{9 FLUIDFLOW

FluidFlow
SCRIPTING HANDBOOK

©Flite Software 2019

FluidFlow Scripting Handbook ~~ PageO0



v b~ W N

QY FLuiDFLOW

INEFOTUCTION 1ttt ettt e sb e bt e s bt e e b et e bt e s bt e e be e s b et e bt e sabe e e bt e sabeeeseesabeeenneenane 2
Acrylic Valve Turndown Script (Pascal & BaSiC) .....cvuveeeiiiiiiiiieeeiiiee et eee e e e re e e seare e e stree e eenane e e ennneas 3
Butterfly Valve Pressure Loss vs Opening Position Script (Pascal)......cccueeeeeiiiiiciiee e evee e 14
Orifice Pressure Drop Script with EXcel Report (PasCal) ....ceiiueeeieeiieerieecieeeie et sre e 19
Mine Dewatering Script with EXcel REPOrt (PAsCal).......ccueeiecuiiiiiiiiieeciiee ettt et e erre e are e e 25

FluidFlow Scripting Handbook Page 1



QY FLuiDFLOW
1 Introduction

FluidFlow is designed to allow the modelling of fluid behaviour within complex piping
systems and accurately predict how the system will work for a given set of boundary
conditions. The software uses a number of well-established models and correlations to
solve the system.

The FluidFlow Designer Handbook gives users an overview on how to develop models
using the software. This handbook takes these models a step further and considers how
to write scripts to perform dynamic simulations.

Scripting can be used to perform a wide range of dynamic simulations such as;

1. The study of tank fill/drain times based on a set of design pump operating
conditions.

Analyse system pressure as demands vary.

Investigate system control philosophies.

Evaluate valve performance for variable speed pumps.

Flare stack depressurisation.

Analyse scale build-up in systems and study the effect on flow rate.

Optimise pump and system performance.

NouhRWN

The above is just a brief list of some of the studies which can be completed. Scripting is
a powerful tool which helps engineers optimize system performance, producing lower
operating costs and lowering carbon emissions.

This manual should be used in conjunction with the software Help file. You will find
further information in the Help file at the following locations:

Contents | Scripting.
Contents | Script References.

If you have a specific design application and wish to use an intuitive user friendly
program to speed up your design process, contact us at: support@fluidflowinfo.com.

Testimonial:

"FluidFlow is fast, easy to use, accurate and a reliable package. The software drastically
cuts design time - these benefits apply not only to the designer but also to the peer
review team. During operation of the built systems, the agreement between running
plant pressure readings against design data was highly accurate. That bought my full
trust in the package”.

Mat Landowski, Lead Process Engineer B“

GROUP
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2 Acrylic Valve Turndown Script (Pascal & Basic)

In this example, we have a single variable speed centrifugal pump transporting acrylic
acid to two demand points via two control valves. The control valve at the top of the
model (User Number 13) is set to control the flow to 2.87 kg/s and the control valve at
the bottom of the model (User Number 14) is set to control the flow to 5.75 kg/s.

We shall write a script which will allow us to review the performance of each control
valve as the pump speed is gradually reduced.

In completing the study, we wish to determine if either of the two control valves will lose
control of the flow with reduction is pump speed or if we simply reach the minimum
pump speed with the valves still in control.

We can plot a curve of valve position v's pump speed so that we can better understand
the 'sensitivity' of the butterfly control valves we are using.

The model of the system is shown in Figure 2.1.

alve Model 1" Butterfly Valve
Automatically Size | Off
Design Flow 2.87 ka/s
User Number 13
Calculated Cv 26.1 usgpm/psi
2 " Valve Opening (%) | 71.41
'i' Fluid acrylic acid — @
= Temperature |35 C -
Pressure 0O barg
Elewation 0.6 m

User Number | 21

Pressure Obarg
User Number | 15

) ) . \ . alve Model 1" Butterfly Walve
& 2 5 2 E Automatically Size | Off
Design Flow 5.75 ka/s
Pump Model 8196 1.5x3%6 User Number 14
Impeller Diameter | 5.5 Calculated Cv 61.5 usgpm/psi
Unique Name peerless - Valve Opening (%) | 100.00 "
Operating Speed 1950 _?_o—[;:-q;g:}: P-O}
Duty Pressure Rise 8.2 m Fluid
Duty Flow 30.0 m3/h
User Number 4

E‘ Prezsure 0 barg
User Number | 16

Figure 2.1: Acrylic Valve Turndown Model.
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Before we write our script, let’s take note of some model-specific data (Table 2.1).

Table 2.1: Node Data

Node Description Node User Number Desig(r;(;l/os\;v rate
Centrifugal Pump 4 N/A
Butterfly Control Valve 13 2.87
Butterfly Control Valve 14 5.75

The centrifugal pump has an operating speed range of 2850 to 1450 RPM. It is intended
to run the simulation starting at the maximum speed of 2850 RPM and reduce the pump
speed in steps of 20 RPM.

Let's now consider writing the script in Pascal. Note, any text in blue below is
supplementary and not included as part of the actual script.

Before we start, we need to set the programming language for the script. To do this,
select: Script | Pascal (or Basic) from the Script window (Figure 2.2).

File «|Script *iResuIts | b @ |[FESE|

1 View
| Pascal |
Basic
¥ | Bun Alt+Fo
T | Compile Alt+F3

[;E Step Owver

%E  Trace Into

@ | Reset
Ewvaluate

Figure 2.2: Pascal/Basic Script Setup.
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2.1.1 Acrylic Valve Turndown - Pascal.

