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Natural Circulation Characteristics
of a Pb-Bi Liquid Metal Cooled Reactor
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I. Project Title

Natural Circulation Characteristics of a Pb—Bi Liquid Metal Cooled Reactor

IO. Objective and Importance of the Project

The objectives of this project are to study the natural -circulation
characteristics of Pb—-Bi based nonreactive liquid metal systems.

Nowadays, the nuclear energy has gained more attention as a clean energy
having the least aggravating impact on the environment. On the other hand
the waste management and the limitation on the uranium resources are
among its shortcomings that ought to be resolved by adoption of a liquid
metal reactor, a fusion reactor or an accelerator driven transmutation reactor
for instance. The liquid Na, the principal coolant for the conventional fast
reactors, 1s.seen to be handicapped due to its vulnerability to fire. In these
evolutionary nuclear energy systems, the Pb-Bi base inert liquid metal
coolant technology has been regarded as an essential element to the
functional efficiency and the safety. This study is concerned with thermo-
and hydrodynamics of promising Pb-Bi eutectic liquid metal systems to pave

the way to developing future nuclear energy systems.

II. Scope and Contents of the Project
The thermophysical properties of the liquid metal systems were compiled

as databases and a test facility was constructed to study natural circulation



characteristics. The results from the experimental tests, such as temperature
differences and pressure drop, were compared with analytical solutions from

the first-principle calculation and CFX 4.2.

IV. Results

Results of the pre—-analysis indicated that the natural -circulation
experiment can be performed over a wide range in the large pipe diameter. A
three-dimensional computational fluid dynamics code, CFX 4.2, was applied to
check on the result of the first-principle calculation. The velocity profiles
determined by CFX 4.2 was found to be similar to those of the first—principle
calculation method including the screwed elbow effect.

From the experiment, the average temperature difference between the hot
leg and the cold leg could be measured. By utilizing this wvalue, the flow

velocity and pressure drop were calculated.

V. Proposal for Application
On the basis of this research, it is suggested to design the liquid metal
coolant system which can be used in the future nuclear energy system.
The natural circulation capability of Pb-Bi investigated in this work
suggests the feasibility of promising design for the Pb-Bi liquid metal cooled

reactor.
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Oh BEE
@ zuddssg
4308 2 540°C(1000°F)el A Pb-Bi(d-H]&F2)o dfgt Aol dies]
35t
4468 & 480°C ~1215CT(900°F ~2200°F)8] =& WL dlA 100412 &<
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2 A% vla Ao B e AGgol Bl YA ek
310(25Cr, 20Ni)&8-& 540°C(1000°F)ell Al Ph-Bi(g-H] &%) gl wish
4 Aggel st apT d Fe exAE $4g do
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% 31 Na, K, Li ¢ 844 vilE[4~8]

t 5] A Cp aXx10* | v x 10 5
() | (kg/m®) |(Cal/m-hr - C){(Cal/kg * )| (m*/hr) | (m%/sec) Pr1o
100 928 74.0 0.331 24.1 77.0 1.15
200 903 702 0.317 245 50.6 0.74
300 878 64.9 0.306 24.2 39.4 059
Sodium -
Na) 400 854 59.1 0.304 22.8 330 052
. 500 829 549 0.304 21.8 28.9 0.48
600 806 52.1 0.305 21.2 257 0.44
700 780 50.8 0.305 21.3 23.2 0.39
100 818 40.0 0.195 25.1 56.1 0.80
200 795 395 0.189 26.3 428 059
300 773 373 0.185 26.1 35.2 0.49
400 750 34.0 0.183 24.8 29.8 0.43
500 727 30.0 0.183 22.6 257 0.41
600 704 26.6 0.184 205 221 0.39
700 681 24.3 0.185 19.3 205 0.38
200 515 396 0.990 777 111.0 5.14
250 510 39.8 1.001 7.80 100.4 463
300 505 40.1 1.012 7.85 92.7 425
400 495 405 1.034 791 81.7 3.72
500 484 40.9 1.056 8.00 73.4 3.30
600 474 413 1.078 8.08 66.8 2.98
700 465 417 1.100 8.15 61.7 2.73
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¥ 32 Pb, Bi, Sn¢ E/4A ¥uE[4~8]

t o A Co ax 10’ | v x10°

() | (kg/m” |(Cal/mhr - T)|(Cal/kg - T)| (m’/hr) |(m’/sec) Prx10

400 10592 13.0 0.0352 349 210 2.17
450 10536 13.2 0.0352 3.56 19.1 1.93
500 10476 13.3 0.0352 361 1756 175

