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Аннотация: темой статьи является проблема замерзания гидравлической системы 
при эксплуатации техники в суровых климатических условиях Северо-Востока и Ар-
ктики Российской Федерации. В данной работе авторы дают подробное описание ос-
ложнениям, которые возникают вследствие негативного влияния низких температур 
окружающей среды на гидравлическую систему техники. При проведении исследова-
ния было установлено, что основной причиной отказа техники в зимнее время явля-
ется нарушение герметичности рукавов высокого давления вследствие потери упру-
гих свойств резиновых составляющих, из которых они изготовлены из-за негативного 
воздействия низких температур окружающей среды на гидравлическое оборудование. 
В качестве решения вышеуказанной проблемы авторами статьи предлагается способ со-
вершенствования гидравлической системы стандартного геологоразведочного оборудо-
вания на примере бурового станка УРБ-2А2 путем утепления её гидравлической систе-
мы теплоизоляционным материалом на основе минеральной ваты. Для подтверждения 
эффективности предложенного способа борьбы с проблемой замерзания гидрооборудо-
вания авторы статьи выполнили математическое моделирование тепловых процессов, 
возникающих в  гидравлической системе и  сделали сравнительный анализ скорости 
потери тепла рабочей жидкости в рукавах высокого давления без теплоизоляции и с 
применением теплоизоляции на основе минеральной ваты. Для численного решения 
дифференциальных уравнений использовался метод конечных элементов. Расчеты про-
водились на вычислительном пакете FEniCS. Результаты выполненного в статье мате-
матического моделирования доказывают, что теплоизоляция гидрооборудования явля-
ется эффективным способом борьбы с замерзанием гидравлической системы техники. 
Следующим шагом авторов является проведение натурных испытаний предлагаемого 
способа решения проблемы на базе компании ООО «Арктик-Бур», на самоходных бу-
ровых установках УРБ-2А2 и УРБ-2Д3.
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1. 	Introduction 
During various operations, any equipment 

is affected by various negative factors that 
can lead to premature failure. In turn, any 
breakdown of equipment causes a loss of 
time and money. The reliability of equipment 
becomes especially relevant when operating 
equipment in the harsh conditions of the North-
East and the Arctic of the Russian Federation. 
In these regions, huge territories are still not 
developed, and settlements are located at a 
great distance from each other. There is no 
necessary infrastructure for carrying out any 
work. In many areas, roads are available only 
in the cold season, and the ambient temperature 
in winter can drop to –60°. 

As previous studies show, extremely 
low ambient temperatures have a negative 
impact on almost all elements of the 
hydraulic system of the equipment [1].

First, under the influence of low temper-
atures, hydraulic fluid properties deteriorate 
due to a significant increase in its viscosity 
and density and the formation of hydrates.

Secondly, under the influence of 
extremely low temperatures, deformation 
occurs, changes in the dimensions and 
gaps of hydraulic equipment parts, leading 
to an increase in friction forces, pinching 
of moving elements, and saturation of the 
working fluid with air [1].

Thirdly, at low temperatures, the 
elastic properties of the rubber of high-
pressure hoses deteriorate, which can 
cause its rupture.

When operating equipment at an ambient 
temperature of –30° or less, all of the above 
complications usually coincide and can 
negatively affect the operation of hydraulic 
equipment or cause its destruction.
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2. 	The negative effect of low 
temperatures on the hydraulic 
system of machinery
We studied the long-term experience of 

the “Arctic-BUR” LLC engineering and 
survey company, which is engaged in drilling 
operations on the territory of the Republic 
of Sakha (Yakutia) all year round. The 
company’s main drilling rig for geological 
exploration is the URB-2A2, based on the 
KAMAZ vehicle equipped with a screw 
compressor. Due to their versatility and 
accessibility, these drilling rigs are among the 
most common in the Russian Federation and 
are mainly used in geological exploration and 
engineering survey work. 

URB-2A2 is a fully hydroficated 
drilling rig and is equipped with a movable 
rotator and a lifting mast. All elements of 
the hydraulic system are connected through 
high-pressure hoses (HPH) (Fig. 1).  
As practice shows, they are the most 
vulnerable elements of the hydraulic system 
since, during operation, they are most often 
subjected to various mechanical loads and 
negative environmental influences.

During equipment operation, working 
fluid temperature increases due to high 
pressure and friction, so, in winter, the 
optimum temperature is maintained 
inside the hydraulic system. When the 
temperature is below –40−50°, equipment 
operation is undesirable even with special 
frost-resistant hydraulic oils. At such 
extreme temperatures, the oil’s viscosity 
increases, resulting in increased pressure 
losses in the hydraulic system, increased 
hydraulic flow resistance, and friction 
forces in the movable joints. Difficulties 
arise with starting the hydraulic drive, and 
the elastic properties of rubber seals and 
HPH occur. All of the above complications 
significantly increase the probability of 
failure of hydraulic equipment [1−5, 8−20].