( 9§ FLUIDFLOW

PRESSURE DROP SOFTWARE

Script

Description of Script Steps

begin

PumpSpeed := 2850;
MinOpSpeed := 1450;
SpeedDecrement := 20;

Initialise the pump speed and other variables. Note, we need to give
consideration to the descriptive terms we use here as they will form
a key part of the script used later.

(2850 RPM Max. Pump Speed).
(1450 RPM Min. Pump Speed).
(20 RPM Speed Decrement reducing from Max to Min Speed).

Note, the pump in this model is a Peerless 8196 1.5x3x6 model and
the capacity curve for this pump model is defined in the pumps
database.

Output.Clear;
Results.Clear;

Clear the output window and chart results.

Network.Set(4, 'BoosterOperatingSpeed’, PumpSpeed);

Reset the pump speed and recalculate in case we have made
previous calculation runs. The number 4 in this line refers to the
User Number of the pump (unique node number - available from
Results tab). Now, we need to set the pump operating speed (initial
starting speed). We can retrieve the relevant property from the
Helpfile. This data can be found at:

Contents | Script References | Property Constants | Boosters.

We can see from the list that what we need is Property Id 173
“BoosterOperatingSpeed".

‘ BoosterOperatingSpeed | 173 |Operating Speed

The initial booster operating speed can be set to 2850 RPM by adding
the term “PumpSpeed” to the script ("PumpSpeed” is 2850 RPM as
described at the start of the script).

FluidFlow Scripting Handbook
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Network.Calculate;

Calculate the network.

while ((PumpSpeed > MinOpSpeed) and
(Network.Get (132, '"CalculatedValveOpening') < 99) and
(Network.Get(14, 'CalculatedValveOpening') < 99)) do

Make the main loop using a while statement. Note the “and”
condition in the “while” statement.

The numbers 13 and 14 refer to the User Number of the control
valves. The scenario we are creating here is, as long as the pump is
operating at a speed greater than the minimum speed and the
position of both control valves is below 100% fully open, run the
simulation loop. Note, much like the pump, we have retrieved the
relevant valve opening property from the Helpfile. This data can be
found at:

Contents | Script References | Property Constants | Controllers.

CalculatedvalveOpening| 167

Valve Opening (%)

We can see from the list that what we need is Property Id 167
“CalculatedValveOpening".

begin
Network.Calculate;

Calculate the network.

Results.Update;

Update the chart results by including.

PumpSpeed := PumpSpeed - SpeedDecrement;

Now we need to reduce the pump speed from the initial starting
speed which has been set in the script (2850 RPM). We can therefore
use the descriptive terms we have used at the beginning of this
script.

Network.Set(4, 'BoosterOperatingSpeed’, PumpSpeed);
end;

We need to update the reducing pump speed in the network during
the simulation.

FluidFlow Scripting Handbook
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if (PumpSpeed <= MinOpSpeed) then

Now we can consider the results for the simulation. Write the result
summary to a message box.

The condition we are considering here is; if the network runs through
the simulation and both valves are in control for all pump speed
conditions, a message box will appear advising:

‘The system is able to control at the minimum operating speed of the
pump'.

However, this may not actually be the case so we need to include
the conditions where either of the valves reach100% fully open
before the pump reaches its minimum speed. Let’s consider the next
line of the script.

ShowMessage('The system is able to control at the
minimum operating speed of the pump’)
else
if (Network.Get(13, 'CalculatedValveOpening') > ) then

ShowMessage('Control valve (13) is fully open at a pump
speed of ' + IntToStr(PumpSpeed-+SpeedDecrement))

else

ShowMessage('Control valve (14) is fully open at a pump
speed of ' + IntToStr(PumpSpeed+SpeedDecrement));

Now we are considering the condition where either of the valves
reach 100% fully open (more specifically, over 99% open) prior to
the pump reaching its minimum speed, i.e. either of the valves lose
control of the set flow rate.

Network.Refresh;
Results.Refresh;

end;

Refresh the network and results

FluidFlow Scripting Handbook
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2.1.2 Acrylic Valve Turndown - Basic.

(9 FLupFLow

Script

Description of Script Steps

PumpSpeed = 2850
MinOpSpeed = 1450
SpeedDecrement = 20

Initialise the pump speed and other variables. Note, we need to give
consideration to the descriptive terms we use here as they will form
a key part of the script used later.

(2850 RPM Max. Pump Speed).
(1450 RPM Min. Pump Speed).
(20 RPM Speed Decrement reducing from Max to Min Speed).

Note, the pump in this model is a Peerless 8196 1.5x3x6 model and
the capacity curve for this pump model is defined in the pumps
database.

Output.Clear
Results.Clear

Clear the output window and chart results.

Network.Set(4, “"BoosterOperatingSpeed”, PumpSpeed)

Reset the pump speed and recalculate in case we have made
previous calculation runs.

The number 4 in this line refers to the User Number of the pump
(unigue node number - available from Results tab). Now, we need to
set the pump operating speed (initial starting speed). We can
retrieve the relevant property from the Helpfile. This data can be
found at:

Contents | Script References | Property Constants | Boosters.

We can see from the list that what we need is Property Id 173
“BoosterOperatingSpeed".

‘ BoosterOperatingSpeed | 173 |0peratir‘|g Speed

The initial booster operating speed can be set to 2850 RPM by adding
the term “PumpSpeed” to the script ("PumpSpeed” is 2850 RPM as
described at the start of the script).

FluidFlow Scripting Handbook
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Network.Calculate;

Calculate the network.

WHILE ((PumpSpeed > MinOpSpeed) AND
(Network.Get( 132, “CalculatedValveOpening”) < 99) AND
(Network.Get(14, “CalculatedValveOpening”) < 99))

Make the main loop using a while statement. Note the “and”
condition in the “while” statement.

