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STUDY OF THE INTERACTION TRANSVERSE JET INTO A SUPERSONIC
CROSSFLOW DEPENDING ON THE FLOW MACH NUMBER

Gulzana ASHIROVA, Asel BEKETAEVA
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gulzana.ashyrova@yandex.ru, azimaras10@gmail.com

The transverse injection into a supersonic flow is a subject of interest for various technological ap-
plications, such as rocket motor thrust control system, supersonic combustion, high speed flight vehicle
reaction control jet. The process of the fuel-air mixing and combustion in the scramjet combustor are
implemented with supersonic speed. The complex system of shock–wave structures (a barrel shock,
bow shock, and the system of λ–shock waves) are arisen during the jet injection in cross-flow. In such
type of flow the formed shock waves interact with boundary layer at top and bottom walls of the com-
bustion chamber. The transverse jet in supersonic flow has been extensively studied as experimentally
[16] and theoretically [713]. However, there is practically no work where the flow of the transverse
jet in the channel considered under the condition of interaction of the bow shock with the upper wall
and the effect shock wave boundary layer interactions on mixing the injected jet and the flow. The
analysis of the papers devoted to the numerical simulation of supersonic multispecies gas flows shows
that a detailed study of the dependence of the structure of the flows on the parameters of the problem
have not been made deeply.

In this study, the multispecies supersonic airflow in a planar channel with transverse hydrogen jet
injection is simulated. The Favre averaged Navier–Stokes equations coupled with k – ω turbulence
model are solved with using the third order ENO scheme [7, 14]. The initial conditions coincide with
the boundary conditions at the flowfield. At the flowfield entrance, the parameters of the free stream
are given. Also, the boundary layer is given near the wall, the streamwise velocity profile is defined
power law. On the injector, the parameters of the jet are given. The adiabatic no-slip boundary
condition is specified on the bottom and top walls . The non–reflection boundary conditions are
specified at the outlet boundary [15].

In this paper, the main attention is paid to the influence of flow Mach number to the interaction
of the shock wave structure with the boundary layers on the upper and lower duct walls under the
conditions of an internal turbulent flow. The flow Mach number of flowfield is varied in the range
2.5 ≤M∞ ≤ 4.5. It is revealed that complex system of shock–wave structures is reduced growing Mach
number. The vortex structures at upper and bottom walls are increased declining Mach number. The
numerical experiments revealed that with the increasing flow Mach number, the inclination angle of
the bow shock wave is reduced due to the incoming flow rate growth. For M∞ = 2.5 there has arisen
multi-structure vortex picture due to the influence reflected shock wave (the supersonic part of the
boundary layer deviates and generates the system of converging compression wave, which propagates
as reflected shock wave) with the stagnation zone behind the jet. The reduction of the jet penetration
with growing Mach number because of increasing flow velocity, have been explored. A comparison of
computations with experimental data shows a satisfactory agreement of results [2].
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