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DEFINITIONS 

 

Clamp-on – Refers to “Field Installed” meters 

• External mounting of transducers designed for flexibility and convenience on existing piping 

• Accuracy 0.5 – 1.0% of rate or better (Working with some unknowns) 

• No flow calibration certificate 

Custody Transfer (CT) – Refers to Custody Spool based meters 

• Spool meter run with flow conditioning in accordance with AGA9 

• Transducers can be external (Clamp-on) or insert (Chordal) 

• Eliminates ‘Field Installed’ uncertainties 

• Rigid, secure transducer mounting (Welded) 

• Calibrated to Custody Transfer requirements (Calibration Certificate) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CLAMP-ON ULTRASONIC SYSTEM 

 

 

              
              
              
              
              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ULTRASONIC CLAMP-ON SYSTEM COMPONENTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ULTRASONIC CLAMP-ON SYSTEM COMPONENTS – TRANSDUCER MOUNTING 

 

 

              
              
              
              
              
              
            

 

 

 

 

 

 

              
              
              
       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mounting Frames 

Ladder chain Mounting Straps 

    



ULTRASONIC CLAMP-ON SYSTEM COMPONENTS – TRANSDUCER MOUNTING 

 

High Precision sensor mount features  

316 Stainless  

Compatible with sensor size: 

• C & D High Precision 
• E Universal 

Single and Dual enclosure 

 

              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
            

 

 

 

 

 

 

 

Dual Enclosure (Direct) 
 

Single Enclosure (Reflect Mount) 



ULTRASONIC CLAMP-ON SYSTEM COMPONENTS – TRANSDUCER MOUNTING 

 

 

Magnetic Mounting features and applications:  

Features: 

(Rare Earth) Nickel-plated Neodymium Iron Boron (NdFeB) 

 Resists a load of 20lbs min 

 HP & Universal size C, D, and E 

 Capable of accepting straps 

 Available in Stainless (special) 

 One size fits all - 7ME39600MD02 

Applications: 

 Temporary measurement 

 Large diameter pipes             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



WHAT IS ULTRASOUND / ULTRASONIC? 

 

 

• Sound whose frequency is above the upper limit of the range of human hearing (approximately 20 kilohertz) 

• The speed at which sound waves (or ultrasound waves) propagate through a specific material or medium. 

• Depends on density and medium temperature 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



DEPENDNECE ON THE SPEED OF SOUND ON TEMPERATURE AND DENSITY 

 

 

 

 

   

 

 

 

 

 

 

 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

74°C / 165°F 



HOW WE GENERATE SOUND 

 

 A sensor converts electrical energy into mechanical energy 

 A sensor also converts mechanical energy into electrical energy 

– Piezoelectric Effect 

 A sensor is both a transmitter 
and receiver 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To Flow 
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Piezioelectric 
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PRINCIPLES OF OPERATION – TRANSIT TIME 

 

There is a time difference. Why? 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF OPERATION 

 

Controlotron
Wide-Beam
Transducers

Pipe ID Flow
Vector

VOS Ø °

Ø ° = sin-1(VOS / Vphase)

TL = 2 * ID / (VOS * cos(Ø))

VF = Vphase * DT / (2 * TL)

VOS = Velocity of Sound in Gas

Vphase = Phase Velocity of Transducer

ID = Pipe Inside Diameter

TL = Transit time in Gas

DT = Measured Transit-Time difference

Where:

Controlotron
Wide-Beam
Transducers

Pipe ID Flow
Vector

VOS Ø °

Ø ° = sin-1(VOS / Vphase)

TL = 2 * ID / (VOS * cos(Ø))

VF = Vphase * DT / (2 * TL)

VOS = Velocity of Sound in Gas

Vphase = Phase Velocity of Transducer

ID = Pipe Inside Diameter

TL = Transit time in Gas

DT = Measured Transit-Time difference

Where:

 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF OPERATION – WIDE BEAM 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



THE MOST COMMON INSTALLATION MODES – DIRECT AND REFLECT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



WHEN TO CHOOSE DIRECT MODE VS. REFLECT MODE?        
          