The numbers 13 and 14 refer to the User Number of the control
valves. The scenario we are creating here is, as long as the pump is
operating at a speed greater than the minimum speed and the
position of both control valves is below 100% fully open, run the
simulation loop. Note, much like the pump, we have retrieved the
relevant valve opening property from the Helpfile. This data can be
found at:

Contents | Script References | Property Constants | Controllers.

CalculatedValveOpening]

167

Valve Opening (%)

We can see from the list that what we need is Property Id 167
“CalculatedValveOpening".

Network.Calculate

Calculate the network.

Results.Update

Update the chart results by including.

PumpSpeed = PumpSpeed - SpeedDecrement

Now we need to reduce the pump speed from the initial starting
speed which has been set in the script (2850 RPM). We can therefore
use the descriptive terms we have used at the beginning of this
script.

Network.Set(4, “"BoosterOperatingSpeed”, PumpSpeed)

END WHILE

We need to update the reducing pump speed in the network during
the simulation.

FluidFlow Scripting Handbook
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IF (PumpSpeed <= MinOpSpeed) THEN
ShowMessage("The system is able to control
minimum operating speed of the pump”)

at the

Now we can consider the results for the simulation. Write the result
summary to a message box.

The condition we are considering here is; if the network runs through
the simulation and both valves are in control for all pump speed
conditions, a message box will appear advising:

‘The system is able to control at the minimum operating speed of the
pump'.

However, this may not actually be the case so we need to include
the conditions where either of the valves reach100% fully open
before the pump reaches its minimum speed. Let’s consider the next
line of the script.

ELSE
IF (Network.Get(13, “CalculatedValveOpening”) > 99) THEN
ShowMessage(“Control valve (13) is fully open at a pump
speed of ” + CStr(PumpSpeed+SpeedDecrement))
ELSE
ShowMessage("Control valve (14) is fully open at a pump
speed of ” + CStr(PumpSpeed+SpeedDecrement))

END IF
END IF

Now we are considering the condition where either of the valves
reach 100% fully open (more specifically, over 99% open) prior to
the pump reaching its minimum speed, i.e. either of the valves lose
control of the set flow rate.

Network.Refresh
Results.Refresh

Refresh the network and results

FluidFlow Scripting Handbook
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2.1.3 Acrylic Valve Turndown - Results.

Now we can start the script simulation by clicking the Run button as shown below.

File ~ Script ~ Results ~ | =] |[;E 5% |
‘ 47
Run (AIt+F'§I]i

48
Figure 2.3: Script Run Icon.

end;

When you select Run, the model will run through a series of iterations for each
decremented pump speed. Control valve 14 reaches the fully open position (100% open)
when the pump reaches a speed of 1970 RPM.

BuidAow? ]

Control valve (14) is fully open at a pump speed of 1970

Figure 2.4: Script Message Box.

We can also view the pump and valve performance curves (based on a decrement of 20
RPM) by selecting; Results | View from the Script Window (see below).

File  Script »|Results ~[ » o [ ©

e
b=

4

[ O FY R N R

Wiew

L__z

4
a

Configure...

Clear Data

Delete Results

Figure 2.5: Results Data.

Firstly, you will see the graph plot of the pump performance which will be a linear plot
since we are reducing the speed in constant steps of 20 RPM (see below).

W

peerless [4].Operating Speed|[13] valve € ~

1 2850
2 2830
3 2810
4 2790
5 2770 -
1 2750
7 2730
8 2710
L] 2690
10 2670
11 2650
12 2630
13 2610
14 2590
15 2570
1% 2550
17 2530

Figure 2.6: Pump Performance Curve.

S B 7 8 9 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 35 37 33 3§ 40 41 42 43 44 45
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To view the performance curve for the valves, select the drop-down menu as shown
below and choose the valve of interest.

| peerless [4].0perating Speed

peerless [4].0perating Speed
|[13].valve Opening (%)
[14].valve Opening (%)

Figure 2.7: Drop-Down Menu for Graph Plots.

Below is the performance curve for valve node 13 in this case which as we can see,
reached approximately. 75% open when the simulation stopped (stopped as valve 14
was fully open at this point).

2 pesrless [4]. Operating Speed |[13]. Valve ¢
» 1 2850 7

2 2830

3 2810

4 2730

5 277

[ 2750

7 730

s 2710

3 2690

i 2670

11 2650
12 2630
13 2610
14 250
15 2570
16 2550
17 2530

<= v

E

2§ 3

@
4

\alve Mode 13 Opening (%)
@

® o8 8

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 18 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

Figure 2.8: Valve 13 Performance Curve.

Finally we have the performance curve for valve node 14 which reached the fully open
position at 1970 RPM (see below).

# peerless [4].Operating Speed | [13].Valve ¢

» 1 2850
2 2330

3 2810

4 2730

5 277

6 2750

7 2730

8 2710

] 2650

1 2670

BaL8es8s

Valve Node 14 Opening (%)
®

PEBIYIAAER

12 3 & 5 & 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

Figure 2.9: Valve 14 Performance Curve.

You can edit the setup of your charts by selecting: Results | Configure (Figure 2.10).

File = Script -

1

Figure 2.10: Configure Charts.

Results - » o [[Z°

Wiew

E

Configure...

9
Q]

Clear Data
Delete Results

There are three charts for this particular example as shown in Figure 2.11.

