________________________________________________

The data used in this example corresponds to that of problem 49 in the textbook, where the initial depth of 2.7 m is produced by a broad-crested weir at the downstream end of the channel, and the final depth of 3.1 m is selected to be close to the normal depth for that channel (Yo = 3.156 m).  The negative result for x (x =  -8127.80 m) indicates that the calculation proceeds upstream on an M2 curve (recall that x is taken as increasing downstream).

_____________________________________________________________________________________

An alternative approach to integrating the GVF differential equation is to use the SOLVE feature for Ordinary Differential Equations in your calculator as indicated below.  We assume that you are in the directory GVFINT and that the variable GVFEQ, that holds the governing equation, has been created.  Also, values for the parameters: b = 2 m, m = 0, g = 9.81 m/s2, Q = 7 m3/s,  n = 0.013,  Cu = 1.0 m1/3/s,  So = 0.0003, should have been stored.  We’ll solve the GVF differential equation for x within the limits, Y = 2.7 m and Y = 3.1 m.  Enter these:
[] [SOLVE] [] [OK]



Select solution of differential equation
[CHOOS] (select GVFEQ: ‘(1-Q^2...) [OK]
Select GVF equation

[] [  ] [Y] [OK]



Select Y as the independent variable
2.7 [OK]




Enter initial value of Y



3.1 [OK]




Enter final value of Y

[  ] [] [X] [OK]



Select x as the dependent variable


[] 





Leave zero (0) as the initial value of x

[SOLVE]




Solve for x leaving default values for the tolerance 







TOL and STEP.  The FINAL field in the SOLN line 







should be highlighted.

After a short period of time, the final value of x will be given in the FINAL field in the SOLN line as -8127.80.   To bring this result to the stack, press [ENTER].  The stack will show the following:

Tolerance: .0001







Solution:   -8127.8016...

_____________________________________________________________________________________

You can use the SOLVE (differential equations) feature of your HP48 to produce a table of values of Y and x and so describe the GVF curve.  For example, for the case illustrated above, i.e.,  b = 2 m, m = 0, g = 9.81 m/s2, Q = 7 m3/s,  n = 0.013,  Cu = 1.0 m1/3/s,  So = 0.0003, we’ll use values of Y = 2.7, 2.75, 2.8, 2.85, 2.9, 2.95, 3.0, 3.05, 3.1, and obtain the corresponding values of x, as follows:

[] [SOLVE] [] [OK]



Select solution of differential equation
[CHOOS] (select GVFEQ: ‘(1-Q^2...) [OK]
Select GVF equation

[] [  ] [Y] [OK]



Select Y as the independent variable
2.7 [OK]




Enter initial value of Y



2.75 [OK]




Enter next value of Y

[  ] [ ] [X][OK]



Select x as the dependent variable


0 [OK] 





Enter zero (0) as the initial value of x

[SOLVE]




Solve for x.  Write down Y and x.

[EDIT]





To see the value of x {-382.099}
[OK]





Return to SOLVE

[]





Move to FINAL in the INDEP line

[INIT+]





Place current FINAL value of INDEP into INIT

2.8 [OK]




Enter new value Y

[][]





Highlight FINAL value of SOLN

[SOLVE]




Solve for next value of x. Write down Y and x.

[EDIT]





To see the value of x{-830.30}
[OK]





Return to SOLVE

[]





Move to FINAL in the INDEP line

[INIT+]





Place current FINAL value of INDEP into INIT

2.85 [OK]




Enter new value of Y

[][]





Highlight FINAL value of SOLN

[SOLVE]




Solve for next value of x. Write down Y and x.

[EDIT]





To see the value of x{-1364.81}
[OK]





Return to SOLVE

Repeat steps for values of Y = 2.9, 2.95, 3.0, 3.05, 3.1.  The table you get should look like this:

Y(m)
2.75

2.80

2.85

2.90

2.95

x(m)
-382.09

-830.30

-1364.81
-2016.69
-2837.44

Y(m)
3.00

3.05

3.10

x(m)
-3922.00
-5477.79
-8127.80

Calculation of the Momentum Function for Trapezoidal Channels.
This calculation may be required if the solution to a problem includes locating a hydraulic jump.  When you have a situation such as an M3 curve downstream of a gate which ends into a hydraulic jump connecting to, say, an M2 curve than ends in a free overfall, the location of the hydraulic jump will be the point where the momentum functions from the M3 and M2 curves are the same.  

To calculate the momentum function in a trapezoidal channel we use:




Once you have obtained a table of values of (x,Y) in the channel, you can program the momentum function in your calculator and complete the table with values of that function as follows.  First, type the momentum function:

‘Mf = (m*Y/3 + b/2)*Y^2+Q^2/(g*Y*(b+m*Y))’


Momentum function

‘MFUN’ [STO]






Stored in variable MFUN

[MFUN]







Recall contents of MFUN to stack
‘EQ’ [STO]






Store contents of MFUN in EQ

Next, use the SOLVER feature in your calculator as follows:

[] [SOLVE] [ROOT] [SOLVR]




Start SOLVER
Using the following data: b = 2 m, m = 0, g = 9.81 m/s2, Q = 7 m3/s, enter values of m, b, Q and g:

0 [M]







m: 0      <--- stack display
2 [ B]







b : 2      <--- stack display
7 [Q]







Q: 7      <--- stack display
9.81  [G]






g: 9.81  <--- stack display
Next we enter values of Y, say Y = 2.7, and obtain the corresponding value of the momentum function:

2.7 [ Y]

Y: 2.7   <--- stack display
[] [MF]
     Mf: 8.2149  <--- stack display

Repeating the last two steps with different values of Y will allow you to complete the following table:

Y(m)
2.75
2.80
2.85
2.90
2.95
3.00
3.05
3.10

Mf(m3)
8.21
8.73
8.99
9.27
9.55
9.83
10.12
10.42

_____________________________________________________________________________________

You can create the variable MFUN into the GVFINT directory or store it in a separate directory.

_____________________________________________________________________________________
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