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Modelling Valves in PIPENET

It is clear that modelling of items such as valves, control valves, surge relief valves, relief valves,
rupture discs and regulators are essential aspects of transient analysis. PIPENET can model all
such items. When it comes to valves, the data which is available may be incomplete and often is.
PIPENET can model (i) any type of valve from any manufacturer and (ii) even when only partial
data about the valve is available.
In this document the following section are available.

1 — General methods and options for modelling valves.

2 — How to model control valves.

3 to 6 — Various pressure regulating devices.

1. Modelling Valves:

Valves are modelled using the following basic equation. We believe that the same equation is
probably used in the Russian Federation, but it may be written in a different form. It can be seen
that the valve co-efficient Cv depends on the valve position s.
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There are 4 different ways in which a valve can be modelled depending on what data is available.

1. Full characteristic data for the valve is available:
If the curve of how ‘Cv’ changes with the valve position ‘s’ is known as a graph or as a table it can

be input into PIPENET library. The dialog box for this is shown below.
In this dialog box s = 0 means the valve is fully closed and s+ 1 means the valve is fully open.

Name TV30006 s-value Flow Coeff. [ dcv/ds [
Descrption TV30006 0 o | 12560 E
. 01 1250

ource Local user library 046 123001416

Valve type 06 19680.6792

) Kiactor @  Flow cosfficient {/min, Bar'3) 1 50500.2818
& 50000

PU76023 -

TV24001

V2702 _ 48000+

V27072 5

[Tvsooog | 0 350004

V31105 =

V31205 £

TV31304 £ |

V31215 = 24000

TVa1536 o

V31636 = 12000

TV76025 o

Is} 0 . . . v
0 02 04 06 08 1
Valve Setting
2. Fully open Cv is available:

If the manufacturer can only provide the Cv when the valve is fully open the following method can
be used. The user can specify the Cv when the valve is fully open and select from one of the
standard curves.
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Input node 155
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Flow Profile Linear
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Standard valve types:

If the manufacturer’s data for the valve is not available, PIPENET can estimate its characteristics.

Built-in Standard Valve Types

Seven typical valves are available to the user. These can be chosen from gate valve, globe valve,
butterfly valve, ball valve, diaphragm valve, angle valve and Y-valve. One or several of the
following information is required to calculate the valve k-factor:

Inside diameter: insider diameter of upstream pipe.

Contraction ratio: ratio of valve seat diameter/area to pipe diameter/area, which must be a
value between 0 and 1. The default value is 1.0.

Disc shape: flat plate (default) or lenticular, only required for butterfly valve.

Disc thickness: valve disc maximum thickness, only required for butterfly valve.

Body material: forged (default) or cast-body, only required for angle valve.

Stem inclined angle: < 50 degree (default) or > 50 degree, only required for Y-valve.

PIPENET can estimate the characteristics for the following valve types:
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4. Non-Operating Valve:

Non-operating valves are modelling using the following equation. Such valves simply give a

pressure loss and do not operate during the simulation. They are modelled by using a fixed k-
factor.

1 3
P=kpi’
5 pu

The value of k can be obtained from one of the following ways.
(i) Pick it up from the extensive built-in library in PIPENET
(i) PIPENET can calculate it given required parameters
(i) It can be input by the user



2. Control Valves (Pressure, Flow, Differential Pressure), Control of Variable Speed Pumps:
In the example below we consider the speed control of a variable speed pump. The same
principle applies to control valves and other control items. It is possible to use PID control or

Cascade control in PIPENET.

Pump Speed Control:

:
)




. PID Controller
Transfer Function2 ~ ‘l_f

—

Transfer Function 1
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Pressure sensor

Pressure transients tend to be extremely fast. For this reason the dynamics of items such as the
flow transmitter have been taken into account by this user. In particular the following components
form part of the control loop.

e A pressure sensor. lItis also possible to use pressure or differential pressure sensors.

e A transfer function (specified to be first order) which models the dynamics of the
pressure transmitter. In effect the pressure sensor and the transfer function together
model the signal from the physical pressure transmitter.

e A PID controller. In this model the user has considered proportional and integral terms.

e A second transfer function which models the dynamics of the control valve. This
represents the response of the control valve to the signal it receives from the PID
controller.



Flow Control Valve:

Control valve Transfer function 2
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3. Pressure Surge Relief Valve:

When a system experiences transient pressure surge resulting in a high pressure, it is extremely
important for the relief valve to respond quickly. Relief valves which respond in this manner are
called pressure surge relief valves and are usually assisted by pressurised nitrogen. Such valves
are often used in loading/unloading systems which are essential in LNG plants.

An example of a pressure surge relief valve and its data are shown below.

; 2 Liquid surge relief valve
Pressure surge relief valve e T
a Input node 4
Petrochemical plant
p ERC valve Qutput node 7
(Remains open) Tipe Flowcoefl. = |
Flow Profile Linear j
Pipeline g Flow Coefiicient 200 m¥h, Bar'?
SetPressure 14
el Jlenkey Wide Open Press. 15 e
Shut off valve Wiae Op - = Bar G
Hyst YES -
(C‘DSES) lysteresis
Fully Closed Pres... 13 Bar G
Results selected?  YES




Surge Relief Valve Cv = 200 (m3/hr, bar)

Time / seconds

16.0- 0.160+
14 barg set point line
140 0.190
( F100
o) W\/W\N\J/\
120
2 B
. [
S § oo
F1o0 8
£ 2
£ =
'; = 0.080-
£ 2
5 ¥
2t
s I
g g aoso
5 s
ERL
i %
5 % oo
0.020
20- 1
0
O S )
a 5 10 15 20 25 30 35 40 45 50 55 &0 &5 70 75 80 85 90 95 100 105 110 115 120

20

Sating of T vale 1
Gutiet flowrate ofreliefvave 1
e it pressure of el vave 1

Surge Relief Valve Cv = 50 (m3/hr, bar)
120 160-

.
14 bar set point line

1207

Inlet pressure of relief valve 1 Pressure / bar G

anen

-

a5 50 55 &0 65 70 75 80 85 90 a5
Time / seconds

e Sctting o relicf valve |
Qutet flgwrate of rfiaf vaive 1

4. Relief Valve:

A relief valve is not a very fast acting valve and so the dynamics of its operation is relevant. For

this reason it may not be a good idea to use it as a pressure surge relief valve.

