PROJECT 1

Power law channel geometry

ABSTRACT

In this project, students needed to develop an excel
spreadsheet for the calculations of specific energy,
specific momentum, critical depth, normal depth, and
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=kx"

In order to complete above tasks, the basic parameters such as top width (T), flow area (A),
wetted perimeter (P) and YA 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=2f(y)

Where this equation could be written for power-law section as:
x = (y/k)i/m

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

T=2 x =2 (y/k)'/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:

T/2 T/2 99
A=2 [dA =2 [ D0k di = (Y, + Yion) +2_ ]
0 0 i=1

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



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 x;, there’s one hundred and one yi need
to be calculated (yo 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 yo,
yi(2) represents yi, 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:

For1=2 To 100
sum = sum + Yi(1)
Next 1
A cal =dx * (Yi(1) + Yi(101) + 2 * sum)

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

public function. The reference equations are shown below:

100 10

P= 2§dp = ZZO\/dXZ +dy? = 22\/(1)(2 + (¥~ Vi)’

i=1

100 100 100

—V. V.. +V. —V.
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Results
Calculating and plotting the specific energy diagram
To calculate the specific energy (E), the equation shown below was used:
VZ
E = —
yts P
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:
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Figure 2. Results from Dr. Fang’s spreadsheet



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:

2
M= y.A

gA

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:
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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:

k
Q=7"><A><R2/3><501/2

The calculated flow (Q1) was generated by using the guessing normal depth (y») with
several known parameters. (kn, n, A, R, So) 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:

Fxample 1. A power-law channel is characterized with the
following parameters: H =4 m, k=075m'™, 5, =0.001,
n = 0.025 s/m'?, and @ = 10 m*/s. Then, compute the normal
depth for m = 1.1, 1.25, 1.5, and 2.

To calculate the normal depth, the values of z, &, and & were
computed using Egs. (2), (14), and (16), respectively. Table 2 sum-
marizes the results and shows the efficient performance of the
proposed explicit solution.

m(—) z [Eg. (2)] (—) & [Eq. (14)] (—) 4 [Eq. (16)] (—) 7 = (26)™/2m (—) y = nH (m) y/k (m™)
1.10 1.041 0,081 0.849 00,632 2.529 3.372

Figure 5. The example problem for normal depth




The results provided by Excel solver is shown below:

Normal depth 5. 041295023 (m)
Inits: 1 ("1" for SI wnits or "0 for FPS)
m 1.1 Cosntant: 981 /s
k 0. 75 En 1
Q 10 (n?/s) n 0. 025
X 3.670465221 (m) 20 0. 001
T 7.140930443 (m)
dx 0. 035704652 (m)
A 10. 34185556 (u?)
F 15. 47341156 (m)
Teh 10. 48392391 (o)
R 0. 668362987  (m)
L 0. 968944465  (mfs)
Calculated o 10, 00000123 (n® /s)
Conparison 1. 23088E-06

Difference compared to exzample:
10, 874

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 (F;) could be calculated as:

Where D=A/T.
The example used to verify is shown below:
A B C D E F G
1 | Critical Depth Computation in a Trapezoidal Channel
2 |Note: SerZ; and £, as zero for a Rectangular Channel
3 Set B =0 for a Triangular Channel (Yellow cells for data entry)
b
5 |System of Units: 1 for Sl and 0 for FPS 1 Sl units
6 |Acceleration of gravity (g) 9.81 m/s*
7
8 |Given Channel and Flow Parameters:
9 |Channel Bottom Width (B) 0 m
10 |Left Side Slope (H:V. Z;) 1
11 |Right Side Slope (H:V. Zz) 1
12 |Discharge (Q) 20 m*/s
13
14 |Critical Depth (yc) | 241 1_|Adjustable Cell
15 (Enter your estimate)
16 |Channel Geometrical Parameters:
17 |Flow Area (A) = (2B+Z " y+Z2 ) y/2 582 m*
18 |Top Width (T) = B+Zy*y+Z:%y 482 m
19 |Hydraulic Depth (D)= AT 121 m
20 |Average Velocity (Wa.g) = QA 344 mis
21 |Froude Mumber Fr = V5,5/(gD)"0.5 1.00 Target Cell
22 |Depth ratio (y./B) " zDiviol
23 |Critical depth y. from eugation(Swemee, 1993) 241
24 |Percent of error from the eguation -0.04 %

