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Abstract---In cryogenic system, cryogens are stored in 

Dewar or storage vessels. Due to heat leak from the 

surrounding, The Vaporization of liquid takes place, and the 

level of liquid decrease. So, it is required to measured level 

continuous or periodically. There are different types of 

liquid level gauges are available to measure the level of 

liquid for cryogenic system.  The quantity of liquid can be 

determined if the level of the vessel is known. Capacitance 

type liquid level gauge is best suited for measuring the 

liquid level of cryogens because of its high sensitivity low 

cost, low power consumption and accuracy. Here a try will 

be made to design and develop parallel plate type 

capacitance liquid level gauge for LN2 storage vessel. 
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I. INTRODUCTION 

Determination of liquid level is fundamental interest to the 

operation of cryogenic application. Cryogens are stored in 

Dewar or storage vessel .Due to heat leak from surrounding, 

the vaporization of liquid takes place, and the level of liquid 

decrease. So it is required to measured level continuous or 

periodically. Capacitance type liquid level gauge is best 

suited for measuring the liquid level of cryogens because of 

its high sensitivity low cost, low power consumption and 

accuracy. Here a try we compare parallel type and 

concentric Capacitance liquid level gauge. The difference of 

the dielectric constants between liquid fluid and its vapour 

forms basis of the operation of this gauge. The accuracy and 

precision of the capacitive liquid level gauge depends on the 

material of capacitor, the gap between two plates or distance 

between two cylinders, transducer and measuring 

electronics. The vessel partially filled with liquid can be 

considered as two separate capacitors connected in parallel 

or concentric. If the conductors are not perfectly parallel to 

each other, then linearity in capacitance will be lost. 

II. DESIGN CRITERIA 

The design process of parallel plate type capacitive liquid 

level gauge includes: 

 Selection of the material of plates 

 Sizing of plates 

 Selection of gap between plates 

 Selection of the dielectric constant for liquid 

nitrogen 

 Material of cylinder: A.

The material of cylinder is selected as copper for concentric 

capacitance liquid level gauge because the copper has good 

electrical conductivity and good corrosion resistance 

properties as required by the capacitance liquid level gauge. 

The Aluminum can be selected as material of the plates but 

its electrical and corrosion resistance properties not good as 

copper at cryogenic temperature. Also Aluminum is the light 

weight material so it cannot stable because of its own 

weight. 

 Sizing of cylinders: B.

The heights of cylinder are also same as height of inner 

vessel. Size of the inner vessel is 400 mm. the height of 

cylinder is 380 mm. Here we use four cylinders for 

maintaining the gap (2, 5, 8 mm). 

 Gap between cylinders: C.

The gap between the Cylinders is the important parameter in 

concentric cylinder type capacitance liquid level gauge. As 

the gap between cylinder decrease, the net capacitance 

increase and so the accuracy increases. Generally taken (2, 

5, 8 mm).   

 D. Dielectric constant 
[6] 

D.

The dielectric constant of the any liquid play important role 

for cryogenic liquid level measurement. The dielectric 

constant is different for liquid .The dielectric constant is 

depending on which liquid is used. The dielectric constant 

for LN2 is taken as 1.454 and for GN2 is taken as 1.00054 at 

77 K. The dielectric constant can be found out by placing 

the meter in the tank which is fully filled with liquid 

nitrogen and measure the capacitance .from the equation of 

the capacitance the dielectric constant is calculated. 

III. DESIGN CALCULATION (RANDALL F. BARON) 

 Calculation of capacitance: A.

The Total Capacitance of the liquid level gauge is 
 
          C = Cf + Cg 

 

 

 

 

The total capacitance can be written in terms of the 

total gauge length L as below 
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Where C = Capacitance. 

             Lf  = Liquid level in Dewar or storage vessel. 

             Lg  = gas or vapor level in Dewar  

             L   = Total height of plates or storage vessel. 

            f  = Dielectric constant of liquid. 

             g = Dielectric constant of gas or vapor. 

              Do  = Diameter of outer electrode 

              Di   = Diameter of inner electrode 
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 Calculation of length B.

Total Length of the capacitor = Lf + Lg 

                                                                                         =  L 

Liquid level is a linear function of the capacitance of 

the gauge 

 

 

 

The sensitivity of the capacitance liquid level gauge is 

  S0  =  dC /dLf 

 

                    
)/ln(

)(2

io

ogf

DD

 
 

From above equation, it can be seen that the sensitivity is 

dependent of the length of the plate and the liquid level. 

Sensitivity is depending on difference between dielectric 

constant liquid and vapor. This design is used for both 

configurations. 

IV. DIMENSIONS OF CONCENTRIC CYLINDER: 

Here, we use four hollow cylinders. 

Length L = 380 mm =0.38 m 

1. outside hollow cylinder: 

OD = 25.4 mm 

ID = 22.4 mm  

2. inside hollow cylinder: 

For 2 mm gap  

OD = 18.4 mm 

 ID = 15.2 mm 

For 5 mm gap  

OD = 12.4 mm 

ID =   9.0 mm 

For 8 mm gap  

OD = 6.4 mm 

ID = 3.0 mm 

 
Fig. 1:  Vessel where liquid level measure 

V. COMPONENT DESCRIPTION 

 INNER VESSEL: A.

In the inner vessel, the liquid nitrogen is stored .as shown in 

figure around the inner vessel the MLI is wrapped to 

minimize the heat leak. The material of inner vessel is SS 

304 

 OUTER VESSEL: B.

The inner vessel is placed in the outer vessel as shown in 

figure 3.4. The material of inner vessel is SS 304. The inner 

vessel is wounded by multilayer insulation. 

 FLANGE WITH COPPER TUBE: C.

Two concentric copper are attached to the flange and nylon 

tube. There are two holes are made for pouring the liquid 

nitrogen and venting the vapours. 

VI. RESULTS 

Gap between 

cylinders 

Level (in 

mm) 

Capacitance (in 

nF) 

 

 

 

 

 

2 mm 

20 0.111 

50 0.115 

100 0.121 

150 0.127 

200 0.134 

250 0.140 

300 0.147 

350 0.153 

380 0.157 

5 mm 

20 0.038 

50 0.039 

100 0.041 

150 0.043 

200 0.025 

250 0.047 

300 0.050 

350 0.052 

380 0.053 

8 mm 

20 0.017 

50 0.018 

100 0.019 

150 0.020 

200 0.021 

250 0.022 

300 0.023 

350 0.024 

380 0.025 

Table. 1:  Different liquid level with capacitance 

 
Fig 2:  Capacitance vs liquid level 
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VII. CONCLUSION 

As liquid level increases by keeping the gap between plates 

or distance between two cylinder constant, the capacitance 

increases linearly. When the gap between plates or the 

distance between two cylinders increases, the capacitance 

decreases. This decrease the capacitance results into 

increase in the output voltage. 

For a particular liquid level, as the gap between 

plates or distance between two cylinders increases, the 

output voltage increases, or vice versa .. It is also concluded 

from the results, that the output voltage is directly 

proportional to the gap between plates and the capacitance is 

inversely proportional to the gap between plates. From 

Study ,Concentric cylinder type capacitance liquid level 

gauge is better result than parallel plate type capacitance 

gauge.  
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