Mechanical relief valve

Petrochemical plant

oD oo

ERC valve
(Remains open)

oo

Jetty Tanker

Pipeline

Shut off valve
(Closes)

] [safety valve
1

Label

Input node 4

Qutput node 7

Type Flow coeff. j

Flow Profile Linear d

Flow Coefficient 200 méh, Bar'?
Setpressure 14 Bar G
Wide open pressure | 15 Bar G
Hysteresis YES j

Fully closed press... |13 Bar G
Time response or. First -

Time Constant 20 sec

Results selected?




Relief valve with Cv = 50 (m3/hr, bar), time constant = 5 secs
120 1607 0,600
15 barg maximum pressure line
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[
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K 1500
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5. Rupture Disc:
This similar to a relief valve except that once it opens it will remain open and will not close again.
It is often used because it is cheaper than a relief valve.

Rupture disc 1@ Bursting disc
_ Label 1
Petrochemical plant ERC vave Input node 4
(Remains Dpeﬂ) Output node 7
é Type Flow coeff. j
Pipeline Flow Profile Lingar -
Flow Coefficient Unset m¥h, Barl?
Shut of vabve awngime 2 -
(Closes) Results selected? | NO

30 mm Diameter Rupture Disc
ooy 350
sn0
1604 . "
[\ 15 barg maximum allowabkle pressure line
508
Euan 2
T 14 barg set point line g
z FH
Fu2of H
- g
Fr00 1508
= -3
3
5 1003
& g
2 2
n 50
A
0
i 5.0
0 5 10 15 20 2 30 35 a0 45 50 55 &0 65 0 75 B0 85 a0 95 100 105 uo s 120
Time / seconds
(R ——
Dule Temngie ot g e 1

6. Pressure Regulating Valve:
This can be an upstream or downstream pressure regulating valve. As pressure transients are
extremely fast the dynamics of a regulating valve needs to be modelled.



® Fegulsorvave |
Label 1
Petrochemical plant ERC valve Input node n
Regulating Valve (Remains open) Output node 7
Type Flow coeff. j
Pipeline ,‘. : Flow Prafile Linear ~|
':‘ [ [0 Flow Coefficient 500 m?h. Bar'?
JEHY Tanker Close pressure 14 Bar G
S @ Open pressure 15 5:[ G
(Closes)
Time response or..  First j
Time constant 2 sec
Type Upstream =

Resulls selected?  |llle]

Closing Remarks:

In this document we have shown that PIPENET has a very comprehensive range of models for
valves. Virtually every situation in which valves are used can be modelled in PIPENET.
Moreover, even if only partial data for a valve is available PIPENET can be used effectively.
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Water Injection Systems Capability of PIPENET

PIPENET can be used to model various aspects of water injection systems. This includes
establishing potential water hammer problems, cavity formation and collapse, sequence in which
booster pumps and water injection pumps should be started, and the calculation of unbalanced
force-time history with the view of further processing by pipe stress analysis programs.

Typically, water injection systems are modelled in PIPENET as 2 or 3 parts depending on the
user’s preference and convenience. The aims of the simulations are often different between the
different parts. In the sections below, we show the schematic drawings from PIPENET and some
corresponding graphical results. Naturally, if the user prefers, the complete system can be set up
as one PIPENET network.

1. Seawater Lift Pump Section up to Deaerator

In this case, seawater lift-pump trip followed by re-start is considered. The lift pumps are
submersible pumps. When they trip a cavity forms downstream in the riser pipe because no air
release valve has been installed in the riser. When the pumps re-start the cavity collapses leading
to a large pressure surge.

i Elevation i Pipe bore
in

14000 GPM

Seawater lift pump trip followed by restart

Pump speed, rps

.

Length of vapour column in riser pipe, m

~

Pressure at the top of the riser, psig

~
2 1 Pump switch position / i
o 1 ‘. 20
010~ fr—

oo 000 =4 y:a ~ 1 »

sas/1/aum assanu] T dwnd peruau Joy paads uoneloy

010 050 v - v - v v - - v v - v r v v . - r v v v v v , -
00 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

Time/seconds

- v oo -
0 540 560 380 600

ton for inertial pump 1
e Pressure ot 300 metres for pipe 26
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2. Section from Booster Pumps to Water Injection Pumps

In this case, the water injection pumps and booster pumps both trip at the same time. The booster
pump is re-started with the water injection pumps still stopped. It can be seen that the water
injection pumps spin down more slowly because of their higher moment of inertia. A very small
cavity forms in the high point of the bridge connection because the water injection pumps are
spinning down more slowly than the booster pumps. The suction effect of this and the higher level
of the bridge connection creates a pressure below the vapour pressure. However, the volume of
this vapour cavity is very small and its collapse creates oscillations in the pressure rather than a
large pressure surge.

