




YASSER MAHMOUD 
Prof. Engineer Instrumentation, Automation & Control 

TÜV Functional Instrumented Safety Engineer 

Flow measurement Selection 



Biography - Yasser Mahmoud 

 Certified “Professional Engineer - P.Eng.” in ‘Automation and Control’ - Skill Level # 1 (ID 5131886) 
by Engineers Australia . 

 Certified “TÜV Functional Instrumented Safety Engineer – TÜVFSEng’ in Process “Safety 
Instrumented Systems - SIS’ according to “IEC-61511 & IEC-61508” by (ID TÜVFSEng - 2557/10) by 
TÜV Rheinland Germany 

 Credentialed ‘Electronics & Control Engineer’ by ‘World Educational Services – WES’ Reference # 
2969235) Canada. 

 B.Sc of Electronics & Control Engineering, Mansoura University, Egypt 1999. 
 

Twenty years of practical experience in “Instrumentation, Automation, Control and Process Functional 
Safety Engineering” in Oil & Gas Industries (Onshore, Offshore and Subsea). First eight years in leading 
EPC Egyptian Company (ENPPI) and currently honorably representing the Kuwaiti giant Oil Company 
KOC for almost 12 years till present. 



Outlines 
A. Flow measurement Selection challenges 
B. Traditional Selection Procedures 
C. Significant Selection Principles 

1. Experience Matters 
2. Complexity helps 

D. Bernoulli Theory & Volumetric Flowrate Formula 
E. Important Selection techniques 

1. Velocity Head  
2. Reynolds number (Re) 

F. Common Selection Mistakes 
G. Some Selection recommendation 
H. Sample Selection Tables 



A. Selection Challenges 
Objectives:  
In this paper, an overview is given of the Flow measurement selection and of the most widely used 
flow sensors. In addition, emphasis is given to some techniques that are extremely useful, yet not 
being employed. 
 
Selection gets more challenging with Wider Varieties of Critical Choices 
 
This is exactly the case when it comes to Flow measurement selection 

 

1. Wide Variety 
Nearly every flowmeter category can be further subdivided into a variety of distinctly different 
subcategories. For example, the positive-displacement type of flow sensors include rotary piston, 
oval gear, sliding vane, and reciprocating piston designs. If these sub variants are also counted, 
the number of flow sensors available for consideration is even higher. 



A. Selection Challenges 



A. Selection Challenges 

2. Criticality  
No industrial measurement is more important than accurate 
measurement of flow rates of gases, liquids, and solids. 
(Consequences of wrong selection vary from inaccurate 
monitoring to catastrophic money, asset and production losses 
and even fatal accidents) 

 
￭ The risk of wrong selection varies from minor inaccurate 

flow monitoring to catastrophic money, asset and 
production losses and even fatal accidents.  



Example-1 
 

It could be easily imagined if you know that inaccurate Flowmeter with 
5% FS inaccuracy in crude export of a plant of capacity 300 MBOPD 
means a daily loss of 15,000 barrel oil, i.e. 15,000 X $70 (Avg.)= 
$1,050,000 ~(1 Million USD daily). 
 
Note: Even if the selected meter is very accurate (based on 
manufacturer data), wrong selection and employment would result in 
massive reading errors 

 
 

 

A. Selection Challenges 



A. Selection Challenges 

Example-2 
 

￭ Energy Costs of Head-Type (D/P) Flow measurement: 
One can calculate the yearly operating cost of any flow measurement installation by using the following 
formula: 

 
 
Where: 
￭ C   = a correction factor for the units used (C = 1.65 if the flow is in GPM and the pressure loss is 

in feet) 
￭ $/KWH = unit cost of electricity in the area 
￭ OT   = operating time of the meter (1.0 if operated continuously) 
￭ dP   = pressure loss in velocity heads in the particular meter (units are feet or meters) 
￭ F   = flow rate (units are in GPM or m3/sec) 
￭ SpG  = specific gravity of the flowing fluid (water = 1.0) 
￭ % = Pump Efficiency (or compressor) expressed as a fraction (70% = 0.7) 



A. Selection Challenges 

￭ Orifice sized for 100-in (3.6 psi, 250 mbar) H2O Pressure Drop, 16-in, schedule 40 steel pipe, flow of 
5000 GPM of Water flow, continuously operating meter (OT = 1.0), the cost of electricity is $0.1/kWh 
and pump efficiency is 60% (% = 0.6). 

￭ $/yr = 1.65(0.1) (1.0) (8.333) (5000) (1.0)/0.6 = $11,457 per year 
￭ If the cost of electricity is $0.1/kWh and the pumping efficiency is 60%, the operating cost of any 

continuous pressure drop in any water pumping system can be calculated as  $/yr = 0.635 (GPM) 
(PSID) 
 

Therefore, when selecting a flowmeter, we should consider not only the purchase and 
installation costs but also the operating cost during the life of the flowmeter.  
A major component of Head-type flowmeters operating cost is the pumping (or 
compressor) energy costs. 
 