To prevent and combat the problem of 
freezing the hydraulic system, we consider 
insulating the hydraulic equipment of 

the drilling rig with thermal insulation 
materials. We believe that due to the thermal 
insulation of the oil tank and high-pressure 
hoses, it is possible to significantly increase 
the efficiency of hydraulic equipment 
in winter since the heat generated by 
hydraulic oil will not instantly escape into 
the environment due to the high thermal 
conductivity of rubber and metal elements 
of the hydraulic system.

We propose to thermally insulate 
the hydraulic system of the drilling rig 
URB-2A2 with a thermal insulation material 
based on mineral wool, in particular, the oil 
tank and high-pressure hoses. The method 
of insulation is shown in Fig. 2.

3. 	Mathematical modeling
To study the thermal insulation of 

high-pressure hoses (rubber pipes), we 
perform mathematical modeling of hoses’ 
interaction with the environment. Fig. 3 
shows the computational domain consisting 
of three subdomains: Ω1  — oil, Ω2  — 
rubber, Ω3 — insulation. To determine the 
temperature distribution T, we will solve 
the heat conduction equation [6]:

Fig. 1. High-pressure hoses of the drilling rig 
URB-2A2
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Here, c — the specific heat, ρ — the 
density, λ  — the thermal conductivity 
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where subscripts 1, 2, and 3 denote oil, rubber 
and insulation properties, respectively. Also, 
equation (1) must be supplemented with 
boundary and initial conditions. Convective 
heat exchange with the environment will 
take place at the border
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where α — the heat transfer coefficient, 
Tout  — the температура окружающей 
среды. The initial temperature is

	 Ù= ∈0 ,  .T T x  	 (3)

For the numerical solution of the problem 
(1)–(3), we use the finite element method [7]. 
The software implementation is carried out on 
the FEniCS computational package [8]. This 
package allows us to automate the numerical 
solution of differential equations using the 
finite element method. The geometrical 
domain and the computational mesh (Fig. 4) 
are generated using the Gmsh program. All 
software used in the research are open source.

We modeled the cooling of the pipe 
without thermal insulation, and with thermal 
insulation was carried out for one hour. The 
initial temperature is equal to T0 = 30°, the 

Fig. 2. Heat-insulated high pressure hose: 1 — thermal insulation layer; 2 — high pressure hose

Fig. 3. Computational domain
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ambient temperature – Tout = = –50 °C. The 
outer diameter of the pipe is 46 mm, and the 
wall thickness is 7 mm. The pipe material 
is rubber. Mineral wool with a thickness 
of 10 mm is taken as a heat insulator. 
Thermophysical properties of oil, rubber, 
and insulation are presented in Table 1.  
Calculations are performed with a time step 
of 1 minute for 1 hour (60 timesteps).

We present calculation results in Fig. 5, 
where the temperature distribution without 
thermal insulation after 1 hour is shown on 
the left and with thermal insulation on the 
right. It can be seen that without insulation, 
the oil completely freezes, and its temperature 
will be –42 °C The oil does not freeze when 
the pipe is covered with insulation, and the 
temperature drops to 12 °C. Fig. 6 shows 
the change in maximum oil temperature 
over time. The solid blue line shows the 
temperature distribution with insulation, the 
dashed orange line without insulation. It can 
be seen that without insulation, the oil will 
freeze within 20 minutes.

4. 	Conclusion
We believe that improving the technical 

characteristics of equipment is primarily 
achieved by adapting them to working 
conditions. At the same time, it is necessary 
to achieve the desired result without serious 
modifications to existing equipment and 
significant financial investments. In our 
opinion, using this approach, we can achieve 

Fig. 4. Computational mesh

Table 1
Thermophysical properties

Material c, J/(kg · °C) ρ, kg/m3 λ, W/(m · oC) α, W/m2 · oC
Oil 1860 870 0.1333 —
Rubber 1420 1500 0.175 65
Insulation 920 50 0.0356 3

Fig. 5. Temperature distribution without insulation (left), with insulation (right) 
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success in the realities of the North-East and 
the Arctic of the Russian Federation.

The approach we have proposed to 
combat the problem of freezing of the 
hydraulic system meets all the above 
requirements and, in our opinion, it is 
practical and economical.

The results of mathematical modeling 
prove that thermal insulation of hydraulic 

equipment is an effective way to combat 
freezing of the hydraulic system of 
equipment.

Our next step is to conduct full-
scale tests of the proposed method of 
solving the problem on the basis of the 
company “Arctic-Bur” LLC, on self-
propelled drilling rigs URB-2A2 and 
URB-2D3.

Fig. 6. Maximum temperature over time: 1 – with insulation, 2 – without insulation
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