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF OPERATION (REFLECT MODE) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF OPERATION (DIRECT MOUNT) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF OPERATION (DIRECT MOUNT – X-MOUNT) 

 

X-Mount produces Sonic transmissions at opposing angles, thus providing the benefits of Reflect Mount crossflow 
immunity when Direct Mount must be utilized.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF OPERATION (REFLECT MOUNT) – 4 TRAVERSE – GAS MEASURMEMENT ON SMALLER LINE SIZES 

 

 

 

 

 

 

 

 

 

 

 

 



VOLUME CALCULATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



REYNOLDS NUMBER 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



REYNOLDS NUMBER 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



INLINE VS. CLAMP-ON 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SENSOR INSTALLATION – CHOOSING A LOCATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF OPERATION – FLOW PROFILE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF OPERATION – FLOW PROFILE 

 

Most flow meter types require sufficient straight piping run upstream to produce a fully developed flow condition 

 

Out of Plane Elbows 

 Produces a full counter-propagating swirl that can persist for >40 diameters 

Single Elbow 

 Distorts the flow profile for a short distance before resuming to fully developed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF OPERATION – PATH CONFIGURATIONS FOR IN-LINE TRANSDUCERS (CHORDAL) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF OPERATION – DUAL / FOUR PATH 

 

Dual / Four Paths  

Increase flow sample averaging for greater precision 

Benefits 

 Greater cross-sectional averaging 

 Improved accuracy 

 Improved repeatability 

 Adds redundancy 

 More time in the flow stream  

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF OPERATION – DISTURBED FLOW PROFILE COMPENSATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF OPERATION (REFLECT MODE) – 2 TRAVERSE – CROSSFLOW 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SENSOR INSTALLATION – CHOOSING A LOCATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



TESTING CONDITIONS AT NOVA (NATURAL GAS) 

 

 

 

 

 

 

 

 

 

 

 

 

 



TESTING CONDITIONS AT NOVA (SINGLE 90 DEGREE ELBOW) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



TESTING CONDITIONS AT NOVA (DUAL 90 DEGREE ELBOW OUT OF PLANE) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF OPERATION – BEAM BLOWING EFFECT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF OPERATION – BEAM BLOWING EFFECT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF OPERATION – BEAM BLOWING EFFECT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF OPERATION – TYPICAL PERFORMANCE AND INSTALLATION CONSIDERATIONS 

 

Out-Of-Box accuracy:  0.5% - 1% for velocities above 0.3 m/s and >10 diameters straight run 

Accurate pipe dimensions:  Sensors matched to wall thickness 

Minimum Line Pressure:   Approx 100 PSIG on steel, atmospheric on plastic 

Pipe Size:    2 inches to 52 inches 

 

Pipe Condition:    Pipe should generally be in good condition 

• No scaling 
• Uniform wall thickness 
• Smooth outer surface (can mount over paint) 

Temperature (Transducers): -40 F to 250 F  

Flow Velocity:    < 1 f/sec to >130 f/sec  

Repeatability:   0.25 % (based on ISO 11631) 

Gas Properties:     Most gases, but less than 15% CO2  

Pipe Damping Material:  Improves Signal to Noise Ratio 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF OPERATION – MINIMUM PRESSURE GUIDELINES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



DIFFERENCE BETWEEN IDEAL GAS AND REAL GAS 

 

• In the real world ideal gas does not exists 

• Real gas have attractions between particles and the particles have volume 

• Real gas has ideal properties when: 

 - Temperature is high ( particle have enough energy to overcome any acctration) 

 - Pressure is low (particles are so far apart their individual volume is insignificant) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



DIFFERENCE BETWEEN IDEAL GAS AND REAL GAS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



GAS PROPERTIES – GAS MEASUREMENT CAPABILITY  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



GAS PROPERTIES – AGA8 TABLE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



GAS PROPERTIES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



GAS PROPERTIES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



GAS PROPERTIES – AGA8 / AGA10 COMPRESSIBILITY FACTOR AND SPEED OF SOUND (SOS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ACTUAL VOLUME FLOW 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



STANDARD VOLUME FLOW 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



MASS FLOW 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AGA8 TABLE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



GAS PROPERTIES – GAS AND LIQUID COMPARISON 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



GAS PROPERTIES – GAS AND LIQUID COMPARISON 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



BENEFITS 

 

 Wide range of pipe sizes, 10 mm to 10m (0.5" to 394“) 

 Large turn-down ratio (can be +/- 400:1)  

 No pressure drop 

 Bi-directional flow 

 No cutting into the pipe or stopping the process required 

 Clamp-on independent of pipe size (cost) 

 Conductive and non-conductive liquids & gases 

 No potential for leak point  

 Low installation costs 

 Retrofits easily 

 Ideal as a replacement for other meters or for existing pipelines with no meters in place  

 Maintains measurement over a wide range of liquids 

 As accurate as conventional meter technologies 

 Actual and Standard Volume flow measurement 

 Dynamic Viscosity compensation, Pressure, & Temperature 

 Pig Detector capability  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



BENEFITS 

 

 Valve leak check – It is easy to temporally install a pair of transducers for leak checking a suspect valve. If 
velocity is indicated, a complete installation can be performed to obtain further data. Low velocity, even a 
fraction of a foot per second, accumulates to significant value over time. 