 



B. Traditional Selection Procedures 

Traditionally, shall comprise three main steps: 
  

￭ Step-1:  Suitability: 
 

1. Technically Capable & Available – (Application Based) 
• Instrumentation signaling and functional requirements 
• Process, Mechanical, Electrical conditional requirements  
All normally gathered in a datasheet 
 

2. Selection tables Samples  
 
By this process, we are likely to eliminate from consideration about half of the flow sensors listed 

in the table. 



H. Samples of 'Selection 
Tables‘ 













Bibliography  

Instrument Engineers' Handbook, 4th Edition, “Process Measurement and 
Analysis” by ‘Bѐla G. Liptak’ 



B. Traditional Selection Procedures 
￭ Step-2:  Performance, Installation, Operation & Maintenance 

1. Performance e.g. maximum tolerable error (% of Actual Reading (AR), Full Scale (FS) or 
SPAN), Repeatability, sensitivity & response time. %Error = Fn (Rangeability) 

2. Metering range = Fn (Tolerable Error & Rangeability)  
Rangeability: the ratio of maximum and minimum flow limits within which the specified error 

limit must not be exceeded). 
3. Operation: Meter functionality as Monitoring, Process Control or Safety Instrumented 

Systems (SIS’s) 
4. Other parameters like the Cost (Capital, Installation, Maintenance and Operation), Delivery, 

installation, operation, or maintenance. 
5. Final selection choosing least expensive sensor that possesses all required features 

and characteristics. 
 

End of step-2 should narrow the choice few (two to three) designs. 



B. Traditional Selection Procedures 
￭ Step-3: (Optional) Special Requirements e.g.  

 
Reverse Flow, Bidirectional, Pulsating flow, Slurries, Viscous, Corrosive, abrasive, 
Cryogenic, High temperature, etc. 
Each of these special conditions requires special selection consideration for the suitable 
meter design 

 
Is that enough?? 

NO 



C. Significant Selection Principles  
1. Experience Matters: 
￭ Although, these selection steps would help eliminating the technically unsuitable 

meters, it is not necessary that they would lead to the selection of the perfectly 
suited meter for a given application.  

 For example,  
￭ Electromagnetic flowmeters are available for operating at pressures as high as 

1500 Psig (10.3 × 106 N/m2). They are also available for flow rates as high as 
500,000 GPM (31.5m3/sec). However, Electromagnetic flowmeters are not 
available to detect a flow rate of 500,000 GPM at 1500 PSIG. 



2. Complexity helps: 
￭ Number of Choices is inversely proportional with Complexity 

The more the complexity of application the easier the selection process. 

Number of Choices α (1/Complexity) 

For example,  

- Complex Application: a highly corrosive, nonconductive sludge. Selection is a single sensors 
design (Cross-correlation type). 

- In contrast, a straightforward clean-water application, most of the flow detectors could be 
suitable. (focus on reasons then) 

C. Significant Selection Principles  



Applying Bernoulli 
 

D. Volumetric Flowrate Formula  

DERIVES 

Simplified Volumetric Flow 
rate Equation for Head Type 

Flow meters  



Two key selection factors for (Head-Type) Flowmeters that are so important 
yet not being following  

 
 
 
 

 
 

 
 

E. Important Selection Techniques 

Reynolds Number (Re) Velocity Head 



1- Velocity Head:  
Permanent pressure loss through a flowmeter is usually expressed in velocity heads:  

(v2/2g), Where, v is the flowing velocity and g is the gravitational acceleration (9.819 
m/sec2 or 32.215 ft/sec2 at 60° latitude). 

Examples 
• Therefore, the velocity head at, say, a flowing velocity of 10 ft/sec is calculated (in the 

English units) as 102/64.4 = 1.55 ft of the flowing fluid. 
• If the flowing velocity is 3 m/sec, the velocity head is calculated (in the metric units) as 

32/19.64 = 0.46 m of the flowing fluid. 
*The velocity head is converted into pressure drop by multiplying it with the specific gravity 
of the flowing fluid. 

E. Important Selection Techniques 



1- Velocity Head (Cont’d) 
Velocity Head Requirements of the Different Flowmeter Designs 

Flowmeter Type Permanent Pressure Loss 
(in Velocity Heads) 

Orifice plates Over 4 

Vortex shedding Approximately 2 

Positive displacement 1 to 1.5 

Turbine flowmeter 0.5 to 1.5 

Flow tubes Under 0.5 

As shown in above table, the different flowmeter designs require different 
pressure drops for their operation. 

E. Important Selection Techniques 



2- Reynolds number (Re) 
In order to understand the influence of Reynolds number (Re) on Head-Type flow 
measurement selection, let's first brief about their principal of operation. 
• The detection of pressure drop across a restriction is undoubtedly the most widely used 

method of industrial flow measurement. 
• The pressure decrease that results from a flowing stream passing through a restriction is 

proportional to the flow rate and to fluid density. Therefore, if the density is constant (or if 
it is measured and we correct for its variations), the pressure drop can be interpreted into a 
reading of flow. 

