FlowMaster

Bentley FlowMaster is an easy-to-use, Windows-based program that aids civil engineers with the
design and analysis of pipes, ditches, open channels, weirs, and more.

Bentley FlowMaster computes flows, water velocities, depths and pressures based on several
well-known formulas: Darcy-Weisbach, Manning's, Kutter's, and Hazen-Williams. It also utilizes
the HEC-22 methodology to perform pavement drainage and inlet flow calculations.

Bentley FlowMaster lets you solve for a variable you select, computing the solution from the
parameters you provide. The program will also calculate rating tables, and will plot curves and
cross sections. These graphs and reports can then be viewed on the screen, copied to the
Windows clipboard, saved to a file, or printed on any standard printer.

These tutorials provide step-by-step instructions for creating a project, entering data in a
worksheet, and generating reports.

The purpose of this section is to provide step-by-step tutorials to get you
familiar with some of the features and capabilities of Bentley FlowMaster. The
tutorials serve as a means to get you started exploring and using the software.

Note:  You should follow these tutorials in sequence.

If you need help within the program, press F1 to access the context-sensitive
online help.

Tutorial 1—Creating a New Project

Data is entered and calculated in a worksheet. There are different worksheets for various
structure types, because of the differing input and output data that is required for each.

Worksheets are contained within an Bentley FlowMaster project. A project holds global
information such as Project Engineer, Project Date, Project Location (the location where the
project files are stored on your computer), and any Notes that go along with the project.

The project is also associated with a unit system (FlexUnits). The unit system defines the units
and display precision used in the project. Upon project creation, the default unit system is used,
but this can be modified and saved for use on future projects.

1. Start Bentley FlowMaster by double-clicking the shortcut on your desktop or by
clicking the Bentley FlowMaster command from the Start menu.

2. When Bentley FlowMaster opens, the welcome dialog box appears. Click the
Create New Project button.
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3. The main window opens, with the new project loaded.

* FlowMaster

[ GVE Praifie [ GVE Prafils Table

4. Click File > Save As. The Save As dialog box opens.
5. Choose the directory to which the file will be saved and type MyTutoriall as the
name for the project file.

Note: We recommend you name the tutorial files you are using differently than any
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other files in your program directory, so you don't overwrite pre-existing files.

6. Now, enter some global project information. Click File > Properties.
7. In the Project Properties dialog box, note the types of information.

The Project Date field should already contain today's date (this information is
retrieved from the Windows system calendar and clock—click the down-arrow
button to select a different date by using a calendar). Project File Name contains
the path to the directory where the project is saved.

8. Enter the following information in the Project Properties dialog box:

o Enter your name in the Project Engineer field.

o Enter Tutorial Project in the Project Notes field.

o If you want your company name to appear on the bottom of all reports
associated with the project, enter the company name in the Project
Company field.

o If you want your company's logo to appear on the bottom of all reports
associated with the project, click in the Company Logo field, then click
the Ellipses button and select your company's logo image file.

o Click OK.
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9. Click File > New > Worksheet.
10. In the Create New Worksheet dialog box, ensure that Open Channels is
highlighted in the Categories pane, then click Trapezoidal Channel.
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11. Click OK.

12. In the Trapezoidal Channel Worksheet dialog box, select Discharge in the Solve

For drop-down list.

13. Select Manning Formula in the Friction Method drop-down list.




5|Page

£l Worksheet : Trapezoidal Channel - 1

Uriform Flow | Gradually Varied Flow | Messages|
Solve For: :Discharge ; ! 7] Friction Method: :Manning Farmula :I
Roughness Coefficient; DDEIEI |[3 Flowy Ares: _DEIIZI—I ft2
Channel Slope: \0.00000 | o Wistted Perimeter: I
Normsl Depth o0 | # Tom Width: oo |
Left Side Slope: 000 |t (Hy) | Critical Depth: a0 |
Right Side Slape: .00 | ey | crtisl Siope: oooon |
Bottom Wit o0 | # Velosity: oo s
Discharge: DDEI | ft¥fs Welocity Hesd: _DEIIZI—I ft
Specific Energy: _DEII:I . it
Froude Number: _DEIIZI .
Flowy Type: I_UW

|ﬂ One side slope or bottom must be greater than zero.

14. In the Roughness Coefficient field, click the Ellipsis (...) button to open the

Materials library.

a. Expand the tree containing all of the available material libraries.
b. Expand the HMI Material Library item to see the available materials

within the library.

c. Click Flood plain, cultivated to highlight it.

Note that the lower section of the Materials dialog box is updated with the
data that is associated with this material.

d. Click OK; the Materials dialog box closes and a roughness coefficient of

0.035 displays in the Roughness Coefficient field.