FluidFlow Scripting Handbook
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[~ Bl
Configre m'sw e B aimCe

Name Kind Graph Color Gr. Y-A... Min/... Min/...
- [2] |[¥] peerless [4].0perating Speed Input Show clRed Pee... 0/0 0/0
I sorca [3] [¥] [13].valve Opening (%) Result Show  $00663399 val... 0/0 0/0
I peerless [4] [¥] [14].valve Opening (%) Result Show  $00663399 val... 0/0 0/0
I -sorca [6]
[ -crane [7]
I-[8]
-[10]
r-[11]
b -[12] =
- [13]
- [14]
[>-[15]
- [16]
-[17]
| I»-[18]
[>-[19]
[ [-[20] i
| Froperties ] [ Remowve Mowe Up Mowe Down
|
ok || cancel || Help

]

e — — —  — — ————

Figure 2.11: Configure Chart Display.

If you select any of the three charts, you can click the properties button which opens a

new dialog as per Figure 2.12.

-

Result Field Properties

IER=C)

Show on Graph

Graph Title:

H-Axis Label:

¥-Axis Label: Peerless Pump [4] Operating Speed

Graph Color: " |&
I Min/Max ¥ Values: 0 0

Min/Max ¥ Values: 0.0 0.0
L

| ok || cancel || Help

Figure 2.12: Result Field Properties Dialog.

You can edit the chart display and add labels to the chart from this dialog.

Note, this example file has been installed with your trial copy of FluidFlow. You can

access the script for this example at;

C:\Program Files (x86)\Flite\FluidFlow3\QA Scripting\Pascal\Acrylic Supply Control Valve

Turndown

C:\Program Files (x86)\Flite\FluidFlow3\QA Scripting\Basic\Acrylic Supply Control Valve

Turndown (BASIC)

FluidFlow Scripting Handbook
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3 Butterfly Valve Pressure Loss vs Opening Position
Script (Pascal)

This example shows how to plot a chart of pressure loss across a manual butterfly valve
as a percentage of opening. We also wish to display the pressure loss results in kPa
units. All results after a calculation are stored as SI values, this means that all pressure
loss values are stored as Pa. If we just wish to display pressure loss in Pa we can use the
Result Properties Dialog to automatically set up this column. Since we need to process
the pressure loss results we must write a few lines of script to do this for us.

In this example there is no need to explicitly declare any variables but we will be using a
reference to color variables and therefore we need to include Graphics in a uses clause

The model of the system is shown in Figure 3.1.

1 2
- 3
[ ]

Fluid water % Open 2.5

Temperature |15 C V;Ivg Mame |Generic Elu.tterﬂ'f Valve - V2 Data
Flow Direction |Into Network Friction Loss | 82.9 m Fluid

Flow Slfs

Figure 3.1: Butterfly Valve Model.

Before we start, we need to set the programming language for the script. To do this,
select: Script | Pascal (or Basic) from the Script window (Figure 3.2). In this case, we

are selecting Pascal.
File =|Script =|Results | » o |[ZE 55|

il View

| Pa=cal |

Basic

Bun Alt+F9

Compile Alt+F8

ml

Step Owver

Trace Into

Figure 3.2: Pascal/Basic Script Setup.

FluidFlow Scripting Handbook Page 14
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3.1.1 Butterfly Valve Pressure Loss vs Opening Position - Pascal.

Script Description of Script Steps
uses As we will be using a reference to color variables we need to include
Graphics; Graphics in a uses clause.
begin Initialise variables we will use.
ValveOpening := ;
MinimumValveOpening := ;
IncrementalChange := ;
PressurelLossInkPa := 0;

Output.Clear
Results.Clear

Clear and previous results.

Network.Set(2,"ManualValveOpening’, ValveOpening);
Network.Calculate;

Set the initial manual valve opening to fully open.

PressureLossColumn := Results.Add('Pressure Loss (kPa)’,
True, clWebRoyalBlue,
'Valve Total Pressure Loss’,
'Valve Opening ->51in
'Pressure Loss in kPa');

increments’,

Add a new field (PressurelLoss) to be shown on the chart in blue. See
the Results.Add method in the help file for information on the
parameters together with additional sample code.

while (ValveOpening >=5) do
begin
Network.Calculate;
NextRowlIndex := Results.Update;

Loop to change the valve opening.

PressureLossInkPa := Units.Convert('Pa’, 'kPa’,
Network.Get(2, 'PressurelLoss'));

Results.Set(PressureLossColumn, NextRowIndex,
PressureLossInkPa);

Set the pressure loss column values in kPa after conversion.

ValveOpening := ValveOpening - IncrementalChange;
Network.Set(2, '"ManualValveOpening', ValveOpening);
end;
end;

Change the valve opening.

FluidFlow Scripting Handbook
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3.1.2 Butterfly Valve Pressure Loss vs Opening Position — BASIC.

Script Description of Script Steps

uses As we will be using a reference to color variables we need to include
Graphics Graphics in a uses clause.
ValveOpening = Initialise variables we will use.

MinimumValveOpening =
IncrementalChange =
PressureLossInkPa =

Output.Clear
Results.Clear

Clear and previous results.

Network.Set(2,”ManualValveOpening”, ValveOpening)
Network.Calculate

Set the initial manual valve opening to fully open.

PressureLossColumn = Results.Add("Pressure Loss (kPa)”,
True, clWebRoyalBlue,
“Valve Total Pressure Loss”,
“Valve Opening 100 -> 5 in 2.5 increments”,
“Pressure Loss in kPa”)

Add a new field (PressurelLoss) to be shown on the chart in blue. See
the Results.Add method in the help file for information on the
parameters together with additional sample code.

WHILE (ValveOpening >= 5)
Network.Calculate
NextRowIndex = Results.Update

Loop to change the valve opening.

