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Large Eddy Simulations of a Thermal Plume by Means of Various Subgrid-scale Models
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In terms of limitations of computer resources, such as processing speed and storage capacity, grid width is often larger

in engineering large eddy simulation (LES). It should be making the buoyancy effect into subgrid-scale model with a

coarse grid. Flow behavior of a fire plume rising from the origin of a fire is a vital motion common to any fire occurring.

Therefore, I performed LES of a thermal plume by using various subgrid-scale models with disturbance. The models are

Smagorinsky model, simplified Deardorff model and modified Smagorinsky model. The modified Smagorinsky model

incorporates the buoyant effect. As a main result, it is found that the white Gauss noise disturbance makes the coherent

structure in the plume in the case of any models.

1. [FL®IZ

F—U x5 4 e Ial—ar U, [LES)) ZTHMC
BRSO 5GA. FEEECREA R EOHBEMEIRO S HEE
FRE TR (7 4 VAR 1IREL RO R ETH D, ZD1=d, i3]
ZEHFD & 9 72 Grid-scale (LAF, [GS)) TR L T/
WRDO—ER% Subgrid-scale (LAT, 1SGS)) THHHS LHITipn L
EZ 6D,

F T, KEOBRITKIED BRAE LT IPIASRE LT
SEETE T 2856, Koth b R 5 KT N —LOyiEE
WiE EoXKIT b Il BT 2R THE/RNER ThHhDH 2 &
M0 AR CIIGAEOBHMES & BET 2 7 DITRBE {070 v
— VTN — B EERSR E LT B, flix oEfiET L

(Smagorinsky €7 /L, % Deardorff €7 /L, FEIINREM:H &
1E Smagorinsky €7 /L) &S Z L2 X DEHFREROFREEL
PITEANLT2ARTA SA TR ) A R X DEEOF R FSIC
52 DOV TIRAT=OTHET 5,

2. HESTEOHME
21 XEeARER

P~ VT N— DRI IR EET DT DT R A7 T
% IR O BRI, E@io= &), EES
B Q). = —FHER &Q) »ofEksng, XEH
FEUTIE, LES 2479 720D 7 4 VA EERHE ST,

o _

o, ®
al_Li n aaiaj _ 1 0{3 n a 611i aTi]'
ot 9x;  pedx; 0x;\ 0x;) Ox;

—gB6i3(8 —6y)  (2)

00 0w a< aé) doh; 3

T oy T \Yax) o

T, ROFFUIT A o AV ORFIBRNIED, X137
F1V N EEFESRIm], YR T, JIdUKEATA] (=1, 2) K OSHETH (=3) |
FIZWBLES D GS oy 2 L, wlT#Ems], pldEPa). 61
TEREK]. po l SRR (=1.1609kg/m®) . B, | IHBHERE (=293.15
K) . viZEBEP R (=1.604 X 105 m¥s) . gl 3FESINBEEE (=-9.80665
w/s?) . BITAEIZERIK). ald/n FHREEILRRE (=2.236X103
m%s), 7;;1% SGS LA //VAIG)[Pa). hyilE SGS BA7 T 7 A[K
msl, 8137 BR Y H—DT N T,

K@BEVXGE)NTFT SGS LA/ VAN 13 RONSGS BT T
7 Akl IR EM U5 7ol 5 T T /M LD £
TUET D &I D,

Tj = W, — Ul (4)
hj =w0 — ;0 (5)

22 EFRETIL (SGS ETIL)
LES %AW BIEDERTET /ML SGS BT /LT D, AHIZET
W, IRl (AEERGAED) 2@ R UGEITHEAT 5 &

1 _
Ty — §Tk_k5ij = —2Vg6sSi; (6)
a6
hj = —ases=— @)
4 an

ZIT, SIEGS OTHHET VUS| vgsld SGS iR
Bm?s]. aggstd SGS IRELHEREIMYs] T 5, SGS Ik LR L
Vsgs & SGS TR R s s DBIFRIL,

