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WARNING — READ THIS FIRST

WP INSTRUMENTS

Congratulations! You have bought a state of the art insertion mass flow meter from VPInstruments!
The VPFlowScope and VPFlowMate are versatile and easy to use and can be very powerful tools
to monitor compressed air consumption. However, there are a few important issues you need to
know before using these kind of instruments. Please also see the instruction manual before use!

Insertion probes can be dangerous ! Please familiarize yourself with the forces on
the probe under pressurized conditions and ALWAYS use the safety chain or an
additional safety belt when installing the instrument. Respect the local guidelines and
regulations for working with pressurized equipment.

Gas flow through pipes follows certain physical law s. These physical laws have
serious consequences for the installation requirements. Familiarize yourself with
these laws to make sure that the product is installed correctly. Always make sure that
upstream length, downstream length, flow, pressure, temperature and humidity
ranges are within specifications.

Precision instruments need maintenance. Check your flow meter regularly and
make sure it remains clean. When polluted, gently clean the sensor using
demineralised water or a light cleaning solvent.

Precision instruments need regular re-calibration. The VPFlowMate and
VPFlowScope are guaranteed for 24 months when used in clean, filtered, oil free and
dry compressed air. When any of these conditions is not met, the re-calibration
interval may become shorter than 24 months. VPInstruments offers service contracts
which cover a one year re-calibration, firmware upgrades and minor repairs.

Not intended for fiscal metering or billing. The VPFlowMate and VPFlowScope
are not intended for fiscal metering, as they can be shifted or turned during operation.
VPInstruments recommends using in-line flow meters or a special welded fixture for
these applications. Laws on fiscal metering and billing may vary per country or state.

Do not overestimate the results. The practical measurement uncertainty of an
insertion probe is +/- 5%. Do not expect less than 5% measurement uncertainty from
any insertion-based measurement as this is physically impossible due to the nature of
turbulent pipe flows. Our products are not intended to be used as a single means to
determine compressor capacity. Products are subject to improvement. VPInstruments
offers software and firmware releases. Please visit
www.vpinstruments.com/downloads for details.

Feedback leads to product improvement. Please share your experience with us,
as we are continuously improving our products in our commitment to quality, reliability
and ease of use.

Keep the above mentioned issues in mind and we are confident that you will enjoy using our
products over their complete lifetime.
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1. Introduction

Congratulations! We thank you for your order and the confidence in our company. You purchased the
most easy to use compressed air measurement tool in the world. With the VPFlowScope, you can
monitor and record flow, pressure, temperature, and total air consumption, simultaneously.

Installation is very easy. In chapter 3 the plug and play installation/usage is explained. You find
information on the display of the VPFlowScope in chapter 5. Chapter 5 shows the extended usage of
the software program VPStudio. Other installations, using 4..20mA and Modbus outputs, can be found
in chapter 6. Please read first the basic installation in chapter 3 carefully. Finally chapter 7 shows how
you can service and maintain your VPFlowScope best.

It is advised to get familiar with the VPFlowScope and its functionalities before using it in the field, so
you fully benefit from this tool. We advise to hook up the VPFlowScope first and see how the display
works and where you can find the different features.

In the latest version of the VPFlowScope, usage is even easier. Also we have extended it with new
possibilities. You can now use standardized Imperial Units, besides Sl Units. PC mode is now done
automatically, so this makes configuration and read out very easy. We have also implemented a new
functionality that you can pre-program your data log session. We wish you a lot of fun with discovering
these new features.

Check the packaging box for any inconsistencies. Should there be any shipping damage, notify the

local carrier. At the same time a report should be submitted to Van Putten Instruments BV, PO BOX
151, 2600 AD DELFT, The Netherlands.
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2. Product overview

The VPFlowScope measures mass flow, temperature and pressure simultaneously. The LCD display
provides real time information. With the built-in data logger, you can make recordings for a certain
period of time.

Description
1. Fixation screw
2. Display module:

with data logger memory
3. Sensor module:

contains the flow, pressure and

temperature sensor.
4. Probe shaft (0,5")
5. Multi sensor

Display module:

The keypad provides access to the VPFlowScope's most used functions. For advanced functions, the
VPStudio configuration software is used.

The three line display is equipped with an automatic back light.

o M 7

Description

1. Menu / Enter button

2. Escape/ Record button
3. Up/ Down arrows

In the menu all functions are controlled as follows:

Menu > To go to the display menu

Enter > To enter values or move cursor to right

Esc > Up one level or move cursor to left. Stop data logging

Rec - When you are not in the menu, press ‘Rec’ to start data logging
Down arrow - Move down in the menu or lower value

Up arrow - Move up in the menu or higher value
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3. Getting started; Step by step

In this chapter the usage of the VPFlowScope is explained step by step. We show the installation and
use with the interface split box and RS485-USB converter. This is the ‘plug and play’ solution, as

delivered in the VPFlowScope start kit.

Step 1 to 3 show basic installation in the pipe line and electrical installation. Step 4A shows usage of
the VPFlowScope with direct read out in the VPStudio software. Step 4B presents usage of the data

logger.

3.1 Step 1: Put together the VPFlowScope

Connect the display to the VPFlowScope sensor module. Make sure that the
display slides completely over the O-ring seal. Apply some O-ring grease if
required. Gently fix the screw on top of the display (see picture).

3.2 Step 2: Install the VPFlowScope in the pipe

First select the right installation point. In the field, additional errors are typically
introduced. Sources of error can be: installation effects, unknown flow profiles,
swirls, pressure effects, temperature effects, humidity effects, oscillations in
the flow. The installation point is therefore crucial for the right measurements.
To ensure the highest possible accuracy of flow measurement, the installation
and piping instructions must be followed carefully. Therefore read this
paragraph carefully.

Take into account:

. ONLY for dry airl Never mount the VPFlowScope directly in the
discharge of a compressor. The high humidity and condensation will cause
misreading.

!

¥
|

. When installing the instrument, choose a site which is accessible, which allows ease of wiring
and maintenance, and which allows you to still read and access the display if possible.

. Meet the specifications of the VPFlowScope. When the specifications are not met, for instance
the pressure or temperature level is too high; this will cause inaccurate measurement and can even

damage your flow meter.

. Do not apply mechanical stress on the sensor head.

Avoid:
. Excessive heat

» Potential water damage. Avoid areas of high humidity
and avoid dripping. Be aware that the VPFlowScope is
not watertight, it is only splash proof. Avoid also
corrosive atmosphere where possible.

» Condensation

*  Vibrations

» Corrosive atmosphere where possible.

e Electrical problems (high voltage/ high power)

* Mechanical vibration and danger (walking bridges,
fork lift trucks)

Warning: These
devices are only for use
with air, nitrogen and
other non hazardous, or
non combustible gases.
The maximum working
pressure is 16 bar.
Different pressure
ratings are indicated on
the product.

e Any source of potential error
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Piping guidelines

DONT’S

DO’S

Ja

Like any flow meter, the VPFlowScope
requires a minimum  up- and
downstream piping. The immediate up-
and downstream piping must be of
sufficient length, straight and free of
obstructions. Check de piping table on
the next page for details!

Weld beads on the internal wall of the
pipe before or after the VPFlowScope,
should be ground flush with the pipe wall
before the meter is installed.

Proper style and proper size gaskets
should always be used when installing
the VPFlowScope.

It is advised to install the VPFlowScope
probe of least at an angle of 15
upwards. This is important to prevent the
built-up of water in or around the sensor
or the connection tee. Water will have
effect on the measuring results.

If possible, you can always choose a longer upstream length, as these are minimum values. The
up- and downstream lengths are used industry wide as guidelines, and will never be a guarantee
for obtaining the “true value”. So always be careful and try to build up your own experience from

practical measurements.

See also to the ISO 14511:2001 ("Measurement of fluid flow in closed conduits- Thermal mass flow
meters”) international standard.

VPFlowScope® User Manual
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Piping table

General rule: The VPFlowScope should be installed with at least 20 times the pipe diameter upstream
and at least 5 times the pipe diameter downstream, to avoid any distortion of the flow profile.

For some exceptions the upstream length needs to be longer, or can be short. Check the piping table
below for your application.

Upstream object Description Minimal length

Double elbow

*
These objects cause swirl and unequal flow profiles. 407D
Diameter change
(small>>big) 40*D

Diameter changes can be abrupt or sloped. These
changes may cause jet shaped flow profiles, which result
in a high reading.