Figure 7. The results calculated by Dr. Fang’s spreadsheet



The results provided by current project is shown below:

Critical depth 2. 411508694  (m)
Tnits: 1 ("1" for SI units or "0 for FPS)

mn 1 Cosntant: 9.81 nf/s
k 1
Q 20 (m®/fs)
X 2. 411508694  (m) V
T 4.823017387  (m)
dx 0. 024115087 (m) Fr _-
i 5. 815374777 (nf)
P 11. 64403439 (m) -~ /gD
Tk 4, 53520407 (nf)
R 0. 499429543  (m)
¥ 3. 439159257 (m/s)
D 1. 205754471 m)
Fr 0. 995973159 D A

T

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
(Y, m, k, Q), the specific momentum at different water depth were calculated. Excel solver
was used to make Mj=My,.

Mjl - MZ

Q’ Q’
gA +YCJ1AJ1 — gA +YCJ2AJ2

71 ]2

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

A B C D E F G H
1 |Hydraulic Jump in a Trapezoidal Channel Units and Fluid Properties
2 |Note: SetZ, and Z, as zero for a Rectangular Channel System of Units:
3 Set B = 0 for a Triangular Channel 1 (1 for Sl and 0 for FPS)
4 Warning message: 9.81 mis?  Acceleration of gravity
5 |Upstream depth y, 1.00 m Specific weight
6 |Downstream depth y. 211 m 9810 MN/m#
7 |Channel bottom width (b) 0m Density (change fluid properties with ten
8 |Left side slope Z, (HV) 1 1000 kg/m?*
9 |Right side slope Z; (H\) 1
10 |Discharge 50 m3's
11 [(Qm"*)(g”*p*®) - Fig. 2.28 (M=2Z,=2Zs)
12
13 |Upstream Downstream
14 |Area A, 1 m* Area As 83.01 m*
15 |Depth at the centroid O.33|m _|Depth at the centroid 3.04 m
16 |Pressure at the centriod P, 3270.00 pa Pressure at the centriod P 29793.09 pa
17 \Welocity 50.00 mis Welocity 0.60 m/s
18 (P A+pQV, = yM, 2503270.00 N PoAz+pQWs = yMy 2503270.00 N
19 |Froude Number F,, 22.58 Froude Number F - 0.09
20 | Specific momentum (M) 255175 m® Specific momentum (M) 266175 m*

Figure 10. The results provided by Dr. Fang’s spreadsheet



The results provided by current spreadsheet is shown below:

m 1 Units: 1 (1" for SI units or 07 for FFS)
'3 1 Cosntant: G, 21 o’ fs

Q 50 (m*fs) En 1

81 1 (m)

T, = (m)

dx, 0. 01 (m)

& 17 imd)

P, 4. BZB529 (m) o 2 o 2
Tch, o.3234  (m) + YAy |=| —— + Yesadm
R, 0. 207102 (m) =2 % 24 ;>
W, 507 (mfs)

D, 0.5 (m) Mjl — Mj

Fr, 22, 57618

My 265, 1654 (m*)

Vi 9. 204009 (m)

i 9. 204009 (m)

T 18. 40802 (m)

dx; 0. 09204 (m)

I 24, T1377 (m? )

F. 44, 44179 (m)

e, 252,157 ()

E: 1.206174 (m)

W, 0. 590223 (m/s)

D 4. 602004 (m)

Fr; 0. 0BTE43

Mo 255, 1653 (m*)

aM T.91E-05 (m*)

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 So~ 0.
In the reality, this excel spreadsheet could not be used if So is dramatically larger than 0, which
needs to consider friction force and gravity force at that time.
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