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CAUTION!

There are a number of aspects to the installation that can impact the accuracy
& and consistency of the flow measurement. Following this document carefully

can help to ensure you have the best outcome.

Summary

The IMAC PIM-DP is an intrinsically safe (Ex ia | Ma) pressure input module for the IMAC system. The value
of the pressure input is quantised and transmitted to the iIMAC Controller via the iMAC intrinsically safe
fieldbus allowing remote monitoring and control. The iIMAC PIM-DP module is powered directly from the
iIMAC fieldbus allowing large distributed systems to be quickly deployed without the need for additional
remote power supplies.

This application note provides examples and guidance for the calculation of flow from a differential pressure
measurement using a venturi apparatus and should be read in conjunction with IMACB226 PIM-DP
Technical Datasheet.

This application note should be used as a guide. Depending on the application, alternate equations may be
more suitable, and the constants and variables need to be optimised for each application.

Sources of Errors

The following is a list of variables that can impact the accuracy of measurement of differential pressure and
calculation of flow rate:

Non-laminar flow (turbulence) through the venturi due to the presence of elbows, joints or other
devices upstream or downstream of the venturi. A low velocity of the medium can also cause non-
laminar flow

Blockages or leaks in the connecting pipes/tubes from the measuring apparatus to the PIM-DP

Variances in the fluid density. This could be due to changes in the composition of the medium,
changes in temperature and static pressure

Connecting the positive and negative ports of the PIM-DP to the wrong upstream and downstream
pressure ports on the venturi apparatus
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Installation Notes

The PIM-DP and its Pressure Transducer interface with systems that may
contain stored energy in the form high pressure air or water or hazardous
atmospheres.

WARNING! Open the process connections only after the system has been verified
4 as isolated and depressurised

The mounting, dismounting, installation, and maintenance of the
N pressure transmitter shall be performed by suitably qualified personnel

The PIM-DP shall not be used to prove proof of isolation

Refer to the IMAC System Documentation for additional safety
information

Before installation, commissioning and operation, ensure that the appropriate pressure range has been
selected in terms of measuring range, design and specific measuring conditions:

Prior to installation, process connections must be subjected to a visual inspection. Sealing faces
shall be clean and undamaged

For sealing process connections with tapered threads, the sealing must be made in the threads
using additional sealing material, e.g., PTFE tape

Apply the correct torque depending on the dimensions of the process connection and the gasket
used (form/material). When screwing in, do not cross the threads

Repairs must only be carried out by the manufacturer

The PIM-DPs contain non-user replaceable filters to prevent foreign bodies from damaging the
transducer. If the device is subject to flooding the unit will need to be returned to Ampcontrol for
testing

Process Connections

The PIM-DP has two process connections on the bottom of the enclosure. Connect these to either a venturi
or orifice plate apparatus as follows

High Pressure Port

(Front of PIM-DP)
Low Pressure Port
(Rear of PIM-DP)

Flow #

Venturi




Important upstream and downstream arrangement

Accuracy of the pressure measurement is affected by turbulent flow. This is typically caused by bends and

changes in pipe diameter before and after a Venturi or Orifice Plate.

The table below, contains the recommended straight pipe distances before and after the measuring

apparatus, to ensure turbulent flow is reduced.

Straight Pipe Distance

Installation Condition

Upstream Downstream
210D 25D Ideal
3*D to 10*D 2*D to 5*D Reduced Accuracy
N . Not acceptable
=3D =2'D Much reduced Accuracy

Where D = internal pipe diameter

Location of PIM-DP

The PIM-DP shall be installed as close as possible to the venturi
The PIM-DP shall be located above the venturi
The pipes between the PIM-DP and the venturi shall be vertical and straight

CAUTION!

If connecting pipework is not able to drain, hydro locks could form which will
impact the differential pressure measurement.




Flow Calculation using Venturi Apparatus

There are different methods of determining the flow rate of gas through a venturi using differential pressure
measurement. The following is one method. The mass flow rate is determined first, then the volume flow rate
is derived according to ISO5167-4:2003.

Below is an example of an equation and typical variables that can be used to calculate flow from differential
pressure.

The customer shall implement and verify a suitable calculation depending on the application.

Step 1
The mass flowrate can be determined by the foIIowing formula:

Am = \/7 €~ dz\/Z Ap p

Where:
m = Mass flowrate
C = Discharge coefficient of venturi apparatus: High Pressure Tap
If cast, C=0.984 Low Pressure Tap
If machined C = 0.995 14
If welded C = 0.985 -
D = Venturi inlet diameter (m) b ._/_
A
d = Venturi throat diameter (m) ——— e
B = Venturi diameter ratio = (—D;‘Z;‘ZZT"LTZ ‘:t) = (%) _/_j_
A4
€ = Venturi expansibility factor = 1 \

Ap = Differential pressure (Pa) Inlet Throat

p, = Absolute Static pressure (Pa)
The uncertainty limits can be calculated using the procedure given in Clause 8 of ISO 5167-1:2003.

Step 2
The volumetric flowrate can then be calculated using the following formula:

dm

Qv = P
Where:
m = Mass flowrate
qy = Volumetric flowrate

p = Fluid density determined from the composition of the gas at the current temperature and
pressure (kg/md).



Maintenance

The following is recommended to be carried out periodically to ensure correct pressure measurement:

Connecting pipe work inspected for water or other obstructions and cleaned out
Connecting pipe work inspected for damage, bends or leaks
PIM-DP ports inspected for damage and obstructions

FIND OUT MORE

For more information on these product, contact Ampcontrol Customer Service on +61 1300 267 373 or
customerservice@ampcontrolgroup.com or visit the Ampcontrol website: www.ampcontrolgroup.com

Disclaimer

While every effort has been made to ensure the accuracy of this document at the date of issue, Ampcontrol assumes no liability resulting from any
omissions or errors in this document and reserves the right to revise content at any time.


mailto:customerservice@ampcontrolgroup.com
http://www.ampcontrolgroup.com/