Diameter change

(big >> small)

These objects have a positive effect. They flatten the flow 10 *p
profile.

Closed or open branch.
These objects generate vortices and flow profile

*
disturbance. 30*D

Communication with end-user
n Sometimes you cannot meet all the installation guidelines and you have to install in non-perfect
conditions. In some cases: a measurement with higher uncertainty is better than no
measurement at all. Communicate this with your end-user, so they can take this uncertainty into

account.
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Prepare the installation
The VPFlowScope can be inserted through a welding tap with internal 1/2 inch thread (see picture) or
through a hot tap saddle (see picture). A hot tap saddle can be installed under pressurized conditions.

If possible, place a 1/2 inch full bore ball valve or a 3/4 inch ball valve, so that the VPFlowScope
insertion probe can be inserted and retracted under pressurized conditions.

The installation

Insertion depth

The VPFlowScope has to be installed into the pipe line through a ball valve. Generally the insertion
depth of the VPFlowScope is 0.5 times the inner pipe diameter, where the bottom of the sensor must
be in the middle of the pipe (see picture). Note that in small tubes, wrong insertion depth can result in
large measurement errors, because of the blockage effect. The insertion depth for pipe diameters
between DN25 and DNG65 is different. In smaller pipes, the VPFlowScope has to be inserted almost

completely, or else the
temperature  sensor of the
VPFlowScope itself is outside the FLOW
flow path. In the picture on the
right the insertion depth is r )
visualised for smaller pipe | A
diameters. e

— -
The VPFlowScope is shaped to
make alignment with the flow & i
d|rect|_on ea;;s_y: Atl|gnsment I“by :Ee i l By ™ 8 %D
eye” is sufficient. See also the % o, T " 5 mm
technical drawing in appendix A . sy 0 n:nn:) T
for right installation. — i._v05D Py F—

(80 mm)

Determining the inner pipe diameter

The inner diameter can be calculated by subtracting two times the wall thickness of the outer pipe
diameter. The pipe diameter is obtained by measuring the perimeter of the tube and dividing this by Pi
(3.14...). An ultrasonic thickness gauge can be used for exact measurement of the wall thickness. In a
de-pressurized pipe, the internal diameter can be measured using a calliper gauge.

Follow the next steps for installation of the VPFlowScope insertion probes in the pipeline.

SAFETY FIRST: START WITH MOUNTING THE SAFETY LINE!

The VPFlowScope is mounted with a 1/2 inch compression fitting. The probe is
sealed with a Teflon ferrule instead of a stainless steel ferrule. Teflon may
become slippery. The safety line will keep the sensor secure when it
accidentally moves out of the compression fitting.

NEVER over-tight the fitting, because it might damage the sensor tube.
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1. Insert the 2. Keep the ball valve 3. Insert the 4. Mount the safety line.
compression fitting in closed! VPFlowScope probe. Hook the safety line up in the
ring of the VPFlowScope.
For extra safety, you can add
a luggage strap (like for
suitcases).

the welding tap. Use
Teflon tape or liquid
sealant.

5. Place a mark on the 6. Open the ball valve
probe, to identify the and slowly push the

place where it is safe to VPFlowScope probe
close the ball valve when  completely in.

retrieving the
VPFlowScope.

8. Retrieve the probe half the pipe diameter. Adjust
the safety line (and strap) to keep the VPFlowScope
in place. Keep in mind to align the VPFlowScope with
the flow direction.

VPFlowScope® User Manual
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7. Push the probe in till it hits the bottom of the
pipe. Now place another mark on the probe.

9. Gently tighten the compression fitting.
Do not over tighten to prevent damage to
the probe. Pull the probe to check if the
compression fitting is tight enough.
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3.3 Step 3: Connecting the cables

10. Now your VPFlowScope is installed.

For power supply, connect the VPFlowScope via the interface split box to the 12V adapter. (See

Appendix B for Electrical guidelines.)

Thanks to the index pins, the

connector fits only one way.

~90..240VAC adapter

The VPFlowScope starts up and immediately after start up you can see in the display the firmware
version of the display itself. One more step is required for configuration. The VPFlowScope needs to
know the inner tube diameter to display volumetric flow values.

Programming the inner tube diameter in the display:
1. Go to: Menu > settings >> tube diameter.

2. Use the up and down arrow to change the digit
and use enter/escape to move the cursor right or

left.

3. Press enter. You can only press enter at the end

of the line.

The tube diameter can also be entered by the software,

which will be shown in the next chapter.

Display defaults:

The display shows real-time information:
- Mass flow: my/sec

- Pressure: bar

- Temperature: degrees Celsius.

The sensor measures once per second.

Other units like flow in sfps, scfm,
pressure in psi etc. are standard
available in the display. Go to
chapter 4 to see how you can
change the settings in the display.

More information on mass flow can be found in appendix C.

Now your VPFlowScope is completely installed and ready for use.

VPFlowScope® User Manual
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3.4 Step 4A: Real-time read out with the VPStudio software

Important note: Only use your mouse in the VPStudio
software. Do not use the arrows of your keyboard! m

90~220V
Step 4A.1: Install VP Studio software
Insert the CD ROM delivered with you VPFlowScope start o
kit. Install VPStudio by clicking the vpstudio.msi file and I '
follow the installation steps. All necessary drivers for later
on can be found in the program folder of VPStudio on your

computer, subfolder ‘Drivers’.

Step 4A.2 Install the USB driver

Connect the R485-USB converter to the interface split box
(see picture on the side). After inserting the RS485-USB
connector in the PC, the computer will recognize the USB
converter and it will install the driver. You can also find the driver files on the CD ROM, which is
delivered with the USB converter. Note that every time you put the USB converter in a different port,
the computer needs to install the driver again.

USB computer

Step 4A.3 Set units

Open VPStudio. Always plug in the RS485-USB converter first
and then start up VPStudio. When you open VPStudio for the The Lacal setting units of YPStudia s set to International System of ks
first time, a pop up appears. S| Units and Imperial Units are | & veunentrechangs o mperialunts chocse imperal
both implemented in VPStudio. Change here to Imperial Units o e i AR e U i B T TR
when that is your preference. Click OK to go VPStudio. You Satting Units and choese the |acal setting uris that you want,

can always change the units in the menu of VPStudio: Options
> Setting Units.

“_ Lacal Setting Units Dialog

@ st ) Imperial

Step 4A.4: VP Studio > Add new device
To read out the VPFlowScope and to configure the device, you first have to create your VPFlowScope
in the software. Click right mouse button in the explorer field and click ‘New device’.

The ‘Device properties’ window appears.

+¥PStudio [EEE
E Tods_Hep

Explorer Detals

Welcome to VPStudio

Eolorerto VEF

< Simply click on 3 VPFlowscope object in the BXplorer to confaure

< Clickorithe + corto expand the possioiiles of the VPFlowScope abject

“_Device proparties

Device properties | Connsctions
Dévice
Description
Type [ hedl)
Type
(&) Serial
Port {see connection tab to get your port number) 1 o
Baudrate 38400 v
Stopbits 1
Parity {Mone: v
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Write in the ‘Description’ field a name of your choosing (VPScopel here). Select "VPFlowScope” in
the drop down menu of ‘Type’. You have to define the right port number to which your VPFlowScope
is connected to the PC. Go to the ‘Connections’ tab to see which port nhumber correspond with the
VPFlowScope. Here you can see there is a VPFlowScope in COM port 7. Go back to the ‘Device
properties’ tab and type in 7 at port. Keep the Baudrate and other communication settings default.

" Devica properties 5] § - pevice properties

| Davice proparties | Connections Devicaproperties | Connections |
Compattrr  TypsDevice  Sedialre  Rakus Desaripkion Drioe
com? WPFlowScope  Unknown ¥ Deévice Is burred off or baudRske wrong Unknown

Dassription: | ¥RStopet

| Typs WPFlowScope v

| | VEFloviizke
hpe
@ seial
Patt (ses connection tab to gst your port number) 7 +
Baudeate 38400 v
Stopkits i

o I e o=

Click OK to confirm. The VPScope 1 is added in the explorer field.