Pipe bore Elevation
14 12

16 0

18 12

20 24

22 36

in it

a0 o
SEA WATER INJECTION PUMPS /
A8, =,
gy e
s o e
140 ~
o 2o g
=
\\un 3

a
L
T
Booster Pump (Deaerator) to Water Injection Pumps
400- 350 130 -0.00350
. Cavity in high level of bridge connection, ft3 20
B0 500 \ / [ [ -0.00300
- 110
300- g = 0
] Z g
o G0 g 000250 £
2 39 0 2
Z -9 o <
& E H g
g 250- % Water injection pump speed (due to trip), rps 4 5
2 @ 2 3
¢ %20 %0 2 000200 5
& -E g @
o 3 - 3
n a =)
g g . s 2 7
4 3 Booster pump speed (trip and restart). rps 5 g
5 glo T 000150 =
PR 3 =
Sis0- & 70 32 =
o c Pressure in high level of bridge connection. psig z o
& 2 Z b4
L g0 S 000100 £
5 .0 60 3 3
[ 14 2 =3
Z100- 2 =2 3
5 =
2 c Z &
-] 2 3
& % s0 2 £
-3 50| & -0.00050 &
s0- % a 2
E 40
o O -0.00000
- 30
500 50 20 --0.00050
00 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500
Time/seconds
| s Pressure at 50.0 feet for pipe 59
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3. Section from Water Injection Pumps to Block Valves at the Wellheads

In this case, all the block valves close at the same time. The water injection pumps continue to
run. A flow control valve serves the function of an overboard dump valve. The flow transmitter
senses the flowrate in the line downstream of the water injection pumps. The aim of this scenario
is to analyse the stability of the flow control system. Instability in the control system can cause
vibrations in the overboard dump system. It is assumed that all the block valves at the wellhead
close in 1 second.

PIPENET does not perform pipe stress analysis calculations. PIPENET Transient Module
generates the force-time history in the form of a file. This file can be read by pipe stress analysis
programs such as Caesarll. Such pipe stress analysis programs can predict stresses in pipes,
reaction forces in pipe supports and movement in the pipes which can result in vibrations.
In these simulations the following aspects are considered.

e Water hammer at the block valves

e Stability of the overboard dump valve control system

e Force-time history on one of the pipe sections in the overboard dump system

Elewation
I

100

200

300

400

m
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& it =
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g BN
1{6”170:31700517\01;0 a0 179
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o o oo

Jo 1o 1o
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3.1.

3.2.

Water Hammer at Block Valve

Water Hammer Effect at the Inlet of the Block Valves

Valve position
1.0
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050
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Case 1: Stable behaviour. System as Designed

Stable Operation of Overboard Dump Valve Control System
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Case 2: Unstable behaviour. Gain of PID Controller Increased.
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3.3. Force-Time History with Unstable Control System

The unbalanced force on one pipe on the overboard dump valve system is considered. The
pressure surge reaches the input node of this pipe before it reaches the output node. This results
in a large unbalanced force in the pipe under consideration. The unbalanced force is
approximately 10,500 Newtons.

Force Time-History with Unstable Control System
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The graph viewer capability in PIPENET has a ‘magnifying glass’ capability. A couple of graphs

with this facility follow.

Force Time-History with Unstable Control System
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\e\H istory with Unstable Control System
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An extract from the force-time history file of PIPENET is shown below. This is the file which can
be imported into pipe stress analysis programs such as Caesarll and ROHR2. The first column is
time (sec) and the second column is the unbalanced force (Newton).

.244000E+2 0.00000
.245000E+2 0.00000
246000E+2 0.00000
247000E+2 0.00000
.248000E+2 0.00000
.249000E+2 0.00000
250000E+2 -10546.3
251000E+2 -1046.48
.252000E+2 -2408.99
253000E+2 340.604
254000E+2 587157
.255000E+2 570932
256000E+2 -398.961
257000E+2 -905.902
258000E+2 -633.441
.259000E+2 -6541.969

CONCLUSIONS

This brief document gives an introduction to water injection system applications of PIPENET. It
endeavours to demonstrate that PIPENET can be used to model all aspects of water injection
systems. This includes establishing potential water hammer problems, cavity formation and
collapse, sequence in which booster pumps and water injection pumps should be started and the
calculation of unbalanced force-time history with the view of further processing by pipe stress
analysis programs.
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Sensitivity Analysis of the Control System on a Pipeline

Modelling control loops is one of the outstanding capabilities of PIPENET. The article below
provides an example of a sensitivity analysis of the control system on a pipeline. The network has
3 pumps of which one pump is running at its design speed in this scenario. The other two pumps
are shut down. The system has two flow control valves which are identical. The described
scenarios consider the response of the control valve to one of the isolation valves closing. The
isolation valve which is closing is valve 2.

1. The network.

LONG/2

<o SElg SE
% 2 g2 vz 17

oy o

20 3 LONG/21

2. The control system.

PIPENET has comprehensive capabilities for building control systems including loops such as
cascade control, signal selector, switches and so on. In this network the control system is built
using a flow sensor, PID controller, first order transfer function, and the control valve.

Flow sensor: Flow sensor 2 is in-line with pipe 18. It is selected to be of the analogue type. For
this reason, there is no sampling time.

Digital control valve (DCV)
Q 4P -
2 \
mm
|

18 2 FCv1
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The PID controller is selected to be of the Pl type. The parameters are shown in the dialog box

below.

-

Digital control valve (DCV)

L PID controller
ﬂ_ - Label 2
2 | Input node 30
| Output node 44
™~ | Sensor type Flowrate  «|
| | Control type Pl j
Input set point 36 m¥h
Output set point 0
Gain -0.002 1/m3h
Resetlime 2 sec
18 2 FCV1 Anti-windup YES ~|
Tracking time Default -
1 Sec

The transfer function model shown below represents the dynamics of the control valve.

