ARTS hydraulics software

Technical scope and problem solving examples

Introduction

ARTS is a Windows-based hydraulic analysis/design software package, developed with the
analytical needs of water and wastewater engineers in mind. It has a broad analytical scope,
covering the spectrum of hydraulic problems encountered in the design of water and wastewater
engineering infrastructure as well as incorporating special features related to the hydraulic design
of wastewater treatment systems. It is operated through a user-friendly graphical interface, that
has been designed to minimise user learning effort and, thereby, to encourage its routine use as
a computational design aid. The software provides the user with a toolbox of hydraulic objects
that can be placed on the screen and linked together to generate a schematic outline of the
hydraulic system under consideration. The coding recognises the connectivity of the system and
its boundary conditions and carries out the appropriate analysis. This document contains an
overview of ARTS and illustrates the methodology used in solving some typical problems.

Scope

ARTS caters for a comprehensive range of hydraulic analysis/design tasks, including:

Steady Pipe Flow
water/wastewater flow in:
pipe links
pipe networks
pipe manifolds
flow of sewage sludge in pipes/networks

Open Channel Flow
uniform flow in a single channel
gradually and rapidly varied flow in single and multiple channels in series
decanting channels with distributed lateral inflow
storm-overflow channels with lateral outflow

Flow Measurement Structures
hydraulic design of flumes
hydraulic design of weirs

Pumping Installations
hydraulic analysis of pump/rising main systems
multiple pump systems, variable speed pumps

Wastewater Treatment Systems
hydraulic design of individual process units
hydraulic design of a group of interconnected process units
computation of hydraulic profiles

Waterhammer Analysis
analysis and control of waterhammer pressure transients due to pump trip-out




Features

ARTS comes with in-built features that have been developed to enhance design office
productivity and upgrade design office record-keeping. These include a unique easy-to-use
graphical interface, incorporating Auto Design and Tool-tip features, and a facility to generate
design reports, including text and graphics. Design reports can be printed in hard copy form and
can also be stored as ARTS computer files for future reference. Text and graphics from ARTS
can be exported to word processing documents for inclusion in technical reports.

USER INTERFACE

ARTS has a unique graphical design interface that enables the user to produce a schematic
representation of the hydraulic system on the computer screen, just as simply as it would be
sketched on paper. Figure 1 shows a picture of the main design screen, which includes a design
sheet, on which the hydraulic system schematic is drawn, and a tool palette from which the
component elements of the hydraulic system are selected.

The design sheet sub-window is the Main ARTS window
ARTS workspace on which the user i ————

constructs schematic representations of nDl=la s =ex aag| #

hydraulic systems, using the objects
contained on the tool palette. Multiple
design sheets can open at the same Desian sheet
time and their simultaneous display on \
screen can be arranged, using the
commands on the Windows menu.

=

|

]

C % ||
i |e |C i |m | e |2 |®

B

2 |® (K |o|s |w

The tool palette contains a selection of
buttons, which either select a tool for
drawing hydraulic objects or execute
commands that carry out specific tasks.

[—
Figure 1 The ARTS workspace

SKETCHING THE SYSTEM LAYOUT

In the same way that an engineer sketches a system being analysed on a sheet of paper, the
system to be analysed by ARTS is sketched on the computer screen. ARTS provides a set of
hydraulic objects, which are the building blocks for creating hydraulic systems on the screen.
These objects can be placed on the design sheet using the mouse, in a similar fashion to any
Windows drawing package. Once the hydraulic system is drawn on the screen, the appropriate
Analysis command is selected and executed, and the results are printed on the screen graphic.

The first step is to draw a sketch of the system on the design sheet. This applies whether the
hydraulic system is a single pipe or channel or a complex series of process units linked by pipes.
In all cases, the system components and configuration are communicated to ARTS by drawing a
sketch diagram on the design sheet.

Each component is placed on the design sheet by clicking on its tool button, moving the cursor
over the design sheet and clicking at the desired location. Objects can be drawn to the desired
size and can subsequently re-sized and/or moved to a new location.
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ARTS reads the connectivity of an hydraulic system from its design sheet sketch. Thus, pipe and
channel links start and end, either in another object such as a sedimentation tank or reservoir, or
at the end of another link. The code includes a built-in facility for verifying that the software is
correctly interpreting the connectivity presented graphically on the design sheet.

Examples of typical hydraulic systems, as sketched on the design sheet, are shown on Figure 2

and Figure 3.
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Figure 2 Design sheet sketch of pump-rising main system
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Figure 3 Design sheet schematic of a simple wastewater treatment plant




DATA INPUT

Every hydraulic object that is placed on the design sheet has properties associated with it. These
properties are accessible via dialog boxes known as Property Pages. For example, a pipe object
has a length property, a diameter property, a surface roughness property etc. When you place an
object on the design sheet you are essentially creating
a virtual version of a real world object. For example,

P 1 Properties

Main | Unsteady ﬂnwl Exhasl Statusl

when you place a pipe on the screen and then display

its Property Pages, you will find that the pipe has initial Type

values for all parameters relevant to its hydraulic =y (e =
performance. The same holds true for all other Length (ml:
objects. Thus, the system drawn on the design sheet AL

is not just a bare graphic, such as a similar image I_F‘DUQ"“ESS[W':
drawn on paper, but is backed up by a full —

complement of parameter values.

CANCEL | HELF | A0

Figure 4 Pipe Main Page

Property pages come replete with graphic images, object shape options (circular or rectangular
sedimentation tank, channel shape, etc.), editable initial parameter values, and, most importantly,
a comprehensive computational capability related to the internal hydraulic behaviour of the
object. Typical examples are shown on Figure 5 and Figure 6.

PU 1 Properties PU 1 Properties
1 zin I Head | Pawer | MPSH | Status | Main | Head | Pawer I NPSH i Status i
Suction diameter [mm) IEDD 150 hlnpul the pump
' ' | charactenstic curve
Delivery diameter [mm) |4DD z SRR E
o iy | SRR R
toment of inertia of pump and I— 51 & .
motor unit [kg.r?] 25.000 = : : : Head [120.00 m
. I— o : :
Elevation ]100 I e Flaw W Ifsee
Current Speed (rpr) |1490 0 ?é1 Sésf 83:’4 -
Rated Speed (pm) [1430 Flaw (I45) Pl EL"'\I’E:I
oK CAMCEL HELP | ey ok CANCEL | HELP | P
Figure 5 Pump Main page Figure 6 Pump HQ Page




STEADY PIPE FLOW

ARTS provides a comprehensive suite of analytical tools for solving steady pipe flow problems,
giving the user maximum flexibility in system specification, including the insertion of fittings, such
as bends, valves etc. Provided the interconnected system of pipes is drawn correctly on the
design sheet and has a feasible set of boundary conditions, ARTS will compute the flow and
pressure distribution and print the results on the sheet graphic.

Steady flow of wateriwastewater in pipe links

ARTS incorporates two computational tools, either of which may be used to display the relevant
hydraulic parameters for a pipe link, for a user-specified flow condition.