*. ¥PStudio

Ble ©ptions Took Hep
Expkirer. Detals
Car Port Nrf COM? " -
- FUETT | S0

Irformation Speshications

Sérlalnumbsr | SL00LS3 Flo 0. 150 mnjsec

Tipe Tneartion proba Tempsrative 0, 6300 ]

Fimweare version | 1.15.0 | Pressre . [D.1gbar |

Calendar Msceflarious

Eroduction date | Zpulyizo0s

Calibration date | z0faprijzoog Gas bype A

Maintenance date [30/nmef2011

Siunits |

In the right corner below you can see the connection status of your VPFlowScope. This should
indicate ‘connected’ and be green. When it is red and ‘disconnected’, please check if you have wired
and connected the VPFlowScope correctly. You can also see in the right corner below which units you
have selected, Sl Units here.

The VPScopel is immediately selected and in ‘Details’ information of the VPFlowScope is shown. In

the status tab the information about the VPFlowScope appears: the serial number, last calibration
date, advised service date, etc.
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In the installation tab you can configure the VPFlowScope, e.g. enter the tube diameter. Always click
on ‘Store’ in the right corner below to store the configurations in the VPFlowScope. ‘Store’ also

synchronizes the clock of the VPFlowScope to your PC.

Fapiores Datats

oo R
P gy e
e P—
s o1 2 | i B = |
ontts : = i 5
Paty e u [ES—

Mecelerinis

[ essteaisse et

Erwrtrmar:
T ciraeier l=ma =
The deamater st b smelet Fran 1018mm 27 bigger th 25,

ik o e ety siunts

Step 4A.5: VP Studio real time information

Open the VPFlowScope folder in the explorer field by clicking the + in front of your VPFlowScope. The
subfolders ‘Real-time data’ and ‘Display’ appear. Click on ‘Real-time data’. Move the mouse over the
graph and press right mouse button --> ‘Acquire’, to start acquisition. Status turns yellow when

communicating with your flow meter.

The sample rate is fixed and is 1 sample/sec (every second a measurement is taken). The data in

VPStudio is refreshed every 5 seconds.

During real time measurement; the right mouse button gives you access to graph functions and data
export function. See chapter VPStudio.
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e
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’%%% Mg y——— e s
wil FIE = ki i "
o i = [ = -
T ———— i 37 i iR e = 37.24|
& s i = : :
4
° o & Eid o
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By =
i ====r—
: = =
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Step 4A.6 Export data to csv.file
The real time information (read in) can be exported to a csv.file at any moment for further data
processing. Click right mouse button in the details field, ‘Export’ (picture below)

-2_Export Options |E”'z|
Expart types
A : I'Hw:'(m“:';ec) - S Flow ;mn,l’sec vi
%;ﬁ gi = Mg'ﬁ i m\‘" ‘JI. U -“' _37_24 Reference -Temparature-ég?a._lilg’g [DIN 1343] _;
£ G '{*"’: . & w!‘ & Pressurs bar bl
% E;,,i E;,"L( H:) EE — . Tempetature E°C v/
T T 7 @ 1 : 132' Tokalizer m3n _vi
e 7 o & o &
Tomperature (°C} i ; advanced
= = = ;L_ j 28.97 1 split Fles per day
b & ‘ & ;,'?é éé'; [] #werage data per |1 - | minutes
s i i Lo || conal |
Yown | i

Choose a name and a place for your export file, click OK. The ‘Export Options’ dialog appears. Here
you can choose which data to export and in what matter. You can select the reference conditions for
your application. The flow data in your export file will be calculated for your application with the right
reference conditions. There are three common reference conditions that you can choose from.

4 Export Options IEHEI 2_ Export Options |§“‘E|
Expart bypes Expért bypes
Flow m_rl,l'sec V_! Flawey mm’sec T~

|
-
vI

Refeterice Tempsrature [t Reference Temperature 273156 | 0°C [DIN 1343]

: {Infmir 273 15K | 0°C [DIN 1343
Pressurs !SFFS Pressure 286,15k I 15°C Elso 2533%
| | 293,15k | 200C [150 1217
Tempatatiire i . [#] Ternperature | !
Totalizer ém?n vi Totalizer ém?n v/

In appendix D is explained how you can generate graphics with Excel for further processing and for
generating reports.

3.5 Step 4B: Log and read out data log sessions

The data logger of the VPFlowScope is located in the display. This makes the display
interchangeable. You can connect every display with every VPFlowScope sensor module.

Follow stepl to 3 to connect and install your VPFlowScope.

Step 4B.1: Data logging

After installation and configuration of the pipe
diameter, you can start logging right-a-way. It is
useful to synchronize the date and time with your PC
(Store data via VPStudio). Press ‘Rec’ (Esc) on the
keypad, confirm and the VPFlowScope starts
recording.

In the third line is alternating between the recording o ¥psiTmenis. com
state (S) and a chosen parameter. The recording
mode is shown by a blinking dot (see picture on the
right). During logging, some menu functions are
locked to prevent disruption of the log session.
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The data logger contains 500,000 points. When purchased, the data logger is set at recording once
per 5 seconds. You can change the interval settings with VPStudio. See chapter 5.

To stop recording, push the same button "Esc” (Rec) and confirm. The blinking dot disappears. With
the VPStudio software you can read out your logged DAQ sessions. You have to connect the
VPFlowScope to your computer.

Step 4B.2: Read out log file
Repeat steps 4A.1 to 4A.4 to hook up the VPFlowScope to your computer and to the VPStudio
software.

Fold out subfolder ‘Display’ and ‘DAQ Session’ of your VPFlowScope in the explorer field: your log
sessions appear. Select the session you want to read out, move the mouse over the graph and press
right mouse button ‘Acquire’, to start acquisition. The time to acquire all data depends on the
amount of logged data; it can vary between seconds and a couple of minutes.

As with real time information, you can change the graph lay out with right mouse click.

To export the file, click right mouse and export. See step 4A.6. on the previous page.

*_ yPStudio
e gposs [eos e

Espicear Datals

o Bart 1 SOMT

Total (m’n)

Flow (mn/sec)

dzy :
D _3_| — | —

i — X = 4.87
Q00 E -
T T
& & # & & g b
é;c & m"‘;’ n‘.\s' q‘s‘ q‘? &
Prassure (bar)
13 — - :
i =
f ¥
i = E 7.32
» & il » i & &
w‘"’w _RF‘ é;\' a*““- \'7?- r«@ o
Temperature (°C)
21 *
Lk = g == 23.56
& & $ & & I ®
& qs%' o & i W o¥
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Deleting your DAQ Sessions can be done using the keypads on the display. Go to Menu > DAQ
Sessions >> Delete all sessions.
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4. Display

In the display you can set some basic configurations. Minimal configurations you can do using the
keypad, without VPStudio. So you do not always need VPStudio. The data logger is present in the
display.

Controls
In the menu all functions are controlled as follows:

Menu - To go to the display menu

Enter - To enter values or move cursor to right

Esc - Up one level or move cursor to left

Rec - When you are not in the menu, press Rec to start data logging
Down arrow - Move down in the menu or lower value

Up arrow > Move up in the menu or higher value

Note: During recording, some functions are disabled!

Menu structure and functionalities

Menu level Display text Description
Start up screen Shows the firmware revision of the
display.
Menu>
1. Settings >> 1.Tube diameter Change tube diameter
>> 2.Display Change display parameters
>>> Choose parameter for display Choose line 1, line 2, line 3

line 1, line 2 and line 3
Parameters available:
Flow F:
- mn/sec
- m3n/hr
- In/min
-  SCFM
- m3n/min
- sfps

Pressure P:
- bar

- psi
Temperature T:

- degC
- degF
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>> 3.Date & time

2. Profiles >> Activate

3. DAQ sessions >> New session
>> Delete all

4., Advanced >> Reset

Display feedback

Display status description

o
o
=]

Sensor module is connected

Sensor module is not connected.

Tl [T

Recording mode

Service required

Flow direction

The VPFlowScope can measure flow direction. This is an extra feature that you have to order with
your VPFlowScope. The flow direction is visible in the display. The backwards flow is shown with a
minus before the amount, e.g. -347 m®/hr. The flow direction is also taken in the totalizer by adding
and retracting flow depending on the flow direction.

Power failure and your data logging

When there is a power failure, the VPFlowScope continues data logging after re-stating the power.

Totalizer 2:
- m3n
- SCF

Change sensor date and time
Change sensor address

Disabled

Start new recording

Deletes all recordings

Resets the display

The data after the power failure will be stored in a separate DAQ session.
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5. VPStudio Software

In this chapter, more functionalities of the VPStudio software and the VPFlowScope configurations are
presented. For basic settings and functionalities, please also read chapter 3.

