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1.0 Introduction to Control valves:

Process plants have hundreds of control loops networked together to produce desired product. Each of these control loops has important process variables such as Pressure, Flow and Temperature etc, which are required to be maintained to achieve quality end products. Most common final controller in the process control industry is control valve.

The control valve regulates a flowing fluid such as gas, steam, water to compensate for the load disturbance to keep the process variable as close as possible to the desired set point.

1.1 Control Valve Applications Example:

Furnace Temperature control -

















Process variables:

· Furnace Temperature

· Air Flow

· Gas Flow

Control elements:

· Air control valve

· Gas control valve

1.2 Control valve classifications:
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                    Linear Valve                                                               Rotary Valve
Linear Valve Features:

· Low recovery

· Can throttle small flow rates

· Offers variety of trim designs

· Suited to high pressure applications

· Normally flanged or threaded

Rotary Valve Features:

· High recovery

· More capacity

· Can handle slurry and abrasive

· Flangeless

· High Range ability

1.3 Control Valve Accessories:

Following are main parts of a control valves.

(A) Positioners:

A positioner takes an input from a process controller and converts it into valve travel. The positioners are available in three configurations.

· Pneumatic Positioners - A pneumatic signal is supplied to the positioner. The positioner supplies the valve actuator the required air to move the valve to the correct position.

· Analog I/P Positioner – This positioner performs the same function as pneumatic positioner but uses 4 - 20 mA signals instead of air as input signal. 

· Digital position controllers – The digital positioners have HART / Field Bus as input signal for valve position control and can have two way digital communications. These positioners provide improved process control along with automatic calibration and configuration, remote and online health diagnosis of control valves.

(B) Limit switches: 

                                 They provide discrete inputs of valve positions to the control system.

© Supply Pressure Regulators: 

                                 They reduce plant air supply to desired pressure for the Positioners.

(D) Position indicators: 

                                  This provides mechanical / Electrical signal for the actual opening  

                                   position of the valve.
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Figure - 1: A typical Control Valve
 2.0 Flow characteristics:
All control valves have an inherent flow characteristic that defines the relationship between valve openings and flow rate under constant pressure conditions. The valve opening in this context refers to the relative position of the valve plug to its closed position against the valve seat. It does not refer to the orifice pass area. The orifice pass area is sometimes called the valve throat and is the narrowest point between the valve plug and seat through which the fluid passes at any time. 
Valves of any size or inherent flow characteristic which are subjected to the same volumetric flow rate and differential pressure will have exactly the same orifice pass area. However, different valve characteristics will give different ‘valve openings’ for the same pass area. Comparing linear and equal percentage valves, a linear valve might have a 25% valve opening for a certain pressure drop and flow rate, whilst an equal percentage valve might have a 65% valve opening for exactly the same conditions. The orifice pass areas will be the same.

The physical shape of the plug and seat arrangement, sometimes referred to as the valve ‘trim’, causes the difference in valve opening between these valves. Typical trim shapes for spindle operated globe valves are compared in following figure - 2.
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	Figure - 2: The shape of the trim determines the valve characteristic


In this paper, the term ‘valve lift’ is used to define valve opening, whether the valve is a globe valve (up and down movement of the plug relative to the seat) or a rotary valve (lateral movement of the plug relative to the seat).
Rotary valves, for example ball and butterfly have basic characteristic curve, but altering the shape of the ball or butterfly plug may modify this. The inherent flow characteristics of typical globe valves and rotary valves are compared in Figure -3.
Globe valves when fitted with plugs of differing shapes will have different inherent flow/opening characteristic. The three main types available are usually designated as:

· Fast opening globe valves.

· Linear glove valves.

· Equal percentage glove valves.

Examples of these and their inherent characteristics are shown in Figures - 3.
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	Figure - 3: Inherent flow characteristics of typical globe valves 


2.1 Fast opening characteristic:

The fast opening characteristic valve plug will give a large change in flow rate for a small valve lift from the closed position. For example, a valve lift of 50% may result in an orifice pass area and flow rate up to 90% of its rated value.
A valve using this type of plug is sometimes referred to as having an on / off characteristic. 
Unlike linear and equal percentage characteristics, the exact shape of the fast opening curve is not defined in standards. Therefore, two valves, one giving an 80% flow for 50% lift, the other 90% flow for 60% lift, may be regarded as having a fast opening characteristic. 
Fast opening valves tend to be electrically or pneumatically actuated and used for on / off control.
The self-acting type of control valve tends to have a plug shape similar to the fast opening plug in Figure -3. The plug position responds to changes in liquid or vapor pressure in the control system. The movement of this type of valve plug can be extremely small relative to small changes in the controlled condition, and consequently the valve has inherently high range ability. The valve plug is therefore able to reproduce small changes in flow rate, and should not be regarded as a fast opening control valve.