Procedure:

Draw a pipe on the design sheet and edit its relevant properties on the Main (Figure 4) and
Extras pages.

Click on the Status page.

The Status page, indicated in Figure 7, displays

several parameters for a given flow. The flow
value can be altered, and the other parameters
will be updated accordingly. Reference Code [P 1

Mainl Unzteady flowl Extras Statusl

Flow [0.09268 mifsec

Welocity 1.886 mds
Reynoldz number 413484
Fricton Factor 0.0141
Total headloss 220 marm

Current fluid: ¥ aterfwastewater @ 15°C

0k CAMCEL HELF P
Figure 7 Pipe Status page
As an alternative to this, the Pipe
Calculator can be used to calculate any  paamets: P

parameter, based on all other inputs, as
illustrated in Figure 8.

|Flow (/5] 2 [ [E Flow |
|Headloss m) =l Jr2e4 Headloss |
Ciiarmeter [mm)  |345 Diarneter |
Lengthim) [6580 Length |

k walue [mm] |1.2943

oK | EANEELl HELP |

Figure 8 The Pipe Calculator




Example 1 Pipe headloss

Calculate the headloss in a pipe, having an ID of 605mm and a surface roughness of 0.06mm, at
a flow of 0.85m*/s. The pipe length is 3,459m and it includes four 90° short-radius bends.

Draw a pipe on the design sheet (the pipe is grey until you set some of it's properties)

Edit the Main property page:

P 1 Properties

Mainl Unsteady flowl Extrasl Slalusl

Type

fe—E05—=| I Circular - l

Length [m):
|3459. oao

Roughnesz [mm]:

ID. 0E0

CANEELl HELP | e

Edit the Extras property page:

Mainl Unsteady flow  Extras | Statusl

Chainage [m] Elewvation [m] Fitting

[0 Joo [Bend =] [shor radus (90 =]
1.00 0.00 ZShort radius (30%) Bend
2.00 0.00 Bhort radius (90°) Eend
2.00 0.00 Short radius (30°) Bend

& List |

- F'IISt Tot‘_al _K walue |1.200 Add | Remave
Z Fitting K. walue : 0.4

ok | ocewceL | HELP | awee




Example 1 Pipe headloss (contd)

Click on the Status page:

Main' Unsteady flowl Eutraz Statusl

Refersnce Code IP 1

Flow ]0.85 niizec

Yelocity 2957 m/s
Reynolds number 1562380
Frictan Factar 0.0130

Total headloss 33655 mm

Current fluid: W ater/wastewater @ 15°C

0K CAMCEL HELP v

Solution: The headloss through this pipe is 33.65m at 0.85m°/s.

Example 2 Computation of effective roughness

An old rising main is 6580m long and has an internal diameter of 345mm. Under normal steady
state operational conditions, the flow has been measured at 0.2m%s and the corresponding
headloss has been measured at 124.4m. Compute the effective pipe wall roughness.

This computation can be done most conveniently using the Pipe Calculator.

Draw a pipe on the design sheet

Edit the Main property page:

P 1 Properties

K ain | Unsteady fIUwI E:-:tlasl Status I

Type

p—345—= IEircuIar 'I

Length [m]:
IEESD. ooo

Roughness [mm]:
0010

E‘ANEELl HELP | Avvia




Example 2 Computation of effective roughness (contd)

Select the Pipe Calculator, from the tools palette

Click on the Calculate k value button

B *Pipe Calculator [ |

~Parameter rCalculate

| Flowe (e 5) =l Joz Flow |
[Headloss [m) NI Headloss |
Diameter [mm] 345 Diameter |

Length [m] IW Length |

k. walue [rmm] IW

0K | E.&NEEL' HELF |

Solution: the effective k value of the old rising main is 1.29mm

Pipe Networks

The ARTS graphical interface is very convenient for the analysis of flow and pressure in water
distribution networks, which may include ancillary features such as booster pumps, non-return
valves etc.

Procedure:
Draw the system under consideration on the sheet and edit the pertinent properties of the
objects on the sheet, i.e. pipe diameters, pipe lengths, reservoir levels, pump characteristics,
etc.
Select Steady pipe flow from the Analysis Menu.

The results of the analysis are printed on the design sheet, indicating flows in pipes, and potential

heads at nodes. This display can be modified to display velocities, headlosses, gauge pressures
etc.

110.000mOD

95.000mOD

95.000n)
. 0.0500m¥/s

130.000mOD

105.000mOD

34.406m
)" 130.084m

105.000r

0.1000m3/s

53.099m

0.1000m¥/s ‘ _—

34.548m
3

Figure 9 Analysed network




Example 3 Network analysis

A small industrial estate requires a water distribution system to feed the demand points illustrated.
The system will be fed from a reservoir at 23mOD, which is 3km away. The required minimum

residual head in the system is 3m, at the following maximum demands:

1: 0.02m°%/s, at 10mOD
2:0.03m%/s, at 10.6mOD
3:0.026m%/s, at 9mOD
4:0.012m%/s, at 8.5mOD
5: 0.031m%/s, at 8mOD

Draw a suitable network on the sheet:

01‘1\ A
,12 o1 o5
L
‘ J5
P2
J4
13 ;
o ne P4
02 03

Edit the relevant properties of the objects on the sheet as follows:

Pipes

D anet er Lengt
Ref (nm) (m
P1 100 60
P2 100 50.
P 3 150 10.
P 4 220 70.
P 5 250 55.
P 6 200 10.
P7 375 3000

Reservoirs Supplies/Demands
Sur f ace CQurrent
Ref Level (M Ref (n#/s)
R1 23. 0000 01 0. 020
02 0. 030
03 0. 026
o4 0. 012
Oo5 0.031

h

.00

00
00
00
00
00
00

k

(mm

coooo00

010
010
010
010
010
010
010

Nodes

<_.<_.<_.<_.<_.<_.<_.g
~N~NoOouhrWNE ™

e’

El evati on
(noD)

8. 500

10. 000
10. 600

9. 000

8. 000

7. 000

23. 000
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Example 3 Network analysis (contd)

Select Steady Pipe Flow from the Analysis Menu

0.020Qm¥s

"

\
0.031qm?/s

\
16.074m
0.00663m?/s.

15.122m

/ \
0.0300ff/s *
/ 0.012m?s

Figure 10 Flows and Pot. heads displayed

ARTS prints the flow and head values on the design sheet graphic, as illustrated in
Figure 10.

Alternatively, you may wish to display pipe velocities and joint gauge pressures. Select
the properties tool (with no design sheet object selected); the design sheet properties
page is displayed. Select pipe/velocity and joint/gauge pressure options and press
the Update display button; the design sheet textual output is changed accordingly, as
illustrated in Figure 11.

0.020Qm?¥/s. h
\

\
0.0319m¥s

6.122m

/ \
0 osuo/w/s *
/ o O&WWS

L/

Figure 11 Velocities and gauge pressures

Solution: The minimum residual head is 4.29m at demand point 2 (J 3), which is greater than
3m => OK!
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Pipe manifolds

Pipe manifolds with lateral branches may be designed and/or analysed in ARTS.
Procedure:
Draw a manifold on the sheet and edit the pertinent properties.