 Evaluating the performance of pigging or cleaning – The clamp-on meter is useful to identify change effects for 
special field actions like cleaning. Base data can be obtained at four or more flow rates before cleaning and then 
the related tube can be cleaned, and another set of data will show the effect of cleaning. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FIELD INSTALLATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FIELD INSTALLATIONS 

 

 

This installation had about 1-D Up & 1-D Down from the meter.  

After four months of running a wide variety of flow rates it was determined the meter had a constant +2.5% bias from the 
system balance.  

The meter was using the pipe anomaly table, but we still needed to do an adjustment. 

Result: The user is very happy with the measurement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FIELD INSTALLATIONS – WHAT CAN GO WRONG? WHY YOU NEED “CHECK METERS” 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FIELD INSTALLATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPLICATION – GAS UNDERGROUND STORAGE  

 

Challenge:  

 Unable to stop flow and depressurize line 

 Limited straight run. 

 Poor outer diameter to wall thickness ratio 

 OD = 221 mm (8 inch), WT = 22mm (0.86 inch ) 

Product:  

SITRANS FS230 4-path with gas software (option B50) 

Main benefits: 

 Non-intrusive 

 Much lower installation cost than inline meters due to external sensors, which do not require cutting of pipes or 
interruption of flow 

 High-quality diagnostic data 

 Anomaly compensation 

 

 

 



APPLICATION – TRANSPORTATION GAS PIPELINE 

 

 

Challenge: 

 Very large pipe size. OD = 1120 mm (44 inch) 

 Hydrogen is injected near the installed sensors.  

 The sensors are buried after installation 

Product:  

SITRANS FS230 4-path with gas software (option B50) 

Main benefits: 

 Much lower installation cost than inline meters due to pipe size. 

 FS230 4-path system 

 Hydrogen has no contact with the sensors 

 The stainless-steel mounts provide a firm grip and are therefore perfect for buried installation. 

 

 

 

 

 

 

 



APPLICATIONS – FLARE GAS APPLICATION 

 

Challenge:  

 Pressure below atmospheric (vacuum) 

 14 PSI absolute / 0.96 bar absolute 

 Very high flow velocities 

Product:  

SITRANS FUG1010 2-Path 

Main benefits: 

 No potential for leak point  

 Low installation costs 

 No cutting into the pipe or stopping the process required 

 

 

 

 

 



FIELD INSTALLATION REQUIRED ACCESSORIES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FIELD INSTALLATION MEASUREMENT FORM 

 

 

 

 

 

 

 

 

 

 

 

 



FIELD INSTALLATION – APPLICATION DATA SHEET (ADS) 

 

              
              
     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   



CUSTODY TRANSFER – LETS GET OUR HEADS INTO THE PIPE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FIELD INSTALLATION COMPARED TO CUSTODY TRANSFER INSTALLATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CUSTODY TRANSFER METER RUN IN ACCORDANCE WITH AGA NO.9 GUIDELINES 

 

• 3rd party measurement and fabrication specialist built an engineered 16” meter run  

• The meter run was: 

• A precision honed pipe  

• Precise concentricity  

• Precise cross-sectional area 

• Spool was installed with: 

• Up stream flow conditioners (CPA Plate) 

• Dual path, Clamp-on ultrasonic gas meter  

• The assembly was then calibrated and linearized at CEESI on their natural gas pipeline.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CALIBRATION ADJUSTMENT FACTORS / CALIBRATION TEST REPORT (AGA REPORT NO. 9) 

 

AGA Report No. 9 sec. 6.5 Calibration Adjustment Factors   

Calibration factors are applied to minimize any meter-bias offset: 

• To meet AGA 9 accuracy, meters 12” and larger shall have a maximum error of +/- 0.70% as found 

• Piece-wise / Multi-point linear  or  (PWL) interpolation – used to linearize the meter  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CEESI SPOOL AND METER ACCURACY DATA  

 

 

 

 



CRITICAL DIAGNOSTICS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CRITICAL DIAGNOSTICS – FS200 UTILITY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CRITICAL DIAGNOSTICS – AGA10 SPEED OF SOUND (SOS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SUMMARY 

 

• Clamp-on – “Field Installed” - Proper evaluation and tools can yield high accuracy (0.5% - 1.0% or better) 

• Clamp-on Ultrasonic flow meters can measure: 

• Actual Gross Volume Flow 

• Standard Volume Flow – Compensated for Pressure and Temperature 

• Mass Flow – Compensated for Pressure, Temperature, and Density 

• The Siemens Clamp-on Gas meter can correct for the theoretical flow profile based on 
actual piping 

• Critical Diagnostics – Vs, Signal Wave Shape, Gain, SNR, Correlation Factor, and Accepted 

• Clamp-on Gas meters can meet AGA9 Custody Transfer (CT) meter package performance requirements 

 

 


