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Large-scale direct numerical simulation of a fully developed turbulent channel flow

Hiroyuki ABE" and Yuichi MATSUO’

Abstract
Direct numerical simulation of a fully developed turbulent channel flow has been carried out using Numerical Simulator III at JAXA.
The Reynolds number is set to be Re=1020 where Re, is the Reynolds number based on the friction velocity and the channel half
width. To the authors' knowledge, this is one of the largest computations ever simulated in conjunction with this configuration, where
about 1.4 billion grid points are required. In the present study, to perform large-scale DNS more efficiently, the parallelized
computational program has been modified, and its computational performance is presented.
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SUBROUTINE FFT3DJ(ISN)

DIMENSION WAT(NX,NZ?2), WA2Z(NXNZ2)
DIMENSION WBI(NX,NZ2), WB2(NX)NZ2)

IXOCL SPREAD DO /ST2
DO 100 N LNY

CALL F STEP(WAI WA2, . )

100 CONT INE
IXOCLEND SPREAD

Fa—= TR TusFA

SUBROUTENE FFT3DIJ(ISN)

DWENSION WAINXNZ?2), WA2(NX NZ2)
DIMENSION WBI(NX,NZ2), WB2(NX,NZ2)

XOCL SPREAD DO /ST2
DO 00 \1*1 NY

CALL FSTEPX(WAI WAZ, .o )

100 CONTINE
IXOCL END SPREAD

SUBROUTINE FSTEPX(WALWA2,...)
D!MENSIO\T WAXI(NZ,2), WAX2(NZ2)
DO 100 N=I,NX
DO I NY
WAX1(LIASAVE)=WA 1(N,LIASAVE)
WAX2(LIASAVE)=WA2(N LIASAVE)
ENDDO
CALLFSTEP(WAT,WAZ2, ...ocovovnnnn., )
DO I,NY
WAI(N,LIASAVE)=WAXI(LIASAVE)
WA2(N.LIASAVE)=WAX2(LIASAVE)
ENDDO

100 CONTINE
IXOCL END SPREAD

Fig.2 On the modification of the computational code for FFT.
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PARAMETER (NX=1024, NY=256)
DIMENSION D(NX.NY), ENX,NY)

DO 100 J=1 NY
DO 100 I=1,NX
B2LN=B(L))-CU)*EQI-1)
EQD=AQ)*PB2(LY)
D(L))=(-D(LI)+Cy*D(LI-1))*PB2(L))
100 CONTINE

Fa—zVIB T A

PARAMETER (NX=1024, NY=256)
DIMENSION D(NX+4,NY), ENX+4,NY)

1SOMP PARALLEL PRIVATE(J)

DO J=1,NY
1$OMP DO
DO 100 I=1,NX
B2(L])=B(L))-CU)*E(LJ-1)
E(LIAQ)*PB2(LY)
D(L)=(-DELI) +CEY*DLI-1)*PB2(LI)
100 CONTINE
1SOMP END DO NOWAIT
ENDDO

1$OMP END PARALLEL

FYTFTAME TarTh

DIMENSION U11(0:NY), U33(0:NY)

XOCL SPREAD DO /ISE
DO 100 J=I NY
DO 100 K=I,NZ
DO 100 I=1,NX
UL)UTI @) UTETK 12
U33()=U330 M UT(LI K32
100 CONTINE
IXOCL END SPREAD

Fa—= IR TaZIh

PARAMETER (NPAD=8)
DIMENSION UL1(NPAD,0:NY), U33(NPAD,0:NY)

XOCL SPREAD DO /ISE
DO 100 J=1.NY
DO 100 K=1,NZ
DO 100 I=1,NX
U1(1,7)=U1 (L IFUT(LLK )*52
U33(1.0)=U33(1,H+UTAIK.3)**2
100 CONTINE
XOCL END SPREAD

Fig.3 On the modification of the computational code for
TDMA.
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Fig.4 On the modification of the computational code for
thread parallelization.
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{1XOCL OVERLAPFIX (UT) (ID) :
{IXOCL MOVEWATIT (ID) ;

XOCL SPREAD MOVE /ISM !
DO 100 K=1,NZ ;

DO 100 J=1,NY ;

DO 100 E1.NX :
UTTT(LI,K1)=FFXG(L,1,K) :
UTTT(LI,K 2)=FFYG(1.K) :
UTTT{LLK3)=FFZG(].K) ;

100 CONTINE :
HIXOCL END SPREAD (ID1) ;
i

XOCL SPREAD DO /ISM
DO 200 K=1,NZ

UTTT(LILK, 1)=D{J,1)
UTTTLLK3)=D(L].2)

200 CONTINE
IXOCL END SPREAD

IXOCL SPREAD DO /ISM
DO 210 K=1,NZ

UTTT(LI,K.2)=ELT)

210 CONTINE
{XOCL END SPREAD

1 IXOCL SPREAD MOVE /ISE '
; DO 300 J=I,NY ;
DO 300 K=1,NZ :

DO 300 I=1,NX ;
UT(LLKD=UTTTGEILKD)
UT(LLKC2)=UTTTG(LIK2) |
UT(LLK3)=UTTTG(LLK3) 1

i 300 CONTINE :
{IXOCL END SPREAD (ID1) i
+ 'XOCL MOVEWAIT (ID1) ;

Fa—=IOR Tars T s

H
H
i DO 100 K=1,NZ i
DO 100 J=1,NY :

DO 100 E1,NX !
UTTT(LLK D=FEXGLLK)
UTTT(LIK2)=FFYG(ILIK) !
UTTT(LLK3=FFZGALIK)

100 CONTINE :
! IXOCL END SPREAD (ID1) :
t IXOCL MOVEWAIT (ID1) :

_____________________________

IXOCL SPREAD DO /ISM
DO 200 K=I,NZ

UTTT(J,K D=DE,L1)
UTTT(TK3)=D(1.2)

200 CONTINE
{XOCLEND SPREAD

H
H
DO 101 J=I,NY :
DO 101 XK=1,NZ i
DO 101 I=1,NX .
UTQLILKD=UTTTGELK, ) !
UT(LK3)=UTTTGLLK3)
101 CONTINE :
IXOCL END SPREAD (ID1) ;
IXOCL SPREAD DO /ISM
DO 210 K=1,NZ

UTTT(LI,K,2)=E(L])

210 CONTINE
IXOCLEND SPREAD

T

HIXOCL SPREAD MOVE /ISE ‘
: DO 300 J=1,NY

] DO 300 K=1,NZ :
| DO 300 I=1,NX !
! UT(@I,K2)-UTTTGIK2) :
! 300 CONTINE :
[ i

T ENIYCDREATY /
LN DQPREALS

Fig.5 On the modification of the computational code on large data transpose.
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Fig.9 On the way to transpose data using the data
transfer unit (DTU).
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Table 2 Process of generating DNS database

Stage Grid number Memory[GB] VO[GB]
Stagel 1024 X256 X 1024 164 22.2
Stage2 1024 X448 X 1024 301 38.6
Stage3 2048 X 448 X 1024 531 77.0
Stage4 2048 X 448 X 1536 819 138.5
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