Click on the Status page.

The Status page displays several parameters for a given flow. The flow value can be altered,
and the other parameters will be updated accordingly.

Example 4 Manifold design example

Design a manifold to distribute 0.07m%s, over a 10m? area, with a maximum headloss of 200mm

Draw a manifold on the design sheet

Edit the properties, so that the manifold covers a 10m? area:

01 Propeati
tanifald I Lateralsl Status | Marifold ~ Laterals I Status |
~ Manifold Lateral
7 Lateral
k (mm) [0.100 peve N
e Slope [1:m) ID el :
400 Slape (1:m) IU
¥ 5000 - Laterals—————
= 1000
W Mo, per side |1D e — Orifice
fb—Foo—— i+ Both sides Mo, |1D
" One side anly I— Diameter [mm) |2D
ok | cemncer | wep PR ok | cencer | HEP | ewe
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Example 4 Manifold design example (contd)

Click on the Status page, to check that the headloss is no more than 200mm

Manifoldl Laterals  Status |

Reference Code ID 1

Flaw [ndz) ID.D?

Min/tax Onfice Discharge Percentage 77,053
Manifold Inlet Welocity  0.50 mds
Sygtem Headloss 194 mm

0K CAMCEL HELF ]

Solution: The headloss through the manifold is 194mm, so design is OK.

Steady flow of sewage sludge in pipes/networks

The hydraulic resistance to flow of sewage sludge in pipes is generally greater than the hydraulic
resistance of water or wastewater, at the same velocity. In particular, the suspended solids
concentration of sludge influences its viscosity and hence also its flow resistance. ARTS caters
for the normal range of sludge types, including primary, activated, humus and digested sludges.

Procedure:

Draw the system under consideration on the sheet and edit the pertinent properties of the
objects on the sheet, i.e. pipe diameters, pipe lengths, reservoir levels, pump characteristics,
etc.

Place a supply of sewage sludge into the system - this is done by drawing the flow object
pointing towards a node on the sheet and by setting the fluid type of the flow object to sewage
sludge and also setting the solids concentration of the sludge.

Select Steady pipe flow from the Analysis Menu.

The results of the analysis are printed on the design sheet, indicating flows in pipes, and potential
heads at nodes. This display can be modified to display velocities, headlosses, gauge pressures
etc. The included sludge types are primary sludge, activated sludge, humus sludge and digested
sludge.

13



Example 5 Sludge flow

Waste primary sludge from two sedimentation units is to be intermittently transferred to a sludge
thickening tank by gravity at a minimum rate of 0.01m*s. The sedimentation tank TWLs are
24.1mOD. The sludge thickening tank cannot be located closer than 35m from the sedimentation
units. The TWL of the sludge thickening tank is 22.2m. The sludge is expected to have a solids
concentration of 30kg/m3. Allow for three 90° elbows in the pipework.

Draw the following system on the screen

P

o :?r

Pipes

D anet er Lengt h k
Ref (nm) (m (nm)
P1 75 5. 00 0. 010
P2 75 5. 00 0. 010
P 3 110 30. 00 0. 010
Nodes

El evati on
Ref (n0OD)
J1 24,100
J 2 20. 000
J 3 24,100
J 4 20. 000

Supplies/Demands

Current Maxi mum M ni mum
Ref (n#/s) (n#/s) (n#/s)
o1 0. 010 0. 150 0. 004
02 0. 005 0. 150 0. 000
03 0. 005 0. 150 0. 002
Reservoirs

Sur f ace

Ref Level (M
R1 24,1000
R 2 24,1000

“this listing, which follows this heading, is a copy of the printed textual output from ARTS for this example.

Ja

— — e
“ou §
No.

Fittings

0

0

3

Type

Primary sludge @ 30.000kg/ n#
Primary sl udge @ 30.000kg/ n#
Primary sludge @ 30.000kg/n?

14



Example 5 Sludge flow (contd)

Select Steady Pipe Flow from the Analysis menu

24.100mOD

24.100m

0.00500m¥s 3

24.100mOD

24.100
0.00500m¥s =

0.00500mM%/s

23.860m

0.01000m?%/s

Y

22.440m

Y

0.01f

m¥/s

Solution: The calculated TWL at the thickening tank is 22.440mOD, so the current design is OK.
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OPEN CHANNEL FLOW

The ARTS open channel analysis/design capability extends to the computation of uniform flow,
gradually varied and rapidly varied flow in channels of rectangular, trapezoidal, U-shaped, V-
shaped, parabolic and circular sections. It includes plotting of flow profiles in single channels and
also multiple channels in series.

Uniform flow

ARTS provides a uniform flow analysis capability through the channel object’s property pages.
Procedure:
Draw a channel on the design sheet and edit its relevant properties on the Main page.
Click on the Status page

The Status page displays several parameters for a given flow. When a new value is entered in
the flow box, ARTS automatically updates the dependent parameter values.

Example 6 Uniform flow in an open channel

Calculate the normal depth in a concrete U-shaped channel, which has a base width of 1200mm,
a gradient of 1 to 1500 and is used to convey sewage at a flow rate of flow 1.65m’s.

Place a channel on the design sheet (the channel is grey until you set some of it's properties)

Display the Main property page and edit its parameter values:

Main | Statuz |
Type
IU-Shaped 'I

Length [m]:

|1D.DDD

Gradient [1:m]:

|1:1EDD

k. alue [mm];

|1.EDD

CANCEL | HELP | P

2000 |1 25
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Example 6 Uniform flow in an open channel (contd)

] Display the Status page and change the flow value to 1.65 m¥s; ARTS automatically
updates the remaining parameter values:

Main  Status |
Reference Code |C 1
End inflow ta channel [mé/s]: I'I BE0
Maormal depth 1318 mm
Average Velocity 1115 mds
Froude number 0.327
Critical depth E9E mm
Critizal slope 1:240
Capacity 2793 iz
ST = e e

Solution: The uniform flow depth is 1318mm at 1.65m’/s.

Computation of water surface profiles in gradually varied flow

ARTS provides means of calculating gradually and rapidly varied surface profiles in channels.
Procedure:

Draw a channel on the design sheet and edit its relevant properties on the Main page.

With the channel selected, click on the Channel GVF tool
This displays a dialog box which enables you to examine the surface profile in the channel with

various boundary conditions, such as upstream depth and/or downstream depth and/or lateral
flow.

Example 7 Gradually varied flow in an open channel

A sluice gate has a gate opening of 375mm and a discharge of 2.85m%s. Check if a hydraulic
jump occurs downstream in a concrete rectangular channel, which has a base width of 2500mm,
a gradient of 1 to 800 and is 20m long. The channel discharges freely to a sump.