In

general, a control valve will not respond instantly to a change in the input signal. Typically, the
dynamics of this is modelled by using a transfer function. PIPENET offers a choice of zeroth, first

and second order transfer functions.
with a time constant of 3 secs.
Digital control valve (DCV)

0
|:|N
—.—é—.—&—‘

18 2 FCV1

—

In this model the first order transfer function model is used

The control valve and its characteristics are shown below.

s

o Transfer function
Label 2

Input node 44

Output node 19

Input type Information j
Output type Information j
Order First |
Gain 1

Bias 0

Qutputrange (min) |0

Output range (max) 1

Time constant 3 sec
Results selected? | NO

Include unused components

ﬂ_ - By | Operating valve
2 | Label FCV1
| Input node 27
N | Output node 15
| Inputinfo. node 19
Type Library item j
Library valve MFCVK |
Minimum Cv-value |0 m¥h, Barl2
Maximum Cvvalue 267 mh. Barl?
1 8 CV1 Results selected? |NO
svalue | Flow coet. dCv/ds B
0 E 70
04 77 320 =
05 109 315
06 140 315
o7 172 320
08 204 315
09 235 315
1 267 320 ol
—
N
-
. 300
o
m 240
c
< 180,
120+
E
o 60
3 0
T T T T T
> 0 0.2 04 06 0.8 1
3
Valve Setting
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3. The Scenarios.

Three scenarios are considered in this study. The aim is to both understand the behaviour of the
system and to make sure that the control system is stable.

Scenario 1: Actuated valve 2 fully closes, actuated valve 1 remains fully open

We can make the following observations. When the actuated valve 2 closes, the flow is directed
towards control valve 1. In order to compensate for this the control valve closes slightly. There is
a small overshoot before it comes back to its final steady state position. On the other hand,
control valve 2 opens fully. This is because when the actuated valve fully closes, it tries to
maintain the flow at its set point. The behaviour of the system is smooth and no instability is
observed.

Actuated valve 2 fully closes, actuated valve 1 remains open
110- 02360 1.100

i 5
o2 <
L100- 8 Control valve 1 position 10000
o *E 0.2340 / ]
=
g 0.9
0.80-© -
F - Valve 2 position
070 TE Control valve 2 position 0.5
-2
0.60-

0.2300
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=}
g
2}

g for oper:

: 0.6
040 02250

Valve proportional opening for operating valve 2 Information

£ 2

g s
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{02260 g
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e 03003
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0107 02220 0.200
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Time/seconds

[~ Valve proportional opening for operating valve FCVL
| e Valve proy ing for operating valve FCV2

s Vzlve proporiional opening for operating valve 2

Scenario 2: Actuated valve 2 closes to 10% open position, actuated valve 1 remains fully
open

We can make the following observations. When the actuated valve 2 closes to its 10% open
position, more flow is directed towards control valve 1. In order to compensate for this the control
valve closes slightly. However, as the actuated valve does not fully close control valve 2 is able to
open sufficiently in order to restore its flow rate to the set point. When this happens, control valve
1 goes back to its original position and the flow is restored. The behaviour of the system is
smooth and no instability is observed.

Actuated valve 2 loses to 10% open position, Actuated valve 1 remains open
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Scenario 3: Actuated valve 2 closes to 10% open position, actuated valve 1 remains fully

open with faster control system

The PID controller parameters are shown below.

Ditiagal control valve (DCV)

Q=

m
SNV A

L PID controller
Label 2
Input node 30
Qutput node 44
Sensortype Flowrate |
Control type Pl ﬂ
Input set point 36 m¥h
Qutput set point 0
Gain -0.4 1mih
Resettime 0z sec
Anti-windup YES |
Tracking time Default |

0.1 sec

We can make the following observations. The basic behaviour is similar to scenario 2. When the
actuated valve 2 closes to its 10% open position, more flow is directed towards control valve 1. In
order to compensate for this the control valve closes slightly. However, as the actuated valve
does not fully close control valve 2 is able to open sufficiently in order to restore its flow rate to the
set point. When this happens, control valve 1 goes back to its original position and the flow is

restored.

The main point to note however is that the system is unstable and there are oscillations in the

valve position.

Effect of faster response from control system
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How to Create Alternative Networks by Combining Systems

The purpose of this document is to show how to combine different sub-networks to a common network in

order to create different networks.

1. Complete System:

SUB-NETWORK 2

SUB-NETWORK 1

SUB-NETWORK 3

2. Case 1 System: Common network (sub-network 1) with sub-network 2 attached

SUB-NETWORK 2

o
SUB-NETWORK 1 ;

3. Case 2 System: Common network (sub-network 1) with sub-network 3 attached

§50
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METHOD 1 — CREATING A SET OF SUB-NETWORKS AND COMBINING THEM
This method has the advantage that it is possible to have sets of several network types and combine them
as required. It is more flexible than method 2.

Step 1: Create three sub-networks and save them on three separate files but with the same library.
Sub-network 1

Sub-network 2

Sub-network 3

22



Step 2: Combine the sub-networks as required.

networks 1 and 2.