Important note: Only use your mouse in the VPStudio software. Do not use the arrows of your
keyboard!

5.1 General

At initial use, every VPFlowScope needs to be added in VPStudio in the explorer field. See step 4A.4.
You can install more than one VPFlowScope in VPStudio; each one has to be connected with an
individual RS485-USB converter to your computer. You can read out only one at a time.

Internal clock synchronization

Every time that the settings of your VPFlowScope are changed in VPStudio [‘Store’ button], its internal
clock will synchronize with the clock of the computer. To synchronize the clock, it is important that you
are not in the menu of the display of the VPFlowScope itself.

Menu

In the Menu of VPStudio you can find a couple of basic settings:

- Units: Go to Options > Setting Units to change the units between S| and Imperial.

- CSV Studio: Go you can go directly to our program CSV Studio. When you have exported data
and you want to change units, for instance change the flow from m>,/hr to scfm, you can do this by
using CSV Studio.

S| Units and Imperial Units
For VPFlowScopes with a firmware version lower than 1.0.15, you can only read out data in SI Units.

5.2 Connection

The connection with your VPFlowScope can be viewed [T

in the right corner below. When the connection is B pespeis | Connectirs

‘disconnected’, please check the connections. View the | ==ir i Sen B8 e
connection in the ‘Device properties’ window. Click right

mouse button on your VPFlowScope in the explorer field
and select ‘Properties’ to go to the ‘Device properties’
window.

Your connection with the USB device is ok when you can
see your VPFlowScope in the ‘Connection’ tab. The
status shows what else can be wrong when there is no —
connection.

Use Scan, to refresh the screen.

5.3 VPFlowScope settings and basic configurations

Click on your VPFlowScope. In the status tab you can find specifications of your VPFlowScope, like
serial number, firmware version and gas type. One important aspect is that you can see when your
VPFlowScope was produced, last calibrated and when it needs maintenance.

In the installation tab you can configure your VPFlowScope. See a picture of the installation tab on
the next page.
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. ¥PStudio [BEE

Fle Options Tack Help

Explorer Detals
Com Port s COM7.

Stabus | Installation
& W WPscopel

RE48S Conmurication 4. Z0mA output
Baudrate 38400 -
Stapbits f v

Party [Fone S| 2oma 150,00

Madbus

Hardwars address 14

Integer multiplier 1000

Tibe diameter 559

“The dimeter must be smaller than 101 & and bigger than Z5min,

stures | I

RS485 communication

Only change these settings when the VPFlowScope is mounted in a slower network (for example a
Modbus network running on 9600 bps).

Hardware address: this is the Modbus address, and can be set between 1 and 247.

Integer multiplier: this multiplier is used for the integer registers only (see Modbus table). Divide the
output by this number to get the real, floating point value.

Adapt the value when the actual reading is a very small number, or when an extra digit resolution is
needed.

Example:

flow = 32.3 m/sec

multiplier = 10

modbus output on register 16: 323. Divide by ten to get 32.3
multiplier =1

flow =32.3

modbus output on register 16: 32

4..20mA output
The 4..20 mA output can be used to connect the VPFlowScope to a control or central supervision
system. In most cases this will be permanent installations, using the M12 cable for connection instead
of the split box.

You can change the 4..20mA output to indicate different readings.
The default of the 4..20mA output corresponds with the velocity
range in my/sec. You can change this range and the type of [ '™ ]
output. See in the picture on the right which parameters are
available. o0

4. 20 mé output

The flow direction option can be visualised in the 4..20mA, for
instance setting the flow range from -100% to +100%. An | Brsemeons

example: 4mA is -150m,/sec and 20mA +150mn/sec. 12mA is
then Om,/sec. See more examples in appendix E.

Modbus

The VPFlowScope supports Modbus RTU. You can change the sensor’s address number. Take the
VPFlowScope of the Modbus network when you need to configure it, as other devices will interfere
with VPStudio commands. More about the usage of Modbus and the Modbus command set is
described in chapter 6.2.
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Miscellaneous
Reset the totalizer counter, by selecting the box and press ‘Store’.

Environment
Here you can change the pipe diameter. In S| Units the diameter is set in mm. In Imperial Units you
can set the diameter in inch. Press ‘Store’ to program.

Store
Always click ‘Store’ to store the configurations in your VPFlowScope. As previous mentioned: ‘Store’
action also synchronizes the clock of your VPFlowScope to your PC.

Graph settings

The settings of the graphs in both "Real time data” and "Display” > ‘DAQ sessions’ are automatically:
the graphs will auto scale according to the data. You can change the lay out of the graphs to a more
suitable manner, if desired. During data acquisition, press right mouse button to find the menu for
graph settings and the export function (see pictures below).

You can fix the axis manually and you can display markers. Below the settings of the third graph are
adjusted.

flo\n_: il mn j_'sel:)

- 37.24
o # ot
i & &
Pressure {bar)
%ﬁiif,—*‘iﬁ:r» v Acnuire
= i 7.32
T T T T ‘s 1
Gaph setup
Temperature (°C) Pressure 13
- } — — .
[kd—“-::' e | 28.97| Temperature. ¥ ¥ mnjsec
; ! ; : T E
& & guf Cy o &
E & & & & Export Irrmiri
3 =
Dk ke kg SFPS
SCFM
Ilsisrt, € ¢ @
"_Satup Graph 1
Flow (SCFM)
Headds (time) S00.00 1 i
: 400,00
® I =00 ‘L 2 1
D putoxcas S Hmw T S —"
) Dynamic scrall | 1:00:00 aM _ H mg; ] | Bt "g“ L7 5 N i &9 T —
O panal [rzooooam & o {1usesern g : T i T T L T I T 3
& = » G i ® &
= o o o a2 & o o
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&) Manual  0.00 2t 200000 &

Daka

[7] Display marksrs

Close
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When data is on and outside of the boundaries of the specifications of the VPFlowScope, the real-time
data box will appear red. As in the picture below; the pressure range is from 0..16 bar. In the data

below, pressure is 0, so the lowest boundary. Therefore you see a red box as a warning that you can
be outside its specifications.

sk Gtom Iois b

i vt
A
Ch T e
) Reshtine dals el
= ey E 1

Flow (m2n/hr)

5.4 Data export

Exporting data to a csv.file is done by clicking right mouse (chapter 4A.6.). You can choose the
settings of the export file to make it more manageable for yourself. You can choose the export type for
every parameter, you can split files into days and you can average the data. In a spreadsheet
program, you can process the data further. In the csv.file the data is separated by “;” semicolon. How
to separate and process the data with excel, see appendix D.

The totalizer in the exported csv.file is calculated. Note that if you export measurement data, the
totalizer is calculated from the actual flow and the interval. This totalizer can deviate if the data

logger interval is slow compared to the fluctuations in air demand. The actual totalizer is shown
real time on the display.

5.5 Display and data logger settings

Select ‘Display’ to see the display information %_
and to configure the data logger. In the status tab | ...
you can find the firmware version and production | srmtecer

date (see picture on the right).

= Details

Status | tnstallron | DAQ Seseons | SchedulerSession

Information

Seidrumber (5200295

Frtiwere yerson |1.15.0

In the installation tab, DAQ Parameters, you can o

set the intervals of the three parameters for a e EETD
DAQ log session; for flow, pressure and
temperature. The numbers correspond with
“minutes : seconds”.
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_ VPFlOWSCOpe |Ogg|ng Capacity:
Dl Interval Days Months

Status | Instoleton | OAQSessons | Scheder Sesson | 1 sec 2

DAQ Parameters Clistorn wigs 5 sec 9
Factor Base unit Label

Flow interval |05 i mmss | [amsta7 < |[men o[ st 10 sec 19
01200 =il V| | Eur

Pressure interysl 00:05 % | miniss 2 1 i o 30 sec 58 2

L o000 & [soem s [usp

Temperaturs interval |00:05 % | mmiss 0.0000, : mofsec: 60 sec 116 3

Doeca: | (mevsoc B 5 min 580 >12

The measurements are real time measurements at that moment (snapshots) and not an average over
the interval.

In ‘Custom units’ you can create your own unit, for instance if you would like to see costs. In the
picture above we have created two units: Euro and USD. As example we stated that every m*/hr costs
0.12 Euro and a SCFM costs 0.1 USD, of course these are not real numbers. Custom units are only
visible real time in the display itself.