Place a channel on the design sheet (the channel is grey until you set some of it's properties)

T
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Example 7 Gradually varied flow in an open channel (contd)

Display the Main property page and edit its property values:

tain | Statuz |

2000

l——2500——s

Type
IHectanguIar 'I

Length [m]:

|2EI.DEID

Gradient [1:m]:

I'I:SDD

k walue [mm]:

I'I.SDD

CANCEL |

HELP | A

Display the Status page and enter the flow value of 2.85 m%s; ARTS updates the remaining

parameter values:

Main  Status |

Reference Code |C 1

End inflow to channel [r/z): |2.85|J

Marmal depth T27 mm
Average Yelocity 1.569 m/s
Froude number 0.538
Critical depth 510 mm
Critical slope 1:293
Capacity 10.777 méds
oK CCANCEL HELP AR

NB: The critical depth is 510mm at 2.85m’/s.

With the channel selected (has handles), click on the Channel GVF tool

18



Example 7 Gradually varied flow in an open channel (contd)

Set the boundary conditions for the channel as displayed:

[72] W ater Surface Profile

normal depth
L] ittt e T Ll S i 3
I 731 B, 304mm 10
4
Caleulation Parameters Dizplay Options Flow e
v Upstreamn Control = Plot End Inflou |2-35 it
v Downstream Contral & Grid Lateral inflow [rrF‘x's]IU Done

Solution: A jump occurs at 13.1m downstream from the sluice gate.

Example 8 Gradually varied flow in a series of channels

An open channel culvert, which has a free discharge at its outlet end, is 30m long and is made up
of three segments, each of which has a different slope. Determine the water surface profile in the

culvert at a discharge of 3.5 m’/s.

Place a series of channels on the design sheet:

19



Example 8 Gradually varied flow in a series of channels (contd)

Edit the properties of the channels as follows:

Channels

Wdth Height Length Angle k value

Ref Type (mm (M) (m (deg)
C1l Rectangular 3000 2500 10. 00 n/ a

2  Rectangul ar 3000 2500 10. 00 n/ a
3  Rectangul ar 3000 2500 10. 00 n/ a

Supplies/Demands

Qurrent Maxi mum M ni num
Ref (n#/s) (n#/s) (n#/s)
01 0. 100 3. 500 0. 050

Select Hydraulic Profile @ max flow from the Analysis menu

(mm)
1. 000

1. 000
1. 000

Sl ope
1: 1000
1: 500
1: 800

ARTS computes the water surface profile, starting from a control depth and specified
channel invert elevation at the downstream end of the system. In this example, the
control depth is the calculated critical depth (free discharge) and the default channel
invert elevation of 100 mOD. This latter value can be edited, using the property pages

for the outlet node point, J4.

. 3.500m%s

100.654m

100.618m

100.596m

The potential heads are displayed at each joint

C3

100.517m

Y2} Select the Properties tool (with no object selected) and the sheet properties will be

displayed. You can then choose to display Joint Depths, as indicated:

\\\\3.500m3/s

20



Decanting channels with distributed lateral inflow

Decanting channels are normally built in features of treatment process units, such as
sedimentation tanks. Where a treatment unit incorporates a decanting channel, ARTS provides
for its hydraulic design as an integral part of the hydraulic design of the treatment unit as a whole.
Where a designer wants to analyse/design a decanting channel as a standalone object, this can
be done using the Channel GVF plotter as illustrated in Example 9.

Procedure:
Draw a channel on the design sheet and edit its properties.
Select the Channel GVF tool

Set the boundary conditions and click Plot Profile.

Example 9 Decanting channel design

Design a 10m long decanting channel to accommodate 0.02m?/s at peak flow.

Place a channel on the design sheet (the channel is grey until you set some of it's properties)
\

Display the Main property page and edit its property values:

C 1 Properties

Main | Status |
Type

IHectanguIar "I

Lenath [m]:

|1 0.000
250 Gradient [1:m]:
L |1 -2000

fe—2m0—— k. walue [mm]:
|1 o]

ok | ocewceL | HELP | ewe
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Example 9 Decanting channel design (contd)

Display the Status page and enter the flow value of 0.02m%s; ARTS updates the remaining

parameter values:

Main  Status I

Feference Code |C1
End inflow to channel [medz): ID. 0z0
Marmal depth 233 mm
Average Velocity 0.344 m/s
Frauds number 0228
Critical depth 87 mm
Critical slope 1:158
Capacity 0.022 méds
ok CAMNCEL HELP oo

NB: The critical depth is 87mm at 0.02m?s.

With the channel selected (has handles), click on the Channel GVF tool

—
Fo— L

Set the boundary conditions for the channel as displayed:

[ W ater Surface Profile

0003, 138mm

==

Solution: A decanting channel of 250 x 250 with a slope of 1:2000 will pass 0.02m*s, with a
freeboard at the upstream end of 114mm.

Calculation Parameters
[~ Upstream Caontrol

Digplay Options Flo

Endlnflow [0
Lateral inflows [mé/s] ID.D2

" Plat

¥ Downstream Conlr  Grid
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Storm-overflow channels with lateral outflow

The ARTS storm overflow weir object tool has been coded to facilitate the interactive design of
lateral overflows, such as used to regulate the maximum forward flow to full treatment at
wastewater treatment plants. Based on a specified downstream control depth (such as might be
provided by a flow measurement flume), a specified forward flow to treatment and a specified
weir length, ARTS computes the required weir crest level.
Procedure:

Draw a storm channel on the design sheet.

Edit the various properties.

Click on the Status page to check the storm overflow.

Example 10 Design of a storm overflow weir

Design a 16m long channel with side weirs to limit the FFT to 5.0m%s, at a peak storm flow of
9.75 m%/s. Downstream of the channel is a flume, which creates an upstream depth of 1500mm
at9.75m’s.

Draw a storm channel on the design sheet.

O 1

Edit the properties on the Main page:

K ain | Section I Sidel Status I
Type IHectanguIar 'I

I aw ztorm inflow [meds):

IEI.?SEI
I ggﬂ b & forward Flow [me,s]:
3000 16 00 IE.DDD

= One side only
' Two sides

oK | E‘ANEELl HELP Avvia
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Example 10 Design of a storm overflow weir (contd)

Edit the properties on the Section page:

Main  Section I Sidel Statusl

Slope [1:m) |1ZBUU
k walue [mm) IUEUUU

2000

e—a000——

oK | EANEELl HELP Prers

Edit the properties on the Side page and press the Calculate Weir Height button

Mainl Section  Side | Status I

t
113g(1300

4

Calculate “Weir Height |

oK CANCEL HELP | e

The required weir height is 1138mm.

Click on the Status page to display the computed performance:

Main| Section | Side Status |

Reference Code |U 1

b &xirmum storm overflow [mfds] 4. 750
b aximum inflow [édz] 9,750

Ok CAMCEL HELP P

Solution: A weir height of 1138mm produces a storm overflow of 4.75m?%s as required.
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FLOW MEASUREMENT STRUCTURES

ARTS enables the design of a wide range of open channel flow measurement structures,
including flumes and weirs. The range of flumes catered for includes long-throated flumes of
rectangular, trapezoidal and U-shaped section, short-throated flumes of rectangular section, and
Parshall flumes. The range of weirs catered for includes rectangular, broad-crested, v-notch and
sutro weirs. Both flumes and weirs can be design/analysed on a stand alone basis or incorporated
into a system.