 

E. Important Selection Techniques 



Reynolds number (Re) 
Volumetric Flow Rate Formula: 
 

• Theoretically: If the Reynolds number (Re) and flow rate are both constant, the output 
signal of a head-type flowmeter will also be constant. if Re changes, the meter reading 
also changes due to Flow-Coefficient variation, even at constant flow. 
 

• Practically: In some Head-Type Flow meters, the K (Discharge Coefficient) is not 
constant as expected and varies with the change in Re. 

 
The hidden trick is that changes of (Re) lead to changes in Meter’s Discharge Coefficient 
that in turn changes the meter reading, even at constant flow 

E. Important Selection Techniques 



E. Important Selection Techniques 
Reynolds number (Re) 

Recommendations 
 

1. Calculate the Reynolds numbers at 
both maximum and minimum flows 
and check whether the corresponding 
change in flow coefficients is within 
the  acceptable error. 

2. If Re associated % error in K is intolerable, Either: 
 Use different type of sensor 
 such as the quadrant-edged orifice for low-Reynolds-number applications 
or  
 Use Different flowmeter Design that is insensitive to Reynolds variations, such as the magnetic meter.) 



Discharge coefficients as a function of sensor type and Reynolds number 
(Courtesy of The Foxboro Co.) 

Pressure difference producing flowmeter designs, 

E. Important Selection Techniques 
Reynolds Number (Re) 



As shown, the orifice plate discharge coefficient is constant within +/- 0.5% over a Reynolds 
number range of 2x104 to 106. The discharge coefficient being constant guarantees that no 
measurement errors will be caused by Reynolds number variations within this range. On the 
other hand, if, at minimum flow, the Reynolds number would drop below 20,000, that would 
cause a substantial increase in the discharge coefficient of the meter and a corresponding 
error in the measurement. Therefore, it is advisable to limit the use of orifice plates to 
applications where the Reynolds number stays above 20,000 throughout the flow range. 

E. Important Selection Techniques 
Reynolds Number (Re) 



Conical entrance orifice plate. Quadrant edge orifice plate. 

E. Important Selection Techniques 
Reynolds Number (Re) 



E. Important Selection Techniques 
Reynolds Number (Re) 



• Quadrant Edge and Conical Entrance orifice plates is limited to lower pipe (Re) where flow coefficients 
for sharp-edged orifice plates are highly variable in the range of 500 to 10,000  

• Flow Coefficient stability of ‘Quadrant Edge’ and ‘Conical Entrance’ is 10 times better than ‘square-edge’. 
Minimum Allowable (Re) is a function of β ratio (allowable β ratio ranges are also limited.) (See above 
table). Maximum Allowable (Re) ranges from 500,000 × (β – 0.1) for Quadrant Edge to 200,000 × (β) for 
Conical.  

E. Important Selection Techniques 
Reynolds Number (Re) 



E. Important Selection Techniques 
Reynolds Number (Re) 



1. Following Clichés like Orifice with facility, turbine for metering, etc. without study. 
2. Using Orifice Type Flowmeters below Re 104 - leads to inaccurate reading. 
3. Using Multi-Phase Flow Meters (MPFM) for metering (Not suitable due to high uncertainty) 
4. Using flow meters (Other than MPFM) for measuring multi-phase flows. (Inaccurate) 
5. Using Doppler type Ultrasonic flow meters in clean (gas or liquid) services. (Inaccurate) 
6. Using Transit-Time Ultrasonic type flow meters in dirty (gas or liquid) services. (Inaccurate) 
7. Magnetic Flow meters in non-conductive fluids (e.g. Gas, etc.). (No reading) 
8. Using Vortex Flowmeters in velocities less than 1 ft/s (liquids) or less than 20 ft/s (Gas or steam). (No reading) 
9. If vortex meters are used below (Minimum Reynolds Numbers of 8000 to 10,000), meters do not function at all; 

Best performance Re > 20,000 in sizes under 4 in. (100 mm) and Re > 40,000 in sizes above 4 in. 
10.Orifice Type Flow meters Installation cost is relatively independent of pipe diameter (unaffected by pipe size), 

Consequently, the orifice-type installations are relatively expensive in smaller pipe sizes and rather economical in 
pipe sizes over 6 in. (150 mm). 

11.Square-law relationship of Head-type severely limits Rangeability (typically 3:1, Max. 4:1). Flowrates of wider 
Rangeability should be avoided. ….etc. 
 
 
 

 

F. Common Selection Mistakes & Recommendations 



1. Always check the impact of flow profile on the meter’s performance by for 
instance, calculating  Re at max. & min flows to ensure that their influence on 
flow coefficients is within acceptable error. 

2. Regardless of the meter’s manufacturer’s accuracy, wrong selection could 
result in a very inaccurate or even not functioning meter. 

3. All meters in the market are not designed for multi-phase flow measurement 
except for Multi-Phase (Poly-phase) meters. 

4. Some special designs tolerate some entrainments, not multiple phases. 
5. Do not seek perfection; Highest accuracy or most expensive meter might not 

be really required. 
6. Besides capital cost, operating, maintenance, installation costs should also be 

considered. 

G. Recommendations 



QUESTIONS ?? 



THANK YOU 
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