550 10419 134 0.0352 3.65 16.3 1.61

600 10360 137 0.0352 3.76 153 1.47

700 10242 15.2 0.0352 4.22 13.7 1.17

800 10125 17.0 0.0352 4.7, 12.5 0.94

230 10050 125 0.036 345 18.0 1.88

300 10030 12,6 0.036 3.50 17.1 1.76

350 9970 13.0 0.036 3.63 154 1.53

400 9910 13.4 0.036 3.76 14.2 1.36

500 9785 14.2 0.036 4.03 12.2 1.09

600 9660 14.9 0.036 431 10.8 0.91

700 9530 167 0.036 4.59 9.8 0.77

130 10570 94 0.035 2.54 314 4.45

200 10486 10.1 0.035 2.75 24.3 3.18

300 10364 109 0.035 3.00 18.7 2.24

400 10242 11.8 0.035 3.29 157 1.72

500 10120 12,6 0.035 3.56 136 1.37

600 10000 13.6 0.035 3.88 124 1.15

9876 14.4 0.035 4.16 114 0.99

- 14 -



Specific Heat [BTU/(LB)(°F)

0.34

0.32 1

0.30 4

0.28 1

0.26
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!

0.312
0.30
NaK 44.8
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0.249
0.24 e
NaK 78.26 0.235
*\ .
0.21
K\\
0.185 —
0.182

200 400 600 800 1000 1200 1400 1600
Temperature (°F)
1Y 31 &%9 W& Na, K, NaK9 ®H| g9 ¥3H9]
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Thermal Conductivity [BTU/(HR)(FT)CF)

50

46 7 45
42
40.2
38
] 34.6
34
Na
30
26 - 24.9
l 22.6
22
] 19.6
K
18
- 14-7 L4..8
14 - 14.6 NaK 78
] NaK 56
10 I L l ¥ ' L ' L l L I L] l LJ
0 200 400 600 800 1000 1200 1400 1600

Temperature (°F)

%Y 32 250 WE Na, K, NaK9] €d =59 ¥sH9]
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Absolute Viscosity [LB/(HR)(FT)]

2.0

1.6 4

Na

1.2
NaK 43.3
0.8 -
NakK 66.9
NaK 78
K
0.4 -
0

v T r T T T v T v | B T v T v T T
0 200 400 600 800 1000 1200 1400 1600 1800
Temperature (°F)
28 33 £59 W& Na, K, NaKe] A xe] W3]
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Specific Heat [BTU/(LB} °F)

0.040

0.038+
0.036=
Pb-Bi .
0.035

0.034+

0.032+ Hg « 0.082

0.030 Y Y T Y T T

0 200 400 600 800 1000 1200

Temperature (°F)

a9 3.4 &% W& Pb, Bi, Pb-Bi, Hgel ®lde} ¥3H9]
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Thermal Conductivity [BTU/(HR)(FT)( °F)

10+

Bi

0 200 400 600 800 1000 1200 1400

Temperature (°F)

¥ 35 &X ujE Pb, Bi, Ph-Bi, Hgd dAEx9 w3 {I]
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Absolute Viscosity [LB/(HR)(FT)] x 1000

1.60 =

1.40 -

1.20

1.00 =

0.80 =

0.60=
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0.20

0.84
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200 400 600 800 1000 1200 1400
Temperature (°F)

09 36 X wE Pb, Bi, Pb-Bi, Hgd dAH =9 ®3H9]
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347(18~8Cb)@ = 650T(1200F)el A ZARsA HEE EWHol =59 A%
Pb-Bi(g-H]&F2) §hFo tg 724 A3gdd @A77 AUt =y &2
Asg g¥o] &9 540°CI000F)ol A B2 Ao Zsjar)
316(16Cr, 13Ni, 3Mo)&< 5407C(1000°F)el A Pb-Bi(\d-H] 2F2) g
e B2 Ao A et 230THE50°F)ol A e F2o & 7Ad,
302(18Cr, 8ND#B 3 Q2Etol= 2 ddlaag e 230°CUSOF)el A 52
of g AdAol A8t 570C(1060°F)l A+ A 7F A3 1000T(1830°F)
ol A= Fao ik Aol A "o A Hr}.