When you store data in the display, the display will automatically go in PC Mode. This is only during
short time for storing. Afterwards the display is available again.

When acquiring real-time information and DAQ sessions in VPStudio, the three parameters are
always displayed in the original (Sl) units.

Details DAQ sessions

Details about each DAQ session can be found in the ‘DAQ Sessions’ tab (see picture below).
Information about the start date, tube diameter and the intervals are displayed. The displayed totalizer
is the start totalizer at the beginning of the DAQ session (to save memory; only the start totalizer is
stored). The memory usage of the session is also shown.

Bb gptions Tods el

Eaploror

Com P o 07

wal
Fed s data

ekl

State | Wistlaion | DAQSseow | Stheder Sessin

Sessian #ilcration

Sesins

DA Sesisns

Session stait 23ubia00 D5etnss

Tordlier 203524

Tz darter s im

Pl nlsd oot

Eresimblervd 0001

Tempesatues irkessnl 001 sz

Memcey usane I[] 2%

Store

Stints | ESSCEE

Reading out data logger
To read out the data of each session: fold out ‘Display’ in the explorer field (picture) and subsequently
‘DAQ Sessions’. Select one session and acquire the retrieved data by clicking right mouse button
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“Acquire”. A dialog appears which tells the time to acquire the session (picture below on the right).
Depending on the amount of data this can take several seconds till minutes. Any time you can abort
the acquiring, in this case the data acquired so far is shown.

Explorer

- wpstudio

Com Fort Nr: COM?

Acquiring session,.. (00:00:03)

= r WPScopel
\n Reaktime dats

T | 72e

Abork

With the scroll beam (picture), you can scroll through the session day by day.

Again, you can change the graph settings and export the data, as with ‘Real-time data’.

. YPStudio

File Options Tools Help

Explarer Detils
Corm Port Nr: COM7

Tatal (mn)
Real-time data I e
S == Display
- 2055;2';‘": Flow (mn/sec)
7 Session2 50,00 g I i
£ Session 3 ;g% 3 1 L | |
BEi— — | 4.90]
i | — 0 L e
T LA | T L= T T T T 1
* S P ® & i * &
Cy ol 25 N S & ot o
& & & - o & o o
Pressure (bar)
i — T
4 3 ¥
f , | 732
: OB, o T T o, T (R o, T, LT L BT ) B ) B i [t
® &> 5 ® & P ® $
o <3 s L G & v &
i o o > & o o o
Temperature (°C)
%% | -
b - -
b= 23.53|
o0 =L —_—— ‘
e = —————
s & & & s & o &
5" Ll L o Ll LN o o

zs_um\ 2802010 290 ulyf2010

Schedule your log session

You can start your log session, by pressing ‘Rec’ on the display. However sometimes you want to start
at a specific date en time in the future. With the scheduler you can pre-set your recording. Go to the

tab ‘Scheduler Session’. Enter ‘Start date
and time’, and ‘End date and time’. Press [ge gns 1o pep

‘Store’ to store this in the VPFlowScope. ks paisls

Com Pork Nr: COM7

?IPVPSCUDBI—- | Status Installation DA Sessions | Scheduer Session
You can always end a session by pressing ot S

‘Esc’ on the display, even when you are in St e | DIOGTOITS

the middle of your scheduled log session. e L
When you have already started a recording o s o s PP,

with the display, the scheduler determines .
still the end date and time.
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6. Electrical connections
The VPFlowScope provides a 4..20 mA output and a RS485 output. All signals are present in the M12
connector. An overview of the connections is given below.

quality. Connect shield to safety
ground on one point.

ov White

n Tip: Use a shielded cable of good

Blue

Grey

RSASE B Black Pin description of the display module
connector: see appendix G.

i~

6.1. Using the 4..20 mA output

The 4..20mA output is an active, non- isolated

linearized output. Be aware that you need the
interface box with power supply

Hardware requirements: n and USB-RS485 converter to

- VPFlowScope configure the VPFlowScope with

- Cable, M12, 5 or 10 m (16.4 or 32.8ft) VPStudio.

- Read out device (multimeter, plc, centralized data

acquisition)

Electrical scheme:
The current meter is placed in between the current output and the power supply ground. You can also
use a digital multimeter to test the current output.

M12 connector Shielded cable Power supply
% 7|
. ° - |

lout
v %
RS485 A
RS485 B —
. . . . ®

The factory default setting of the 4..20mA is normalized velocity, 4mA corresponds AA%.
with 0% and 20mA corresponds with 100% of the full scale (150 m,/sec). With g;’ \f}\.
VPStudio you can select which parameter you want to read out: flow, N “{;“ \ V.0

pressure or temperature, and the corresponding unit. See chapter 5 for “‘?;c_,x“x’
more information. »
2
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You can hook up the 4..20mA output to an existing control or central supervision system for read out
or you can use e.g. a digital multi meter to test the current output locally.
See tips and tricks for the 4..20mA connection in appendix E.

6.2 Using Modbus

6.2.1. Introduction to Modbus

For new users, a complete introduction on the Modbus
standard can be found on www.modbus.org. See the

document Modbus_over_serial_line_V1 02.pdf, which can
be downloaded from their website. We strongly recommend

to download and read this information carefully.

6.2.2 Holding registers (firmware revision 1.15.0 a
The actual measurement data is placed in holding registers.
To read out data, you will need to use the corresponding

holding register.

nd up)

For the 32 bit holding registe rs,
the multiplication factor needs
to be programmed via
VPStudio. You need VPStudio
1.19.0 or higher to perform this
action. The default factor is 100,
but with older, upgraded units,
the factor will be 0, resulting in
no output.

dec HEX Description Type

16 0x10 Flow in my, /sec 32-bit integer (x10)

17 ox11 Flow in m*, /hr 32-bit integer (x10)

18 0x12 Flow in In/min 32-bit integer (x10)

19 0x11 Flow in scfm 32-bit integer (x10)

20 0x14 Flow in m*y/min 32-bit integer (x10)

21 0x10 Flow in sfps 32-bit integer (x10)

32 0x20 Pressure in bar 32-bit integer (x10)

33 0x21 Pressure in psi 32-bit integer (x10)

64 0x40 Temperature in degC 32-bit integer (x10)

65 0x41 Temperature in degF 32-bit integer (x10)
32-bit integer (x10)

128 0x80 Totalizer in m?, 32-bit integer (x10)

dec HEX Description Type

24 0x18 Flow in my, /sec Floating point

25 0x19 Flow in m*, /hr Floating point

26 Ox1A Flow in In/min Floating point

27 0x1B Flow in scfm Floating point

28 0x1C Flow in m/min Floating point

29 0x1D Flow in sfps Floating point

40 0x28 Pressure in bar Floating point

41 0x29 Pressure in psi Floating point
Floating point

72 0x48 Temperature in degC Floating point

73 0x49 Temperature in degF Floating point
Floating point

136 0x88 Totalizer in m®, Floating point

VPFlowScope® User Manual

Rev 22 February 2011




6.2.3 Basic use: First steps

You can practice or try out the VPFlowScope Modbus commands with your PC, using the
VPFlowScope start kit: You can use the free Modbus demonstration program Modpoll.exe This
program is ideal to test the Modbus-RTU compliant command set of the VPFlowScope. You can
download this program from the internet. Use a search engine to find it.

Hardware requirements:
- VPFlowScope
- Split box + power supply
- USB to RS485 converter

Instructions

Connect everything as described in Chapter 3,

Open VPStudio and change the Modbus address if desired,
Close VPStudio,

Open a command prompt via the start menu of your pc,
Start: execute program >> type cmd and press enter,

Go to the directory where you have placed modpoll.exe.

ouhrwnNE

Basic command syntax:
modpoll -a [address] -r [register number] -t [data type] -b [baudrate] -p [parity] [COM Port]
type modpoll —h for help.
Examples:
The following examples can be tried out to test the Modbus communication.
read flow value
modpoll -a 9 -r 19 -t 4 -b 38400 -p none COM3
>>Answer (example): 1167
Divide by 100: Flow = 11.67 cfm
read pressure value
modpoll -a 9 -r 33 -t 4 -b 38400 -p none COM3
>>Answer (example): 733
Divide by 100: Pressure = 7.33 bar
read temperature value

modpoll -a 9 -r 65 -t 4 -b 38400 -p none COM3

read totalizer
modpoll -a 9 -r 129 -t 4 -b 38400 -p none COM3
Set multiplier to 100 for these examples:

Floating point example:
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Read flow in mn/sec, from floating point register:
modpoll -m rtu -a9 -r26 -t 4:float -b38400 -p none COM9

Answer: 76.811389

6.2.4. Advanced use: Do it yourself one on one conn  ection

For a one-to-one connection with a PLC or a different type of RS485 converter, please see the wiring
scheme below. When short wiring is used, a termination resistor is not needed. For longer wires
(>10m), please read RS485 related literature, which is referred to in chapter 5.2.5. The ground
(common) should be connected to the readout device, so you will need three wires to establish the
connection.

