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NUMERICAL INVESTIGATION OF COMBUSTION IN SUPERSONIC
FLOW AT THE TRANSVERSE INJECTION OF HYDROGEN

Belyayev Ye., Kaltayev A., Naimanova A.
Al-Farabi Kazakh National University, Almaty, Kazakhstan,
e-mail: Yerzhan.Belyaev@kaznu.kz, Aidarlhan Kaltayev@kaznu.kz, ked@math.kz

Problem of interaction of hydrogen in a supersonic air stream occur in the problems
of modeling jet engine in rocket and space technology. It is very difficult to maintain
(provide) combustion process in scramjet engine and it continues to be a very time
consuming problem. Since the airflow is supersonic, fuel in the combustion chamber is
remained a very short time (about 1 ms). During this short period of time, the fuel must
mix with air at the molecular level and the chemical reaction should be completed prior to
leaving the engine.

Simulation of nonpremixed turbulent flow covers a description of the gas dynamic
transport processes, diffusion process and mechanism of chemical reactions.

In this task a supersonic turbulent flow of a multicomponent reacting gas in the
presence of the transverse injection of hydrogen from lower and upper walls of the 2D
channel is considered. For convenience of computation the blowing of the jet from only the
bottom wall is accepted. Flow scheme is shown in Figure 1.
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Figure 1.

A mathematical model of this process is described by two-dimensional Reynolds
averaged Navier-Stokes equations for multicomponent reactive gas. The eddy viscosity is
defined by the algebraic model of Baldwin-Lomax. The mechanism of chemical reactions
is described by seven reactions and seven components Spark’s model.

us!
an

the

o
c
b

o oo !




The system of Navier-Stokes equations is solved using the ENO-scheme of the third
order accuracy. Equations for the mass concentrations of chemical components are solved
using the scheme of splitting by physical processes: the first step is calculated convective
and diffusion transport using ENO-scheme of the third order accuracy, the second step of
the matrix equation for the kinetic terms is solved implicitly.
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THE STRENGTH CALCULATION OF TUBE ROLLING EQUIPMENT

Goncharov K. A.
Ural Federal University, Ekaterinburg, Russia
e-mail: gonkonstant@yandex.ru

This paper is devoted to the analysis of strain-deformed state of the most loaded
construction elements of tube mill. Figure 1 illustrates the basic loaded machine parts. The
construction of tube mill comprises two driving shafts, four support rollers, two support
beams, which are connected with immovable bed by means of two wedges.

There are some contact zones in this machine: between driving shaft and support rollers,
between support rollers and beam, between beam and wedges. Analytical calculation methods
don’t provide of solution of this complex problem, so we use the numerical finite element
method and ANSYS packet of applied programs. The loading force is acting on driving
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1- Figure 1. Basic constructive parts of tube mill:

1 - driving shaft; 2 - support roller;3 - support beanz

4 - wedge; 5 - immovable bed
shaft, its value being to equal 4-10° N. The solid finite element with eight nodes was
applied . Besides, to solve the problem, to reduce computer time and find the solution of
this large complex problem, a procedure of substructuring was used. Substructuring
reduced a great number of finite elements in the model of driving shafts into forty-two
superelements, that are located in the nodes on the contact lines with support rollers. The
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