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Differential Pressure Transmitter For Measuring Level 

 

Hydrostatic level measurement is a really simple and reliable method of 
measuring level. A pressure transmitter mounted at a specific tapping point 
then measures the pressure caused by the weight of the liquid directly on top of 
it. Due to the hydrostatic paradox, the pressure sensor does not measure the 
complete volume in the tank, but only the liquid column vertically above it. 
The hydrostatic level measurement is thus completely unaffected by the shape 
of tank or vessel, just measuring the level by the weight of the liquid column 
above it. If the liquid and its density are known, the pressure measurement can 
be calculated as the distance from the zero level, where the transmitter is 
located, to the surface of the liquid. Differential pressure is used to measure 
level of liquids and liquefied gases in pressurized tanks. It takes a little math to 
calculate the product level. 

The standard hydrostatic pressure formula consists of three variables: pressure, 
density, and height. The sensor measures pressure, density is input as a 
constant by the customer, and the height is the product level. For this formula 
to work, density is the key and must remain fairly constant. With a known 
density and pressure value, the pressure sensor’s electronics can accurately and 
reliably calculate liquid level from the differential pressure. 

The calculation liquid level based on hydrostatic pressure formula as here 
below: 

P= ρ x g x h 

Where  

P= Pressure 

ρ=Density 

g=Gravity acceleration 

h=Level 

 

The density (ρ) is varies with temperature and pressure so it is necessary to 

specify the temperatures and pressures at which the densities were determined.   

But as specific gravity usually refers to highly incompressible aqueous 
solutions or other incompressible substances, variations in density caused by 
pressure are usually neglected at least where apparent specific gravity is being 

measured. Specific gravity (SG) is a dimensionless quantity as it is the ratio of 

either densities or weights 
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The specific gravity of gases is often measured with respect to dry air at a 
temperature of 20 °C and a pressure of 101.325 kPa absolute, which has a 
density of 1.205 kg/m3 
Example, density of gas methane is 667.209 kg/m3, using SG conversion 
formula specific gravity of methane can be calculated as below; 
 

 

The specific gravity liquid substance is measured with respect to water at 4 °C. 
In SI unit, the density of water is (approximately) 1000 kg/m3 or 1 g/cm3, 
which makes specific gravity calculations particularly convenient: the density 
of the object only needs to be divided by 1000 or 1, depending on the units. 

Example; find specific gravity for kerosene liquid with density 820 kg/m3 

Answer; 

 

Explanation about specific gravity above is intended to tell us the basis 
calculation of level measurement by differential pressure; it does not involve 
density parameter directly, but specific gravity is taken as important factor. 

Refer to following equation; 

P = SG X h 

Where  

P= Differential Pressure 

SG= Specific Gravity 

h= Level  

https://en.wikipedia.org/wiki/Celsius
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When differential pressure transmitter use for measuring level, there are many 
way in installation depend on vessel or tank model, hence for each installation 
has different equation to determine transmitter range value. 
This paper will deliver some example; include installation in open tank, 
installation in closed tank, calculation for interface level and simple 
explanation regarding configuration and calibration. 
 

Differential Pressure Transmitter for measuring level in Open Tank  

Commissioning to be performed for every new Level Transmitter installed, this 
is to verify that ranges of transmitter are correct. Some document and tool 
normally are required, for instance, tank dimension drawing, level transmitter 
data sheet, measuring tape and Hand Held Terminal or Hart Communicator. 

Assume we have all required items, and then we are going to configure the 
transmitter so that transmitter range and other parameter meet to site 
condition. To find easy way how to determine lower range value and upper 
range value please refer to the drawing (figure-1) 

 

 

 

Figure-1. Transmitter installed in open tank 

https://www.jasaservis.net/DPlevel.pdf
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LRV = h2 x SGp 

URV= (h2 x SGp + (h2x SGp) 

Span= URV – LRV 

Example application, one pressure differential transmitter mounting as per 
figure-1. Distance and specific gravity known as here; h2=100mm, 
h1=1500mm, SGp=0.5, find the suitable ranges for transmitter? 

LRV = h2 x SGp 

         = 100 x 0.5 

         = 50 mm H2O 

URV= (h1 x SGp) + (h2x SGp) 

        = (1500 x 0.5) + (100x 0.5) 

        = 750+ 50 = 800 mmH2O 

Span= URV – LRV 

        = 800 – 50 = 750 
 

Differential Pressure Transmitter for measuring level in Closed Tank  

 
Calculate range value when transmitter installed in closed tank as shown in 
figure-2. 

 

 

Figure-2. Transmitter installed in closed tank 
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LRV = (h2 x SGs) – (h3 x SGs) 

URV= {(h1 x SGp) + (h2x SGs)} – (h3 x SGs)        

Span= URV – LRV 
 
Example application, Distance and specific gravity applied on figure-2 known 
as here; h2=100mm, h1=1500mm, h3=1675mm, SGp=0.5, SGs=1.2, find 
transmitter ranges for transmitter? 

