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Understanding Flow Disturbances for Non-Urban Water Meters 

Peter Smith, Metering Governance Officer- Metering - Irrigation Australia 

 

Introduction  

For some non-urban water meters, the National Measurement Institute (NMI) Certificates of 

Approval (commonly referred to as Pattern Approval Certificates) state that long lengths of 

upstream or downstream pipe lengths are needed to address ‘Disturbance Types 1, 2 or 3’. 

This creates a problem for the installation of some meters, for example, Sensus WP Dynamic 

and Arad WSTsb.  

However, it is important to note that Types 1, 2 and 3 are not the only disturbance conditions 

that can apply. These three types are highly disturbed – however most installations are likely 

to result in much less disturbance. Low disturbance conditions (for example, Figure 1) do not 

typically require such long lengths of pipe.  

Where Disturbances Type 1, 2 or 3 are not the situation, check the specifications or 

instructions in the following priority order: 

1. Any other conditions in the NMI Certificate of Approval (Pattern Approval Certificate) 

2. The relevant state or territory regulations 

3. Requirements of AS4747 ‘Meters for non-urban water supply’ 

4. Manufacturer’s installation specifications. 

If there are no other stipulations, the default is the AS4747 requirements of 10 x DN upstream 

and 5 x DN downstream. 

 

Figure 1: Typical low-disturbance installation 

 

Adapted from AS4747 Section 5, Appendix A, Figure A1 Typical Flow 

Meter (no disturbance) 

 

Measuring the effect of disturbances 

As part of the pattern approval process, Australia’s NMI requires all water meters to be tested 

to determine the effect of flow profile disturbances on metering performance.
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Certificates of Approval issued by NMI for non-urban water meters, specify installation 

conditions required to minimise the effects of these flow profile disturbances. These installation 

conditions are obtained by rigorous testing of a meter under a set of internationally agreed 

standardised disturbances. While these do not cover all possible flow profile disturbances, the 

conditions specified in Certificates of Approval inform installers of measures to take when 

installing specific models of meters. 

The purpose of these tests is to provide a repeatable and standardised measure of meter 

performance so reliable advice for installation can be provided – it is not to cover all examples 

of meter installations. Three of these tests are in exaggerated disturbance conditions – Type 

1, Type 2 and Type 3. 

Type 1: swirls usually found downstream of two 90° bends directly connected at right 

angles (left-handed) 

Type 2: 

 

same as Type 1 but right-handed swirls 

 

Type 3: turbulence caused by valves or other throttling devices, generally defined as 

‘asymmetric velocity profiles’. 

 

Types 1 and 2 might be similar to the effect of pumps or particular arrangements of pipework, 

and Type 3 might be similar to having substantial obstructions in the flow path.  

The Pattern Approval specifications help an installer to ascertain if an installation will achieve 

an error less than the maximum permissible error (currently ±2.5% in the laboratory, ±5% in 

the field), and inform installers of appropriate measures to take to achieve accuracy. It is 

recommended that the ‘good practice’ guidelines provided in AS4747 Section 5, Appendix B 

(reproduced at the end of this factsheet), be followed as far as possible. If disturbance of a 

particular type is suspected, the installer should advise that a meter less susceptible to the 

disturbance type be selected. 

It is important to note that different jurisdictions might apply the Pattern Approval specifications 

differently – so it is necessary to be aware of each jurisdiction’s regulations. 

What causes flow disturbances? 

AS4747 defines disturbance as “An influence quantity having a value within the limits specified 

in the NMI M 10-1 or NMI M 11-1 requirements, but outside the specified rated operating 

conditions of the meter”.1 

Improper flow meter installation or pipe configuration can create flow disturbances that affect 

the velocity profile. The result is erroneous flow measurement. 

Flow disturbance may result from a wide range of installation conditions. A small misalignment 

of pipes, a poorly installed gasket or a small intrusion inside the pipe such as a welding bead 

will create disturbance. Other features likely to result in greater disturbance are tees, elbows, 

and reducers. Figure 2 illustrates some examples.  

Obstructions such as partially closed valves, butterfly and check valves, control valves, 

screens, and probes create disturbances. For example, flow disturbance caused by a butterfly 

valve installed immediately before the water meter can multiply the error by 40 times up to 150 

 
1 AS4747 Part 1, Section 5 Test Conditions, p.9 
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times (see Figure 3). If the gate valve is located downstream of the meter body, the error effect 

is much less (Figure 4). 