There is some confusion about “A” and “B” in the RS485 standard. If you experience communication
problems, you should swap the A and B wire to see if this is the cause.

Shielded cable

78—8 7

M12 connector
%
.

lout
e =
%

Shielded cable, preferable twisted pair

RS485 B
% 7

GND
‘ # RS485 A
Place close to last
device in RS485 bus

7— Z

Split cable in shielded
junction box.

120 Ohm

RS485 B
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6.2.5. Advanced use: RS485 Networks

For longer distances and network connections, in- depth knowledge about RS485/RS422
networks is needed. Please familiarize yourself with the RS485 standard.

Useful literature links:

www.modbus.org for information about networking multiple sensors on a bus.
www.bb-elec.com, a manufacturer or RS485 converters which provides extensive user manuals and
application notes about RS485 networks.

After you have studied the Modbus and the RS485 standard, you can start making your first network.
See an example network with three VPFlowScopes and one master below. You see pull down, pull up
and termination resistors. These resistors need to be calculated. Refer to the RS485 related literature

for details.

Master

5V

Ij Pull up

L . + A
Ine m Balanced pair E B

termination
’ * * Pull down
common

1 2 3 VPFlowScope
(slaves)
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7. Service

The VPFlowScope needs regular maintenance to ensure that the product is functioning properly.
Especially when the product is used for mobile air audits, we recommend inspecting the instrument
before and after every audit to ensure that the product has not been damaged.

For precision measurement equipment such as the VPFlowScope, a proper maintenance program is
key to reliable measurement results and a long product lifetime.

7.1 Cleaning the sensor

The sensor can be gently cleaned using cleaning alcohol or an ultrasonic cleaning bath. Make sure
that no alcohol remains in the pressure sensor hole! Damaged sensor-modules need to be returned
for re-calibration or exchange.

7.2 Software and firmware updates

News on software and firmware updates can be found on www.vpinstruments.com, or is provided by
your local re-seller. The VPFlowScope sensor can be updated via the RS485 port. For updating the
firmware of the display, a special RS232 cable is needed. Instructions on the update procedure can be
found in a separate instruction leaflet, which is distributed together with the upgrade kit. Upgrading is
only possible for authorized people, at own risk.

7.3 Recalibration

To keep your VPFlowScope in best shape, it needs recalibration. The recommended recalibration date
can be found in VPStudio, when you read out your VPFlowScope. Keep close eye on this date. We
advice annual recalibration.

7.4 Service Subscriptions

VPInstruments offers several Service Subscriptions. Enrolling in the Service Subscription Program
helps you get the most out of your measurement equipment. We keep your equipment in excellent
shape, as we offer an annual re-calibration on our state of the art calibration equipment. With the
latest software releases and expert technical support, you will save time and money. We offer the
following programs:

- Standard Service Subscription; annual re-calibration of your flow meter and up to 5 years
warranty extension.

- Full Service Subscription; annual exchange of your
flow meter. No service time! Have a fully calibrated
flow meter 24/7, 365 days a week!

Improved software performance, innovative new product
features, and technical support helps keep you focused on
what matters most for your company.

Benefits

- Annual calibrated and cleaned instruments

- Warranty extension

- Software- and firmware updates

- Live support and e-mail support by our skilled technicians

Consult your sales agent for information about our service
program.
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8. Specifications

Specifications are subject to change as we are continuously improving our products. Please
contact us to obtain the latest specification sheet.

Please always check the label of your product fort  he specifications

Flow sensor
Flow ranges:

Accuracy:
Reference conditions:
Gases :

Gas temperature:

Pressure sensor
Range:
Accuracy:

Temperature sensor
Range:

Accuracy:

Data outputs
Digital:
Analog:

Display / data logger
Technology:

Back light:

Data logger:

Mechanical

Probe length:

Probe diameter:
Process connection:
Pressure rating:
Protection grade

VPFlowScope® User Manual

0 (0.5)... 150 m/sec. See ID-label on your VPFlowScope

0 (1.7)...500 spfs

2% of reading under calibration conditions

Recommended pipe diameter: 40mm (1.5 inch) and up (see app. A)
0<%, 1013.25 mbar - DIN1343

32F, 14.65 psi

Compressed air, nitrogen, inert gasses, 95% non condensing gases
0....60C (extended 0..100C) See ID label

32..140F (extended 32..212F)

0...16 bar gage (0...232 psi gage)
+/- 1.5% FSS (0...60C/ 32..140F)
Temperature compensated

0....60C (32...140F)
Extended possibility: 0..100C (32..212F)
+/- 1°(from 10 m ,/sec and up)

(At zero flow conditions, temperature reading increases due to self-

heating by the flow sensor)

RS485, MODBUS RTU protocol

4..20 mA output, selectable via software to indicate flow, pressure or

temperature

Liquid Crystal (LCD)
Blue, with auto power save
500,000 points

400 mm (15 inch); other lengths on request
12,7 mm (0.5 inch)

Compression fitting, 0,5 inch

PN20

IP52 when mated to display module

Rev 22 February 2011




Electrical (See appendix B)
Connection type:

Power supply:

UL/ CUL:

CE:

Environment
Environmental conditions:
Storage temperature:
Storage humidity:

VPFlowScope® User Manual

M12, 5 pole

12...24 VDC +/- 10% Class 2 (UL)
14 AZ, Industrial Control Equipment
EN 61326-1, EN 50082-1

Ambient
0....60T (32...140F)

10 - 95%. Avoid condensation at all times.
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Appendix A: Installation overview

WDaJ)sUMO] q * G<

Aﬂ

wpansdn q x 0Z < :2|9p} 295

4

[PNUDW U] 8|qD} 958 \\
Dww Qg > budid u

/

e|pplW U] woejjoq Josueg

TT—wiw G| 40 | adid ul
JsjeWDIp 8|0H

TT—— (MOT13OYMS) 40p08UUCD G0

‘Yy1Bus| wpassumop pup —dn Joy o|gpy Buidid o3 43y (9

‘umop spisdn A|313/dwoed sqoud junow Jsasp (g

Ww gg > Jsiswplp adid Ul yidsp uCIlUSSUl JO) [DNUDW 498N Ho3yD (§
W GO —/+ O * SO 81 YIdep uoiussuy] Sy} 104} S4ns ooy (¢

195208 popem Jo JusWUb)DSIW

4oy sypsuadwos o} ybnous ebup| yng ‘s|qissod so |pws sD ajoy dasy (g
plgissod so ybipays 50 juiod uouesul eyy desy (|

LOID||D1SU|

sidwpxe un so umoys s| edid pasbupyy sy (¢

sJous yoyud pup mpA Jo uoipup|dxe o) UOIIDIUSLUNDOD |D2IUYSSY 285 (T
UoIR (RISl [pwide Jo) saulepnb sup seoupisiel (|

[SXENED)

1S010N

<<< MOT4

Rev 22 February 2011

VPFlowScope® User Manual



Appendix B: Electrical installation

The VPFlowScope complies with the CE requirements as stated in the CE declaration. CE compliance
can only be achieved when grounding and shielding directions are followed and proper cables and
connector assemblies are used.

Electrical connection guidelines- UL 508 Listing fo r USA & Canada

The VPFlowScope is intended to be used with a Class 2 power source or Class
2 transformer in accordance with UL1310 or UL1585. As an alternative a LVLC c @ us
(Low Voltage Limited Current) power source, with the following properties can
be used: LISTED
14AZ
IND. CONT. EQ.