LRV = (h2 x SGs) – (h3 x SGs) 

         = (100 x 1.2) – (1675 x 1.2) 

         = 120 – 2010 = –1890 mmH2O 

URV= {(h1 x SGp) + (h2x SGs)} – (h3 x SGs)        

        = {(1500 x 0.5) + (100 x 1.2)} – (1675 x 1.2)      

        = {(750 + 120)} – (2010)   

        = 870 – 2010 = –1140 mmH2O 

Span= URV – LRV 

= (–1140) – (–1890) = 750 
 

Differential Pressure Transmitter for measuring interface level  

 
Refer to figure -3, in this example transmitter use for measuring interface level.  

 
  
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure-3. Transmitter installed in closed tank for measuring interface level 
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The equation for calculation transmitter range as described here; 
 

LRV= {(h1 x SGp2) + (h2x SGs)} – (h3 x SGs)        

URV= {(h1 x SGp1) + (h2x SGs)} – (h3 x SGs)        

Span= URV – LRV 
 
Example application, find transmitter ranges using for measuring  interface 
level as per figure-3 with distance and specific gravity as here; h2=100mm, 
h1=1500mm, h3=1600 mm, SGp1=1.0, SGp2=0.5 SGs=1.2 
Solution; 

LRV= {(h1 x SGp2) + (h2x SGs)} – (h3 x SGs)        

        = {(1500 x 0.5) + (100 x 1.2)} – (1600 x 1.2)        

        = (750 + 120) – 1920 = –1050 mmH2O 

URV= {(h1 x SGp1) + (h2x SGs)} – (h3 x SGs)        

        = {(1500 x 1.0) + (100 x 1.2)} – (1600 x 1.2)        

        = (1500 + 120) – 1920 = –300 mmH2O 

Span= URV – LRV 

        = (–300) – (–1050) = 750 

 

To find differential pressure at certain condition, a calculation to be performed 
by adding percentage composition between two liquid, for example we want to 
get differential pressure value at 0%, 25%, 50% 75% and 100% of interface 
indication, then calculation will be as here below; 

 0% = {(0% x h1) x SGp1+ (100% x h1) x SGp2 + (h2x SGs)} – (h3 x SGs)  

       = {(0% x 1500) x1.0 + (100% x 1500) x0.5 + (100x 1.2)} – (1600 x 1.2)   

       =   (0 + 750 +120) – 1920 = –1050 mmH2O 

25%= {(25% x h1) SGp1 + (75% x h1) SGp2 + (h2x SGs)} – (h3 x SGs) 

       = {(25% x 1500) x1.0 + (75% x 1500) x0.5 + (100x 1.2)} – (1600 x 1.2)   

       = (375 + 562.5 +120) – 1920 = – 862.5mmH2O 

50%= {(50% x h1) SGp1 + (50% x h1) SGp2 + (h2x SGs)} – (h3 x SGs) 

       = {(50% x 1500) x1.0 + (50% x 1500) x0.5 + (100x 1.2)} – (1600 x 1.2)   

       = (750 + 375 +120) – 1920 = – 675 mmH2O 
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75%= {(75% x h1) SGp1 + (25% x h1) SGp2 + (h2x SGs)} – (h3 x SGs) 

       = {(75% x 1500) x1.0 + (25% x 1500) x0.5 + (100x 1.2)} – (1600 x 1.2)   

       = (1125 + 187.5 +120) – 1920 = – 487.5 mmH2O 

100%= {(100% x h1) SGp1 + (0% x h1) SGp2 + (h2x SGs)} – (h3 x SGs) 

       = {(100% x 1500) x1.0 + (0% x 1500) x0.5 + (100x 1.2)} – (1600 x 1.2)   

       = (1500 + 0 +120) – 1920 = – 300 mmH2O 

In order for the interface level transmitter to work properly, there are several 
conditions must be fulfilled, some point are as mentioned below; 

1. Specific gravity of  bottom liquid must higher than specific gravity upper 
liquid 

2. 100% level reference point must be located at low pressure tapping point. 
3. Tank should be always full liquid otherwise transmitter may lead wrong 

indication, for monitoring this condition normally together with 
interface level transmitter a level gauge with light float is installed. 

Interface Level Transmitter may produce wrong indication when inside tank 
only partially filled, next exercise will show us evidence; 

Assume tank having 25% of bottom liquid and 50% upper liquid so total liquid 
available is 75% (tank only partially filled), at this condition the correct reading 
should be 25% interface level, but output transmitter will give another value, 
let’s see; 

Output = {(25% x h1) SGp1 + (50% x h1) SGp2 + (h2x SGs)} – (h3 x SGs) 

    = {(25% x 1500) x1.0 + (50% x 1500) x0.5 + (100x 1.2)} – (1600 x 1.2) 

    = (375 + 375 +120) – 1920 = –1050 mmH2O 

Transmitter produce output (-1050 mmH2O) which is output for 0% 
indication. In other word transmitter say there is no bottom liquid available 
inside tank, but in reality tank has 25% bottom liquid. This is the reason why 
together with interface level transmitter a level gauge installed, this level gauge 
have float specific gravity same with upper liquid specific gravity, with this 
level gauge operator process must ensure that liquid inside tank always 100% 
or more than 100%, otherwise interface level transmitter will produce false 
indication. 