In this case we show how to combine

Start two copies of PIPENET on your computer and open the subnetworks on the copies of PIPENET.

sub-

DE R %A B
Display £ [(F]k [ 91 4 2 > + £ |
NodeTag <NO TAG> ~ LinkTag <NO TAG>
Calculation + [ E £/
Toos[[F4 (IR T[4 &

Find £ <Any> -+ |Label

None

" File Edt View Libraries Options Colouration Calculation Output Tools

Window Help

None -

B|CO@KRHP NBREREXED(v[28 &

B2 0P P|2miin O

x| ™ File Edit View Libraries Options

DoR[¥Fal? e

Node Tsg <NO TAG>
Caleulation v [/ E B4
Toos [ 01 X T |4 &

Find O cany>

Colouration Calculation Output Tools

Display T[]k [=] ¢ /i B > * £ & None -
~ LinkTag <NO TAG> -

~ ILabel

Window Help

None

BOe®(®RHPFNIQEXET |28 &
I

20|z =iic0eB]

< !

0

] ' [

For Help, press F1

Default

Default

Default

Defou | [For Help, press FL

Use the area tool to capture subnetwork 2.

™™ File Edit View _Libraries

D% aal?

Node Tag
Caleulation +/ [ E &
Tool;@\@;
Find 2 <Any>

Options
| &

Colouration _Calculation Output_Tools_Window _Help

*[E] % A2 =+ £ None ~ / None -
TAG> - LinkTsg <NOTAG>  ~

B OCO@®EPNEQREXS@|v|o8
~ [Label

2t e®|2=iinD

L T
L T
L T
L T
S e S S S S S S S S S S S G S S

Move the captured subnetwork 2 to the lower end of the screen as shown below.
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™ Fe 65t View Uirwies Optioms Colourstion Cakuision Output_Tosls_Windaw Hep =
DWW XFa?e8e

| (k[ A8 =+ L] None « " None -

NodeTag CNOTAGY v LinkTag <NOTAG>

| Colcuion v B B B

[Tk b #EET|¥ ¢/ BCEBRHPNBRIHED|+ (2822 0 2P|xmiio0
Find £ cAny> + Label >
|For Help, press FL Default Defaul |

Right click on the captured area and click on ‘copy’

4+ 4+ 4+ o+ o+ o+ o+ o+ o+ 4+ 4+ o+ oo+ 4+
25%
4+ 4+ 4+ 4+ 4+ o+ o+ 4+ o+ o+ 4+ o+ =+ + 4+ 4+
50%
4+ 4+ 4+ 4+ 4+ o+ o+ 4+ o+ o+ 4+ o+ =+ 75% + 4+ 4+
44+ 4 4+ 4+ 4 4+ o+ o+ 4+ 4 e 100% + 4+
L L 150% + 4+ o+
4+ 4+ 4+ o+ o+ o+ o+ o+ o+ 4+ 4+ o+ 200% + o+ o+
4+ 4+ 4+ o+ o+ o+ o+ o+ o+ 4+ 4+ o+ 300% + o+ o+
Scale To Fit
4+ 4+ 4+ 4+ 4+ o+ o+ 4+ o+ o+ 4+ o+ =+ + 4+ 4+
L e e e Copy Ctrl+C + o+ o+
+
B T T S S e S S e S =i Ltk + 4+
Cut Ctrl+X
B S T e T S S S S S S S S + o+ o+
Delete area
4+ 4+ 4+ o+ o+ o+ o+ o+ o+ 4+ 4+ o+ + o+ o+
Mirror
4+ 4+ 4+ o+ o+ o+ o+ o+ o+ 4+ 4+ o+ Invert + o+ o+
4+ 4+ 4+ o+ o+ o+ o+ o+ o+ 4+ 4+ o+ Rotate v + o+ o+
Reverse selected pipes 4+ 4+ 4
e + o+ 4+
F S S S S S A + o+ o+ 4+ 4+ 4+ 4 gt 4 4+ 4+ 4 4+ 4 4 4
S IS S SO S S S § + .—&—@ + 4 4+ 4 4 4
[ .
elp, press F1 Default

Go to the copy of PIPENET with the copy of subnetwork 1, select the area tool and click on ‘Edit/Paste’

™ File [Edit) View Libraries Options Colouration Calculation Output Tools Window Help

] Undo Ctri+Z
Display Redo Copy area Crl+Y | E | < None + /. None T
Calculat CirlsX Toos[[g]4 12 T & © & &1
Find £ Copy et Label | |»
Paste Cirl+V

Paste in column

Mirror

Invert
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Now capture subnetwork 2 using the area tool.

* [ =

Calaulstion /T Bl 1

It is useful to have the grid on at this time.

<NO TAG> ~ Lnklzg
S P[Eoiie OE

Node Iag

PR ES)

AT/ E COB|RMN>NEBREXED v

Find £ <Any>  lLabel

G " o
oa k4 a4 e 4 S e
oa k4 a4 e 4 S e
G k44 e - 44 T
Y P Y -4 e+
G " o
oa k4 a4 e 4 S e
G k44 e - 44 T
44 k44 e = 44 N P
o4 k44 4k 4 [
G " o
44 k44 e = 44 =k e o
oa k4 a4 e 4 [
o4 k44 4k 4 T
G k44 e - 44 [ P

Click and hold the node
node.

subnetwork 2 which

Options  Colouration Calculation Output Tools Window Help
| &
A8 5 4+ £|° None + / None -

~ |Label

connected to subnetwork 1 and move it to the relevant

Node Tag <NO TAG>
F2 0 eP|2

BEEREMHP NEQERMSD| v |28 &

T+ 4+ 4 + + 4+ 4+ 4+ + 4+ o+ 4+ + + 4+ o+

I s

S S S O S SO S S S S S
B e T T T T T T T T T ]
F
FI
4
o
+ oo
F
4o
4
o
+ ko
4+
4l
+
+ o
T
FE
F
4o+
FE
+ o+ 4



Now pick up the cursor, click on the node where subnetwork 1 and subnetwork 2 are connected and merge
the nodes.

