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This article is devoted to the development of a universal cryo surface for cooling and further work with 
active samples of various compositions in the surface temperature range of 80 K – 300K. To build a 
computer model of a universal cryo surface, the finite element method was used, which has a deep theoretical 
justification and is used to solve a wide range of problems. range of tasks. In the work, a computer model 
of a universal cryo surface with automatic maintenance of a given temperature in the range from 80 K to 
300 K was created, which is intended for efficient production, taking into account all possible wishes of 
the system user and solving a wide range of problems. In the course of the study, working drawings of the 
cryo surface were obtained, a computer model of a universal cryo plate was developed, and thermophysical 
processes in it were studied. Based on the created mesh of the model and the results of the consumption 
of the working cryo-liquid, the optimal temperature values of the cryo surface were determined. With the 
help of this development, the problems of innovative materials processing technologies will be solved 
when creating a heat exchanger and substrate, creating an efficient pump for cryo-liquid, as well as creating 
a temperature maintenance system of various accuracy. The result will be a system with compactness, 
versatility, and autonomy.
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1 Introduction

Cryogenic line refrigeration is the process of 
cooling a cryogenic liquid transfer line, typically from 
room temperature to cryogenic temperature, to ensure 
that the cryogenic liquids reach their destination in 
a liquid state. This process has attracted attention as 
cryogenic liquids play an increasingly important role 
in modern industries and academic fields [1-6]. During 
the cooling process of the line, a large amount of gas 
is inevitably generated, and this is often accompanied 
by a pressure surge phenomenon that can cause great 
damage to the system. Therefore, it becomes an 
integral part of cryogenic fluid management, which 
is a critical precondition for providing a stable and 
safe operating environment for a cryogenic system. 
The biggest challenge in cryogenic line cooling is to 
understand the heat transfer transient characteristics 
and predict the cooling process [7-9].

The heat transfer mode at each point in the 
transmission line changes over time as the flow pattern 
changes with wall temperature and fluid quality 
(Figure 1). However, imaging devices are difficult 
to implement at cryogenic temperatures. Changes in 
heat transfer patterns during the cooling process of a 
cryogenic line are often identified based on heat flow 
data obtained from measured wall temperature data. 

Figure 2 shows a typical change in heat flow and 
heat transfer mode as the wall temperature changes. 
As we can see, while the wall is cooled by the 
cryogenic liquid flow, the heat transfer modes occur 
in the following order: single-phase gas convection, 
film boiling, transition boiling, nucleate boiling, and 
single-phase liquid convection. Parameters such as 
critical heat flux, temperature, and minimum heat 
flux, which are the boundary conditions for two 
boiling regimes, are commonly used to determine 
instantaneous boiling regimes [10-13].
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However, some heat transfer modes may not be 
possible due to the condition of the pipeline and the 
properties of the fluid. For example, single phase 
gaseous convection occurs in a relatively long 
transmission line as the vaporized stream from the 
upstream, which is still colder than the pipe wall, 
slowly cools down the transmission line [14, 15]. 

On the contrary, film boiling is often considered 
as the beginning of the cooling process on a short 
transport line. Cooling of liquid hydrogen has been 
found starting from the transitional boiling regime 
under the condition of a very high Reynolds 
number, which is caused by its special properties 
[16-21].

Figure 1 – Typical flow patterns and heat transfer modes during the cooling of a cryogenic line

Figure 2 – Change in heat flux depending on the wall temperature

Advances in the cryogenic field allow for 
pumps based on this principle because of the 
promising means of achieving high vacuum levels. 
These pumps are usually called cryogenic vacuum 
pumps.

Particular attention in the design of cryopumps 
should also be paid to solving a number of 
cryotechnical issues, namely, ensuring a minimum 
thermal load on the cold elements of the pumps 
while ensuring the required pumping speed, since 
their efficiency largely depends on this. In cryogenic 
devices, it is very important to take into account 
thermal deformations and ensure the tightness of the 

joints. It is also important to choose the method of 
cooling the cryo pump, which mainly determines the 
performance of the pump.