330(15Cr, 35Ni)8 & 540C(1000°F) Al Pb-Bi(d-v|25-2) g ujg
-]fsluﬂo] AA wolAr},

30982 1200°C(2200°F)9| A 5004]zF &<k ol e FAA U& B F
o] Yojudr},

@ Ad2%

ddL mAgzAA HaF S0CONTIAAE F4 APyl A3
M =9 700CU00F)AAE B 988 T2t ehuge W g
d Aol sl #HelolEw @i dEEol i A9 FFE A
@i AREEE J¥gg wen nEtA, 012 wtkd Hi gAYFEE
7}21& Locomotive Firebox Steel(ASTM SA30)o] Ao dig 34 o]
Ze EAZ AR HARAY,

4]

%

AE-EYEd 2" 540TC1000°F)oA Pb-Bi @50l tigt Aol %

4§91 Pb-Bizols FHAEL AR 1
T 4 QA "o gty FHL olE EEE "dE U2 UH2YA KB
3}t

L
s
X
L
f
N
—‘—l
>
>
—1—4
oo
(o3
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(WhHeldF&
© WEE
P E-S 700T(1292°F)ol A Pb-Bi @&l tid APAel ZAsicy g,
1000C(1830°F)ol A= £ A @A ot
@ ¢FvH
AeHez de A}%EJ% &F 1 F2SE 300CG70°F)lA Pb-Bi &gl
gt Aol sty 500CQ30°F)ol A& A7 Urt.
Q@ U4, 7% 259 §F
stadzolC, Rd3&, AAYe Pb-Bi &3l a8 AzeA d¥e @
£tk o9t Z& AMdE 540C(1000°F)AA 7= v S AAelA A
& AEE T3 A Hdd UA =g vEy e A Pb-Bi §Fl
ga AZsA e wen 7Y A5 A R dojun
FEL 7ol §8 Axolty. 2y stAdREo] A B, C& ¢FvHE-H
F& 230TUS0°F)AA 1300A2F F¢ =&HAL wWelx A e 2
A gevh U= dio] € stxdEo] B dHol ¥ ¥4 £l
AN A ZdeRio
@ Elely =
Pb-Bi & &olA 650C(1200F)8 &%=38}, 5004175t AE = ElE
F-4wt%3E §E- FAd g Aol wie Zsiet. EEE-lwt%d
gE g5 74 APge] thh "WoA L HEE-bwtkTe TE2 dl
3 A 3Ao] A "ol
® 71E &
5 G ¥EY ZHFNAE Pb-Bi fEe AA 9EES et
Pb-Bi & A&79 HMFo2 2ol B2HE §§ FHLERE FE

Huz AL Azt At
(h) HlF%

- 22 -



(2) Pb-Bi WZ4A9 dd€ 54

QA F&Y dAdE 4L °vF9 ¥ /AR UE 7 o e ¥4A4d
=l Hlgte] & A9 A & 7HAI vk 223 HiE Aol 49s] w7 WE
of WAAF] ¥ dHAME o] 7HEsn.

BFAY o2 7HA JAFEe] A&2Y FY4AR 4P 77 FHHJLH
WA R Naol] Hejso] Ao 2AE H A8 A2 YAAZ ALEH 9l
o 53] §6o]l Y1 B o & €AY AFE I B ¥ &
Aoz Jdstd FL2 YAAYR AFHAAT. 228G AR Y 142 $99 B E
HEotEW Na W§ZA7E ze obf 284 £ A dlen olAL A
A AR A B EE F71% wgoltth 3] dE EFclA Naol] F&5
AtaLAel F719 &7 o FEFHY W3S doA AT SAdE WA
TAE = WAL

Pb-Bi ¥4 A& ol2]¢k Nao] ze 81813 84 & 24 ¢, & 45EE o8¢
A WHGEIAE o] EFTH FESG €4 JFEE ZE IF2Y YAAT E 5
At