2.2 Linear characteristic:
The linear characteristic valve plug is shaped so that the flow rate is directly proportional to the valve lift (H), at a constant differential pressure. A linear valve achieves this by having a linear relationship between the valve lift and the orifice pass area (see Figure - 4).
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	Figure - 4: Flow / Lift curve for a linear valve


For example, at 40% valve lift, a linear valve allows 40% of the full flow to pass.

2.3 Equal percentage characteristic or logarithmic characteristic:
These valves have a valve plug shaped so that each increment in valve lift increases the flow rate by a certain percentage of the previous flow. The relationship between valve lift and orifice size (and therefore flow rate) is not linear but logarithmic.

3.0 Valve size calculation:

3.1 STEP #1: Define the system: 

Key Variables:  Total pressure drop, design flow, operating flow, minimum flow, pipe diameter, specific gravity
Let us consider a system is pumping water from one tank to another through a piping system a control valve is to be provided to regulate the flow.

Total pressure drop: 150 psi.
Fluid: Water at 70 0F temperature. 
Design (maximum) flow rate: 150 gpm.
Operating flow rate: 110 gpm.
Minimum flow rate: 25 gpm.
Pipe diameter: 3 inches.  
At 70 0F, specific gravity of water: 1.0.
3.2 STEP #2:  Define a maximum allowable pressure drop for the valve: 
When defining the allowable pressure drop across the valve, it is  important to remember that the  larger pressure drops increase the pumping cost (operating) and smaller pressure drops increase the valve cost because a larger valve is required (capital cost).  The usual rule of thumb is that a valve should be designed to use 10-15% of the total pressure drop or 10 psi, whichever is greater.  For the system we have considered, 10% of the total pressure drop is 15 psi which we will use as our allowable pressure drop when the valve is wide open (the pump in our considered system is capable of the additional pressure drop).

3.3 STEP #3:  Calculate the valve characteristic value:
The valve characteristics value is defined as - 
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For our system, 
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3.4 STEP #4:  Preliminary valve selection: 

Once we have calculated the Cv value of the valve for the specified system it should be used as a guide in the valve selection, not a hard and fast rule.  Some other considerations are:
· Never use a valve that is less than half the pipe size.

· Avoid using the lower 10% and upper 20% of the valve stroke.  The valve is much easier to control in the 10-80% stroke range.

Before a valve can be selected, it has to be decided what type of valve will be used (See the list of valve types later in this paper).  For this case, we have assumed we will be using an equal percentage, globe valve.  The valve chart for this type of valve is shown below.   This is a typical chart that will be supplied by the manufacturer.
Valve Chart
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For our case, it appears the 2 inch valve will work well for our Cv value at about 80-85% of the stroke range.  It is to be noted that we are not trying to squeeze our Cv into the 1 1/2 valve which would need to be at 100% stroke to handle our maximum flow. If this valve were used, two consequences would be experienced the pressure drop would be a little higher than 15 psi at our design (max) flow and the valve would be difficult to control at maximum flow. Also, there would be no room for error with this valve, but the valve we have chosen will allow for flow surges beyond the 150 gpm range. Now we have selected a valve but there are still some characteristics to be considered as explained in step 5 and 6.

3.5 STEP #5:  Check the Cv and stroke percentage at the minimum flow:

If the stroke percentage falls below 10% at our minimum flow, a smaller valve may have to be used in some cases.  Judgments plays role in many cases.  For example, is your system more likely to operate closer to the maximum flow rates more often than the minimum flow rates. Or is it more likely to operate near the minimum flow rate for extended periods of time.  It's difficult to find the perfect valve, but you should find one that operates well most of the time.  Let's check the valve we've selected for our system.
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Referring back to our valve chart, we see that a Cv of 6.5 would correspond to a stroke percentage of around 35-40% which is certainly acceptable.  Notice that we used the maximum pressure drop of 15 psi once again in our calculation.  Although the pressure drop across the valve will be lower at smaller flow rates, using the maximum value gives us a worst case scenario.  If our Cv at the minimum flow would have been around 1.5, there would not really be a problem because the valve has a Cv of 1.66 at 10% stroke and since we use the maximum pressure drop, our estimate is conservative.   Essentially, at lower pressure drops, Cv would only increase which in this case would be advantageous.