PressureLossInkPa = Units.Convert(”“Pa”, “kPa”,
Network.Get(2, “"PressurelLoss”) )

Results.Set(PressureLossColumn, NextRowIndex,
PressureLossInkPa)

Set the pressure loss column values in kPa after conversion.

ValveOpening = ValveOpening - IncrementalChange
Network.Set(2, "ManualValveOpening”, ValveOpening)
END WHILE

Change the valve opening.

FluidFlow Scripting Handbook
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3.1.3 Orifice Pressure Drop — Results.

Now we can start the script simulation by clicking the Run button as shown below.

il
||'i}|=|hI

File = Script = Results - || ple |[[Z
47 d;
=r Run (Alt+Fg)|

48
Figure 3.3: Script Run Icon.

When you select Run, the software will automatically run through a series of iterations.
When complete, you can view the graph results by selecting: Results | View from the
Script window.

You will firstly be presented with the graph result for the % opening position of the valve
which is changing in steps of 2.5% as set in the script code. Since we have a constant %
change, we have a linear type graph plot as shown in Figure 3.4.

£ [2].% Open |Pressure Loss (kPa)
4 1 100 1.7407
2 7.5 24301

3 S5 2.762

4 52.5 2.7842

5 a0 2.6982

3 87.5 26146

7 85 2,6083

8 82.5 2.7287

9 &0 2.9959

U] 775 3.416

1 75 3.9817

12 7.5 46795

13 70 5.4348

14 67.5 6.4181

15 65 7.4504

5 62.5 8.609

17 &0 9.9329

8 57.5 11489

m

1.2 3 4 5 8 7 8 8 10 1 12 13 14 15 16 17 18 18 20 21 22 23 24 25 26 27 28 29 30 31 32 33 3¢ 35 36 37 38 39

Figure 3.4: Valve Position Chart Result.

If we select the drop-down menu (Figure 3.5), we can select the graph for valve

pressure loss in kPa.

| [2].%% Open

Preszure Loss (kPa)

Figure 3.5: Chart Results.

Selecting Pressure Loss (kPa) reveals the chart result as shown in Figure 3.6.

# [21.% Open |Pressure Loss (kPa)
[ 1 00 1.7407
2 7.5 2.4301

3 95 2.762

4 92,5 2.7842

5 0 2.6982

6 §7.5 2.6146

7 85 2.6093

8 82.5 2.7287

E] ] 2.9959

1 7.5 3.416

1 75 3.9817

12 7.5 46795

13 70 5.4348

14 67.5 6.4181

15 65 7.4504

15 62.5 8.609

17 &0 9.9329

1. 57.5 11,489

(]

Valve Total Pressure Loss

1.2 3 4 5 6 7 8 8 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 M4 35 3 37 3B 39
Valve Opening 100 > 5 in 2.5 increments

Figure 3.6: Valve Pressure Loss Chart Result (kPa).
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Note, this example file has been installed with your trial copy of FluidFlow. You can
access the script for this example at;

C:\Program Files (x86)\Flite\FluidFlow3\QA Scripting\Pascal\Pressure Loss v's Opening
for a Manual Butterfly Valve

C:\Program Files (x86)\Flite\FluidFlow3\QA Scripting\Basic\Pressure Loss v's Opening for
a Manual Butterfly Valve

FluidFlow Scripting Handbook Page 18
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4 Orifice Pressure Drop Script with Excel Report
(Pascal)

In this example, we have a digestion and flash tank plant with two-phase liquor entering
the system with a set pressure of 2975 kPa g. We wish to write a script to predict the
pressure loss across the orifice plate based on upstream pressure, flow and quality.
Note, the quality shall change from 0.01 to 0.012.

The model of the system is shown in Figure 4.1.

Quality (0..1) [0.012

E Fluid Liguor FT10-FTS 4 2=
= Z575 kPa g
Elevation 22115 m
. Unigue Nams |FT10 FT10-FTS .
Flow 75305 m3/h

Temperaturs (259.0 C

-

Oty

Calculat=d Quaiity (0..1) |0.0332
I Fluid Phass 2 Phas=

Static Pressurs Z7.0bara
Temperaturs HMBEC
Orifice Size ( 396 mm D=nsity 290,98 kg/m3

Flow S565.0 m3/h

17 1E

Oy o P el o {2 ) € {inmCi

5 oot

Figure 4.1: Digestion & Flash Tank System.

An Excel spreadsheet (titled ‘Orifice Pressure Drop’) is saved to the hard drive where we
have stored the Input information for the model. The image below provides an overview

of this data.

A B C D E
1
2
2 Casel Case 2 Case 3
4 |Input FT10 Pressure 2975 2975 2975
3 Flow 4000 4000 4000
] CQuality 0.01 0.011 0.012

Figure 4.2: Excel Data to be used in simulation.
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4.1.1 Orifice Pressure Drop - Pascal.

( § FLUIDFLOW

PRESSURE DROP SOFTWARE

Script

Description of Script Steps

const
ExcelFileFolder = 'C:\Al1\'
ExcelFileName = 'Orifice Pressure Drop';

Define the constants to be used in the script.

ExcelFileFolder denotes the filepath of the Excel file which contains
data you wish to import to the simulation. Note, you will need to
change this filepath to reflect the position where you are storing your
xlsx file.

ExcelFileName denotes the name of the Excel file which you wish to
use as part of the simulation.

InputDataColumnStart = 3;
InputDataRowsStart = 3;
PressureRow = 4;
QualityRow = 6;

Denotes the Excel start column (column C) of the input data.
Denotes the Excel start row (row 3) of the input data.
Denotes the row that holds the pressure data.

