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Abstract
This paper explores the use of a light based measurement technique for the level measurement of cryogenic liquids. Differential
pressure transmitters are commonly used to measure the levels of cryogenic liquids such as liquid nitrogen and liquid oxygen in
cryogenic tanks. They require the liquid inside the temperature controlled tank to be drawn out into impulse lines which are at
ambient temperature. This causes a number of problems, choking of the impulse pipes is one of them, which ultimately results in a

need for flushing the lines and that causes loss of material.
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1. INTRODUCTION

Cryogenic liquids are of huge importance in today’s fast
growing Industrial Scenario. Storing them and undertaking
tasks like level measurement, flow control etc. on them is
another Herculean task to do. Due to their unusually low
temperature, these liquids have some special problems to be
dealt with.

2. PROBLEMS FACED IN LEVEL
MEASUREMENT OF CRYOGENIC LIQUID

In this section, | shall put light on the problems faced while
conducting the level measurement of a cryogenic liquid. |
shall take the case of Liquid Nitrogen (LIN). Now, just for
information, | shall mention some salient features of LIN,

Table 1: Details of Liquid Nitrogen

Property Value

Temperature (in °C) | —196°C

Temperature (in °F) | —321°C

Refractive Index 1.1990 [

Needless to say that, when we are aiming at the use of
Differential-pressure (DP) method for the measurement of
level of liquid nitrogen, we will have to make two tapping
on the dewar chamber for impulse lines; one at the High
Pressure area and one at the Low Pressure area. Let us say,
we successfully install the DP level transmitter, now when
the LIN comes into the impulse tubes, the catastrophe starts.
As data suggests? Carbon Di-oxide becomes dry ice at -
78.5°C, so the LIN coming into the impulse pipe comes in
contact with the CO, in the pipe and immediately turns the
CO; into dry ice. This leads to the choking of the impulse

pipe.

A table of the level readings taken at an interval of 12 hours,
in no-delivery-condition is as follows,

Table 2: Level using DP Method - No Delivery mode
|| Time(Hours) Level(mtrs.) ||

2 171.5
5 150.3
7 140.9
10 138.1
12 136.3

We can see that the level seems to continuously go down
due to the effect of chocking and not due to delivery.

3. STUDY OF LIN

Liquid Nitrogen exists at extremely low temperatures and
hence is of great interest to Cryogenic physicists and
Engineers. There are a lot of salient points that are ought to
be known while dealing with LIN. I will take the help of
bullets to put forth the details in a more comprehensible
manner. The details that | am going to present are from
various online sources®M some salient features are as
follows,

1) Liquid Nitrogen is denoted as LN, LIN or LN2.

2) The UN number given to LIN is 1977.

3) AtNTP, LIN boils at -195°C

4) It is non-toxic and inert. Hence, finds a lot of industrial
applications for inert blanketing of Petrochemical products.
5) LN2 displays the Leidenfrost effect®.

4. PROPOSED DESIGN

In this section, | will put forward my proposed design to
tackle the problems mentioned in above sections. To put
forth in a very simple manner, | will be taking the aid of
optical properties of LIN and air to design a novel optical
level measurement mechanism for cryogenic liquid. The
reason why any kind of wave based sensor, say, Ultrasonic
or RADAR sensors will fail, is because that will require an
open vessel. And, as in the case of Cryogenic Liquids, open
vessel is not an option.
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A simple set-up is proposed that takes care of the very basic
drawback using the optical properties of cryogenic liquid
can be seen in Fig. 1.

LASER transmitters

Detectors

Liquid level

Fig 1: Setup

For design purpose | used LASER light source, however,
my observation is, the use of any light source is applicable
with enough monochromatic nature. The design is heavily
dependent on the basis of Snell’s Law in Refraction
mechanism. The design is heavily analyzed mathematically.
The next section will provide the detail ideation of the
mathematical background of the design.

5. ANALYSIS (MATHEMATICS BEHIND THE
IDEA)

At the very onset, let me first define all the notations for
easier reference throughout the length of the paper,

We have,

1) p= Density (kg=m?)

2) m = Mass (kg)

3) V = Volume (m®)

4) A = Area (m?)

5) F = Force(N)

6) g = acceleration due to gravity (9:81m=s?)
7) I = Length (m)

8) P = Pressure (N=m?)