The device shall be used with a suitable isolating source such that the
maximum open circuit voltage potential available? to the product is not
more than 24 V DC and the current is limited to a value not exceeding 8
amperes measured after 1 minute of operation;
A fuse in accordance with the UL248 series and rated max 4A, shall be installed in the 24V DC
power supply to the device? In order to limit the available current.
Electrical connection guidelines: general remarks

Make sure that the following conditions are met:

For portable, non-critical applications, a switched mode 12 V DC, 1A power adapter may be used.
Switched mode power supplies that are of poor quality, might affect the accuracy.
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Appendix C: Mass flow and volume flow

Definition of mass flow

Mass flow rate is the mass of substance which passes through a given surface per unit time. Its unit is
mass divided by time. This means: kilogram per second in Sl units, and slug per second or pound per
second in US customary units.

Mass flow rate can be calculated from the density of the substance, the cross sectional area through
which the substance is flowing, and its velocity relative to the area of interest:

m = prv*A where: 77 = mass flow rate
p = density
v = velocity

A = flow area

Definition of a Normal cubic meter (m 3n)

A normal cubic meter is used to relate mass flow to a volumetric unit. A normal cubic meter is the
volume of 1 m® of air at temperature of 0C and pressure of 1013 ,25 mbar abs. The mass of 1 m?, of
air is 1293 gram.

The normal cubic meter is officially indicated with a subscript “n” behind the volumetric unit. The
indication Nm is not correct.

Other common normal conditions:
« 20°C reference (FAD): See ISO 1217
o 15° reference: See DIN 1533

VPFlowScope and mass flow

The VPFlowScope insertion probe is calibrated in normal meters per second (m ./sec). A normal
meter per second is a meter per second under the same reference conditions as a normal cubic
meter. This enables you to use the VPFlowScope in various pipe diameters. The VPFlowScope only
needs to know the inner tube diameter to calculate the mass flow rate.

Working principle of the VP FlowScope

The  VPFlowScope's thermal sensor Working principle
measures mass flow. The sensor response

flow
signal is directly related to the mass flow rate
and can be described by the following — .
formula: — Heat emission
Vout =k *A* p *v* (Ts-TQ) : g ggg
| 7 ] sensor

Vout = output voltage

k = sensor (geometrical) constant

A = thermal conductivity of the gas Tsensor
p = density of the gas

v = actual velocity in m / sec

Ts = sensor temperature Tref Heating
Tg = gas temperature

VPFlowScope® User Manual Rev 22 February 2011



Pipe diameter vs. flow range

Insertion mass flow meters can be used in various pipe sizes. This is a great advantage, as you can
use one probe for many applications and installation is very easy. The VPFlowScope can be used
from 1 inch and up.

Insertion flow meters are very flexible to use and require little installation labour. However, they are
spot measurement devices and results are dependent of the actual flow profile and the blockage
effect. The probe blocks a part of the tube area, which increases the local velocity around the probe.
This is why insertion probes need a correction factor. We call this the Block factor. This correction
factor is based upon complex physical behaviour which is not easy to calculate. This is why we have
performed numerous tests to provide the best possible correction factors.

The VPFlowScope is pre-programmed with these correction factors and can be used down to 1 inch
pipe sizes. The VPFlowScope automatically chooses the right correction factor for each diameter. You
only have to program the tube diameter.

The blockage effect will influence the maximum possible measurement range of your VPFlowScope.
For your convenience, we have created a table for most common diameters, in which you can see the
maximum range of the VPFlowScope. In the table we also stated the expected measurement
uncertainty. This uncertainty applies for the ideal installation conditions. Note that in small tubes, the
probe installation becomes more critical and therefore, the measurement uncertainty is higher. In very
large tubes, the flow profile is less predictable and it also depends on the tube roughness. In these
cases, the measurement uncertainty is also higher than under calibration conditions.

Diameter Insertion | Flow range in m°./hr, | Flow range in scfm, Field
depth rounded down to rounded down to measurement
5 m3/hr 5 scfm uncertainty

mm inch mm Min flow Max flow | Min flow Max flow

25 1" 20 1 265 0.5 160 10%

40 15" 35 2 680 1 365 5%

55 2" 50 4 1,247 2 640 5%

80 3" 40 5 2,705 3 1,445 2%

100 4" 50 10 4,235 6 2,575 2%

160 6" 80 35 10,855 20 5,795 5%

200 8" 100 55 16,955 30 10,305 5%

250 10” 125 85 26,500 50 16,100 5%
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Appendix D: Basic graphs in Excel

Open your file with Excel.

3 Microsoft Excol - yoorbeeld excel file
3] Betard Bamwerlan Besd Inwoegen Opmask Edra Data Yeester Hep

) Tk B A0 B8 E A6 s e s B ZY
A5 DaTmariow (rsec)Fressus o)

I N O ] 2 e e
[Diate TimelFlow (m/sec),Pressure (bar) Temperature (deqC) Totalizer (mi3n)

S5 10,
i Dies 0k, B3 Microsoft Excel - voorbeeld excel file

= i:‘?éﬁ%ﬁﬁ?@? i) Bostond Bewerken Beckl Iwomeen Opmesk Extrd Data emter bel
sl HIMN=7" S TR e Nkt W R EH:- DA AR BRI H R 28
7 74 Cd - 7]

7 04 A | B

(54852, Date;Time; Flow (m/sec), Pressure (bar). Temperature (deaC); Totahzer (m3n)
2007-07- 23; 1301 46;38.6314;5 70385,45 5536854852,
2007-07-23;13.01:47; 38.3287 ;5 70385
i 2UD7-D7-23;'\3 a1 45;35 24126 7|:|>‘137]
2007-07-23;13.01:60,38.6686;5. 70463;45 5213;054852,
2007-07-23;13:01.51,38.5686;5 70463,45.5219,
2007-07-23,13.01.53,38 542,5 70477 45 5183,
2007-07-23;13:01: 54 38 3601 i3 7|l‘159 45 5168 .854852,
2007-07-23;13.01,55,37.6262.5. 71154, 45.4928,854852,
2007-07-23,13:01:56,37.8282;5,7054,45.4928,854852,
2DD7 07- 23; 13 01: 67,37 807 4,5 7D559 45 4945 554552;
2007-07-23.13:01 68, 30.0035:5.70589;45.4903,554852;
2007-07-23,13.01:55,38.37 28,5 70602, 45 4301854852,
2007-07-23;13.02 00, 35.0702:5, 7052, 45, 484: 554852,
2007-07-23,13:02:01,38.0702;5 7062, 45 454;854852,
2007-07-23;13:02:02,37 3475 70655, 45.4053,854852,
17 |2007-07-23,13:02:03,37 4615;5 7064 1,45.4921,854852,
18| 2007-07- 23; 1302 04,37 8771 iy 7['525 456 45924,854852;
| 19 12007 07-23;13 UZ 05,37.7409,5.70645,45.4991,654852;
| 20 |2007-07-23,13:02:06,37.7325,5. 70649, 45 4758,854852;
| 21 |2007-07-23;13 007,37 BE0B;5 7070646 4897,664852,
S \voorbeed el the / | 22 |2007-07-23;13:02:08;37.5025,5.70729,45 400;054052,

57,9475

7715,

37 59255

g
ml“\m\mlblwi%*

@

e

=

G

1 | 4 ) 2 o e e e e 5 o )t e e e et ot e

IR sl (2
i) @

€ - aa " [ omamt. - @i, || ombedi. || |

To convert the data to different columns,

select the first column, as seen above and va [ paa | verster  Help

select in the menu bar ‘Data’ ‘Text to ETEREr e e TR e 1L e

, - & Date; Time;Flow (m/sec),Pres Filker lizer (m3n)
columns’. B | €& ] 0 [ E Valideren. . [ 3
| [rrifsecy, Prassure (bar)Temperature (d
23:13:01:46,38 B314:5 70385; 45.5535;854852]'
'_ 13 0i- 47,38 3257 T 7IZI385 Samenvasgen. ..
'_ 1301 tIE 35 2318 5 7D113?

113:01:50, 30,5608 16.70463;45.5219,854852
% 13:01:51,38 5686,5.70463;46.6219; List 4
4131 0 3 38 542 5. 7D477 45, 5183 ROEPENS VEITIBLWET)

+13:01:54,38 380'\ 5,70489; 45, 5185 1854852, - v
13:01:55, 3 H282,5 7054,45, 4328 854852, —

1901 56 97 BOA0 & N84 45 4008 BEgaED

Tekst naar kolommen. \

A wizard appears, select ‘Separated’ and
click ‘Next'. Subsequently select
‘Semicolon’ and click ‘Finish’ (see picture
below). Now the data is divided over
columns.