Hydraulic design of flumes

ARTS incorporates an easy-to-use design procedure for flumes. The software creates an initial
valid design which can then be altered by following limits which are displayed via tooltips. This
ensures a final valid design, in accordance with specified design rules.

Procedure:
Draw a flume on the design sheet.

Edit the various properties in sequence, starting at Main, then Channels, then Throat, then
Side and Plan.

Click on the Status page to check that the design is valid.

Example 11 Designing a flume

Design a rectangular flume to measure flow in the range 3 - 5 m®/s. The flume is to fit into a 3m
wide by 2m deep channel which has a slope of 1:800.

Place a flume on the design sheet.
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Example 11 Designing a flume (contd)

Edit the Main and Channels pages:

Mainl Ehannelsl Throatl F'Ianl Sidel Calibrationl Stalusl Main  Channels I Throatl F'Ianl Sidel Ealibrationl Statusl
Input delalls of hmll -in
Input flow measuring range b
channels
dax flove [reds):
IE.DDD IUpstream I
Fin flow [reds): ZDDD
|3 oo Slope [1:m) I 1:800
Length [m I
Flume Type |-I—3DEID—I-| gthm |1
Trapezaidal /R ectangular j Roughness [mm] ID'5
oK | CANCEL | HELP e oK | CANCEL HELP | o=

Press the Setup button and then edit the properties on the Throat page:

Mainl Channels Thmatl F'IanI Sidel Calibrationl Statusl

Prezs Setup to create
a valid flume

Setup |
Roughness [mm) I'I

30

(119 CANCEL HELP | o]

Edit the Plan page:

Mainl Channels I Throat  Flan | Sidel Calibrationl Status I
T f J7E | T
—
1
- S -
Edit plan view
(1]4 CANCEL HELF AT
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Example 11 Designing a flume (contd)

Check the Calibration page and the Status page to ensure a valid design:

Main| Channels | Thioat| Plan] Side Calibration | Status | Main| Charnels | Throat] Plan| side| Calbration Status |
120 Calibration curve Ref code ID'I
: j 4 o~ Modular  Upstraam
115 Bestfit U =37/ 15500 VALD  "Roio Foude #
1104 & max flove [ 0652 0,290
105 {@ i flow | 0542 | [ 0.254 rraiar?olfﬁn?rtm
o Lims [ 0.740 | | 0.500

(.95
(.50

0 ; : : : ;
o0 250 sbo_ 450 500 5.50

k1 »=0.08m or 0.05L whichever is areater: Pass
Upzstream Froude number <= 0.5: Pass

0.67 »=h1/L (0.32): Pass
Mo overflow: Pass

KL

Ok CAMCEL HELF AN 0K | CAMCEL HELP | ATE

Hydraulic design of weirs

ARTS caters for a range of weirs, including broad-crested weirs and thin plate weirs; the latter
category includes proportional flow weirs, rectangular notch and V-notch weirs.

Procedure:
Draw a weir on the design sheet.

Edit the various properties, starting at Main, then Channels, then Section, then Side and
Plan.

Click on the Status page to check that the design is valid.

Example 12 Designing a weir

Design a V notch weir to measure the flows from a small stream to a proposed trout farm. The
fish tanks require a minimum flow of 86.4m3/day.

Place a weir on the design sheet.
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Example 12 Designing a weir (contd)

Edit the Main and Channels pages:

Main | Ehannels | Section | Plan| Side] Cabration] Statue | Main Channels | Section | Plan| Sids] Calirstion| Status |

Input flow measuring range u;x:;ﬂe;zicllsﬂl;fﬁu;l::m
! " channels '
M floww [ fs]: |U shrearn vI
ID.DED i
B0 : :
— Min flow [P/ ot r————-deDE[T:m]:'
2 F00T L I'ID.DDD 1:1000
Tope T Foughness {mm):
[ Notched ~] I

ag I t'.é;_MJ:'EI_I HELP I

preor o | E‘.&_NJ:'EL| HELE |

SETEER

Press Setup and edit the Section page

Main] Channels Si‘sction] Plar | Side] Calibration] Status |
Press Sehup ta create
a valid weir
Setup i
a0 _
oK. CAMECEL HELP AN

Edit the Side page:

Mainl Ehannelsl Sectionl Plan Sidel Ealiblationl Statusl

Display of calculated values for > ™ maxflow " min flow

oK | EANI:ELl HELP e
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Example 12 Designing a weir (contd)

Check the Calibration and Status Pages:

Mainl Channels | Section | F'Ianl Side  Calibration I Status | Mainl Channels | Section | F'Ianl Sidel Calibration  Status I
- Calibration curve VALID Fieference Cade |01

) -Bestfit 0 =1.37 H"2.50|rqg
0.29 Flowy [rF/s): ID.DED
§.201 h1 [mm] 265
= Limits check
015, Ri/pl <= 12 Pass =
a1 h1/B <=0.4;B >=0Em: Pass

) 0.6m >=h1 >=0.05m: Pazs

pl >=01m: Pasz ;I

Uffo0 oo oo D@0 oban ooso

oK | EANEELl HELP | P oK CANCEL HELP | P
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PUMPING INSTALLATIONS

HYDRAULIC ANALYSIS OF PUMP/RISING MAIN SYSTEMS

ARTS treats pump/rising main systems as sub-sets of pipe networks and hence can analyse
complex rising mains as well as multiple pumps and variable pump speed.

Example 13 Rising main pump duty point

Check the duty point of the pump Model PU45 when used to pump from a low level reservoir at
23.4mOD to 43.6mOD through a 2km, 250mm ID rising main. The manufacturer’s data sheet for
the pump is illustrated. The pump is connected to the rising main by a 5m long, 200mm ID pipe
(withl x 900 elbow, 1 x NRV, 1 x taper transition 200/250), and connected to the sump by a 4m
long, 250mm ID pipe (with 1 x 900 elbow).

IN
o

w
o

Head (m)

n
o

O [TTTTTTIT T[T TITTT T T TTTTTTITT

Ll L1l Ll Ll L1 L1 L1
20 40 60 80 100 120
Discharge (I/s)

[
o

[
I
S

Figure 12 HQ curve for PU45 (@ 1490rpm)

Draw the system on the design sheet.

o

R1 34~

Edit the properties as follows:

Pipes

D aret er Length k Tot al No.
Ref (mm (m (mm K Fittings
P1 250 4.00 0.010 0. 000 0
P2 200 5. 00 0.010 2. 850 2
P 3 250  2000. 00 0.010 0. 000 0
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Example 13 Rising main pump duty point (contd)

Nodes

El evati on
Ref (n0OD)
J1 22. 000
J 2 23. 400
J 3 22. 000
J 4 22. 000
J5 43. 600
Reservoirs

Sur f ace

Ref Level (M
R1 23. 4000
R 2 43. 6000

Edit the pump properties on the Main, Head and Power property pages, using data supplied.