3.6 STEP #6:  Check the gain across applicable flow rates:
Gain is defined as: 
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Now, at our three flow rates:
Q minimum = 25 gpm
Q operating = 110 gpm
Q design = 150 gpm
we have corresponding Cv values of 6.5, 28, and 39.  The corresponding stroke percentages are 35%, 73%, and 85% respectively.  Now we construct the following table:
	Flow (gpm)
	Stroke (%)
	Change in flow (gpm)
	Change in Stroke (%)

	25
	35
	110-25 = 85
	73-35 = 38

	110
	73
	
	

	150
	85
	150-110 = 40
	85-73 = 12

	 
	
	


Gain #1 = 85/38 = 2.2
Gain #2 = 40/12 = 3.3

The difference between these Gain values should be less than 50% of the higher value.

0.5 (3.3) = 1.65
and 3.3 - 2.2 = 1.10.  Since 1.10 is less than 1.65, there should be no problem in controlling the valve.  Also note that the gain should never be less than 0.50.  So for this case, the selected valve will do well.

Another valve characteristic that can be examined is called the choked flow.  The relation uses the FL value found on the valve chart. It is recommended checking the choked flow for vastly different maximum and minimum flow rates.  For example if the difference between the maximum and minimum flows is above 90% of the maximum flow, then it required to check the choked flow.   Usually, the rule of thumb for determining the maximum pressure drop across the valve also helps to avoid choking flow.

4.0 SELECTING A VALVE TYPE:
4.1 Equal Percentage: Equal increments of valve travel produce an equal percentage in flow    change.

· Most commonly used valve control.
· Used in processes where large changes in pressure drop are expected.

· Used in processes where a small percentage of the total pressure drop is permitted by the valve

· Used in temperature and pressure control loops.

4.2 Linear:  Valve travel is directly proportional to the valve stoke.

· Used in liquid level or flow loops.

· Used in systems where the pressure drop across the valve is expected to remain fairly constant (ie. steady state systems).

4.3 Quick opening: Large increase in flow with a small change in valve stroke

· Used for frequent on-off service.

· Used for processes where "instantly" large flow is needed (ie. safety systems or cooling water systems).
4.4 Some common valve types:

	Valve Type
	Best Suited Control
	Application
	Advantages
	Disadvantages

	Gate Valves
	Quick Opening
	Oil, gas, air, slurries, heavy liquids, steam, non condensing gases, and corrosive liquids
	High capacity Tight shutoff       Low cost,                    
Little resistance to flow
	Poor control, Cannot be used for throttling

	Globe Valves

	Linear and Equal percentage
	Liquids, vapors, gases, corrosive substances, slurries
	Efficient throttling, Accurate flow control, Available in multiple ports                
	High pressure drop, 

More expensive than other valves


	Ball Valves
	Quick opening, linear
	Most liquids, high temperatures, slurries
	Low cost, High capacity, Low leakage, Tight sealing
	Poor throttling characteristics, Prone to cavitations

	Butterfly Valves

	Linear, Equal percentage
	Liquids, gases, slurries, liquids with suspended solids


	Frequent operation, Low cost, High capacity, Good flow control
	High torque required, Prone to cavitations


5.0 Control Valve specifications:

Following information / criteria are considered for selection of a control valve.
	S N
	Criteria
	Specifications