Externe gegevens importeren ¥

Wizard Tekst naar kolommen - Stap 2 van 3

In dit venster kunt u opgeven welke scheidingstekens voorkomen in uw tekst In het voorbesld kunt u
zien welke invioed uw instelingen hebben op de bekst,

T ——
Stheiingstekaris 7] pubbele scheidingstekens als Sén beschauwen
[ Tab [kormma : =
1 e Y ]
[ spatie DOY'_?LQE: ‘_| Tekstindicator s l—v_,
Yoorbeeld van gegevens
Late Time Flow (mfsec) Pressure i(bar) [Temperature (degl) T ~
E007-07-22 [L3:01:45 38,6314 [5.7032E5 ME_EE3E =
EO07-07-2Z3 [L3:01:47 [38. 3287 (5. 70328
FO07-07-23 [L3:01-48 [38.2319 (5.70437
EO07-07-22 L3:01:50 22 L&26 (5.70463 M5 5219 B
£ | L

Annuleren ][ < Yorige H!dolgende = “ Yolkooien J

Select in the menu bar ‘Add’ ‘Graphic’.

E3 Microsoft Excel - voorbeeld excel file

il Bewerken  Besld | Invosgen | Opmask Extra Data Yemster  Help
s oz o plo-c-|We -2 A 0w L
H7 - f | Kelommen
A | B | I ek, | E [ F [ & [ H [ 1
1 |Date  (Tima Floy o7 - . |emperatu Totalizer (m3n)
2| 7232007 130146 3 Y Finctes. 455536 954852
3| 7232007 130147 3 Afbeelding  »
4| 7/232007 130148 3 g
5| 7/29/2007 13:01:60 s SrowEa 455219 BS4852
B | 7/23/2007| 13:01:51 305686 570463 455219
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The wizard for making a graphic appears. First select the type of graphic you'd like. | am choosing a
smooth line graphic:

Wizard Grafieken - Stap 1 van 4 - Grafiektype

Standaardtypen | Aangspaste kypen

Subtype:

|| Spreiding
| 1ok

e ] Ring
| sy Radar
'@ Opperylak

|2 &l

faestapelds lijn, Gesft de trend weer van de ‘

bijdrage van elke waarde over tijd of
categarieén,
|

‘ Ingedrukt hiouden om voorbeeld te bekijken |

[ Annuer=n | Iy | volgende > | [ ¥oltanien |

Invomgen Cpmask Byt Data  Yenster Hep

[y ” R el SN T N I i 1 N A e N 0 o - T
Click “next”. Now select the — B
H B | B e T p [ E [ F [ & @l 1 [ 4 [ K [ L [ ™ [ B [ ©
data- you Want to See In the | 1 |Date Tirmeg Flow (misefPressure [ Temperatu Totalizet (m3n)
. | 2| 7232007 1301468 3BE313Y 570385 455536 854852

graph. 37| 730007 130144 3832874 570385
|4 | 72372007 130149 3823198 670437
|5 | 77230007 130150 S85666Y 570461 455019 asden2
| 6 | 7232007 13015 3956864 S704B3 455219
| 7| 73007 130153 306424 ST04F 455103 —_— =
6| 7232007 130154 036018 570489 455165 AREMCEIRIEE] [l
9| 7eam007| 1301sg 7aEly 57054 454903 —
(10| 7/232007| 1301568 3782324 57054 454928 i
17| 723/2007] 13015k 379074Y 670589 45.4546
(12| 7/23/2007) 1301580 380035§ 670589 454903 o
13| 72372007 1301598 3837204 570602 454801 e ] -
14| 7232007 130200 3007024 57062 45404 "l : N i
18| 7eazonr| 1x02of seo07o2d STO0G2 45404 o 5 N u
16| 7232007 130208 379474 570855 454063 e S
(17| 7230007 130204 3746154 570541 454971 o
18| 7232007 130204 378771y 670628 454024 =
19| 7007 1SUIUR ST ) 6706 d5.aced Tee A # AL A R L2
20| 77292007 130204 377325 570643 454768

21| 7232007 1302078 37.8608Y 570705 45.4897
22| 7m3m007) 130208 37.525] 570729 45498

23| Gegeversberehk: |Svoorbeeld swcel flli§C42:60822]
%’g‘ Resksin: ) Rifen

55| & Kolommern

|27 |

|25 |

29

30 |

31

EE] Annuleren | [ <vorige [ Wolgende > | [ Vakooien
34

|35 |

3

Go to the second tab to give the graph a name or to add more graphs in the same graphic. Click
‘Next’. Move through the different tabs to e.g. name the total graphic and the axes. You can also
change the axes, legend, etc. They can be useful to make the graphic clearer and better readable.
Click “next”

TR32007 130205 377489 570645 454391  B54852
723/2007 130208 377325 570649 454758 RS54852
7i23/2007 130207 378608 570706 454897 854852
TrA007 130200 I7.65025| LH70729 45468 854852

Choose where you want
to place your graphic, in
the current tab or in a SR

new tab and click Disneniag it

complete”. |5 ; B ©momn
(i

Wizard Grafieken - Stap 4 van 4 - Locatie grafiek

BislnnRink B

The graphic appears.

EEEERE
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rosoft Excel - voorbeeld excel file
i) Bestond Sewerien feed Iwosoen Opmask Extra Gofiek Verster el
A= EETIETE A N SR A S N IR N - ] ' GBS
I - e

A | B o [ e [ ¢ [ & [ & [ 7+ T 7 T R [ C T W [ W T o[ T & [ R [ 8 Txg
1 |ate Time st Pres sure { Temperatu Totalizer (m3n) S
7030007 13:01:45] 306314] 670385 45863 B54852

703007 13:01.47) 36.3267| 67038

703007 13.01:48) 30.2319| 570437

7032007 13.01:50| 30.5686| 570463 455210 954852

7030007 13:0151| 30.5606| 570453 455219

703007 130153|  3a642| S70477 455183

73007 1301:54| 3.3601| 570489 455165 BS4ES2

7RI 130155| 78202 57054 45498 054052

7030007 13:0166| 378282 67054 454908 854852

7030007 1301:57| 379074| 570580 46.4945 854552

7032007 13:01:58| 300035 570589 454903 £54852

7232007 13.01:89| 30,3728 570602 454 x
7030007 130200 W|OF0Y| 57082 45 - "
73007 130201 o7 s7062 4 oW meastreman

70232007 13:0202| 37.947| 570855 454
772372007 130203 37.4615| 570641 454 B/a
70232007 13:0208| 378771| 570628 454

7030007 130205| 37.7489| 570645  45.4) 366 1

703007 13:0208| 37.7325| 570649 45.4] a1 /

72232007 13.0207| 37.0608| 570706 454 \\/ \ A
70232007 130208 37.5808] 570729 45 ;2

% \
LS s

78 V

a4

L]

k14

E

1234567 8 910111213 Tekngebed} 18 19 20 21
Time

= v
i+ 4 » »iN\voorheeld excel file / |< i | >

You can adjust the lay out of the graphic, like colour or size, by clicking on the different features. To
change the range of the axes, place your mouse on an axis and click right mouse button.

You can use the graphics in your reports.
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Appendix E: Extra tips for electrical connection an

This appendix describes extra option for the output of the VPFlowMate.

Isolate the current output

oV

RS485 B

4..20mA Setting possibilities
Default setting: Flow from 0..100%

20mA __|

4mA 4

4..20 mA
—

Isolator

0%
Switch configuration:

20mA  _ Wi

100%

0

4mA

0% 100%

VPFlowScope® User Manual
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+12..24 Volt

4-20 to remote input
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Showing flow direction in 4..20mA options

Fully bi-directional
4 mA =-100 % = -150 m/sec
20 mA = +100% = 150 m/sec

i 20m | 0

!

- 100% 0% 100%

Semi bi-directional
4 mA = -1 m/sec (just to see backflow)
20 mA = 150 m/sec
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Appendix F: Display connector M12

View on the display module connector (M12 female)

Pin description
1=+12..24V DC

2 =- (0 Volt)

3 =1out (4..20 mA active)
4 =RS485 A
5=RS485B

Cable

M12 cable with 5 wires
(see chapter 5 for wiring of
the cable)
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