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A new efficient and accurate numerical method for computation of 

passive scalar transport in turbulence was developed for the massive parallel machine and 
applied to the analysis of the anomalous fluctuations of the scalar. It is found that the 
scaling exponents of the scalar structure functions are not universal. Effects of the spatial 
dimension on turbulence was also studied. When the dimension is increased as 3, 4, and 5, 
the compressible motion in one direction becomes dominant over the motion in other 
directions.  
 

 
                                

    
2009  6,000,000 1,800,000 7,800,000 

2010  3,900,000 1,170,000 5,070,000 

2011  4,000,000 1,200,000 5,200,000 

 0 0 0 

   0 0 0 

 13,900,000 4,170,000 18,070,000 

 
 

 
 

 
 

13903 

 

2009 2011    

21360082 

 

 

Analysis of anomalous transport in compressible and incompressible 

turbulence by large scale numerical simultion 

 

TOSHIYUKI GOTOH  

 

70162154 

 



 

 

DNS Direct Numerical Simulation

 

p

p log 

<| (x+r)- (x)| p>  p logr 
DNS

p

DNS

 

DNS

DNS

DNS

DNS

FFT

FFT

 

 

 
 

 

DNS

DNS

FFT

 

 

 

FFT

 
 

 



 

 

 

 

 

d>4

 d 

 

 
 
FFT
 

DNS

FFT

MPI 3

FFT

Fujitsu FX1

FFT

MPI

 

 2

CPU

Npx:Npz

Npx:Npz

CPU time

-1

FFT

Navier-Stokes

  

N=20483

N=40963

512 2048 MPI  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Npx×Npz CPU Time 

Npx:Npz=1:4  1:8. 

 
 N=40963

T=0 20483

 



 

 

R =820(Sc=

N=40963

 

 

 

    

p

N=20483

 

(Nu) (Pe)

Nu=APe

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(PDF)

DNS

PDF

, Eilat Israel

 

 
 

 

FFT

CCD

FFT 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
3 

 (Rl=586, N=20483) 

 

r/ =100-200  



 

 

 
 
 
 
 
 
 
 

1

CCD
Spectral-CCD

CCD
FFT

CCD

25

50

J. Comp.Phys.
 

FFT-CCD

25

0.05 0.1 0.3

div u PDF
0.05

div u PDF
Burgers

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

DNS
3,4,5

PDF

PDF

Burgers

DNS

UCSB Kavli 

Phys. Rev. Lett.   
 

Biferale (Rome
Bordenschatz (MPI Goetttingen)
Fouxon (Tel Aviv Rubinstein
(NASA,Langley), Schumacher (Ilmenau 

 
 
 

 
 

3  
 T. Gotoh and T. Watanabe, Scalar flux in a 

uniform mean scalar gradient in homogeneous 

isotropic steady turbulence, Physica D, 

Vol.241, pp. 141-148, (2012)  

 

 

 
 3

PDF

 



 

 

 T. Gotoh, T. Watanabe, and Y. Suzuki,   U

niversality and anisotropy in passive scalar

 fluctuations in turbulence with uniform mea

n gradient, J. of Turbulence, Vol.12, pp.1-2

2. (2011) 

 

 T. Miyazaki, W. Kubo, Y. Shiga,  

T. Nakano, and T. Gotoh, Classical and quant

um turbulence, Physica D, Vol.239, pp. 1359-
1366 (2010) 

 
13  

 ,  
  

2012
1 12  
 

 T. Gotoh, Physics of Hydrodynamic Turbule

nce and Passive Scalar Transfer ( ), 

6th Korean Astrophysics Workshop on  

Fundamental Process of Astrophysical Turbule

nce, 2011 11 , Pohang, Korea 

 

 T. Gotoh and T. Watanabe, Universality of 

passive scalar fluctuations at small scales  

in homogeneous turbulence ( ), 

Turbulence Colloquium Marseille, 2011

29 , CIRM, Marseille 

 

, 

2011 23  

 

2011 23  

 

 R. Rubinstein, T. Gotoh and W. Bos,  

Vertex corrections and ‘optimal’ subgrid  

models for homogeneous isotropic turbulence,

13th EUROMECH European Turbulent  

Conference, 2011 15 , Warsaw 

 

 T. Gotoh and T. Watanabe, Passive scalar 

fluctuations in homogeneous turbulence (

), 6th AIAA Theoretical Fluid Mechanics 

 Conference, 2011 28 , Honolulu, Hawaii 

 

 T. Gotoh, Classical and Quantum turbulenc

e in D-dimensions ( ), KITP program 

: The Nature of Turbulence, 2011 15 ,  

KITP, UCSB. 

 

 T. Gotoh, Large scale fluctuations and small 

scale intermittency of passive scalar, 

Workshop on TURBULENCE AND MIXING (Invited), 

Nov.3, 2010, Eilat, Israel 

 

 T. Gotoh, Computational Physics of Turbul

ence, On the occasion of Prof. Steinberg’s  

70th anniversary (Plenary Lecture), Oct. 28, 

2010, Weizmann Institute of Science, Israel 

 

 T. Gotoh, On the scalar transfer flux in 

homogeneous isotropic turbulence (invited),  

EUROMECH Colloquium 512 ``Small Scale  

Turbulence and Related Gradient Statistics”, 

Oct. 26, 2009,Trino, Italy 

 

 T. Gotoh, Energy spectrum and intermittency 

of d-dimensional turbulence (invited), 

International Symposium on Turbulence, 2009, 

Sept. 21, Beijing, China  

 

 

 T. Gotoh and P. K. Yeung, Passive scalar 

transport in turbulence”, in Ten Chapters in 

Turbulence, P. Davidson, Y. Kaneda, and K. R. 

Sreenivasan Eds.,Cambridge Univ. Press, UK. 

(to appear ), (45 pages), (2013). 

 

4   

27 pp.19-21 (2012)  

 
 

(1)  
GOTOH TOSHIYUKI  

 

70162154 
 
(2)  

  WATANABE TAKESHI  

 

 

30345946 

  
    NAKANO TOHRU  
   

50055224 

 