Click each of the other input fields in turn and enter the data contained in
the following table into the appropriate input fields:

Table 2-1: Input Data for Trapezoidal Worksheet (Tutorial 1)

Attribute: Value:
Channel Slope 0.004500 ft/ft
Normal Depth 2.30 ft
Left Side Slope 0.50 H:V
Right Side Slope 0.75 H:V




Bottom Width 5.00 ft
The calculated discharge should be 53.21 ft'/sec.

Note:  After you enter the last data into a field (Bottom Width, for example), you
have to click in another field or click the Solve button to get the Discharge to
refresh and update.

Save the project by clicking File > Save As.
Enter MyTutorial2 in the File name field, then click Save.
If needed, close any open dialog boxes.

£ Worksheet : Trapezoidal Channel - 1

Unifarm Flow Gradually Yaried Flow | ' Messages |
Solve For: :Discharge :i o Friction hethod: :Manning Formla :l
Roughness Coefficient; DDSS |D Flowy &res: :14_81—. ft*
Channel Slape: 10.00450 | ot Wetted Perimeter 1045 |
Hormal Dt 230 | Top Wickh: 7.8 | #
Lett Side Slope: .50 | ey | crtical Depth 143 Ik
Risht Side Siope: 78 |ty | crtical Slope: anzoz |
Bottam Width: 500 | # Velacity: 359 | s
Discharge: 5321 | 1 Velocity Head: 020 Ik
Specific Energy: _25IZI—I it
Froude Mumbier: -EI_4E .
Flomy Type: -SW

| @ Calculation Successful

Class 2—Gradually Varied Flow Analysis

For free-surface flow, depth rarely remains the same throughout the length of a channel or pipe.
Gradually varied flow analysis lets you calculate the downstream depth from the length of the
channel and the upstream depth, or to calculate the upstream depth from the length of the
channel and the downstream depth.

This tutorial is based on the project that was created in Tutorial 1—Creating a New Project.
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1. If necessary, open the MyTutorial2 project file that you saved at the end of
Tutoriall, and, in the Project Explorer, double-click the Trapezoidal Channel
item to open the worksheet containing the channel you defined in Tutorial 1.

2. In the Trapezoidal Channel Worksheet dialog box, click the Gradually Varied

Flow tab.
£l Worksheet : Trapezoidal Channel - 1 Q|L_“‘|®
[ Unifarm F|c|w_i Graduall_l.J “aried Flow [ & Meggageﬁi
Direction: fGiven Downstream :: e |
Dowenstream Depth; IIZIDIZI ft Profile Description: N.f'.i‘n. [
Upstream Depth; IZIDIZI | ft Headloss: 'DEID ft
Length; IZIDIZI ft Dawnstrear Y elocity: 'DEID ftfs
Mumber Of Steps; IZI Upstream Yelocity: 'DEID ftiz
Moarmnal Depth: '230 . ft
Critical Depth: [143 ] &
Channel Slope: 0.00450 | we
Ciitical Slope: 0.02202 | we

| & Downstream depth must be greater than zera,

a. Ifneeded, click the Direction drop-down list and select Given
Downstream.

This drop-down list lets you choose whether you are solving for upstream
depth (when Given Downstream is selected) or downstream depth (when

Given Upstream is selected).

b. Click each of the other input fields in turn and enter the data contained in
the following table into the appropriate input fields:

Table 2-2: Input Data for Gradually Varied Flow Analysis (Tutorial 2)

Attribute Value
Downstream Depth 3.0 ft
Length 100 ft
Number of Steps 5
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c. Click Solve. The calculated downstream depth should be 2.74 ft.

£l Worksheet : Trapezoidal Channel - 1

| Urifarm Flow'| Gradually Y anied Flow | i Megsage;;

Direction: |Given Downstream V! a

Dowenstream Depth; !3_0_0 _| ft Profile Description; i_M1 |

Upstream Depth; ;2_?4 | it Headloss: '_EI_19 | ft

Length: IEEDD _| ft Downstream Yelocity: 12_5_8 | ftis

Mumber Of Steps: :§ _| Upstream Yelociy: i?_S_D | ftis
Normal Depth 230 B
Citical Depth 143 ot
Channel Slape: |0.00450 it
Critical Slope: EEI.D22D2 | fift

@ Calculation Successhul

3. View the profile of the gradually varied flow analysis: Click Analysis > GVF

Profile.




GYFE Profile : Trapezoidal Channel - 1

L] Prink Preview

F————mn.unft______J

W 3240273 [N
H: 1

4. Save the project by clicking File > Save As.
5. Enter MyTutorial3 in the File name field, and click Save.
6. Ifneeded, close any open dialog boxes.

Class 3—Results Reporting

Bentley FlowMaster provides a number of methods of generating reports from your calculated
results. This tutorial introduces you to these methods.

This tutorial is based on the project that was used in Tutorial 2—Gradually Varied Flow
Analysis.

1. If necessary, open the MyTutorial3 project file that you saved at the end of
Tutorial 2, and, in the Project Explorer, double-click the Trapezoidal Channel
item to open the worksheet containing the channel you defined in Tutorial 2.