PU 1 Properties PU 1 Properties
Main | Headl Powerl HPSH I Statusl tain  Head | Powerl MFSH | Statusl
Suction diameter (mm) |25U Input the pump
Gl ey st lr characteristic curve
Moment of inertia of pump and l— E
rnakar unit [k, re) 25.000 § Head |2B.50 m
8 o
Elevation [22 = Flow [E000 Iisec
— -
Current S peed [rpm) |14SD 0 '
Rated Speed (rpm) |1490 38 Flot-;:.ls[lx's]‘lw 151 Fecalculate Curve |
o | e | e | awe ok | cence | HELP | e

Note: information on the pump moment of inertia is not required for steady flow
analysis, hence, it is not necessary to edit the value for this parameter.

p/y Select the Steady Pipe Flow command from the Analysis menu; ARTS prints the flow and
potential head values on the design sheet graphic, as shown.

43.600mOD

43,600m
e

0.0533m?3/s

23.400mOD PU1

— 51.484m
23.400
L

Solution: The duty point flow is 0.0533m%s.
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Multiple pump systems, variable speed pumps

Analysis of systems with multiple pumps or systems with variable speed pumps is done in a
similar manner to plain pump/rising main systems.

Procedure:
Draw the system on the design sheet.
Edit the relevant properties

Select the Steady pipe Flow from the Analysis menu.

Example 14 Multiple pumps

Determine the flow in the previous example if a second pump is added to the system in parallel.

Copy the pump on the design sheet from the previous example, and paste the copy onto the
sheet. Do the same with the suction pipe and the delivery pipe.

Move the elements around to get the system below:

Select the Steady Pipe Flow command from the Analysis menu; ARTS prints the flow and
potential head values on the design sheet graphic, as illustrated.

43,600mOD

43600m
|®

0.0685m?/s.

55.378m

Solution: The duty point flow for two pumps is 0.0685m?%s.
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Example 15 Variable speed pumps

Determine the pump output in the previous example if one of the pumps is operated at a reduced

speed of 1300rpm.

gl Using the design sheet from the previous example, edit the Current speed of one of the

pumps.

Select Steady Pipe Flow from the Analysis menu.

43.600mOD

43,600m

0.0567m3/s

PU2

51.960m
23.4001

0.00717m %

23.400mOD

PU1
52.346m

51.937m

Solution: The combined pump output with one pump at 1300rpm is 0.0567m?s.
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WASTEWATER TREATMENT SYSTEMS

ARTS can compute WWTP TWLs, starting from a downstream elevation or TWL for single or
multi-stream WWTP. Graphs of hydraulic profiles can be plotted for single stream WWTPs.
Analysis can also be carried out on individual units, isolated from a system.

Hydraulic design of individual process units

In ARTS, the property pages for the individual treatment unit objects enable the user to carry out
an internal hydraulic design of the treatment unit, for example, the sequence of property pages
for the sedimentation object allow the user to select the sedimentation tank shape and plan
dimensions, select the type of peripheral overflow weir and compute its dimensions, design the
external peripheral collector channel and compute the head loss across the treatment unit

Procedure:
Draw a unit on the design sheet.
Edit the relevant properties

Select the Status page

Example 16 Hydraulic design of a Sedimentation unit

Design a secondary sedimentation unit to cater for a maximum wastewater inflow of 0.15m%s
and a recycle flow of 0.7m*s. The tank is to have a rectangular plan shape, with outflow over a
weir spanning the full tank width. The weir overflow should discharge into a collector channel with
a central outlet.

Draw a sedimentation unit on the design sheet.

C

Edit the properties on the Main page:

5 1 Properties

Main I Outlet | Eollectorl Status I

Type I Circular - l

tax Inflow [réds] |0.15
8000@ Underflow [n'P.fs]ID. o7
[l ectarn cliate! autes
%) cenfie
) end

Flan Area: 200,062

oK CANEELl HELP | e
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Example 16 Hydraulic design of a Sedimentation unit(contd)

Edit the properties on the Outlet page:

Main  Outlet I Eollectorl Statusl
Type IV-notch 'l

a0 90 Moz 335
Length: 50 265mm

f+—150—=] _35

Ok CANCEL HELF P

Edit the properties on the Collector page:

Mainl Outlet  Collector | Statusl
E5
(i ¥ ¥ /f ¥
T 50
20 1_8f / / ™ MNa— ¥
4
be—300— ] i \—¢
2513—
Slope [1:m]|1:1000 k walue [rm] |1.DDD
ok | ocewceL | HELP | awee

E Click on the Status page to check the headloss through the unit at maximum flow:

Mainl Dutletl Collector  Status |

Reference Code |5 1

Urit headloss at mar flow: 222mm

ok CANCEL HELF PN




Hydraulic profile computation for wastewater treatment plant (WWTP)

The Analysis menu has an Hydraulic Profile sub-menu that has been designed for the
computation of hydraulic profiles across WWTPs, enabling the user to:

Carry out a detailed hydraulic analysis/design of the components of a wastewater treatment
system, including the process units and the inter-connecting links.

Set the relative elevations of the treatment process units that comprise the treatment system,
to permit gravity flow through the system, at all flows up to a specified maximum design flow

Compute the hydraulic profile for flow through the system at any flow rate between the
specified maximum and minimum flow rates.

Provision is made for the sub-division of flow into parallel streams, using the Flow-divider tool,
and also for the re-combination of flows into a single stream. “Drops” may be incorporated into
the treatment system layout to cater for varying site topography

Procedure:
Draw a process system on the design sheet.
Edit the relevant unit and link properties
Select Hydraulic profile at max flow

Select Hydraulic profile at min flow

Example 17 Computation of an hydraulic profile for a WWTP

A municipal WWTP, having a design capacity of 30,000PE, incorporates the following processes:
screening, flow measurement, primary sedimentation, stream extended aeration, secondary
sedimentation. The wastewater is pumped to the WWTP inflow chamber; the effluent is
discharged to a receiving water having a maximum TWL of 12.60 mOD. It is required to
determine the design TWL for the WWTP inflow chamber. The process flow is to be split into two
stream downstream of the flow measurement device.

Draw a system on the design sheet, using a flow divider to split the flow.

L =3

S1
i o6 .
P11 320 Ja1
\o1 1 } Y @er127%2 J13
P4y ~—
* SCR 2 -
04_ / P

R J o.oJa J 5 p3 ﬁn R1
.u S \112 o J14——

P
N\ s2 PG
< ;

N\ 05
JT.O 315 16 A
.—‘P,E), Je Ju 18
@ P10V Ji b
® ®
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Example 17 Hydraulic profile for a WWTP (contd)

Set the properties of the Inflow:

Main | Status |
Cumrent Flow [ /g] b airnum Flows [red'z]
ID.DBDD ID.2DDD
Fluid kinirnurn Flow [ré/z)
Type ID.D4DD
IWaterMaste water j
Fluid temperature [*C]
|1 0.000
CAMCEL HELF AN

=] Setthe Recycle flows in each of the activated sludge units to 0.04m%s and the Underflow

in each of the sedimentation units to 0.04m°/s.