Tools[[e] T1 & T |8 @ 7 8| (

+

e ¢

+ 0+ o+ 4+ 4+ o+ o+

+ + 4+ PIPENET a "

+ o+ o+ +

+ 4L + I Do you want to merge these flow nodes? 1

4 4+ 4 4+

+ o+ o+ +
Yes l [ Ne

+ o+ o+ +

Please note the following
(i) PIPENET will automatically re-label links and nodes if there is duplication.

(i) If any item is shown in blue and you feel it should be black please click on the tick (check) v

mark

26



METHOD 2 - CREATE A MASTER NETWORK AND DELETE SUB-NETWORKS AS REQUIRED

By this method you can create a master network and delete sub-networks. This is simpler. On the other
hand, it does not have the flexibility of having several sets of sub-networks and combining them as
required.

Step 1: Create the master network.

SUB-NETWORK 2 a
ko
SUB-NETWORK 1 T

SUB-NETWORK 3

Step 2: Delete the sub-network which is not required.
Select the polygon tool.

| T | ¢
Polygon l

Keep the ‘Shift’ button on the keyboard pressed and use the cursor to enclose the area you wish to delete
Note that an item must be completely within the polygon for it to be selected.

SUB-NETWORK 2 -
ke
SUB-NETWORK 1 B

SUB-NETWORK 3 /
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Right click with the cursor inside the area to be deleted. Click on ‘Delete area’.

SUB-NETWORK 1

CONCLUSION

We have shown in this article that creating large and complex systems consisting of many
subsystems can be done fast and easily in PIPENET. A number of tools are available in PIPENET
which allow various manipulations with subnetworks.
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%
Helpﬂl\
TIPS

How to...?

Convert to Transient

Converting a data file from Standard or Spray/Sprinkler Module to Transient Module is an
invaluable function of PIPENET which saves engineers a lot of time and effort.

In order to convert a Standard or Spray/Sprinkler Module file (.SDF) and the associated library file
(.SLF) into a Transient Module file, you will need to specify the input file name and the output file
name in Utilities | Convert a Model to Transient.

"™ PIPENET
File Wiew Utilities Help

O PIPEMET XML to Excel
— PIPENET RES file to CSV

Convert a Model to Transient

MF Convert Standard or Spray .SDF file to Transient SDF file. *
pray
This utility converts a Standard or Spray data file [.SDF extension) and its associated library file
[.5LF extenzion] to a file suitable for loading into the Tranzsient module.

Uszers should be careful when loading the resultant file to thoroughly check the netwaork, see
the azsociated help for further information - press the Help button for help.

Prowide an input file name and an optional output file name. |F an autput file name iz not

pravided the file name iz the zame az the input file name, except that the characters TM are
inzerted immediately before the SDF

wWarmning: If the output zdf and . slf files already exist, they will be silently overwritten.

Input file narme

Output file name

Convert | Help Cancel
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With any model open, you will find this utility in Tools | Utilities | Convert a Model to Transient.

P pIPENET Spray Module - Deluge System Calculation - [scenariel.sdf]

™ File Edit View Libraries Options  Colouration  Calculation  Tools  Window Help

O ] | 30 & | | (=] Tag selected items ¥
Display T + =k I—‘ " = | Mone Remove tags ¥ “
Calculation +f [» | AD B| Make path
Find J- |<Any) ”Lahel Export Clipboard

Export HP-GL/2

Export DXF file

Reverse selected pipes
Add mutiple pipes...

Add multiple nozzles...

Autolayout...

Utilities ¥ PIPEMET XML to Excel
PIPEMET RES file to CSV

Convert a Model to Transient

It is important to consider the following observations when converting to Transient:

1. Some components in the Standard or Spray/Sprinkle Module may not have corresponding
components in the Transient Module, e.g. elastomeric valve etc. You have to input these
components manually after conversion. Also, please use the latest version of PIPENET
because it can save you a lot of time. For example, nozzles can be converted after the version
1.8.

2. The Transient Module requires more input data. Therefore, you have to input these absent

data after conversion. For example, pipe OD, Young’s modulus and Poisson’s ratio are
required in the Transient Module.

30



Convert a Pressure Drop into an Equivalent Length

Sometimes an engineer may need to calculate an equivalent length of a device knowing its
pressure drop.
Often, the manufacturer will be able to provide an equivalent length for the fitting. However, if this
information is not available, there are several ways to calculate it using PIPENET. This operation
is most likely to be performed in the PIPENET Spray/Sprinkler Module. Therefore, the examples
below are based on Spray/Sprinkler Module calculations.

1. Data:

Let us suppose that we have an item such as a strainer in a fire protection system. The known
data is the following:

Diameter = 100 mm nominal size of Schedule 40 pipe

Pressure drop = 0.3 bar

Flowrate = 1000 lit/min

2. APIPENET Spray/Sprinkler Module calculation using the following data:

Input a pipe with a diameter of 100 mm and length of 100 m.

& Pipe

Label 1

Input node 1

Output node 2

Type ANSIB361.. v

Diameter 100 | mm
o PY Lengtr.1 100 m

Elevation 0 m

Cactor 120

Status Normal ﬂ

Design group Unset

Set the inlet pressure to 10 barg and the outlet flowrate to 1000 lit/min. Perform a calculation.