¥ 332 dqAF& R YZAd & EHES 2% AU, Pb-Bi Y447t

ol o

rir
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¥ 33 WAAY Adeg 58 0]

N AAEH FF A4 &5
gz | TEERTT gearsc, 3 AW
) [A p] [Tboil"Tout]
JzZiA | 9AR | 2= /'K
. m
[T] g/m’ |A 73 10° A T 3} T A 3}
Pb-Bi| ATW | 340/510 | 0205 | 1 153 1 1160 | 1
Pb | Brest | 420/540 | 0146 | 071 | 150 | 098 | 1185 | 1.02
Na |CRBRP| 399/535 | 0036 | 018 | 108 | 071 | 350 | 030
4-L
H,0 9P| ogamos | 0073 | 036 | 203 | 191 | 18 | 002
PWR
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A2d A9 ] sy

L ¥z A% 2dy 2 354

PAFEZY AT ASE olslshy] dade AFFXNE HAs e ddstax
& ol 7pR] FEFQ A9 AYFAE HHEA BYstE o] Fody &
8 A FEE WAAR ALEstE AS ALRA e o =] d& AA
dhe ARrF AR AT FAE ABAEE /AL doER HAEFH4 o
T2 o Fosith kA AAeH U A=Ay AF, £5F, duX
o 1204 MELA NS A 2FF FAA e 4EFE AAS] 98 A
T AA W LS s o ARHEE FALINA FAUAFES FE,
Y o 4PAA ) AN BE FAASE S8 BEE AL AR
o2 E7Mesln, Adede] 449, 943 181 wpaEdd 488 SR
nH@ dirH o2 AAEHAAM dAFEE FH A e P& FFo|t) 9
TEF WA NAM Y Richardson ¢ Froude oA VEIH, wp@o) o 3
g &4 8 Friction +(Nf), Orifice $MN0O)olA EdE . 2 AP AXNE A 23
gl olel® 2719} FAsA Zo] (L), Bd (A) F& nstich
AA AFE FAAFY 2AL Ad BANE ol &3t AFFXE HAE
Atk AAFHR S APGX ] Bdg dAA AL A9 dosgt golf v
€ At AA A vig 2R, 2 AR 4¥E Fod &9
UMz fgEo] AARE oy vhzk &AL O e FHSA ZogE + 4l
t}. 28]y Friction +(Nf), Orifice &F(NO)& A A A Ho] EFoJE AYAX A Z+
FEE AGsA AN BeH o2 Erbedtt mEkA AT WA 2R
dY Aol Aol E HeE Ao} .

rir

e

rr

2. on] sy

7b FAE EF A Y 3
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(1) <] A g &
E AT Age] B3 on) Ao sl A AEZ Ph-Bi WAAE A
3k A &-8-§ 33 E(Low-temperature melting metal alloy)®] &3 71g3
o] dFE Hrlste. o] dH] At A4 1AY g8 #F 2ol 7
AAEE ALETFTEY & WE Re, BHY EF, 7I1EHE A
F, EAL 49 A7ME 499 A} R A#E 2EHAU11,12]. 4
v ANE A8 dEe a9 375 2

o

Ikl

e 2
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600

800

2

300 Heaﬁng
Section
—) 1,12
150 y
Y

Cooling
Section

8

1400

g 37 oAuAA R (29 mm)

- 27 ~



7} e Y 2etE 72 i
M &4 7 T8 W T2 AR WAREY &7, VN
o] ArSg, 7k vpolxel 9/ FT7A F 12702 o] Sl

Al 42 ogs) 2o 2 k= Atolo] ¢ Aot HHze] vz 9%

Feel, S o9 g Wk Az o@ s, 2P g2 g
g2 ol RolA U h
Api= Dpspt Dp,t+ Ap,+ APy
orm 3.
o (3.1)

dpy = ¥ ==t i =2 Abele] A [ Pal
dpy = vwhol] &g ¥ IFst

dpy = Tl A7 ¢H7s}

lp, = NA&EEd o H7e

Diorm = TEGA w2 g ds)

