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MFIER B OMEE (#£30) : In this study, we successfully conducted a direct numerical
simulation of a high-Fr turbulent open-channel flow at a Froude number of 1.8 and a
Reynolds number of 2325 based on bulk velocity, gravitational acceleration, water depth,
and kinetic viscosity, using the multi-interface advection and reconstruction solver (MARS).
Near the free-surface, wall-normal turbulent intensity and energy-dissipation rates
increase toward the free-surface, and the tendencies of turbulent statistical quantities near
the free-surface are in good agreement with the experimental measurements obtained
using a laser Doppler anemometer (LDA). Finally, we established the high-precision direct
numerical simulator, which can be covered the effects of high-Pr heat transfer and
magnetic force for design activity to the next generation fusion reactor engineering.
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TABLE 1. Numerical condition: Re, = u /v, turbulent Reynolds number; u,: f
viscosity of water, Fr = U,,,,ffgh)"':: Froude number; U, bulk mean velocity at W
Ny, Ny, Nz grid number; Axt, Ay™, Az™: grid resolution for streamwise (x),
dimensionless quantities normalized by friction velocity and kinetic viscosity ul
initial condition to fully developed status; T'*: time integration length after fully
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iction velocity at bottom wall; /: water depth ( = gas layer height); 1,: kinetic
ater side; p,,: liquid density; p,: air density; L, L,, L.: computational domain;

veptical (y), and spanwise (z) directions, respectively. Superscript+ denotes the

ing the definition of the Reynolds number. T,;": time integration length from
fleveloped status.
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Casel 150 1.8 3421 128h=<2h =64k 384 x 214 = 192 5.0, 0.26-2.0, 5.0 610 730

Casel’ 150 1.8 3421 128h=<2h =64k 648 x 214 x 324 3.0, 0.26-2.0, 3.0 610 730

Case2 150 0 - 128h=x2h x64h 384 2 107 % 192 5.0, 0.26-2.0,5.0 - T00

Case3 150 - - 128h=x2h =64k 384 x 182 = 192 5.0, 0.26-2.0,5.0 - T00
NTNDHOD, EKERRADORY HF O EXHE LI, 22T, M1-(a) @7 L—F
RS b EVWERMFIETHE LN D HERIT BEAKEELT Y. (D) IR 7 b— NEBHKEEEL

MRS IMBVREE, kL —76 U F 7 A
=)o R CRE B, SR AT, IR
A BT A EBIGHIDIE R TH D, £ 2T
WK Y F 7 AN I 1T D a0 B8 R
B 7= 3D O kG E Rl FIE O ML N E E
TU=,

2. WHEOHM
AWFFEOBHL, 70— REN 1 282 55
7 b— REBRK B LI Y O E B FHE T
EDOWESE & F T S < FLIRRE S fRAT 21T
I EThD, o, T T2 MVEEG %
K O D R DRI AT AT, IR AR AZ R
A F R FH T T RE e A B B B UE R R
FiELE L TN SEDZETHS,

3. WD IIE

WFFE 1A E LT, KRR LTS O B
EEEFE L LT MARS 45 7 v — REEH
IKBEELRSS A~ B L ClEH Lz, 72K
FEEHAERI A OFEITO =0z, WHHEFIE
DfpE & EEb A T TiTo T2, EBROFHE
1T, RAERZEY A N—H A= R 2D

SX-9 KOS KA AHERA T 4 T2 &

DT A—F v ARa ZRHELTITo7-,

4. WFFERE

(D) @& 70— FEEHK LI S O BB
A

SHERL L LT ISR T SEHEOILRE

Wiss, (o) F ¥ U FNVELG TH D, £F£ 1
WCEHESHEZ AT, OISR 21T,
T HE LTS 7 L — R K S EL T Y
WEEZBMEAHEICLVFERT R TE
72 (% 2),

Air flow

| | L6472

L=12.8h

155 T T
s 150W_

. .

1450 5 10

(b) x/h

2 o3 FEEE L 7 b — REBHKESEL
BT 2 R (a) & € DR (b)

T L THELRGOR AR LR, &6
(ZAGr 7R RISy 24T\ B R EILEF 238
T % 7 b — FEBH K EL I O FE A 72 (BB
BEGET -2 X2 ME L (BlE LT
¥ 3127”3 EL B IR AE 53 A ) o



o e I
Oty (Fr=1.8)
® Uy (Fr=0.0)
Ues (charmel)

Urms

0.8 B

(a) ¥

a ‘:lltl\;(Fr=|-S) ]
0.8 A Voo (Fr=0.0) 1
=== (Channel)

s O6f TTmTmmommmeemeecceeee— oo |
£ A ]
T 0dPes, _
ﬁﬁéﬂzza‘
0.2+ " :
tay
N | ‘."M
f30 140 150 160
(b) ¥
I T T
2 W, (Fr=1.8)
B W (Fr=0.0)
- " Wi (channel)
0.8- — i
e -IIII.'......
I
6L T e |
o o o
Dﬂﬂnnnunﬂﬂmltn_qj
T 4o 150 160
(c) ¥

43 B R TR O ELIT R A S AR

5T, T—H =%\ E BFREITEO
FAC 5y 3R M OVBOR R I B3 2 fifir 217 - 7=,
ZOFER, BRI E R EELR RS R &
TEMIC—ETDHEPHERTE, 2/
AT R LV A B F T Ik g
NEa LRI LaRLE (X4,

015 1
L '-_.-."'.r_‘. "
Gk % ° g (Fr=1.8)
s 0.1t 3 g'(Fr=0.0)
0.0
c’ L L
0 50 100 150
y

R4 H R 31 5 E R

Z O, JFENEMPEELE Vo T ELIRET Y

T B FLRE EIC OV TS, m7— K
BRI B T DT —F N— AEEIZHK L
oo ZTNHDOT—2Z2HHNT, HHEFMRIL
it D ELIRE T RT3 1T D BE SR SRRk
EFEICOWTREEITo T2,

PLEoi@y | ARFHHEIC X0 &7 — REBIK
BRELUE S D kG B BB R A e S
L& EBIT, EOFEMRT —Z N AR
P Lo, A%, Bsa— Rae e
£ B & 3 BR A e 5% (International  Fusion
Material Irradiation Facility, IFMIF)% —/%" > b
RO 2T, KRBT a— RofF AL
AT FPETH D,

QBT 7> FAER - HHROMIIA

T
WA 75 7 v OB EIM O
WDO—>ToH 2 FliBe GREVREI) 1T, BT
FOBRD R TREFREE LT, B
BOEBEZIFIZS WEWIFERD DK
. [BHICOREND D, AFETIE, =
DT T v VIR & B R & BB
HRERFIECLY, BEFEE T a2—RH
e EORGEEIT o T2,

FHEARRIZ, EBRT — X ~— A (Yokomine et
al. 2007) L[RAEED 2 LT * v RIVELHT Y
L. FREEMICBOTHERT —F RX—2
ElRkkE LT, ZORER, EBRT — 4 X—X
DIEALALE BIFICHBT 5 2 LITish L
7= (X 4),

Nu/Nuy,—y

0 0.01 0.02 0.03 0.04 0.05
N=Ha’/Re,

Y okomine et al, (2007):
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