© &
a4
™ SDF1:2

D Data Resutts I "y Graphs

Mode | Pressure | Flow

Bar G I/min
1 10 Unset
2|2 Unset 1000

fuy
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1901 1 ILIALIG L IASE LU
& | Pipe ‘
Label 1
Input node 1
Output node 2
Type ANSIB261.. ~|
Diameter 100 | mm
Length 100 m

L & Elevation 0 m

1 C-factor 120

Status MNormal j
Design group Unset
Results
Input pressure 10 Bar G
Qutput pressure 9501118 Bar G
Friction loss 0.4988825 Bar
Velocity 2 misec
Flow rate 1000 1/min
Static head loss 0 Bar

Note that the pressure drop is 0.4988825 bar

3. Calculate the Equivalent Length:

A length of 100 m gives a pressure drop of 0.4988825 bar. So, the length which will give a
pressure drop of 0.3 bar is 100 x 0.3 / 0.4988825 = 60.1344 m

4. Alternative Approach:

A simpler method might be to use the general pressure loss model of PIPENET Spray/Sprinkler
Module. The dialog box is shown below.

E] ” General pressure-loss
Label 1
Input node 3
Qutput node 4
. E . Type Constant factor ﬂ

1 Exponent 2
Reference flow rate 1000 Ifmin
Reference pressure loss 0.3 Bar
Results
Input pressure n/a
Output pressure nfa
Flow rate n/a
Pressure drop nfa
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How to Use Excel for Editing Data in PIPENET

PIPENET provides several means for managing data. Input data can be managed in the
properties window or the data window. The properties window can be used to manage data on a
particular component, while the data window allows the user to manage data on all components of
a certain type at the same time. Copying, pasting and sorting operations can be easily performed
in the PIPENET data window. However, some users may feel more confident or find it more
convenient to manage data in an Excel spreadsheet. They can use Excel to compare results from
different PIPENET simulations. Excel spreadsheets can also be used as part of the report.

This document shows how to use Excel for editing PIPENET data. It is a two-way process where
data is copied from PIPENET into Excel, edited in Excel and, if needed, can be pasted back into
PIPENET.

If a user would like to take data from PIPENET, edit it in a spreadsheet and use the edited data in
PIPENET, the best way would be to use copy and paste as described below. With this approach, it
is very important that the format and the order of the rows do not change. In the example below,
we use the Pipe data window. The procedure can be used with all data windows.

™ BIPENET Spray Module - Deluge System Calculstion
Fle Edit View Ubmaries Opfions Colowation Caculabion Took Window Help
DoWlxFa[ 8
Display 3 + K |- | ® A4 = + None. |/ Pipe velocity M Node Tag | <NO TAG> ~ | Link Tag |<NO TAG>
Calculation b [ |A DB[E Tk ¢ D@ T FGMy Heas |BaE

Find O [cAny> - Label >
™ scenurioldf S|

[ Inclad urused comporeris

Masimunn al...

[ Properies @9 Frngs -

- = (&= L
: e 1
DI Data [ Rests U Grp
& Labal | mput nade | Output nods | Type | Diameter | Length | Elevation | C-factor [ Status | Design group |
1t 1 2 SEAScheduls v |50 w10 2 140 Mormal »| Unsst
2 |2 |2 3 SEASchedule v |50 = 0 140 Mormal = Unset
ERE n seasmsaue w|25  =]s o 140 Nomal =] Unser
e s seAscnsaue |50 =]s o 0 Homal =] Unset
5 s s 6 seascnsaue <|25  <]s 0 w0 Homal =] Unser
s s 2 7 SEAScneque =[50 =10 0 0 Homal =] Unset
7 8 0
7 ? 0

SEASchedule | 25
SEASchedule | 25

10 Mormal = | unser
140 Mormal » | Unset

For Help, press FI Defaul

o
Z
2

STEP 1: Copy from PIPENET and paste into Excel.
From the PIPENET data window, the full table including headers can be selected by clicking the

icon at the top left.
ST
D Data [ Besifs " Graphs g

& “Label Inputn % | Output node | Type Diameter | Length | Elevation | C-factor | Status Design group

SI(VET Pipe

3
3
3
3
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Alternatively, a subset of complete rows can also be edited in this manner as long as the structure

is preserved.
D Data Resuts My Graphs ( )
Select necessary rows S

& | Label Inputn /| Output node | Type Diameter | Length group
mm m m /| | | g

1 1 2 SEASchedule | 50 L|1u/ 140 Normal ~ | Unset

2 |2 |2 3 SEASchedule v|50 ~+|5 0 140 Normal ~ | Unset

3

4

5 : 5

7T 7 8 SEASchedule ~|25 |5 0 140 Normal ~ | Unset

I 9 SEASchedule ~|25  ~|5 0 140 Normal ~ | Unset

This can be copied and pasted directly into Excel.

A B C D E F G H | J

1 |Label|lnput node | Cutput node Type Diameter | Length | Elevation | C-factor Status Design group
2 mm m m

3 1 1 2 SEA Schedule 50 10 2 140 MNormal Unset
4 2 2 3 SEA Schedule 50 5 0 140 MNormal Unset
5 4 2 5 SEA Schedule 50 5 0 140 Narmal Unset
6 6 2 7 SEA Schedule 50 10 0 140 Narmal Unset
7 3 3 4 SEA Schedule 25 5 0 140 MNarmal Unset
8 5 5 [ SEA Schedule 25 5 0 140 MNormal Unset
] 7 7 8 SEA Schedule 25 5 0 140 MNormal Unset
10 8 7 9 SEA Schedule 25 5 0 140 Normal Unset
11

STEP 2: Pasting edited data from Excel into PIPENET.
Once the data is edited in Excel it can be copied and pasted straight back to the PIPENET data
window. To do this, select everything minus the headings in Excel and copy it.

