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Abstract
Here we present the part of results obtained in PhD thesis “The investigation of efficiency of physical phenomena
modelling using differential equations on distributed systems” by Andrej Bugajev. This work is dedicated to development of mathematical modelling software. While applying a numerical method it is important to take into
account the limited computer resources, the architecture of these resources and how do methods affect software
robustness. Three main aspects of this investigation are that software implementation must be efficient, robust and
be able to utilize specific hardware resources. The hardware specificity in this work is related to distributed computations. The investigation is done for FVM method usage to implement efficient calculations of a very specific heat
transferring problem. That lets to create technological components that make a software implementation robust
and efficient. OpenFOAM open source software is selected as a basis for implementation of calculations and a
few algorithms to solve efficiency issues are proposed. The FVM parallel solver is implemented and analyzed, it is
adapted to heterogeneous cluster Vilkas.
Keywords Finite Volume Method, OpenFOAM, parallel algorithms, domain decomposition, distributed computing, parallel computing

I. Motivation
This work is dedicated to proposal of technological
solutions for developing design rules for power transmission lines and cables (1, [1]), which have to meet
the latest power transmission network technical and
economical requirements.
In order to do that it is necessary to develop specific
software solutions. At present, sizes of the power lines
are up to 60% bigger than is necessary in terms of
transmitted power. However, as the new distributed
generating capacities are installed e.g. large wind
farms, bio-gas plants or waist-to-energy plants, the infrastructure of power grid must be re-designed or new
optimization strategies for the available grid must be

Figure 1: Typical high-voltage (110 kV) cables [1]

developed. Power cables for power distribution applications are still rated according to IEC 287 and IEC 853
standards, which use the Neher and McGrath meth-
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ods proposed in 1957 [2]. Obviously, these formulas
cannot accurately account for the various conditions
under which the cables are actually installed and used.
They estimate the cable’s current-carrying capacity
(so-called ampacity) with significant margins to stay
on the safe side [3]. The safety margins can be quite
large and result in 50–70% usage of actual resources.
A more accurate mathematical modelling is needed to
meet the latest technical and economical requirements
and to elaborate new, improved, cost-effective design
rules and standards. Today there are many applications where analytical and heuristic formulas cannot
describe precisely enough the conditions under which
the cables are installed. The present standards require
that the cable’s current-carrying capacity must be reduced according to the worst-case scenario. To be on
the safe side this rule is acceptable, but today the cost
effective designing of cable installations comes first as
the copper price level has reached its maximum value.
When we need to deal with mathematical models
for the heat transfer in various media (metals, insulators, soil, water, air) and non-trivial geometries, only
the means of parallel computing technologies can allow us to get results in an adequate time. To solve
numerically selected models, we develop our numerical solvers using the OpenFOAM package.

II. Related work
The knowledge of dynamics (in time) of heat distribution in/around electrical cables is necessary to optimize the usage of electricity transferring infrastructure. It is important to determine: maximal electric
current for the cable, optimal cable parameters in certain circumstances, cable life expectancy, other engineering factors. To solve the optimization problem
it is necessary to implement an efficient modelling
software for heat distribution in cables. Fundamentals of the heat distribution in cables are given in
[4], but for further readings refer [5, 6, 7]. [8] and
[9] presented efficient parallel numerical algorithms
for simulation of temperature distribution in electrical cables for mobile devices and cars and solved inverse problem for fitting the diffusion coefficient of
the air-isolation material mixture to the experimental data. Numerical algorithms for parabolic and el-