	1
	Application
	Flow control / Pressure control

	2
	Type of fluid to be controlled
	Air 

Gas 

Water 

Steam  

Acid 

Oil 

Slurry 

Lubricants etc

	3
	Temperature of fluid
	To be specified

	4
	Viscosity of fluid
	To be specified

	5
	Specific gravity of fluid
	To be specified

	6
	Flow capacity required
	Maximum / Minimum to be specified

	7
	Inlet pressure at valve
	Maximum / Minimum to be specified

	8
	Outlet pressure at valve
	Maximum / Minimum to be specified

	9
	Pressure drop during normal flow condition
	To be specified

	10
	Pressure drop at shut off
	To be specified

	11
	Inlet and outlet pipe sizes
	To be specified

	13
	End connections
	Screwed

Bolt flanged 

Union 

Butt weld  Socket weld 

Compression fittings

	14
	Body Material
	Aluminum

Brass / Bronze

Cast Iron

Stainless Steel

Steel

Other Metal

	15
	Action desired on air failure
	Valve to open

Valve to close

	16
	Actuation signal
	4 – 20 mA

HART

Field Bus

Pneumatic

	17
	Flow action
	Flow increase on valve opening

Flow decrease on valve opening

	18
	Valve type
	Ball Valves

Butterfly Valves

Gate / Knife Valves

Globe Valves

Needle Valves

Plug Valves

Pressure Relief Valves

Servo Valves

Toggle Valves

Other

	19
	Valve size
	To be calculated

	20
	Rated flow coefficient
	< 10% deviation with the theoretical value.

	21
	Inherent flow characteristics
	Within +/- 30% (Slop of actual inherent flow characteristic curve with respect to theoretical curve)

	22
	Seat leakage
	0.05% for single seat

o.5% for double seat

	23
	Tagging
	Manufacturer sl no.

Nominal size

Pressure rating

Direction of flow

Tag no.

	24
	Testing & Test certificates
	Visual

Dimensional

Pressure test – At 1.5 times of valve rating specified for 30 Min.

Gland leakage

Seat leakage

Actual flow coefficient

Inherent flow characteristic

	26
	Standard
	IS 10189: 1982


6.0 Field Sensors

6.1 Pressure Transducers

A pressure transducer is a transducer that converts pressure into an analog electrical signal. Although there are various types of pressure transducers, one of the most common is the strain-gage base transducer. The conversion of pressure into an electrical signal is achieved by the physical deformation of strain gages, which are bonded into the diaphragm of the pressure transducer and wired into a wheat stone bridge configuration. Pressure applied to the pressure transducer produces a deflection of the diaphragm, which introduces strain to the gages. The strain will produce an electrical resistance change proportional to the pressure.

                                      


                                             A typical Pressure Transmitter
Other pressure sensing elements are Piezoresistive devices that sense shifts of electrical charges within a resistor. Piezoelectric pressure transmitters measure dynamic and quasi-static pressures. Their common modes of operation are charge mode, which generates a high-impedance charge output; and voltage mode, which uses an amplifier to convert the high-impedance charge into a low-impedance output voltage

Micro electromechanical systems (MEMS), variable capacitance, and vibrating elements are also used. 

Pressure transmitters are capable of performing various pressure measurements and displaying amounts in different units. Absolute pressure is a pressure measurement that is relative to a perfect vacuum. Some pressure transmitters display values in pounds per square inch, kilo Pascals, bars or Milli bars, inches or centimeters of mercury or inches or feet of water. Other devices display measurements in ounces per square inch or kilograms per square centimeter.

Performance specifications for pressure transmitters include - 

· Working pressure range - Working pressure is the maximum, allowable pressure at which pressure transmitters are designed to operate. Typically, devices should not exceed 75% of their maximum, rated range.

· Vacuum range - Covers the lowest vacuum pressure and the highest vacuum pressure.

· Accuracy - The difference between the true value and the indication, is expressed as a percentage of span. 

· Operating temperature. 

Pressure transmitters can produce several types of electrical signals including –

· Analog voltage and analog current. 
· Common communication protocols include Ethernet, Device Net, FOUNDATION Field bus, the process field bus (PROFIBUS®), 
· Highway addressable remote transmission (HART®) - HART is a registered trademark of the HART Communication Foundation. PROFIBUS is a registered trademark of PROFIBUS International. 
· Several serial and parallel interfaces - RS232 and RS485 are serial, digital protocols. 

  6.11 Pressure Transmitter Specifications:

	Description
	Specifications/ Requirements
	Remarks

	Transmitter output
	Analog Voltage  
	

	
	Analog Current  
	

	
	RS232 / RS485  
	

	
	Parallel  
	

	
	HART® Protocol
  
	The highway addressable remote transducer (HART®) protocol uses 1200 baud frequency shift keying (FSK) based on the Bell 202 standard to superimpose digital signals on conventional 4-20 mA analog signals. This enables two-way communication and facilitates the transmission of information beyond normal process variables to and from smart field instruments. The HART protocol communicates without interrupting the analog signal and allows a host application (master) to receive two or more digital updates per second from a field device (slave). Because they are phase-continuous, the digital FSK signals do not interfere with the analog 4-20 mA signals. HART is a registered trademark of the HART Communication Foundation.