Denotes the row that holds the quality data.

SupplyNodelID = 1;

SupplynodelD: is the number FluidFlow assigns to the node where

OrificelID = ; we wish to change values.
OrificeID is the node number of the node whose results we are
interested in. The orifice plate User Number is 21.
OrificeTotalPressureLossRow = ; Declare the rows where we want the results to start in Excel.
OrificeFlowRow = ;
OrificeInQuality = ; Add more property rows here and then add a row for each addition
OrificeOutQuality = ; in the WriteResultDescriptions and ProcessCaseStudies procedures.
var Declare variables that will be used in the calculation.
objXL;
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() FLUIDFLOW

procedure StartExcel;
var
EmptyParam: OleVariant;
begin
objXL := CreateOLEObject('Excel.Application');
objXL.Visible := True;
XLWorkBooks := objXL.WorkBooks;
XLWorkBooks.Open(ExcelFileFolder+ExcelFileName,
EmptyParam, EmptyParam, EmptyParam, EmptyParam,
EmptyParam,
EmptyParam, EmptyParam, EmptyParam, EmptyParam,
EmptyParam);
end;

Start Excel Workbook.

procedure StopExcel;
begin

objXL := UnAssigned;
end;

Stop Excel Workbook.

function GetColumnCount: Integer;
var
col: Integer;

This returns the number of columns in the result set.

begin
Result := 0;
col := InputDataColumnStart;
while (Length(obJXL.Cells[InputDataRowStart, col].Value) >
) do
begin
Inc(col);
Inc(Result);
end;
end;
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procedure WriteResultDescriptions;
const
ResultDescriptionColumn = 2;
begin
objXL.Cells[OrificeTotalPressureLossRow,
ResultDescriptionColumn].Value := 'Orifice Loss (Pa)’;
objXL.Cells[OrificeFlowRow, ResultDescriptionColumn].Value
:= 'Orifice Flow (kg/s)';
objXL.Cells[OrificeInQuality, ResultDescriptionColumn].Value
:= 'Orifice In Quality';
objXL.Cells[OrificeOutQuality,
ResultDescriptionColumn].Value := 'Orifice Out Quality';
end;

The column title is assigned here. For instance, the Excel row for
orifice total pressure loss will be described as ‘Orifice Loss (Pa)’.

procedure ProcessCaseStudies;
const
InputTwoPhaseQuality = ;
var
currentColumn: Integer;
nDataColumns: Integer;
thisPressure,
thisQuality: Double;

nDataColumns is the number of columns of data we have. This is the
number of case studies.

begin
WriteResultDescriptions;

nDataColumns := GetColumnCount;

for currentColumn := InputDataColumnStart to
InputDataColumnStart + nDataColumns - 1 do
begin
thisPressure := objXL.Cells[PressureRow,
currentColumn].Value;
thisQuality := objXL.Cells[QualityRow,
currentColumn].Value;

Network.Set(SupplyNodelD, 'BoundaryPressure’,
thisPressure);

GetColumnCount refers to getting the number of case studies we
need to process.

thisPressure refers to reading the pressure variable data from Excel.

thisQuality refers to reading the quality variable data from Excel.
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() FLUIDFLOW

Network.Set(SupplyNodelID, InputTwoPhaseQuality,
thisQuality);

Network.Refresh;
Network.Calculate(True);
Results.Update;

objXL.Cells[ OrificeTotalPressureLossRow,
currentColumn].Value := Network.Get(OrificelD,
'PressurelLoss’);

objXL.Cells[OrificeFlowRow, currentColumn].Value :=
Network.Get(OrificelID, 'InternalFlow');

objXL.Cells[OrificeInQuality, currentColumn].Value :=

Network.Get(OrificeID, 'TwoPhaseQuality');

objXL.Cells[OrificeOutQuality, currentColumn].Value :=

Network.Get(OrificeID, 'OutTwoPhaseQuality');
end;

end;

Change the Input Data.

Recalculate.

Write Out the newly calculated results to Excel - All Results are
returned in SI Units. (If we wish to display in any other units, refer
to the example in the help file at:

Scripting | Scripting Objects | Units Object).

begin

StartExcel;
try
ProcessCaseStudies;
finally
StopExcel;
end;
end.

Script code execution starts here.
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4.1.2 Orifice Pressure Drop - Results.

Now we can start the script simulation by clicking the Run button as shown below.

File = Script ~ Results - | e |[E =]

‘ 47 end;

48

Fun (Alt+F3) l

Figure 4.3: Script Run Icon.

When you select Run, the software will automatically start the relevant Excel file and use

the data contained in this file to perform the simulation.

The results will also be exported

to the same Excel file based on the settings assigned in the script code.

The Excel report appears as shown below.

A B C
1
2
2 Casel
4 Input FT10 Pressure 2975
5 Flow 4000
6 Quality 0.01
7
a8
9
10 |Result Crifice Loss (Pa) 84549.87
11 Orifice Flow (kg/s) 1269.522
12 Orifice In Quality ~ 0.015284
13 Orifice Out Quality 0.020393

D E

Case 3
2975
4000
0.012

Case 2
2975
4000
0.011

85533.42
1213.526
0.018251
0.023427

85411.56
1234.061
0.017199
0.022365

Figure 4.4: Excel Input and Results Data.
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5 Mine Dewatering Script with Excel Report (Pascal)

In this example, we wish to consider the optimum pump speed and most cost effective
means of mine water removal using any number of pumps up to a maximum of 7 pumps
(in parallel).