7 = Afole] gre Aold] diE A& 2W e 2u

|hz 2 2
=Dt f G P11 02 G*
pl+pz+ 2 g(h2~h1)+7(—;2—-%1—) (3.2)
| 3 s 2
po=py+ f5 G 92+Ps G?
oot gl =)+ =5 (- ——-) (33)
| oy hg| 2
py= byt f 4 3 G 03+ 04 2
04+ p3+ 2 g(h4“h3)+Kezbow—;:G;;3‘ (3.4)
L G 2
b= b5+ 7 Gl _ 1
5T/°D oo T2 = ) (35)
|h6 hs) 2
py=po+ fmtsl G T 0 ?
06+ 05 T8 (ks — hs) + Kelbow';ﬁ—pg (3.6)
po=po+ it Gy et G,1 1
D or+pg 5 &= he) + =5 (—-——=) QD
6
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jhs Jql G
Ps+ 07

2
+ ‘)8“’7 a(hg— h7)+—~(2; (+ -1y @38
01

=Pt f o4

hio_h 2 + 2
1)8~p9+f| s-hsl _G* | oo pgg(hg—hg)qt—%—(—lﬂé—) (3.9)

P9+ pg 2 Py

/T 2 + 2
PR— | 10 ol G n 0102 09 g(hm"hg)‘}‘Ke/bow'—_G“_

Pt Py P10t P
(3.10)
_ L__ G G, 1 1
Py 1?11+fD Pt o + 9 (‘011 Plo) (3.11)
. | 2yp -l G* Pt ey _ G?
pu=pptrsr D ot on + 5 &(hy— k) + Koo ot on
(3.12)
|7 - hlzl G P11 P . 2
plz*pl'i'f pl+012 + 2 g(hl h12)+Kelbow 01+P12
(3.13)
o 71 A,
p; = ==X 9 4¥ [Pa]
f= vz A
e = M =g 9 Eo) [m]

D = vol= HA [m]

G = A% & [kg/m’sec]

p = FA U [ke/m’]

g = %9 &5 [m/sec?]

K pow = 0.3(loss coefficient for 90° flanged elbow)(Z& %)

T, w2 d¥ el talA R AsE G 2ol FoRch(Fa)

(@)
NN
ol

T (3.14)
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= (.316Rep"® Rep <30,000

f —0.2 1\/_}: ﬁ‘ (3.15)

f = 0.184Re;™ " , 30,000< Rep <1,000,000

Zh wro] des oy go] AFojHu)

0;=p. (i=1,89,10,11,12) (3.16-1)
;= p;, (i=2,3456,7) (3.16-2)

oA 7] A,

o, = ALBAM HFALE

op = TLETNNY HAYE

4 (316)8 WEE 7 ==9 dxd tfdste] 4 32)dA 2 B137HAE B
F g ohgs 2 shtel Ao E& €T

LG L G =kl G +f|h6—h7x G| plinl G

D 20, /"D 20, D 2o, D 205, ort o,
| hg— hyl G2 | 2y~ hlzl G2 G |h2 hy G*
+fp ch + f o + 2K igon( ch )+f PRy
3 (hy+ hg— @)
- (pc— ph)g 2
(3.17)

A AAegol B 4 BI7NA 7hEol 2§ ghe R siate] AR, v}
s G2 g A% kgAstet £ o) Are kol HEHE o) FWA
AA&sto] oF GEZo] AAHUYG, ANTHo|ng 7t P mAL o d
o) MEAZE F dEd AE AE FolME 0olgdhe 7HE L 4 317E Bt ©
et FEE e Zo] MEAz.

L G lhs— | G*
ZfD %0, +2f D

__G_z__ . h7+h8""]’£2""h1
2pc +4Kelbow 0. _(pc ph)g 2

(3.18)
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A7 G mAg 49

Lo

AeggTEY WA= Had guyg Ue
HatE AYslie FAE HYSAH o2 748 Boussinesq 7H ol s €9

AAGL B £xx A4T= e & gt}

Oc—0r=pMLAT (3.19)

T 9499 exxE AFasy 48D A, tEE Y 8% d&og o
S3 Zo] YEbd 4 v
D
G 4 G T= Q= qrD(hy— h;) (3.20)

Pb-Bi¢} & AT siMe] o] & HAANFEHERY AT HA FAER F3 ) ol
7] AL ALEedE F8 BAAE ® 340 AH U

