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Industrial process instrumentation     Chapter  8



8.  Level control

In the chemical process industry it is important to know the actual value of the level in a tank containing solvent or other liquid material. With help of an appropriate level control system it is possible to register the actual quantity of these materials and the consumption by a computer. In this section two electric level control methods will be discussed.


8.1  Level control by electrical capacitance

The capacitance level monitoring system consists of a sensing head and electronics. The electronics contains an AC bridge supplied by low-level radio frequency current. The most commonly used sensing element is a probe rod (inner electrode) submerged in the liquid. The probe rod is a plate of a capacitor. The other plate (outer electrode) is the wall of the metal tank itself. In this case the capacitance-level height relation is nonlinear, because of this an individual calibration has to be perform for the given tank and liquid. 


A more convenient construction is when a perfored cylindrical shield is applied as outer electrod around the inner one symmetrically. The liquid can freely ascend and descend in the cylindrical channel following to the level in the tank. The level dependence of the capacitance is described by the following linear relationship
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where C is the capacitance measured by the monitoring system(e.g. an AC bridge), x is the height of the liquid level in the tank, H is the total length of the electrode system in the sensing head, r is the radius of the probe rod, R is the radius of the cylindrical shield, 
[image: image2.wmf]e

o

 is the permittivity of vacuum and 
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 is the relative permittivity of the liquid.


The above sensing transducer is very simple, has no moving parts, and its response is approximately linear. With a proper choice of the material these simple device is suitable for extreme conditions, like high temperature, high pressure, strongly corrosive medium,etc. The sensing head is easily cleaned and not expensive.


The method has certain limitations. If the permittivity of the liquid changes significantly with the temperature or small amount of impurities (e.g. water) modify considerably its permittivity the measurement will not provide a correct result. (The relative permittivity of water, ethanol and benzol are 79, 24 and 2.3, respectively.) It is necessary to apply a reference sensing head completely immersed in the liquid to eliminate these effects. Viscous conducting liquids which coat the sensing element, air bubbles in the liquid, or foam on the top of the sensor can cause erroneous reading. Since the relative permittivity of the vapour phase was taken equal to unit in the capacitance expression problems may arise when the partial tensions of the high permittivity components are not low.


Because of the radio frequency supply the method is applicable to both nonconductive (dielectrometry) and conductive (oscillometry) liquids.


8.2  Level control by ultrasonic device

The ultrasonic level control which has an increasing importance is a correct and elegant method to measure continuously the level of liquids and bulk solids (e.g. grain) in a tank. An ultrasound transmitter-receiver is placed at the highest point of the tank. The head works alternately as a transmitter and as a receiver. In the transmitter mode the head sends a short ultrasonic pulse to the surface of material filled into the tank. In the receiver mode the head receives and amplifies the pulse reflected from the surface (echo) and a digital time interval counter measures the time elapsing between the emission of the pulse and absorption of its echo. Knowing the speed of sound in the atmosphere above the the material the distance between the head and the surface (i.e. the level in the tank) can be determined by a microcomputer. Unfortunately the changes in the temperature, the pressure and the chemical composition modifies the speed of sound. Thus complicate functions determined from measured data have to be filled in the computer memory for correcting the velocity of sound.


A more effective but more expensive method is to apply a periodic calibration with a well known reference distance. The method requires, however, two ultrasonic heads or the periodic turning of the single head. The head sends occasionally ultrasonic pulses to a surface mounted on the highest point of the wall. Since the distance between the head and this surface is known the velocity of sound in the actual circumstances can be determined.
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