This system involves the transportation of mine water from an elevation of 4 M to an
elevation of 30 M over a distance of approximately 364 M. As part of this script, we will
export a unique set of results to an Excel report.

The model of the system is shown in Figure 5.1.

e

Fiow [ L2854 ma lgll,j

Figure 5.1: Mine Water Removal Plant.
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5.1.1 Mine Dewatering - Pascal.

( § FLUIDFLOW

PRESSURE DROP SOFTWARE

Script Description of Script Steps

const Define the constants to be used in the script. Note, we need to give
consideration to the descriptive terms we use here as they will form

PumpMinSpeed = ; a key part of the script used later.

PumpMaxSpeed = ;

PumpSpeedIncrement = 20; (1480 RPM Max. Pump Speed which is fixed by pump manufacturer).

Oon=1; (900 RPM Min. Pump Speed. Below this figure the pump has

Ooff = 0; insufficient head to overcome the discharge static height).

MaxPumps = 6;

(20 RPM Speed Increment increasing from Min to Max Speed).

Note, all pumps in this network are Flygt CP3231 O00*(450,
170kW) model and the capacity curve for this pump is defined in the
database.

xLColumnWidth = ;

xLColumnStart = 1;

xLColPumpSpeed = xLColumnStart+1;
xLColPumpFlow = xLColumnStart+2;
xLColPumpEfficiency = xLColumnStart+3;
xLColPumpPower = xLColumnStart+4;
xLColPumpSpecificPower = xLColumnStart+5;
xLColumnEnd = xLColPumpSpecificPower;
xIRowStart = 2;

xlLine = 4;
xIColumn = 2;

This is where we declare the setup of our Excel file which we will
generate with the script. Note, the Excel report will be created
automatically by the software.

xLColumnWidth = 12; - This sets the width of the Excel column to 12
(see below).

Column Width (-5 et

Column width: | ji

ok || Cancal |

LS )

xLColumnStart = 1; - This sets the results to start at column 1.
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() FLUIDFLOW

var

Flow: Double;
Efficiency: Double;
Power: Double;
SpecificPower: Double;

nPumps: Integer;
PumpCurrentSpeed: Integer;

Declares the variables for the simulation.

nPumps denotes the number of pumps under consideration.
PumpCurrentSpeed denotes the current speed of the pumps.

Pumpld;
PumpBESpeed;

Pumpld denotes a variant array of element numbers.
PumpBESpeed denotes an array to hold the speed of the lowest
specific energy (i.e. speed of BEP).

procedure SetPumpSpeed(PumpNo, Speed: Integer);
begin
Pump := Network.GetElement(PumpNo);
Pump.Set('BoosterOperatingSpeed’, Speed);
end;

Helper Methods.

procedure TurnPumpOn(PumpNo: Integer);
begin
Pump := Network.GetElement(PumpNo);
Pump.Set('Status’, On);

The script will start by turning the pumps on and then to end the
script simulation, turn the pumps off.

end;
procedure TurnPumpOff(PumpNo: Integer); The script will start by turning the pumps on and then to end the
begin script simulation, turn the pumps off.

Pump := Network.GetElement(PumpNo);
Pump.Set('Status’, Off);
end;
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() FLUIDFLOW

procedure GetPumpValues(PumpNo: Integer; var Q, Eff, P,
SpecificP: Double);
var
rho, MassFlow: Double;
begin
Pump := Network.GetElement(PumpNo);
rho := Pump.Get('CalculatedDensity');

MassFlow := Pump.Get('InternalFlow');
if (rho <= 0) then

Q:=
else

Q := MassFlow* /rho;

Eff := Pump.Get('BoosterDutyEfficiency');
P := Pump.Get('BoosterDutyPower');
if (MassFlow > 0) then
SpecificP := P/MassFlow
else
SpecificP := 0;
end;

Setup the calculation procedure.

begin
xLRow := xIRowStart;
xLCol := xIColumnStart;

This represents the start of the main execution point where we
initialise local variables. The row and column start point are obtained
here based on the setup declared earlier in the script.

PumpId :=[ 1<r2r% 279y ];
PumpBESpeed := [0,0,0,0,0,0,0];
PumpCurrentSpeed := PumpMinSpeed;

fori:= 0 to MaxPumps - 1 do
TurnPumpOff(Pumpldl[i]);

Initialise all var arrays and pump status.

Pumpld denotes the unique pump user numbers (1 to 7).
PumpBESpeed denotes an array to hold the speed of the lowest
specific energy (i.e. speed of BEP).
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() FLUIDFLOW

strPumps :='";
InputQuery('Number of Pumps (1..7) only’, 'Enter the
number of pumps you wish to run’, strPumps);
try
nPumps := StrTolInt(strPumps);
except
raise('Not a valid number');
end;

Determine how many pumps we wish to run. Note, a dialog box
(Input Query) as shown below will appear asking how many pumps
we wish to include in the simulation.

