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Turbulent flow (observed with an electric spark)

Uoo Instantaneous interface
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Regime of

A Re <5 unseparated
\/ o
A A fixed pair of
Y 5= Re <40 vortices in
\/0"> wake
40 < Re < 90 Vortex street is

laminar

90 < Re < 150

Vortex street is
laminar

150 <Re < 300

Transition range
to turbulence in
vortex

300 < Re < 3(10°)

Vortex street is
fully turbulent

3(10%) < Re < 3.5(10%)

Laminar
boundary layer
has undergone
turbulent
transition and
wake is narrower
and disorganized

3.5(10% < Re

Reestablishment
of turbulent
vortex street
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Velocity

u’ Fluctuating velocity

A {‘V*’—-—— U Time-average of velocity

k’\ U Instantaneous velocity
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Mira Project
270 Billion mesh points
175 Million Core-Hours

Blue Gene/Q supercomputer 10-petaflops = 101 flops )

*: FLOPS (Floating Point Operations Per Second)



(LES) &35 4o &5 (5 lwanni

S5 sl

op sl S 50,8 s 6l wnld Sl Joe o
odurs dwdid L’ YL’ )‘AJ}"’) L‘ L;’LQQL’)} (5‘)" °:}"’..3‘\". gs’L""*’ Lo ZE’L"" .:’

055 kb Sz Hdglgls )5l O

Wb 15 bl ooz wlge LES (6l 385 (550 Lalyd (slyzl
WIS S e yd 4]y (69959 by (Sl Gl S
400 400

buge b So8 slolose gl """5"6" oD g LES szl as e X b (x,t) = f ¢(r,)G(x — 1, t —r)drdt

— 00 — 00

sl GlE

¢ = ¢ + ¢’ = Filtered + Subgrid Scale

e aml> gl LES o vy cum il L8 658

S| =56l 90 ,Uos
r sl g mgls 99,Uss) ~N

sz g oijled o L._a).o., als,§ o pS>gS.(ols 1,3 ;ﬂ 4O 5’5‘9‘)
5 Szs5 slals S L& wis iz 0 S slaals S bug Lis S5

Ay o0 S 9 SzgS slalh I L S>eS slo

7.
- <~ e

< e . .
= w )y ! - 3
iy 35 inino o5 T 2 ipoinr. A 2 N e

.'h W




/— 00 sl ﬂ

Ol (650l L plesl %
OB UsS S s o ,S s X

o @ G
choob 6)'1.“0)?& 9 CA_,)_,M L2

(LES) & 53 a0 o5 (5 jlwanw

ol Leslen (Wake) Sty jo Snasl @ Ladlgd 9 Soobydgp! v/

Lols s5ige 5o 5l g Cogus g Laplaisle o>

CS gy (59000 S (Swolinogpl >l 1 95095 (wddge

AL olak

S a5 ol 0l e 518, addllae 1y 50 (waige ¥

s ] ST aalllas o e (ki 3 SS9
pldl g lga o Sodl wlyd Jlasl

5 boysS jo Gzl ol Jae o lyx 1 (Faie o p,l8 v

s 9 o)gige g oira e Jo> b=




RANS sl Juw

4 Rl e E @
_ _ _ G5 5 59l b 5oy (A 9l 45 AS o 23 Lo Jae ol
—0U:U;: = — =0 - W PO <
. o0 oolawl o o, [ow ST %*
\ O S0 )30 sl o yS )

sluls 5 eyl a8 o

abyl, SO LT obW (oSl b F oy coyo Jow cpl o

A o bl ce (L SKlo 4 s 8
. J

—puju; = 2 Fpy(Sij, Qijs -ov)

-

>

o0

)

*: EVM (Eddy Viscosity Model)
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