Important foreign developments in this area are 
the cryopanels for cryogenic vacuum pumps shown 
in Figure 3, but the tasks and applications of the 
cryopanel are completely different from the system 
of this project. Since the main task of the cryopanel 
is the creation of a vacuum. Whatever type of pump 
you use, the principle of creating a vacuum is the 
same. The vacuum is created by removing the gas 
molecule by molecule from the hermetically sealed 
working volume.
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Cryogenic pipelines are used to transfer 
cryogenic liquid from the liquefier to the storage 
tank, as well as from the tank to the consumer. 
Cryogenic pipelines are supplied with high-quality 
vacuum thermal insulation, which reduces the 
volatility of the liquid. The required pressure is 
generated by the overpressure in the tank or pump. 
To cool special built-in cryopanels to 10K and 80K, 
on which gas molecules are actually deposited, 
the cryopump uses a closed cycle cooling system 
with helium as the working gas. Molecules of the 
pumped gas, moving randomly, come into contact 

with the cryopanels and condense or are absorbed 
by them.

The outer row of gratings is cooled to 80K and 
used to condense water vapor, which is usually the 
main gas load. The inner row of condensation grates 
is cooled to a temperature of 15 K and is intended for 
the main part of the remaining gases. All condensable 
gases pass into a solid state at a vapor pressure of 
less than 10-12 Torr. Non-condensable gases such 
as helium, hydrogen and neon are simultaneously 
adsorbed by a layer of encapsulated activated carbon 
cooled to 15 K.

1 – Dewar vessel; 2 – liquid nitrogen; 3 – heat exchanger of the 
refrigerator; Q1 – lower cryostat; Q2 – upper cryostat; 4 – control sample; 

5 – measuring plate; 6 – thermal conductivity standard; 7 – clamping 
spring; 8 – measuring cell cover; 9 – gasket; 10 – cell base; 11 – platform

Figure 3 – Sketch of the measuring cell  
in the cut without using a cryopump

2 Mathematical model of the problem and 
methods

The finite element method (FEM) is the solution 
of problems by a numerical method, which can be 
either a minimization of a function or described by 
partial differential equations. Interest is presented 
as a set of finite elements. Finite elements have 
the same properties that define and reduce the 
number of unknowns. Approximation functions 
in finite elements are defined in terms of the key 
value of the specified physical field. The continuous 
physics problem is transformed into a discretized 
finite element problem with unknown key values. 
For linear algebraic equations, the problem must 

be solved linearly. With the use of key values, the 
values within the finite elements can be retrieved 
[22-25].

Elements consisting of edges and nodes, which 
are interception points and links between elements, 
are the result of a split. The solution of differential 
equations with respect to a physical problem can 
be solved by approximate functions that satisfy the 
conditions described by integral equations in the 
problem domain. Such approximate functions are 
polynomial functions.

The features of this method include:
- When using simple approximating elements, we 

can achieve any accuracy of piecewise approximation 
of physical fields on finite elements;
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- The locality of the approximation leads to 
systems of sparse equations for the discretized 
problem. It helps to solve problems with very large 
number of nodal unknowns. 

Due to its advantages, piecewise approximation 
of physical fields is the most used form of solving the 
problem when solving complex geometry.

The removal of heat from the surface of an object 
of a universal cryogenic surface (UCS) is provided 
by the convection of the movement of the gaseous 
coolant flow and is described by the Navier-Stokes 
equations [26-28]:

��
�� �� ∇ꞏ(ρu) = 0,                      (1)

ρ ���� + ρ(uꞏ ∇)u = ∇ꞏ [−ρI + τ] + F,     (2)

ρ𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝 (dT
dt

+ (u· ∇)𝑇𝑇𝑇𝑇 ) =

= −(∇· q) + τ : S –

– T
ρ 

dρ
dT 

( dp
dt

+ (u· ∇)𝑝𝑝𝑝𝑝 ) + 𝑄𝑄𝑄𝑄, 

        (3)

where ρ is density, u is velocity vector, p is pressure, 
τ is viscous stress tensor, F is body force vector, Cр is 
specific heat capacity, T is absolute temperature, q is 
heat flow vector, Q contains heat sources, S is tensor 
strain rate. 