2. Click Analysis > Detailed Report.

3. In the Generic Report Setup dialog box, change the default report title then click
OK, or click OK to accept the default report title "Worksheet for Trapezoidal
Channel."

4. The Print Preview dialog box opens, displaying the report as it would appear if
printed.
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Note the information supplied in the report: Project Information, Input Data,

Results, GVF Input Data, and GVF Output Data.

5. Close the Print Preview dialog box.
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6. Click Analysis > Tabular Reports > Channels > Trapezoidal.

§ifi Report Table : Trapezoidal Channel E|E|E|
- . .
= Prink Presview
Solve For Friction Method Roughness Roughness Channel Slope | Maormal D
Coefficient Height (FEIFEY (Fr)
9]
Tra.. |Discharge ~  Manring For.. = 0.035..; — 0.000.. 000450
< | >

7. The Report Table dialog box that opens presents all calculation messages, notes,
input data, and results for all of the trapezoidal channel worksheets within the
project; in this case, just one.

This report is useful for comparing multiple worksheets of the same type. If you
want to print this report, begin by clicking the Print Preview button.

8. Close the Report Table dialog box.
9. Click Analysis > Cross Section.

Note: If Analysis > Cross Section is dimmed, click the Solve button, then try the
menu item again.

10. In the Cross Section Setup dialog box, enter Trapezoidal Channel as the Report
Title, and click OK.

Cross Section Setup [‘5__<J

fspect Ratio: | | 0 How [ Manual Scale

k. ] [ Cancel ] [ Help ]
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11. The Cross Section dialog box displays a cross section diagram defined by the
trapezoidal channel worksheet.

You can print the cross section by using the Print Preview button, then clicking
the Print button in the Print Preview window.

EJ Cross Section : Trapezoidal Channel - 1

1 Print Preview -r°I Options

| 500 ft |

12. To change the size of the diagram:

a.
b.
C.

d.

.

Click the Options button.

Select the Manual Scale check box.

Enter new value in the Aspect Ratio field, such as 3, and click OK. The
diagram changes to reflect the aspect ration you entered.

Change the Aspect Ratio back to 1.

Close the Cross Section dialog box.

13. Bentley FlowMaster also lets you graph a range of results that are calculated from
a range of values for a specified variable via the rating curves feature.

a.

If necessary, close any open Print and Print Preview dialog boxes and
open the Trapezoidal Channel Worksheet dialog box.

Click Analysis > Rating Curve.

In the Rating Curve Setup dialog box, select Velocity in the Plot drop-
down list. This is the attribute for which a range of values will be
calculated.



d. Select Channel Slope in the Vs. drop-down list; this sets the attribute
against which the Plot attribute is calculated.
e. Enter the information contained in the following table for the other fields
in the Rating Curve Setup dialog box:
=  Minimum: 0.0030 ft/ft
»  Maximum: 0.0060 ft/ft
» Increment: 0.0005 ft/ft
f. Click OK. The Rating Curve dialog box opens, showing a graph of the
velocity at each of the slopes in the range that is specified by the values
you entered.

= Rating Curve : Trapezoidal Channel - 1 |ZJ|EIEJ

Define Rating Curve |1 Prink Preview "_3-,'] Chart Options...

Warksheet: Trapezoidal Channel - 1
Welochy (ftiz) ve Channel Slope (i)

Welocity (ftis)

0003 0003 0003 0004 0004 0004 0004 CO04 0005 0005 0005 0005 0005 0006 0006 0006
Channel Slope ()

14. You can change practically any aspect of the graph's appearance by clicking the
Chart Options button.
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a. Experiment with the various settings available to you. To create the 3D
chart shown here:
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£2 Rating Curve : Trapezoidal Channel - 1

@ Define Rating Curyve :__..5‘| Print Prewview *f«‘i Chart Qptions, ..

Wiorkshest: Trapezoidal Channel -1
Yelocity (ftiz] ve Channel Shope (i)
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Click Chart Options > 3D.

Select the 3 Dimensions check box.

Set the 3D % to 90.

Click the Walls tab.

Click the Bottom tab, then click Color.

Set the bottom color (in the example it has an Red, Green, Blue (RGB)
value of 0, 255, 255).

Click the Panel, then Background tabs.

Click the Pattern, Gradient, then Format tabs.
Select Vertical from the Direction drop-down list.
Click the Colors tab.

Click Start.

. Click Custom and set an RGB value of 255, 215, 0.

Click OK > OK to close the color dialog boxes.

Click End.

Select white from the Color Editor dialog box (RGB of 255, 255, 255).
Click OK.

In the Hatch Brush Editor dialog box, select the No Middle Color check
box.

Click OK, then Close.



15. You can print the chart by clicking the Print Preview button, then clicking the
Print button in the Print Preview window, or redefine the rating curve settings by
clicking the Define Rating Curve button.

16. Save the project, then close all the open windows.
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