liptic problems with discontinuous coefficients have
been widely investigated in many papers. The use of
standard finite element method (FEM) to solve interface problems is equivalent to arithmetic averaging of
discontinuous coefficients. The mixed FEM leads to
the harmonic averaging if special quadrature formula
are used – see, e.g. works by [10] and [5]. Conservative finite-difference schemes for approximation of
parabolic and elliptic problems were derived by [11]
and [12]. These schemes are robust and use only general assumptions on the position of the interface. Also
such finite difference schemes were proposed, which
approximate with the second order of accuracy both –
the solution and the normal flux through the interface
– see [13, 14] for details.
In recent years, scalability and performance of parallel OpenFOAM solvers are actively studied for various
applications and HPC platforms. In [15] it is noted
that the scalability of parallel OpenFOAM solvers is
not very well understood for many applications when
executed on massively parallel systems.
We note that an extensive experimental scalability
analysis of selected OpenFOAM applications is one of
the tasks solved in PRACE (Partnership for Advanced
Computing in Europe) project, see [16], [17]. In [16]
are presented results on IBM BlueGene/Q (Fermi) and
Hewlett Packard C7000 (Lagrange) parallel supercomputers for a few CFD applications with different multiphysics models. The presented experimental results
are showing a good scaling and efficiency with up
to 2048–4096 cores. It is noted that such results are
expected when balancing between computation, message passing and I/O work is good. Obviously, the
next generation of ultrascale computing systems will
cause additional challenges due to their complexity
and heterogeneity.
The most important challenges for parallel solvers
implemented in OpenFOAM are the following: a) efficiency of solvers on hybrid heterogeneous parallel
systems, b) sensitivity of the parallel preconditioners
to data distribution algorithms, c) workload balancing
on heterogeneous parallel systems. For mathematical
models describing coupled multi-physics problems, it
is important to investigate two different approaches
to design robust and efficient solvers for such problems [18]. Monolithic solvers operate directly on the
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system of nonlinear algebraic equations, obtained after the discretization ofthe system of PDEs. In the
partitioning approache the discrete system is solved
by using the single-physics solvers in decoupled fixedpoint iterations. The latter aproach is implemented in
OpenFOAM. A good review for a comparison of some
popular fixed-point methods is given in [19].

III. Thesis idea
In this work, we study the performance of parallel
OpenFOAM-based solver for heat conduction in electrical power cables. For computational experiments,
we use the following 2D benchmark problem:
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here x = ( x1 , x2 ), T ( x, t) is temperature, l( x ) > 0
is heat conductivity coefficient, q( x, t, T ) is the source
function, ∂W is the contour of domain W, r( x ) > 0
defines mass density, c( x ) > 0 is specific heat capacity,
Tb , tmax are given constants. Operator r · (lr T ) =
⇣
⌘
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and flux continuity conditions are satisfied on boundaries of domains with different diffusion coefficients
∂W D .
When we need to deal with 2D and 3D mathematical models for the heat transfer in various media (metals, insulators, soil, water, air) and non-trivial geometries, only parallel computing technologies can allow
us to get results in an adequate time. To solve numerically selected models, we develop our numerical
solvers using the OpenFOAM package. OpenFOAM
is a free, open source CFD software package. It has
an extensive set of standard solvers for popular CFD
applications. It also allows us to implement new models, numerical schemes and algorithms, utilizing the
rich set of OpenFOAM capabilities. The important
consequence of this software development approach
is that numerical solvers can automatically exploit the
basic parallel computing capabilities already available
in the OpenFOAM package.

In this work, we study and analyze the parallel performance of OpenFOAM-based solver for heat conduction in electrical power cables. The main goal is
to consider the scalability and efficiency of the developed parallel solver in the case when the parallel system is not big, but it consists of non homogeneous
multicore nodes. The mesh is adaptive and it is partitioned by using Scotch method. Then load balancing techniques must be used in order to optimize the
parallel efficiency of the solver. The second aim is to
investigate the sensitivity of parallel preconditioners
with respect to the number of processes.

IV. Conclusions and future work
1. Smaller problems enable a better caching and
give a hardware-based speed-up for computations.
2. The uniform distribution of problems sizes is
enough to solve the problem on homogeneous set
of nodes, however this strategy is inefficient on
heterogeneous set of nodes.
3. The load balancing lets to use different nodes efficiently in a heterogeneous cluser.
4. The future investigation of parallel efficiency dependence on preconditioners may lead to additional optimization of parallel solvers. This is especially important for large parallel systems.
5. One of the main challenges in future work is modelling the problem with multi-physics on parallel systems. In this case some parts of the whole
domain have effects, described by Navier-Stokes
equations and the rest part has diffusion only.
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