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CFD simulation on tornado-like vortices translating to rough surface
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Using Large Eddy Simulation, the transitional states of tornado-like vortices translating to rough surface were studied.
When a low-swirl vortex translated to a surface with large roughness, the vortices eventually lost intensity and collapsed.
On the other hand, when a high-swirl vortex translated to a surface with small roughness, the vortices were rather inten-
sified. In any case, temporal increase of the wind speed occured when the vortex approaches the interface between the
smooth surface and the rough surface. When translation speed is large enough, this intensified wind appeared over rough
surface. As the vortex moved over the rough surface, the pressure drop at the central axis of the vortex decreased at first
just above the ground surface. Then this change in pressure structure propagated to the upper level. It seems that whether
the vortex structure is sustained just above the ground surface strongly influence on the sustainability of the entire vortex

structure (152 words).
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[ 1: Streamlines and iso-surface of pressure. (Roughll, S = 0.12, ¢ = ¢2)
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2: Computational domain

TRARRHE 21X OpenFOAM v2006 (OpenCFD Ltd)
W, FHEBOME 2K 2 1R S, FHREERIE
HE Ry = 544m, B X 1928m OHEEH L, EX
6632 m, IF 1088 m, 5 & 72 m DOA[EED 575, [
REOMIED 5 5 Tl D = 428 m IZHAB L 2 -
TED, ZIRRD LS BRARES Z 7=,

Ur.in = —uo(z/21)"/7 4))
Ug.in = —2(D/Ro)SUy.in 2
U..in = —1/2ug 3)

IIZT, uw="Tms L,z =10mTH3, £/~5X
AT — vt IR, EORGEIN LT AN AR5
BrH228THD, AFTIE S =0.12,028 D
2 ﬁg DIEZFE LTzo MR BRI 72 -
TW3,

2 D& 5T, ATEREIEMETRCN UT—ERE
c THXHEEI L, ZHU2 & D IROEEIIN 3 2 MHExT
EEE R, MEEREEIL, ¢, = 1.6ms I BXU
co=16ms I D 2B DFEEITo 7=, BTG
fNIFHE 7y 2 HEE Lz, 78 v 7 O
16mx 16m DIEHFHTH D, KFERERHEE N, & &
& h DX Roughl (A, = 0.032, h = 8 m), Roughll
(Ap = 0.250, h = 16m), Roughlll (A, = 0.111,
h =64m) D3IEHTH 3, AlEFOKEB LU
HE 7w v 7 ORMENIIIE D I USRS 2 #EA L
720 Z DMMOEEHE, B X RERE LED 5 5 FfE#H e
L TORWENTIEEHR TR EERS 2R L 7

WAUIIFEREE U7z, 3TEICIE Large Eddy Simula-
tion ZH\W\Weo IDL, TR EDHIZOW
TIHEHRE L, MARRELL T OELROFZER, 7
#E Smagorinsky € 7 /L DRI X DELD AL
720 BHRAS FRAGEEIIAIRTAKFE Az, Ay = 2—8m,
PR Az =2 —-86m TH D, X5IZEEMEAHE T
107 ' m BEFTHREL TV S,

WU, AIENE R IR X B 7REET 600s 51T T
UESE R IR U721, nIBso&EH) % fita L7z,
ZORFRZERZt =023 3,

3. MRCER

X 1 1% (Roughll, ¢ = ¢y, S = 0.12) EEBROFER %
TR L FHEMIC X > CAIULL 72 b D TH 2, 13 L
o, EHEROAR L SIS A LTI X b E
BIRORANIGHHER SN (K 1), HE LA
g, LIZ5 K OfIZ Z oEZ R - T2 (K
1(a),(b)). OB CEEIED SHEEN L THEI T D
(X 1(c)). AN NS DREEDHI /272 72>
7= (X 1(d)s



3 c=cy EFRICBIT 2., KH?S5EE 100m
UTToRKE#EZ LS, 2T X S LoD
BEERECH D, X < 0 iEp M CEGES 210
WEEZERS, T, P ¢ = 0 TORKEEZ
B TR S, S =0.12 DHE, Ml ELICBER, &
FENCHIARZ] & D b RKEHEH D LTz —770
S = 0.28, Roughl B X U Roughll D5E MM LA
ERERICT L ARKEARPIER L7z, WD
ggzyfﬁ\mﬁtmﬁﬁ%—%%ﬁmﬁﬁmﬁ

—— Roughl $=0.12 ¢=16
—— Roughll $=0.12 c=16
—— Roughlll $=0.12 ¢c=16

—=— Roughl $=0.28
—— Roughll $=0.28

(b) S =0.28

] 3: Comparison of the maximum wind speed among cases
(c = c2).
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[ 4: Comparison of the maximum wind speed between the
cases with differet translation speed: ¢ = ¢; and ¢ = ¢
(Roughll, S = 0.12).
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5: Iso-surface of non-hydrostatic pressure and pressure gradient force (vector) (Roughll, S = 0.12, ¢ = ¢2).