	
	PROFIBUS®
  
	The process field bus (PROFIBUS®) is a popular, open communication standard used in factory automation, process automation, motion control, and safety applications. PROFIBUS is standardized in IEC 71158 and IEC 61784 and is suitable for both fast, time-critical applications and complex communication tasks. PROFIBUS is a registered trademark of PROFIBUS International.

	
	FOUNDATION Field bus
  
	The FOUNDATION field bus is a serial, all-digital, two-way communication system that serves as a local area network (LAN) for factory instrumentation and control devices. It uses a line or tree topology and distributed data transfer (DDT). In the hierarchy of digital networks, the FOUNDATION field bus is on the lower end.
 

	
	Ethernet
  
	Ethernet is a local area network (LAN) protocol that uses a bus or star typology and supports data transfer rates of 10 Mbps. The Ethernet specification is the basis for the IEEE 802.3 standard, which specifies the physical and lower software layers. To handle simultaneous demands, Ethernet uses carrier sense multiple access / collision detection (CSMA/CD) to monitor network traffic.


	
	Frequency
  
	

	
	Special Digital (TTL)
  
	

	
	Switch / Alarm
  
	

	Technology 
	Mechanical Deflection
  
	An elastic or flexible element mechanically deflects with a change in pressure, for example a diaphragm, Bourdon tube, or bellows

	
	Strain Gauge
  
	Strain gages (strain-sensitive variable resistors) are bonded to parts of the structure that deform as the pressure changes. These strain gages are typically used as elements in a Wheatstone bridge circuit, which is used to make the measurement.

	
	Semiconductor Piezo resistive
  
	Piezo resistive sensors are based on semiconductor technology. The change in resistance is not only because of a change in the length and width (as it is with strain gage) but because of a shift of electrical charges within the resistor. These are very sensitive devices

	
	Variable Capacitance
  
	The capacitance change results from the movement of a diaphragm element. The deflection of the diaphragm causes a change in capacitance that is detected by a bridge circuit.

	
	Vibrating Element
  
	These devices use a vibrating element technology, such as silicon resonance.

	Pressure reading
	Absolute
  
	Absolute pressure is relative to a perfect vacuum

	
	Differential
  
	Differential pressure is the difference between two input pressures.

	
	Compound
  
	Devices can display both positive and negative (vacuum) pressures. 

	Working Pressure Range
	The maximum allowable pressure to be specified
	The maximum allowable pressure at which a system is designed to operate safely. The extremes of this range should be determined in accordance with the expected pressure range the device must operate within. It is common practice that this value should not exceed 75% of the devices maximum rated range.

	Operating Temperature
	Ambient temperature range to be given
	

	Media
	Liquid
	

	
	Gas
	

	
	Other
	

	Display
	Analog meter
	

	
	Digital
	

	Power Supply
	Voltage
	+ 10% , - 15% of manufacturers limit

	
	Frequency
	+ 2%, -10% of manufacturer limit

	Pneumatic supply variation
	Pressure
	100% output with +/- 10% vaiation

	Features
	Temperature output
 required  
	Yes / No

	
	Temperature compensation required 
	Yes / No

	
	Negative Output required  
	Yes / No

	Standard
	IS 13122: 1993
	


6.2Flow Transmitter

Flow transmitters provide electrical outputs that are proportional to flow inputs. Flow transmitters use Differential Pressure (DP), ultrasonic, electromagnetic and other measurement techniques to measure the flow of liquids and gases. 

Flow transmitters produce following outputs

· Analog voltages

· Analog currents

· Frequencies 

Differential pressure (DP) - The basic operating principle of DP meters is that a pressure drop across a flow element is proportional to the square of the flow rate. Examples of DP meters include Orifice plates, Venturi Tubes, and flow nozzles. 

