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The problem of turbulent mixing under constant gravity (constant acceleration) creating 

an unstable situation on a plane interface of two incompressible fluids is studied experimentally 
in a number of papers [1-4]. Some papers [2,5-8] also study the problem numerically through 
direct 3D numerical simulations with code TREK. 

Refs. [9,10] perform experiments with alternating sign of acceleration resulting in an 
unstable situation at the interface. The relevant problem is numerically studied in [11] with a 
turbulence type phenomenological model [12], however the mixing zone decrease effect at the 
steady-state stage can not be described with the model. 

This paper studies the problem of turbulent mixing at a plane interface of two 
incompressible fluids of density difference n=3 with alternating acceleration sign through direct 
numerical simulation with 3D code TREK. The computation is parallelized into several tens of 
processors.  

The problem is set up much like in refs. [6-8]: at the initial time two semi-spaces 
separated with plane z= cz =0 are filled with resting ideal gases of densities 1ρ =1 and 2ρ =n 

(n=3, Atwood number 2 1
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+
). If t t∗≤ =3, gravity 1zg g≡ − = −  is directed from the heavy 

material to the light; if t t∗> , 12zg g≡  = 22/75. 
At the initial time the random-number generator sets random density perturbations at the 

interface (in a layer one cell in thickness): δρ= ± 1ρ ⋅δ, where δ= 0.1. 
The gas dynamics equations for ideal two-component medium (with zero molecular 

viscosity and heat conductivity) are solved. 
The computational domain is a parallelepiped with the vertical side Λ=2 of side face. Its 

horizontal face is a square with side xL  = yL  =1. 
The initial pressure profile was given reasoning from the hydrostatic equilibrium 

condition. 
The coordinate of the upper face is 2z = 0.85, that of the lower 1z = -1.15. 
The initial pressure is such, that for the turbulent flow type under discussion the 

incompressibility condition was adequately met: 
The equation of state is ideal gas with adiabatic constant γ=1.4.  
The computational grid is uniform with xN =201, yN =201, zN =401 cells. The cell size 

is xh = yh = zh = 0.005. 
The condition of “rigid wall” type was imposed on all computational domain boundaries.  
The computed data is reported in the form of pixel patterns of light material 

concentrations for different times in different horizontal sections. 
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The flow time history observed at the first (unstable) problem step is similar on the whole 
to the previous computations [2,5-8]: vortex enlargement with time and tapering-off to a self-
similar regime at the end of the above step are observed. 

The self-similar regime for that step manifests itself, in particular, in the tapering-off to 
the linear time function of turbulent mixing zone width tL (t): 

0

1 ,tLF
t Ag

≡                   (1) 

where 0 0, ( / )xLt t t
g

τ≡ ≡ . 

Here the slope angle dF/dτ determines coefficient 
2

a
dF
d

α
τ

 =  
 

in the relation for the 

mixing zone width at the first (self-similar) step: 
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The calculated aα ≈0.05 is slightly less than the data of our previous calculations [7,8] 
and that presented elsewhere [2,5] – the difference is explained by the high magnitude of ε=0.1, 
the same as in expeiments [9,10].  

At the second step, ( )F τ  linearly decreases on the whole (to an accuracy of small 

fluctuations relating to the wave passage) with the slope angle ( ) 0.084dF
d

α
τ

− ≡ ≈ −  - 
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ct  is the time of 2F  peak. 
From our calculation, the expression for f is 
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which is somewhat less (modulo) than the value of 0.1 ( 0.01)sf α≈ − ≈  suggested in [9,10] 
reasoning from the experiments.  

For this problem the self-similar regime also manifests itself in tapering-off to the time-
dependent value 

( ) max( )mE t E≡  

– the scaled turbulent energy maximal in the TMZ width: 

t
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With the change in the acceleration sign, the mE  first noticeably drops and then increases 
slowly, with severe fluctuations. 

The paper treats squared density and mass flow fluctuations σ  maximal in TMZ.  
It is shown that at the second step the resultant flow on the whole reverses sign relative to 

the normal (steady) situation (to an accuracy of the wave passage related fluctuations). 
The paper makes comparison to the results of the calculations by the k ε−  turbulence 

model performed by the adequate, 1D EGAK-T computation on Lagrangian computational grid.  
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The flow time history observed at the first (unstable) step of the problem is similar on the 
whole to the previous computations: the tapering-off to the self-similar regime with time is 
observed.  

For that step it manifests itself, in particular, in the tapering-off to the linear time function 
F of turbulent mixing zone width tL (t). 

However, at the second step (on the acceleration sign change), although the TMZ width 
growth rate slowing is noticeable, it can be seen that the k ε−  turbulence model can not decrease 
the width, its growth slows down and tapers off to a constant at late times, although an abrupt 
decrease in the turbulent energy is observed on the acceleration sign change. 
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