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Outline.

* Numerical problem formulation.

* Flow evolution and features comparison between simulation and
experiment.

« Separation point position evolution with the growth of Mach
number.

*Pressure distribution comparison between simulation and
experiment.

*Preliminary results for three-dimensional unsteady simulation.
Summary.
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Background.

Soyuz-2 booster-vehicle with over-caliber forebody



Numerical problem formulation.

M =0.82,0.90,0.95, 1.1 , Re=U_D/N, ~ 3*10° (D — diameter)
Calculations were performed for Euler, Navier—Stokes, and the
Reynolds—averaged NS equations coupled with SA and Menter SST
turbulence models.



Main flow elements

M = 0.90 X
1) Local supersonic domain closed by shock wave
2) shock-wave boundary-layer interaction, and separation on the

cylindrical surface
3) Separation bubble on the backward-facing cone



M_ = 0.85

Comparison between numerical fields of local Mach number and experimental

Flow evolution over the cylindrical part
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Schlieren. 1, 2 — closing and critical shocks; 3, 4 — lateral and aft separation zones; 5 —

A-like shock wave
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Comparison between numerical fields of local Mach number and experimental
Schlieren. 3,4 — lateral and aft separation zones; 5 — A-like shock wave; 6 — Prandtl-
Meyer expansion fan



Evolution of the flow separation over the cylindrical part.
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Evolution of the separation point on the backward-facing cone.
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Pressure coefficient distribution.

Experimental data by TsNIIMash [1-4]
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Three-dimensional simulation using MILES method.
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Unsteady forces
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Left: overall sound pressure level distribution;
Right: third octave pressure pulsation spectrum on the backward-facing cone
(white circle on the left image). M=0.95



Summary

* Viscosity and turbulence are crucial for accurate numerical modeling of the transonic
flow around bodies in question.

« Spalart-Allmaras model deals well with turbulent flow effects in problem under
consideration.

* The main features of the transonic flow rearrangement with the growth of Mach
number are reproduced in simulation: growth of the local supersonic domain size,
transition from the separated to the attached interaction between closing shock and
turbulent boundary layer, formation of the separation zone at the backward-facing
cone.

« 3D averaged simulation results with MILES are in a good agreement with 2D
simulation using RANS. MILES allows one to reveal unsteady nature of the flow and
gualitatively reproduce the pressure pulsation spectrum from the experiment.



Thank you for your attention.
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Mopaenb TypbyneHTHOCTH

[ilna onpeneneHna TypbyneHTHOM BA3KOCTM Ucnonb3yeTcs moaenb Cnanapra-Anmapaca,
nobasnatolLan 0AHO YpaBHEHWE NepeHoca:
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AHanun3 gaHHbIX No nynbCcauunAaAM gaBrieHUsA
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TpeTbOKTaBHbLIN CMEKTP Nynbcauuin AaBrneHnsa; gaTink Ha obpaTHOM cKaTe;
cpaBHeHue ¢ akcnepumeHTom ana M=0.95.
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