Equation (1) is called the equation of continuity or 
continuity of the flow, it is an algebraic representation 

similar to the conservation of mass. Equation (2) is a 
vector equation which represents the conservation of 
momentum. Equation (3) describes the conservation 
of energy, formulated in terms of temperature.

3 Results

In this work, a numerical model of the universal 
cryo surface was created. The number of elements 
varied depending on the geometry of the model, 
but on average it was about 30,500 finite elements, 
where the number of vertex elements was 20,000, 
the number of boundary elements was about 10,000, 
and the minimum element size into which the zone of 
the universal cryo surface is divided was 0.012 mm. 
The mesh was generated automatically thanks to the 
physics-controlled mesh customization. For a more 
complex configuration, custom grid settings can be 
used.

All material properties were taken as isotropic in 
the calculations of this model. The data on thermal 
conductivity and heat capacity used in the model are 
presented as a function of temperature. The materials 
used were steel, nitrogen and air.

The following figures show the results of 
modeling the universal cryo surface. Figures 4-8 
show the temperature distributions in the 3D model 
of the universal cryo surface. 

In Figure 4, we can observe the intensive 
cooling of the cryo surface over time. At the time of 
30 seconds, we see that 90% of the surface of the 
universal cryo surface model is approaching 100 K.

Figure 4 – General view of the model grid
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The computer model of thermophysical process-
es in the model of a universal plate was implement-
ed using the finite element method. The schematic 
model is shown in Figure 5.

The geometrical dimensions of the computer 
model of the CSM were equal to 300x300x15 mm. 

Where holes with a diameter of 3/5/7 mm were 
made with a step of 30 mm from the centers of the 
holes.

The following figures 6-8 show the temperature 
distributions along the cryo surface at different 
times.

Figure 5 – General view of the universal cryo surface model

Figure 6 – Temperature distribution along the cryo surface at the initial time t=0 s
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Figure 7 – Temperature distribution along the cryo surface at time t=5 s

Figure 8 – Temperature distribution along the cryo surface at time t=10 s
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Figure 9 shows a graph of the distribution of the 
maximum temperature over the entire surface area of 
the model of the universal cryosurface. We can notice 
that when considering the maximum temperature 

over the entire surface area, there is a clear effect of 
the diameter size of the heat exchange tube. More 
intensive cooling of the surface area of the cryo surface 
is observed at a heat exchange tube diameter of 7 mm.

Figure 9 – Distribution of the maximum temperature 
 over the cryo surface area over time

4 Conclusions

In this work, in the course of numerical simulation, 
a model of a universal cryo surface was created. By 
means of the finite element method, geometric and 
physical models of the universal cryo surface were 
constructed. The temperature characteristics of a 
steel plate at various points in time were investigated.

According to the obtained results of computer 
simulation, it can be concluded that the computer 
model of the cryosurface obtained by us is adequate 
and retains the advantageous properties of the real 
cryo surface.

Based on the obtained results, we can draw the 
following conclusions:

- universal cryogenic surface reaches temperature 
equilibrium in 70 seconds in the case of a 7 mm hole 
diameter;

- in the case of 5 mm and 3 mm tube hole 
diameter, an increase in cooling time to 90 and 100 
seconds, respectively, is observed;

- temperature distributions over the surface of a 
universal cryo plate are shown in the form of a 3D 
temperature model;

- the results of this study may contribute to the 
further development of cryogenic technologies in 
low temperature physics

The results obtained in the work are not only 
scientific, but also applied in nature and will be used 
in developments in various fields of science: when 
measuring thermal conductivity by the relative 
method, determining the viscosity of petroleum 
products, space research and low-temperature 
measurements; in medicine in the manufacture 
of drugs, the study of biological samples and the 
crystallization of protein compounds; in industry 
and for display repairs. This is necessary for the 
preferences of demand and the selection of the 
configuration of the invention without changing the 
overall design, and significant cost savings for the 
consumer. 
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