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In this thesis, a numerical and experimental study has been conducted on the shock wave interaction with
homogeneous, isotropic turbulence. A three-dimensional code has been developed to solve Reynolds-averaged
Navier-Stokes equations with turbulence model. All the relevant turbulence parameters are resolved with
turbulence model and the shock wave is resolved as a solution of Navier-Stokes equations with introducing the
technique of shock capturing and HLL Reimann solver is used for shock capturing in the flow. The velocity
fluctuations are measured at the period of expansion in the turbulent region due to incident shock wave
movement and during éompressibn by the reflected shock wave on turbulent field and it is observed that the
longitudinal turbulent velocity fluctuations are enhanced both in the period of expansion and compression. The
outcomes of shock/turbulence interaction depend on the shock wave strength, the flow velocity behind the shock
wave and the longitudinal velocity difference across the shock wave. A numerical measurement is taken before
and after the interaction of turbulent field with different strengths of shock wave. After the shock/turbulence
interaction, the longitudinal turbulent velocity fluctuations are amplified and the amplification magnitude varies
for the different strengths of shock wave. The amplification of longitudinal turbulence intensity in weak
shock/turbulence interaction is higher value than in strong 4shock/turbulence interaction. Similarly after the
shock/turbulence interaction, the turbulent kinetic energy (TKE) level is'\ampliﬂed and the amplification of TKE

level in weak shock/turbulence interaction is higher value than in strong shock/turbulence interaction. The _
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longitudinal velocity across the shock wave also effects on the amplification of longitudinal turbulence intensity
and the amplification of TKE level. The longitudinal velocity across the shock wave increases due to partial
reflection of the shock wave from the grid-typed shock reflector and it is observed that the amplification of
longitudinal turbulence intensity and the amplification of TKE level become lower as increasing the longitudinal
velocity across the shock wave. The dissipation rate of turbulent kinetic energy is observed in all the cases of
shock/turbulence interaction and it is observed that the dissipation rate of turbulent kinetic energy is decreased
after the shock/turbulence interaction. In the experimental works, the 1D hot wire anemometer is used to
measure the turbulence intensity as well as the outcomes of shock wave interaction with turbulent field and it is
observed that the turbulence intensity is amplified due to shock wave interaction with turbulence.

For the purpose of code validation test, the computations are conducted for the case of 2D nozzle flow and the
numerical results are compared with that of experimental results. A good numerical simulation for nozzle flow
depends on the throat area and the converging/diverging angle of the nozzle and the strength of the shock wave
propagate through the throat of the nozzle. For small throat area of the nozzle, the flow separation will be high
and blockage ratio will be low. In that case, it is necessary to select the shock wave strength comparatively high
for good numerical simulations. So it is found that numerical results for higher shock Mach number have the
good agreement with experimental results. Other flow parameters like fluid viscosity, Reynolds number also
effect on the simulation results.

After the validation test of the Navier-Stokes equations, the extended three-dimensional Navier-Stokes
equations with turbulence model are developed to solve almost all types of shock/turbulence interaction
problems. Even though such type of computations is complex to get proper solution, but maximum simulated
data agrees with the experimental results, performed by other researchers. In these computations, three-
dimensional adaptive grids are used to get more accurate solution. Due to grid adaptation, the number of new
cell, generated after refining operation, is twice the number of new cell, generated in two-dimensional adaptation
and also adaptation is happened in the direction of the three Cartesian Coordinates. So the total number of cell
difference between two subsequent refinement levels increases sharply, as a result, increases the computational
time. The advantage of three-dimensional code is tb solve all the turbulent parameters in the three-dimensional
space system because the shock/turbulence interaction effect is one of the three-dimensional problems. The

study of the grid convergence test has been performed successfully with different levels of grid refinement and
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also with different sizes of the grid. It is observed that all the simulation results are completely independent of
the present grid system. The comparisons between the present simulation resuits and the NS results have been
conducted successfully and it is observed that there have the good agreements between the present simulation
results and the NS results.

The present computational results indicate that the outcomes of shock/turbulence interaction depend on the
strength of the shock wave as well as the strength of turbulence. Experimentally and numerically many
researchers got different values of the amplification of turbulence intensity for weak shock wave interaction with
the turbulent flow. The amplification for higher Mach region is still questionable matters. The present
computations indicate that the amplification of turbulent kinetic energy levels are higher value in interaction of
comparatively weak shock with turbulent fields and decrease this value in interaction of strong shock with
turbulent fields. After interaction, the dissipation rate of TKE decreases in all the cases of shock/turbulence
interaction.

The interactions of shock wave with different strengths of turbulence are simulated and it is observed that the
amplification of turbulence intensity and TKE level depend on turbulence strength and it is found that the
amplification of turbulence intensity and TKE level vary in interaction of normal, reflected shock wave with
different strengths of turbulent fields. The present interaction results provide the important information on strong
shock wave interaction with different strengths of turbulent fields. All turbulent length scales decrease after
interaction of strong shock wave with different turbulent fields and these results agree with other existing
computational results.

The turbulent field interaction with different strengths of shock waves, reflected from shock reflector, gives
different outcomes after interaction and it is observed that the amplifications of turbulent intensity are lower
values in interaction of partial reflected shock wave with turbulent field as compare to the case of plane end wall
reflection. Similarly the amplifications of turbulent kinetic energy level are lower values in interaction of partial
reflected shock wave with turbulent fields as compare to the case of plane end wall reflection.

The shock wave reflection from different types of shock reflector has been investigated by means of Navier-
stokes simulations with turbulence model. The results have been compared with the NS results. The simulation
shows that the longitudinal velocity behind the reflected shock wave increases due to partial reflection from

shock reflectors. The different strengths of the shock waves after reflection from shock reflectors enter in the
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similar turbulent region. The outcomes of shock/turbulence interaction strongly depend on the reflection
techniques. In the case of full reflection, the temperature deviations in the downstream of the reflected shock
wave is high as compare to the temperature deviations in the case of partial reflection. The amplification of
dissipative length scale decreases after the shock/turbulence interaction and more decreasing values are observed
for the reflection from the plane end wall. Similarly the amplification of velocity length scale also decreases and
more decreasing values are observed for the reflection from the blane end wall. After measuring the dissipation
rate of TKE, it is observed that the dissipation rate is decreased in interaction of shock wave with turbulent flow
and the dissipation rate is decreased more in strong shock wave interaction with turbulent flow.

The accuracy of the experimental results on shock/turbulence interaction depends on the performance of the
instruments and also depends on the sensitivity of the hot wire anemometer. The velocity fluctuations are
amplified due to interaction of the reflected shock wave with the turbulent field and in this case, it is necessary to
control the velocity fluctuations behﬁd the transmitted shock wave by using different opening areas of the grid
plate. Due to different types of grid plate, the strength of transmitted shock wave and the turbulence intensity
change simultaneously. So the study on different turbulence grid plates will clarify the effect of turbulence
strength on shock/turbulence interaction. Numerical simulations are also conducted on the experimental results

and it is observed that there have the good agreements between the numerical results and experimental results.
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