*moreover if someone did not understand philosophy, they will confuse, why 
transmitter showing 0 % but level gauge showing 75% (off the record)* 

https://www.jasaservis.net/level-gauge-perangkat-indikasi-level-pada-tangki-proses/.html
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Refer to many examples above we analyze that, elevation where the 
transmitter installed is effecting to the transmitter ranges (LRV, URV), but as 
long as distance from 0% to 100% has the same distance, span value will be 

same.  

The next question is “what will happen if transmitter shifted from one 
elevation to another elevation but distance from 0% to 100% is the same”.  

Refer figure-4 to find the answer, what is the transmitter range when it is 
located at A location, and what is transmitter range when located at B 
location. 

 

 

 

 

Figure-4 Transmitter shifted to different elevation 
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Initially transmitter installed at A location with data information as here; 
h1=1500 mm, h2=100 mm, h3=75mm, h4=1675 mm, SGp=0.5, SGs=1.2 

Find transmitter ranges (LRV, URV, and Span) at this location 

Answer; 

LRV = {(h2 x SGp) + (h3x SGs)} – (h4x SGs)        

         = {(100 x 0.5) + (75x 1.2)} – (1675x 1.2)        

         = (50 + 90) – 2010 = –1870 mmH2O 

URV = {h1 x SGp) + (h2 x SGp) + (h3x SGs)} – (h4x SGs)        

         = {(1500 x 0.5) +(100 x 0.5) + (75x 1.2)} – (1675x 1.2)        

         = (750 + 50 + 90) – 2010 = –1120 mmH2O 

Span = URV – LRV   

          =  –1120 – (–1870) = 750 

  

Due to some reason transmitter change location to B position, information 
data for transmitter at B location are here; h1=1500 mm, h2=100 mm, 
h5=170mm, h6 = 1430 mm, SGp=0.5, SGs=1.2 

Find transmitter ranges (LRV, URV, and Span) at this location 

Answer; 

LRV = {(h2 x SGp) + (– h5 x SGs)} – (h6 x SGs)        

         = {(100 x 0.5) + (–170 x 1.2)} – (1430 x 1.2)        

         = {50 + (–204)} – 1716  

         = (–154) – 1716 = –1870 mmH2O 

URV = {(h1 x SGp) + (h2 x SGp) + (– h5 x SGs)} – (h6 x SGs)   

          = {(1500 x 0.5) + (100 x 0.5) + (–170 x 1.2)} – (1430 x 1.2)        

         = {750 + 50 + (–204)} – 1716  

         = 596 – 1716 = –1120 mmH2O 

Span = URV – LRV   

          = –1120 – (–1870) = 750 
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As we can see both calculation give the same result, it’s mean differential 
pressure transmitter for measuring level no matter if installed at any point 
between low pressure tapping point and high pressure tapping point, but in 
order to ensure a positive head pressure, manufacture recommend to install as 
low as possible below the position where the high pressure side diaphragm is 
installed. 

 

Configuration and Calibration the transmitter 
 
The ranges calculation as explain above is part of serial activities need to be 
performed when transmitter will be used for measuring processes. The next 
activity is configuration and calibration verification. For verification purpose 
normally following activities are conducted: 
 

Range setting (re-ranging) is the step to adjust calibration range (LRV and 
URV).  LRV is a value at what input shall the transmitter analog output be 4 
mA, and URV is a value at what input shall the transmitter analog output be 
20 mA. Lower Range Value (LRV) often referred to as “zero” meaning 0%, 
and Upper Range Value (URV), sometimes called “full scale” meaning 100%. 

Zero sensor trim requires the physical input applied to be zero (e.g. by isolate, 
equalize, and vent the manifold) in case seal diaphragm type, putting both 
High and Low side diaphragm at the same elevation is the method to make 
zero condition. 
 

Lower sensor trim, the physical input values applied for lower sensor trim is 
value near to LRV. 
 

Upper sensor trim, the physical input values applied for higher sensor trim is 
value near to URV. 
 
Performing sensor trim means following step are undergo; telling to the 
transmitter what is the input, then transmitter calculates internal correction 
factors, finally transmitter uses the new correction factors to compute a new 
correct measurement reading 
 

Analog Output Trim is applied to eliminate error the analog output signal. For 
instance, if the analog output current is 4.13 mA when it should be 4.00 mA, 
then analog output trim is used to adjust it to 4 mA. 

https://www.jasaservis.net/DPlevel.pdf
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This paper contains basic knowledge about level transmitter type differential 
pressure. This transmitter is indirect measurement instrumentation, hence 
understanding how to find suitable range value is very important matter.  
 
Participants are requested to do more exercise in order to be familiar with 
range calculation.  Use drawing in previous page for practice, change distance 
and specific gravity value then solve the problem.  
 
In reality installation differential pressure transmitter for measuring level has a 
lot of technique; therefore technicians who work for it must fully understand 
working principle of this transmitter. 
 
 
Thank You 
 

https://www.jasaservis.net/DPlevel.pdf