VsGs

= 365 8
AsGs Procs 3

ZIC, PreslIELET TV MV (05) Thh B,
2.2.1 Smagorinsky E7 /L@
Smagorinsky “E7 /W%, SGS R  vses HRONTTFT LD

(Z GS T BT L VLS DAL D,

Vsgs = (CsB)?|S| 9

_ _ _ \1/2

S| = (25;5;;) (10)
T ZC. Csld Smagorinsky 4. AlX7Y v K7 4 VAR TH D,
Smagorinsky &7 /U, O BT D THANTIAL i T
% SGS ET N Th 27, Gt =F /1 F—Oiihita L LT
DI IRIIARET MIEENL TR,
222 f&5 Deardorff £7/)LE~0

f#1% Deardorff E7 /L%, SGS WlkiMARE s ZAANTTRT &

21T SGS BT AN F —kses > DIERCT D,

Vsgs = CpAlksgs)/? (11)
Z ZC, Cpld Deardorff L TdH B, AKD Deardorff €7 /1O,
SGS BLIET AN F—kgss &R BN E DBRESTRERE VD 1
HERET N THHD, 2 2 THEAr—/HREHFE T VOORESIC
FHAK12)H 5 SGS Bl AR F—kgos ZRDD 0 HFERTT
NETB, Lo T, AKD Deardorff E7 /L & XKFI[T 5 72Dl
85 Deardorff EF /L EFERZ LITT 5,

1 . -
ksgs = 2 (ﬁj - ﬂj)(ﬁj - ﬁ}') 12)
T, fIRMERREAICT A R T 4 VE (TA T A VFE  20)

Copyright © 2016 by JSFM



]6 T T T T T T T T T 040
145 - d ] Joss
R o) —Cy
12+ BT J030
10} e Jo25
\ s
© 08} o 4020 ¢5
06| ! Jo.15
o—
04f \ Jo.10
02 \ 4005
0.0 PR R PR N SR | |\\ Il Il 1 0.00

-10 -08 -06 -04 -02 00 02 04 06 08 10
Flux Richardson number, R,

Fig. 1 Parameter ¢ and coefficient Cv in Modified Smagorinsky
model as a function of flux Richardson number R.
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Fig. 2 Computational domain (cavity space) and boundary

conditions.
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Fig. 3 Histogram and power spectrum of the time series surface
temperature at the center of the heater.
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Fig.4 Time-averaged (20-25 s) values in the 2X plane (y=0 m) in the
case of Smagorinsky model without disturbance.
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Fig. 5 Root-mean-square values in the 2x plane (y=0 m) in the case
of Smagorinsky model without disturbance.
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Fig. 6 Instantaneous contours at 25 s in the 2 plane (y=0 m) in the
case of Smagorinsky model without disturbance.

Fig. 7 Instantaneous Yy-direction (vertical direction to the sheet)
velocity contours at 25 s in the 2X plane (y=0 m) in the case of
No SGS model without disturbance.
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Fig. 10 Instantaneous contours at 25 s in the 2X plane (y=0 m) in the
case of simplified Deardorff model without disturbance.
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Fig. 11 Time-averaged (20-25 s) values in the 2Xplane (y=0 m) in the
case of modified Smagorinsky model without disturbance.
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Fig. 13 Instantaneous SGS eddy viscosity contours at 25 s in the 2X
plane (y=0 m) in the case of modified Smagorinsky model
without disturbance.
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plane (y=0 m).
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(c) Modified Smagorinsky model
Fig. 15 Root-mean-square zdirection GS velocity in the X plane
(y=0 m) with disturbance.
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Fig. 16 Instantaneous y-direction (vertical direction to the sheet) GS
velocity contours at 25 s in the X plane (y=0 m) with
disturbance.
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Fig. 17 Instantaneous GS pressure isosurfaces at 25 s in the case of
Smagorinsky model (Cs=0.1) with disturbance.
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