Select Auto design from the Analysis > Hydraulic Profile menu

This command sizes units and links to approximately correct values, creating an initial

design, which you could then edit.

E Edit the TWL of the downstream reservoir to 12.60mOD. This simulates a receiving water.

This TWL determines the elevations and TWLs of all upstream objects.

E Select Hydraulic profile @ Max Flow

This command calculates the required elevations and TWLs relative to the specified

downstream receiving water TWL and displays the results on screen.

0.2000m¥s 14323m S

13.765m O6

141371
> 13212m S3
\,. .g‘ e 135280 12 13.026m
o > (N
2 A

|®] 14605m
15.849m < .
PS 223 s2
o 14 m
X 14.137m  13.765m O5 13212m S4
PR

13553
@ @>C 10y 13.026007
4 o

PZ

PG

¥

R1

-
~12835m o —
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Example 17 Hydraulic profile for a WWTP (contd)

Select Hydraulic profile @ Min Flow

This command calculates TWLs starting from the downstream node, checks that
pipes are fully submerged and displays the results on screen.

0.0400m?/s 14309m S1 13,750 13.742m O6
° S 13.263 13198m S3
| > e 13, 12.619m
o > o
Py A

14.326m R1

/1 14.943m * 14.326m o 2600m—
15.322m N . B

P s ¥
4 14:309m PG
13759m 13.742m O5 13198m S4

Y .)’Fjg)r 13.283m ¥
| R g

15.432m

E Examine the text output using the Text output command on the View menu

Dividers
Wdth Length No. Crest Level
Ref (nmm (nmm D vs (n0D)
04 1793 3587 2 14. 895
Nodes
El evati on El evati on

Ref (D) Ref (n0D)
J1 15. 060 J 12 12. 091
J 2 15. 050 J 13 12. 359
J 3 14. 950 J 14 12. 228
J 4 14. 936 J 15 13. 499
J5 14. 570 J 16 13. 482
J 6 14. 557 J 17 12. 953
J 7 14. 066 J 18 12. 888
J 8 14. 050 J 19 13. 499
J 9 14. 066 J 20 13. 482
J 10 14. 050 J 21 12. 953
J 11 12. 359 J 22 12. 888
Flumes

Ref : 03

D scharge Equation: Q = 1.167(H‘1. 750)

Invert |evel: 15. 162 nOD

Sedimentation Units

Ref : S1

Max TWL: 14. 323 D
Mn TW.: 14. 309 nOD
Weir/orifice level: 14. 302 nmOD
Max Sunp TW.: 14. 137 nOD
Mn Sunp TW.: 13. 759 nOD
Ref : S 2

Max TWL: 14. 323 D
Mn TW.: 14. 309 nOD
Weir/orifice level: 14. 302 nmOD
Max Sunp TW.: 14. 137 nOD
Mn Sunp TW.: 13. 759 nOD
Ref : S 3

Max TWL.: 13.212 nOD
Mn TW.: 13.198 nD
Weir/orifice level: 13. 191 nOD
Max Sunp TW.: 13. 026 nOD
Mn Sunp TW.: 12. 619 nD
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Example 17 Hydraulic profile for a WWTP (contd)

Sedimentation Units

Ref : S 4

Max TW. 13.212 n(D
Mn TW.: 13.198 n(D
Weir/orifice level: 13.191 nOD
Max Sunp TW.: 13. 026 nCD
Mn Sunp TW.: 12. 619 nCD

Activated Sludge Units

Ref : 05

Max TW. 13. 765 nD
Mn TW.: 13. 742 n(D
Weir/orifice level: 13.712 nOD
Max Sunp TW.: 13. 553 nD
Mn Sunp TW.: 13. 263 nD
Ref : 06

Max TW. 13. 765 nCD
Mn TW.: 13. 742 n(D
Weir/orifice level: 13.712 nOD
Max Sunp TW.: 13. 553 nD
Mn Sunp TW.: 13. 263 nD

Solution: The computed TWL for the WWTP inflow chamber at max flow is 14.976mOD,

Hydraulic profile plot

ARTS can create a plot of the hydraulic profile through a group of units.

Procedure:
Draw a process system on the design sheet.
Edit the relevant unit and link properties
Select Hydraulic profile @ max flow
Select Hydraulic profile @ min flow

Select Hydraulic profile > Plot linear profile
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Example 18 Plotting of hydraulic profile for a WWTP

Modify the previous example to a single stream system and plot the hydraulic profile of the
previous example at max and min flows of 0.1m%s and 0.02m?/s.

With the previous example design sheet, delete one of the activated sludge streams:

Js

03 2
P2 o olco 17 |
pe— @ P8
3

Set the max and min flows of the flow object, and adjust the min flow value of the flume.
Select Hydraulic Profile > @ max flow
Select Hydraulic Profile > @ min flow

Select Hydraulic Profile > Plot linear profile

HG plot for Sheet 1
15.50

- Max
- Min

15.00{

14.50

14.00

13.50

(w) pesH enuaiod

13.004

12.50{

12.00
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WATERHAMMER ANALYSIS

ARTS incorporates an analytical capability for the computation of the transient pressure
fluctuation in rising mains caused by sudden pump trip-out. Rising mains may include
waterhammer control devices such as air vessels and/or air valves. Where waterhammer
protection is required, it is commonly provided by the installation of an air vessel, connected to
the rising main at its upstream end.

ANALYSIS AND CONTROL OF WATERHAMMER PRESSURE TRANSIENTS
Procedure:
Draw the system the design sheet.
Edit the relevant properties

Select Unsteady Pipe Flow from the Analysis menu

Example 19 Waterhammer example

A pump is required to lift sewage from a pump sump, TWL -2.5 mOD to the inlet chamber of a
WWTP at TWL 13.00 mOD. The ductile iron rising main is 1502m long, has an ID of 300mm and
a wall thickness of 7.2mm. It is required to compute the pressure transients resulting from sudden
pump trip-out. The profile of the main is as follows:

Chainage Elevation
(m) (mOD) - %
165 0.00 % % —
700 2.00 g gv
750 1.80 3 g ¥

T 15 g 20
1200 350 10
1501 12.00 5 10

0 0
0 20 40 60 80 100 0 50 100 150 200
Discharge (I/s) Discharge (I/s)

Draw the system on the design sheet

R2

Js
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Example 19 Waterhammer example (contd)

Edit the properties as indicated below

Pipes

D anet er Length k Tot al
Ref (nm) (m (nm) K
P1 250 10. 00 0. 010 0. 500
P2 250 6. 00 0. 010 9. 600
P 3 300 1502.00 0. 100 4. 000
Nodes

El evati on
Ref (nCD)
J 4 -1. 000
Reservoirs

Sur f ace
Ref Level (M
R1 -2.5000
R 2 13. 0000
Pumps
Morrent  of

El evation Speed Inertia
Ref quen) (rpm (kgnt)
PU 1 -2.000 1490 0. 550

Edit the Extras page of the rising main to include the profile:

Mainl Unsteady flove  Extras | Status |

Chainage [m] Elevation [m] Fitting
IU.U IU.U I"Nnne" jl*None" j
1&5._00 o_ao
Joo. oo Z.00
FEO0.00 1l.80
1z00.00 3_E0
1l501.00 1z._00
& List I
- P Tota!KvaIue 4.000 Add | Remove
o Fitting K walue : 0

oK | E.i\NI:ELl HELP | e

Select Unsteady Pipe Flow from the Analysis menu and edit the dialog:

ynamic Analysis Setup

Settings
MNumber of computational divisions I'I aad

Mo of wave cycles to model |2U

Mo of division for plotting [1:pump] I'I

CAMCEL |
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Example 19 Waterhammer example (contd)

>3 The computed results are summarised by three graphical outputs and one textual summary

as illustrated:

(w) peay fenusiod

System & Pump Curves

50.00-
- Pump Curve
- System Curve
45.004
40.004
—
35.00] I —_—
~—
H —
g T
S 30.00] \
o
El ~
H T~
8 ~ _
§ 2500 ~ —
= _—
-
.
-
20.00] T N
_— - ™
100l
10.00-
0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080 0.090 0.100
Flow (m3/s)
Head at pump
30.00
_A - Pressure @ pum|
/" ‘ /'/‘ ~ o pume
[ J'/ ‘ [ ‘
25.00) / | / ‘ f |
[ [
| ‘ | ‘ | |
[ | [
20.00{ I | ‘ [
| |
| ‘ | ‘ | |
| |
\ ‘ \ | \
15.00 ‘ ‘ ‘
: .
3
Z 1000 ‘ | ‘ \‘ \‘
2 |
= ‘ | | ‘ |
El | I | I
\ |
\ \ | \
\ \ il \ \
0.00) | \ \ \
\ \_ [ \\ —
\ P ~J ~J ~ ™
\ I
-5.00{ \\
-10.00!
0.000 5.000 10.000 15.000 20.000 25.000 30.000
Time (sec)
Max & Min Pressures in Rising Main
30.00
[ . — - Maximum Computed
—— - Rising Main Elevation
N - Minimum Computed
25.004 - Steady flow HGL
- Vapour pressure
20.00{
15.00{
10.00{
5.00-
0.00-
-5.00-
-10.00;

0.000

500.000

1000.000
Chainage (m)

1500.000 2000.000
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Example 19 Waterhammer example (contd)

Unsteady Flow Analysis Summary

Maximum gauge pressure of 30.12 m occurs at pump.

Check recommended design limits for maximum allowable gauge pressures and maximum allowable pressure
amplitude fluctuation in selected pipes.

Note: Rising main experiences cavitation, waterhammer protection required.

Boundary conditions:
Mean sunp water |evel: -2.500 m
R sing main delivery |evel: 13.000 m
=> Static Lift: 15.500 m
Pump data:
Nurmber of punps: 1
St andard punp speed: 1490 rpm
Purmp duty poi nt head: 22.355 m
Purmp duty poi nt di scharge: 277.17 n#/h
Morrent of inertia of punp set: 0. 550 kg.nt?
Purmp el evati on: -1.000 m
Rising main:
Lengt h: 1502. 000 m
Internal dianeter: 300.0 mm
Wal |t hi ckness: 7.2 mm
Wal | roughness: 0.100 mm
total k-value: 4. 000
Youngs' nodul us: 1.50E+11 N n?
Pumphouse pipework:
Suction
Pi pe Ref.: P1
internal dianeter: 250.0 mMm
| engt h: 10. 000 m
wal | roughness: 0.010 mm
total k-value: 0.5
Del i very
Pi pe Ref.: P2
internal dianeter: 250.0 mMm
| engt h: 6.000 m
wal | roughness: 0.010 mMm
total k-value: 9.6
Computational details:
No iterations: 2000
No di vi si ons: 100

Example 20 Waterhammer example, incorporating an air vessel

It is required to examine the waterhammer control effect, on the pump/rising main system in
example 19, of using a 2m3 air vessel.

Add an air vessel and connecting pipe to the system on the design sheet




Example 20 Waterhammer example, incl air vessel (contd)

Edit the properties of the new objects as follows

Pipes

D aret er Length k Tot al No.
Ref (mm (m (mm K Fittings
P4 100 10. 00 0. 010 0. 100 0
Air Vessels

D anmeter Hei ght Tot al Ar Wat er
Ref (nm) (mm) Vol (nf) Vol (n#) Hgt (mm)
AV 1 1366 1366 2. 000 0. 389 1100
Nodes

El evati on
Ref (nCD)
J 6 1. 000

Select Unsteady Pipe Flow from the Analysis menu

Check the various graphs produced
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Example 20 Waterhammer example, incl air vessel (contd)

Check the text output

Unsteady Flow Analysis Summary

Maximum gauge pressure of 45.09 m occurs at pump.

Check recommended design limits for maximum allowable gauge pressures and maximum allowable pressure

amplitude fluctuation in selected pipes.

Boundary conditions:
Mean sunp water |evel:
R sing main delivery |evel:
=> Static Lift:

Air vessel installed:
Throttl e pipe dianeter:
Throttle pipe total k-val ue:
Tot al vol ure:
Air volume at steady flow
Max. expanded air vol une:

Pump data:
Nurmber of punps:
St andard punp speed:
Purmp duty poi nt head:
Purmp duty poi nt di scharge:
Monent of inertia of punp set:
Purmp el evati on:

Rising main:
Lengt h:
Internal dianeter:
Wal |t hi ckness:
Wal | roughness:
total k-value:
Youngs' nodul us:

Pumphouse pipework:
Suction
Pi pe Ref.:
internal diameter:
| engt h:
wal | roughness:
total k-val ue:

Del i very
Pi pe Ref.:
internal diameter:
| engt h:
wal | roughness:
total k-val ue:

Computational details:
No iterations:
No di vi si ons:

End

-2.500
13. 000
15. 500

100
0.1
. 000
. 389
. 008

RON

1

1490
22. 355
277.17
0. 550
-1.000

1502. 000
300.0
7.2

0. 100

4. 000

1. 50E+11

P1
250.0
10. 000
0. 010
0.5

3000
100

333

333

333
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Example 21 Generating a custom report in other applications

Customise the graphs produced in the previous example and create a document in a word
processing package.

Select the design sheet
With nothing on the design sheet selected, select Edit > Copy

Paste into a word processing program

Select the Max & Min pressures in the rising main graph

Select Copy > Data from the Edit
menu

Custom Graph created in Microsoft Excel

Start a spreadsheet package, such
as Microsoft Excel

—— Maximum Computed,
Potential head (m)

Rising Main Elevation,
Potential head (m)
Minimum Computed,
Potential head (m)

Pot Head (m)

In the spreadsheet package, select
Edit > Paste 5]

50 500 1000 1500 2000

Create a graph of Max Pressure, Chainage
Min Pressure and Main Elevation

Copy the graph to the Windows Clipboard

Paste into a word processing program

Select the Waterhammer results window

Select Edit > Copy

Paste into a word processing program,
below the graph

Edit the text to suit

Model Input
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