S

Enter the number of pumps you wish to
run

5l

Mumber of Pumps (1.7) only

[ OK H Canicel

fori:=
begin
TurnPumpOn(Pumpld[i]);
SetPumpSpeed(Pumpld[i], PumpMinSpeed);
end;

to nPumps - 1 do

Update the array structures.

objXL := CreateOleObject('Excel.Application');
objXL.Visible := True;
XLWorkbooks:=objXL.WorkBooks;
XLWorkbook := XLWorkbooks.Add;

XLSheets := XLWorkbook.sheets;

XLSheet := XLSheets.item(1);

Set up the Excel spreadsheet for results.

objXL.Cells[xLRow, xLCol].Value := IntToStr(nPumps) + '
Pumps';

objXL.Cells[xLRow, xLColPumpSpeed].Value := 'Speed’;

objXL.Cells[xLRow, xLColPumpFlow].Value := 'Flow (m3/h)’;

objXL.Cells[xLRow, xLColPumpEfficiency].Value :=
'Efficiency’;

objXL.Cells[xLRow, xLColPumpPower].Value := 'Power (W)";

objXL.Cells[xLRow, xLColPumpSpecificPower] := 'Specific
Power (W/kg)";

for i := xLColPumpFlow to xLColumnEnd do

objXL.Columns(i).ColumnWidth := XLColumnWidth;

Write out the headers on the Excel sheet.
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try

while (PumpCurrentSpeed < PumpMaxSpeed) do
begin

Network.Calculate;

Results.Update;

GetPumpValues(Pumpld[0], Flow, Efficiency, Power,
SpecificPower);
XLRow := xLRow ;

objXL.Cells[ xLRow, xLColPumpSpeed] :=
PumpCurrentSpeed;

objXL.Cells[xLRow, xLColPumpFlow] := Flow;

objXL.Cells[xLRow, xLColPumpEfficiency] := Efficiency;

objXL.Cells[xLRow, xLColPumpPower] := Power;

objXL.Cells[xLRow, xLColPumpSpecificPower] :=
SpecificPower;

PumpCurrentSpeed := PumpCurrentSpeed
PumpSpeedIncrement;

fori:= 0 to nPumps-1 do
begin
SetPumpSpeed(Pumpld[i], PumpCurrentSpeed);
end;
end;

Update results for current pump speed in the Excel report.
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XLCharts := XLSheet.ChartObjects;
XLChartObject := XLCharts.add(
XLChart:=XLChartObject.Chart;
XLChart.ChartType := xlLine;

14 14 14 );

cell := XLSheet.cells(XLRowStart
xLColPumpSpecificPower);

range := cell.Resize(xIRow-1, 1);

XLChart.setSourceData(range, xIColumn);

cell := XLSheet.cells(XLRowStart+1, xLColPumpSpeed);

range := cell.Resize(xIRow-1, 1);

XLChart.SeriesCollection(1).XValues := range;

14

Set border of the chart.

Produce the Excel chart.

finally

objXL := UnAssigned;

Pumpld := UnAssigned;
PumpStatus := UnAssigned;
PumpBESpeed := UnAssigned;
PumpCurrentSpeed := UnAssigned;

end;

end;

Tidy Up the Excel report.
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5.1.2 Mine Dewatering - Results.

Select Run from the Script window as shown below.

File ~ Script ~ Results ~ | e |[E =]
‘ H snd; Run (Alt+Fg)|

48
Figure 5.2: Script Run Icon.

When you select Run, you will be presented with a dialog asking how many pump you
wish to consider in the simulation (1 to 7 pumps). For this purposes of this example, we
have entered 5 pumps and selected OK.

MNumber of Pumps (1..7) cnly I&
Enter the number of pumps you wish to
run
5l
[ Ok ] [ Cancel

Figure 5.3: Number of Pumps to be considered.

The software will run through the simulation exporting results for Flow, Efficiency, Power
and Specific Power to Excel. A graph curve relationship of specific power vs speed will
also be generated from where you can clearly identify the most optimum specific
power/speed. In this case with 5 pumps in operation, the optimum speed would be 1040
RPM as this produces the lowest specific power requirement (425 W/kg).

A B C D E F G H 1 ] K L M N o P
1
2 5Pumps Speed Flow (m3/h) Efficiency Power (W)  Specific Power (W/kg) 800
8 900  90.9742171  35.4781781 18265.52823 723.427602
4 920 133.7787991 45.8686076 21190.15923 570.72655944
5 540 174.6332853 53.31138928 24293.07349 501.229523 700 \
6 960 213.4520235 58.70137062 27535.40024 464.8066633
7 980 250.3846079 62.67134931 30895.37446 444.5975761 \
8 1000 285.6573192 65.64878606 34362.7388 433.4347216 500
9 1020 319.5001556  67.9194446 37934.30756 427.8015975
E 1040 352.1196799 69.67572121 41611.08798 425.7945719 \
11 1060 383.6922884 71.04914445 45396.53561 426.3055858 500
12 1080 414.3654645 72.13133513 49295.51705 428.6524328
13 1100 444.2615939 72.98740088 53313.69329 432.3957881 \_/
14 1120  473.482166  73.6645435 57457.15063 437.2420829 400
15 1140 502.1115823 74.19765849 61732.17844 442.9889559 —5eriesl
16 1160 530.2203617 74.61303344 66145.13505 449.4931558
17 1180 557.8677534  74.9308305 T70702.36759 456.6509014 300
13 1200 585.1038358 75.16677986 75410.16489 464.3854567
19 1220 611.971194 75.33335319 80274.73116 472.6390393
20 1240 638.5062612 75.44058921 85302.17272 481.3674179 200
21 1260 664.7403943 75.49668281 90498.49276 490.5362226
22 1230 690.7007401 75.50841127 95869.59139 500.118375
23 1300 716.4109359 75.48144674 101421.2687 510.092267 100
24 1320 741.8916809 75.42058807 1071539.2297 520.4404477
25 1340 767.1612038 75.32993507 1130839.0908 531.1486645

Figure 5.4: Excel Results - Specific Power vs Speed (5 Pump).
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Contact us at:

support@fluidflowinfo.com

Flite Software NI Ltd
Block E
Balliniska Business Park
Springtown Road
Derry
Northern Ireland
BT48 OLY

T: +44 2871 279 227
F: +44 2871 279 806

www.fluidflowinfo.com
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