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In this project, students needed to develop an excel 
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conjugate depth through the VBA codes.    
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Background 

In this project, a general spreadsheet with multiple worksheets to calculate different kinds 

of parameters for power-law section channel has been created. The worksheet works for both 

SI and engineering units. The worksheet could be used for calculating normal depth, critical 

depth at different flow rates, and conjugate depth for a hydraulic jump in horizontal channel. It 

could also be used for calculating and plotting the specific energy (E) diagram, as well as 

calculating and plotting the specific momentum diagram. 

First of all, the power-law section is described as:  

 

y = k xm 

 

In order to complete above tasks, the basic parameters such as top width (T), flow area (A), 

wetted perimeter (P) and YcA should be determined as a function of y. In this project, power-

law section channel would be dealing with so numerical integration should be used for 

calculating geometrical parameters instead of traditional method. 

According to the documents provided by Dr. Fang, the top width at a water depth (y) is 

given as: 

 

T = 2 f-1(y) 

 

 Where this equation could be written for power-law section as: 

 

x = (y/k)1/m 

 

 Therefore, the top width T at any depth could be calculated as: 

 

       T=2 x =2 (y/k)1/m 

 

 

The coding work 

 To find the flow area (A) at any water depth (y), the integrate method would be applied 

as the equation shown below: 
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 In order to calculate the area shown above, considering Excel Solver need to be applied 

in the future, public function of VBA code should be used.  

 To set up the VBA tool in the Excel, go to “file”, “options”, “customize Ribbon” and 

adding check on “developer”. Go back to worksheet, choose “DEVELOPER” shown in 

toolbar.  

 To start editing the public function in VBA, click the “visual basic” and add “module” in 

this page. The public function should be editing under “module”. 

 For calculating the area, the name of public function should be named like “Area_cal” to 

avoid the same name with the other functions already exists. Then the title of this function 
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should be: 

“Public function Area_cal (k, dx, m)” 

Where “k”, “dx”, “m” are the parameters need to be selected in worksheet which already 

been calculated by using basic equations.  

Trapezoidal rule was used to do the numerical integration to get the flow area. 100 

interval was made so dx=(T/2)/100. As a function of xi, there’s one hundred and one yi need 

to be calculated (y0 is also included).  

In the public function, array was used because it’s easier to manage the yi value. A loop 

was used to calculate the value from yi(1) to yi(101). (In this project, yi(1) represents y0, 

yi(2) represents y1, the same way for the others.) 

After calculating the yi value, they should be plug into another loop to calculate the area 

as shown below: 

For i = 2 To 100 

sum = sum + Yi(i) 

Next i 

         A_cal = dx * (Yi(1) + Yi(101) + 2 * sum) 

Using the same idea, the wetted perimeter (P) and YcA could be calculated by using the 

public function. The reference equations are shown below: 
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Results 

Calculating and plotting the specific energy diagram 

 To calculate the specific energy (E), the equation shown below was used: 

  

 

  

Where v could be calculated by using v=Q/A. 

 Then various specific energy were calculated by following the changing y value. And the 

plot could be generated as the figure with corresponded results were shown below: 
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Figure 1. The Specific Energy results and diagram got from VBA code 

 In this case, m was set as 1, k was set as 1, Q was set as 5. Which as aim to verify with 

the standard spreadsheet provided by Dr. Fang. Because in this case, once the m was set as 1, 

the power-law channel would become a triangle channel. It could help to verify the 

calculation easily. The figure shown below displayed results calculated from Dr. Fang’s 

spreadsheet: 

    

Figure 2. Results from Dr. Fang’s spreadsheet  

  

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

0 1 2 3 4 5 6 7 8 9 10

y 
(m

 o
r 

ft
)

E (m or ft)

Specific Energy Diagram



4 
 

    According to the result. The calculation were verified. The numbers were identical 

which means the calculations were reasonable. 

 

Calculating and plotting the specific momentum diagram 

To calculate the specific momentum diagram, the equation shown below was used: 

  

 

  

 

 Then various specific momentum were calculated by following the changing y value. 

And the plot could be generated as the figure with corresponded results were shown below: 

 

Figure 3. The specific momentum diagram created from VBA code 
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Figure 4. The results got from Dr. Fang’s spreadsheet 

 

 According to the result. The calculation were verified. The numbers were identical which 

means the calculations were reasonable. 

 

The normal depth 

   In this case, the Excel solver was used to minimize the difference between calculated flow 

(Q1) and given flow (Q2). The calculated flow (Q1) was calculated by using the equation 

shown below:  

 

 

 

The calculated flow (Q1) was generated by using the guessing normal depth (yn) with 

several known parameters. (kn, n, A, R, S0) Then Excel solver was applied to calculated 

difference between calculated flow and given flow as 0 solving for normal depth (yn).  

The example used to verify is shown below: 

 

 

 

 

 

 

 

 

Figure 5. The example problem for normal depth  
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× 𝐴 × 𝑅2/3 × 𝑆0
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The results provided by Excel solver is shown below: 

 

Figure 6. The result calculated from the current project 

 

According to the result. The calculation were verified. The numbers were identical which 

means the calculations were reasonable. 

 

Critical depth 

In this case, the Excel solver was used to set Froude number as 1 by changing critical 

depth. The Froude number (Fr) could be calculated as:  

 

 

 

 

Where D=A/T.  

The example used to verify is shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. The results calculated by Dr. Fang’s spreadsheet 
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The results provided by current project is shown below: 

 

Figure 8. The results calculated by current project 

  

According to the result. The calculation were verified. The numbers were identical which 

means the calculations were reasonable. 

 

Hydraulic Jump 

Based on the momentum equilibrium equations shown below, with given parameters 

(YJ1, m, k, Q), the specific momentum at different water depth were calculated. Excel solver 

was used to make MJ1=MJ2. 

 

 

 

 

 

 

The results provided by Dr. Fang’s spreadsheet is shown below: 

Figure 10. The results provided by Dr. Fang’s spreadsheet 
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The results provided by current spreadsheet is shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. The results provided by current project 

According to the result. The calculation were verified. The numbers were identical which 

means the calculations were reasonable. 

 

Conclusion 

This spreadsheet combined by public function and solver can be used to calculate normal 

depth, critical depth, specific energy and specific momentum for any channel with power-law 

section when 1 ≤ m ≤ 2. It can also be used to plot the specific momentum and specific energy 

diagrams. Furthermore, this spreadsheet could solve hydraulic jump problems for the power 

law channel, which can be practically used. 

There were some assumptions considered in this project during the calculations. In this 

project, the discharge was always assumed as constant at different locations (as water depth 

changed). In the reality, the discharge was not controlled, which means this excel spreadsheet 

could not applied when the discharge was not constant. In addition, when momentum equation 

was applied during the calculation, friction force and gravity force were ignored since S0 ~ 0. 

In the reality, this excel spreadsheet could not be used if S0 is dramatically larger than 0, which 

needs to consider friction force and gravity force at that time.   
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