e [ I

: 1 1 2 SEA Schedule 200 10 2 140 Normal Unset
I 2 2 3 SEA Schedule 100 ] 0 140 MNormal Unset
i 4 2 5 SEA Schedule 100 5 0 140 MNormal Unset
i 6 2 7 SEA Schedule 100 10 0 140 Normal Unset
| 3 2 4 SEA Schedule 25 5 0 140 Normal Unset
i 5 g 6 SEA Schedule 25 5 0 140 Normal Unset
I 7 7 8 SEA Schedule 25 5 0 140 MNormal Unset
0 8 7 9 SEA Schedule 25 & 0 140 MNormal Unset
1

Then in the PIPENET data window click and drag to select the necessary cells and then paste.

g 1 e wr g v

¢

Label | Input nede | Output node | Type Diameter | Length | Elevation | C-factor | Status Design group

3
3
3
3

140 Normal H Unset

hll| LNz et

pl | LUnset

hl| Unset

: hl | LINs et
Unset

Unset

o | = | o0 |wn | | W P | =

AR
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The data window should reflect the changes which you made in the Excel spreadsheet:

D Data Resutts My Graphs

& | Label Input node | Qutput node | Type Diameter | Length | Elevation | C-factor | Status Design group
mm m m
11 2 SEASchedule v |200 || 10 2 140 Normal | Unset
2 |2 |2 3 SEASchedule w100 |~+|5 0 140 Normal ~ | Unset
3 |4 |2 5 SEASchedule w100 |~+|5 0 140 Normal ~ | Unset
4 |6 |2 7 SEASchedule »[100 |~=]10 0 140 Normal ~ | Unset
R ERE 4 SEASchedule - |25  ~|5 0 140 Normal ~ | Unset
§ |5 |5 6 SEASchedule - |25  ~|5 0 140 Normal ~ | Unset
7 |7 |7 8 SEASchedule v |25  ~|5 0 140 Normal ~ | Unset
g (8 |7 9 SEASchedule v|25 |5 0 140 Normal ~ | Unset
Caution:

If a pipe diameter which is not included in the schedule is pasted into the data window, it will
appear as unset:

1 |Label|lnput node | Qutput node Type Diameter | Length | Elevation | C-factor Status Design group
2 mm m m

3 1 1 2 SEA Schedule 90 10 2 140 Blocked Unset
4 2 2 3 SEA Schedule a0 5 ] 140 Marmal Unset
5 4 2 5 SEA Schedule 90 5 0 140 Maormal Unset
& 6 2 7 SEA Schedule a0 10 0 140 Marmal Unset
7 3 3 4 SEA Schedule 25 5 0 140 Maormal Unset
8 5 5 6 SEA Schedule 25 5 0 140 Marmal Unset
g 7 7 8 SEA Schedule 25 5 ] 140 Marmal Unset
10 8 7 9 SEA Schedule 25 5 0 140 Marmal Unset

D Data Resutts ™\ Graphs
& | Label Input node | CQutput node | Type Diameter | Length | Elevation | C-factor | Status Design gr
mm m m
1 [ 2 SEASchedule ~|Unset |10 2 140 Blocked = | Unset
2 |2 |2 3 SEASchedule ~|Unset ~|5 0 140 Normal | Unset
3 |4 |2 5 SEASchedule ~|Unset ~|5 0 140 Normal ~ | Unset
4 |8 2 7 SEASchedule ~|Unset |10 0 140 Normal | Unset
Z/a 3 4 SEASchedule |25 =[5 0 140 Normal | Unset
6 |5 |5 B SEASchedule ~|25 |5 0 140 Normal ~ | Unset
7 |7 7 8 SEASchedule v|25  ~|5 0 140 Normal | Unset
g |8 7 9 SEASchedule |25  ~|5 0 140 Normal | Unset

The same rules apply for other parameters selectable via combo box rather than typed.

It is also very important to keep the rows in their original sequence. If the rows are reordered in
Excel, the following warning message will be produced when this is pasted back into PIPENET in
this format.

Label |Input node | Output node Type Diameter | Length | Elevation | C-factor Status Design group
mrm m m
2 2 3 SEA Schedule 50 5 0 140 Normal Unset
1 1 2 SEA Schedule 50 10 2 140 MNormal Unset
4 2 5 SEA Schedule 50 5 1] 140 Normal Unset
4] 2 7 SEA Schedule 50 10 0 140 Mormal | B Unset
3 3 4 SEA Schedule 25 5 0 140 Normal Unset
5 5 s SEA Schedule 25 5 0 140 Normal Unset
7 7 8 SEA Schedule 25 5 0 140 Normal Unset
8 7 9 SEA Schedule 25 5 0 140 Normal Unset
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PIPEMET ot

| This label is already in use - original label restored.

The result of this is the original order of the rows in the PIPENET data window is preserved but the
other information is reversed:

D Data Results My Graphs

& | Label Input node | Qutput node | Type Diameter | Length | Elevation | C-factor | Status Design gr
ﬂm M M
1 | 2 SEASchedule +|50  ~|5 0 140 Normal | Unset
2 2 2 3 SEASchedule ﬂ 50 |10 2 140 Mormal - | Unset
& 4 2 5 SEASchedule ﬂ 50 =5 0 140 Mormal - | Unset
4 la |2 7 SEASchedule «[50 |10 0 140 Normal | Unset
5 |3 |3 4 SEASchedule = |25 =5 0 140 Normal | Unset
& [5 |5 B SEASchedule ~ |25  ~|5 0 140 Normal ~ | Unset
77 7 8 SEASchedule ~|25  ~|5 0 140 Normal ~ | Unset
s |8 |7 9 SEASchedule ~|25  ~|5 0 140 Normal ~ | Unset
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