A typical flow transmitter connection in DP mode:




6.21 Technology Employed in flow measurement:
	Technology


	Instrument
	Measure
	Result

	 Differential Pressure 

 

 

 

 
	 Elbow 
	Pressure
	Pressure
	Volume

	
	 Flow Nozzle 
	Pressure
	Pressure
	Volume

	
	 Orifice 
	Pressure
	Pressure
	Volume

	
	 Pilot Tube 
	Pressure
	Pressure
	Volume

	
	 Venturi 
	Pressure
	Pressure
	Volume

	 Magnetic 
	 
	Electronic
	Electromagnetic Field
	Velocity

	 Ultrasonic 
	
	Electronic
	Acoustic Waves
	Velocity

	 
	
	Electronic
	Acoustic Waves
	Velocity

	 Variable Area 

 

 
	 Movable Vane 
	Pressure
	Pressure
	Volume

	
	 Rota meter 
	Pressure
	Pressure
	Volume

	
	 Weir, Flume 
	Pressure
	Pressure
	Volume

	 Vortex 
	 
	Mechanical
	Frequency
	Velocity


6.22 Comparison of flow sensors:
	Sensor
	Rangeability
	Accuracy
	Advantages

	Disadvantages

	Orifice
	3.5:1
	2-4% of full span
	Low cost-extensive industrial practice
	High pressure loss

Plugging with slurries

	Venturi
	3.5:1
	1% of full span
	Lower pressure loss than orifice, Slurries do not plug
	High cost,  

Line under 15 cm

	Flow nozzle
	3.5:1
	2% full span
	Good for slurry service, Intermediate pressure loss
	Higher cost than orifice plate, Limited pipe sizes

	Elbow meter
	3:1
	5-10% of full span
	Low pressure loss 
	Very poor accuracy

	Annubar
	3:1
	0.5-1.5% of full span
	Low pressure loss, Large pipe diameters
	Poor performance with dirty or sticky fluids

	Turbine
	20:1
	0.25% of measurement
	Wide rangeability, Good accuracy
	High cost, Strainer needed, especially for slurries


6.23 Flow calculations:

Following Simplified equation based on Bernoulli’s equation is used for flow rate calculation.

F = Co x SQRT (   P)
Where -

F = Flow rate in Kg/hr

Co = A constant for the sensor (Flow element, Orifice, Ventury etc used in the system). The value of Co depends on different factors of the sensor and provided by manufacturer. For example the value of constant Co for a Flow element used in BFP for discharge water flow measurement at PH-4 is 1626.88 (provided by manufacturer M/S Engineering Specialties Pvt. Limited). 
    P is the Differential Pressure measured by the flow Transmitter in mmWc.
This simplified equation is for a media with uniform density.

6.24 Flow Transmitter Specifications:

	Parameters


	Options/specifications
	Remarks

	Flow Transmitter type
	Mass Flow Meter 
	The flow sensor or Transmitter measures flow rate in units of mass flow such as kilograms per hour (kg/hour). 

	
	Velocity Flow Meter 
	The flow sensor or flow meter measures flow rate in units of velocity such as meter per second (m/sec) or meter per hour (m/hr).

	
	Volumetric Flow Meter 
	The flow sensor or meter measures flow rate in units of volumetric flow such as liters per minute (L/min) or liters per hour (L/hr). 

	Output
	Analog current
	0-20mA / 4-20 mA

	
	Analog voltage
	0-10 V / 0-5 V

	
	Frequency
	Hz

	
	Relay switch
	On / Off

	Interface options
	Serial / Parallel
	Flow meters can provide signal outputs in serial, parallel, Ethernet or other digital formats. Devices with a serial/digital interface can provide a process variable for measurement, but do not include communication lines.

	
	Network Field Bus
	Devices output signals that are formatted according to an industrial Field bus protocol such as CAN bus, PROFIBUS®, or SERCOS; a networking protocol such as Ethernet; or another industrial automation protocol. PROFIBUS is a registered trademark of PROFIBUS International.

	Display
	Analog display


	

	
	Digital display


	

	Media type
	Gas
	

	
	Liquid
	

	
	Steam
	

	
	Slurry
	

	
	Others
	

	Media Temperature
	Min. / Max temperature range to be specified
	

	Flow Rate
	Min / Max range to be specified
	

	Operating temperature
	Min / Max range to be specified
	The temperature ranges over which the device must operate. 

	Operating pressure
	To be specified
	Operating pressure is the maximum head pressure of the process media that devices can withstand.

	Features
	Programmable
	Programmable Flow meters include a built-in microprocessor. They can be adjusted electronically for different materials, ranges, outputs, etc.

	
	Recorder / Totaliser
	Totalizer functions totalize the amount of material, media, or process variable controlled. A recorder function may be a data logger that logs system or process variables and/or control commands for later viewing or analysis.  A chart recorder that can plot (chart) flow history or give total flow for a given unit of time may also be available.  

	
	Audio / visual alarms
	Instruments can have audible or visual alarms to alert users to dangerous conditions.
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