9) u = Refractive Index.
10) T = Temperature(°C)
11) A = Wavelength(m)
12) k = Wavenumber(m'1)

We will eastablish some basic rules on which we will build
our mathematics at the later stages,

We know that,

p=— (1

Which can be written as,

m 1
P=T 7724 (2)

In equation (2) we can have (m) of the material and (A)
covered by the material to be the varying quantities, but the
(I) of the container remains constant. Therefore, we can
write,

m
po— (3)

Similarly, we can now have a look at the idea of Pressure,
P=_ (4)

which can be written as,

P==xg (5)

It is obvious that (g) remains constant in normal conditions,

Therefore, we can conclude that,

pxg (6)

From (3) and (4) we conclude that,
poc P (7)

Keeping that in mind, we must also keep in mind that the
density is synonymous to Particle/Matter density.

Now, as per [6], to define the relation between the refractive
index of air with respect to temperature, we have,

p=1-> nid(k) ®)

Note that this is valid for small wave numbers(k), which in
one way means, the above equation is valid for longer
wavelengths, since, k = A'1.
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In equation (8), we must note that, n; is the number density
for each species of molecule and §; is the contribution to the
index from this molecular species.

Clearly, if we increase the pressure (P), the density (p) also
increases, as per (7). Thus, when (p) increases, | also
increases. Similarly, pLand T are inversely related.

Therefore, mathematically we can write,

= (9)

Another interesting point of view into this idea is by taking
into account the Sellmeier Equation, which defines the
empirical relationship between the wavelength and
refractive index for a particular transparent medium. This
relation closely follows the y = €™ where m is a positive
integer. Where, y is Refractive Index and x is Wavelength.
Similarly, we know it well the fact that, hot objects emit
more of their light at short wavelengths, and cold objects
emit more of their light at long wavelengths. The
temperature of an object is related to the wavelength at
which the object gives out the most light. [7]

Now applying a little logic solves the problem. For low
temperature, the X becomes long and hence, k becomes
small. Therefore, 1 goes up. Keeping in mind that P is
isolated. Or, in other words, the system is Isobaric.

Similarly, in an Isothermal system, P and p are directly
related.

Lastly, the very basis of the setup’s working is based on the
phenomenon of bending of light when it runs from a rarer to
a denser medium. So, just for completeness | will add
Snell’s law,

Level of Liquid

——

i S
) —_—
:I-- L W] "Ii-:-'-

Desired Path

Fig. 2: Design

N _ Si.I] Oair (10)
frair SN0,

Adding some values into (10). We know that, [, = 1 and
from [1], it is found that py,=1.2.

Therefore,

sin fgip _ 1.2 (1)

sin v, 1

Having the sin©,;,=10°, we can find

. ) 1
sin @y, = sin fa4ir % 13

sin 9}'\"2 = 10° x ﬁ

We have,
sin Ay, = 8.333°

The design method is pictorially depicted in fig. 2.

6. DESIGN

The black line shows the path of the light beam when there
is no liquid obstructing its path. In that case, the output at
the receiver is 1. Similarly, the red line shows the path of the
light beam when the liquid obstructs its path. In that case, in
accordance to Snell’s law, the beam deviated and missed the
receiver it was initially aimed at, therefore, the output
becomes 0. Hence, giving an indication that the level has
surpassed that particular receiver(R).

We must note that, the accuracy of the design depends
heavily on the number of Transmitters and Receivers used.
The more the density of the Transmitters and Receivers, the
more will be the accuracy.

7. RESULTS

The results are tabulated for clarity. The following table
gives the level of a dewar container in no-delivery mode.

Table 3: Level using Optical Method - No Delivery mode
Time (Hours) Level(mtrs.)

|| Time(Hours) Level(mtrs.) ||
2 180
5 179.8
7 179.8
10 179.7
12 179
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The data clearly shows that the method significantly
improves the performance.

8. CONCLUSION

As we can see from Table 2 and Table 3 that there is a
significant improvement in the performance of the system.
There are some issues that come inevitable with such a
system, some of them are; | suggest the use of a
monochromatic light source for use in such application, |
suggest the use of this system in a single-point critical
system - a system in which either the high level OR low
level are critical - not both.
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