The effects of flow disturbances cannot be generalised. There are many types of meters that 

serve a wide range of applications, and flow disturbances affect each type of meter differently. 

For instance, flow disturbances would typically cause an electromagnetic (mag) meter to 

under-report flows whereas for a propeller meter, the direction of swirl could create either 

under- or over-reporting. 

 

 

Figure 2: Examples of flow disturbance 
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Figure 3: Hydraulic effect of gate valves located upstream 

 

 

 

AS4747 Part 5, Appendix A, Figure A2 Flow regulation upstream of the meter 
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Figure 4: The disturbance caused by a gate valve is much less when located downstream 

 

AS4747 Part 5, Appendix A, Figure A4 Gate valves for isolation downstream 

 

Addressing flow disturbance effects 

The primary method of removing turbulence is to provide adequate lengths of straight conduit 

either side of the meter. The conventional recommendation that has stood for many years is 

to have an upstream length of straight pipe 10 times the internal diameter of the pipe to restore 

established flow. However, this may be much too short – current testing indicates it could be 

up to 100 times the internal diameter of the pipe in some cases. 

The key message is to have as long a length of straight pipe as practicable before a metering 

unit, and a substantial length after the metering unit. Flow straighteners installed upstream of 

the meter are other options to be considered. 

 

Care should be taken in all cases to eliminate or minimise sources of flow profile 

disturbances.  

Pumps cause major disturbances (Figure 5). In the absence of Pattern Approval 

specifications, state/territory regulations or manufacturer's recommendations, AS4747 

recommends as ‘preferred practice’ to ensure 30 x DN between pump and meter2.  

  

 
2 AS4747, Section 5, p.23, Appendix B Figure B1 
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Figure 5: Disturbance caused by pumps 

 

AS4747 Part 5, Appendix A, Figure A10 Pump style 

 

Example – Sensus WP Dynamic Certificate of Approval NMI 14/3/34 

The NMI tests show that if the Sensus WP Dynamic is installed in any of the three high 

disturbance situations, long upstream pipe lengths are needed, up to 90 x DN.  

Table 1 shows the upstream and downstream lengths of pipe required for this meter from 

size 40 mm to 100 mm for the three disturbance types. Table 2 shows the same for meter 

sizes 125 mm to 150 mm, and Table 3 for sizes 200 mm to 400 mm. 

Table 1: Minimum pipe lengths required by flow disturbance type DN40-DN100 meters 

Disturbance Type  Minimum upstream pipe length  Minimum downstream pipe length  

1  90 pipe diameters  0 pipe diameters  

2  90 pipe diameters  0 pipe diameters  

3  20 pipe diameters  0 pipe diameters  

Table 2: Minimum pipe lengths required by flow disturbance type DN125-DN150 meters 

Disturbance Type  Minimum upstream pipe length  Minimum downstream pipe length  

1  65 pipe diameters  0 pipe diameters  

2  65 pipe diameters  0 pipe diameters  

3  3 pipe diameters  0 pipe diameters  

Table 3: Minimum pipe lengths required by flow disturbance type DN200-DN400 meters 

Disturbance Type  Minimum upstream pipe length  Minimum downstream pipe length  

1  40 pipe diameters  0 pipe diameters  

2  40 pipe diameters  0 pipe diameters  

3  5 pipe diameters  0 pipe diameters  
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However, Figure 6 shows an acceptable installation according to the manufacturer based on 

an installation test undertaken by a NATA accredited meter testing facility. This represents a 

situation that is not highly turbulent or disturbed and may be common in the field. (Ideally, this 

installation should have the ꓵ shape inverted so that the meter body remains full of water with 

no entrapped air.) 

 

Figure 6: Manufacturer’s installation diagram reproduced in NMI 14/3/34 

 

 

So, for a Sensus WP Dynamic meter where the disturbance is low, the installation shown in 

Figure 6 would be appropriate. 
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AS4747 Section 5, Appendix B 

Good Practice Meter Installation 

 

This Appendix provides examples of preferred practice meter installations to minimize 

disturbances in the absence of pattern approval requirements or manufacturer's 

recommendations backed by empirical volumetric testing data. 

 

 

 

 

 

 