- 31 ~



44.5% Pb, 55.5% Bi

26.93% Ph, 49.92% Bi
13.28% Sn, 9.85% Cd

=28 (Tmew) 125TC 70C
A= (p) 10240 kg/m’ 9383.2 kg/m’
Fu dAZAF (B) 22x10° K™ 2.2%x10° K™
FHEE (k) 119 W/m - K 189 W/m - K
v E (cp) 146.4 J/Kg - K 1675 J/Kg - K
FHAAT ) 15%107" m¥s 2x107 m%/s
Pr 0.019 0.013
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(2) dln] FA Ao 4 Ay 2 [d8$ a9 1]

2§ 38lA 312 & 349 49 4] (318), (3.19), (3.20)% o] &3] T3
AEH A4 AL 4EFEY F40 W Re 7, UEA, 252}, 714 5H 9
A, 8%S UEhle 28928 HoFa gl

29 389 mEW o]l AHo| AALE WL £ PIIdME IFFEYS
T U B ¥ ARE dAFEHER A g
of stunE HY Fxof do]T AHL HEE & Ao £58 & & vk 29 39
E Solz AW f&o] wE UERAE 2Tz o dEzE Hd 0.0025
kg/m’o] i ALL§HFE YEE 93832 kg/m o]t} walA 9o AN F
Lo A& AYe YA oA &x Aol wE YEWHIE u3A ¥E
Aol Bde HolFa ok 2 vto| X FHo| AL E Arkd Y
AL 999 dEAZ} 2 fFHA A ALE & 5 Aok 219 3.10& vpolx
HAE Fr&o M =AL 4934 AUte 499 22AE BoFa ok 3o
Ez27F ARG B e, ol 29 399 dEAdAE

& F Utk ole FolZ HHo] to W e F&olXut A FF ol
Zpolz| 7] g awF AU A =ALE Fdd9 2xAolr) ARE & F
Act B Afo] 2olE ALEETEEL 150° C o4 =Hw e ey Wi
Ay Fro vo|lX ARL 45 Ho | ddolre Ay o] slEsi.

I9 3112 golZ AR {&o e NMERE FHEEE S & 5 Ut o)
Z Aol AZAFE BTEEL ARE & 5 Ik WA F Aol & go|Z g A}
E3E W, slE B 2=V BolAA ALELFRIEY FAREQ] 150Co|Fo]
2 4% Qv 2y 29 3109 SERA FA0 2E u xR AW A
BE AEEEFE AAUL 150Ce ol =7l 47] Wi & &= EFsin
2 7ol & FolZg HPF o ALEstE Hlo| Foh.

2% 3119 d&& F3 A golZ A Ao mE f&o I IR E 3
Bl d&%FS 19 312014 & £ ok 27 312904 B ¥ 3113 vRst
A5 BlE o A% B do|x FHo] AFFE AX oy Z& A &

N%E

i

pe-Ann)

(K
X,
oY,
o
>
to
S
Jt
ffo

=
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Q&g o8 AL solx AHo| AL4E ©
o1t}
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25000 - pipe diameter (cm)
| — ]
- o -
] 2.5 .
— = /
-— e ° 6 ,
25 .
a 15000 - - 1
e -7 i
- L~
10000 4 Pid T
” /"
- ./. —-"—.
” - =
5000 - . e
/,- - ¢
2300- ,'/’—’.. ..—oo
0% ."-— T T T T 1
0 1 2 3 4 5
velocity (cm)
a9 38 48H FAAE 54 WE Re
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0.003
pipe diameter (cm)
00024 | = =75 .
_ --=5 /s’
e -e=25 .’
2
Q.
<1 0.001
0.000
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120

100 pipe diameter (cm)
ol | Z2Ef /
-e=25 s’

60 .|

40
J

20
]

0

0

velocity (cnvs)

a9 310 4¥H 4784 {54 o

- 37 -




800

600 pipe diameter
: 10
-~ 75 /
-— 5 /
--e=25 /7 .1

heat flux (KW/m?)
E-Y
8

200 -

velocity (cnvs)

a9 311 9982 47d fHo gE JtERE Huds
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50

40

[£Y]
o
1

heater power (kW)
[\
(=]

10 4

pipe diameter (cm)

10
- =175
-5
—-ee=25

velocity (cnvs)

a9 312 4¥# A2 f& HE JMEFS d4F
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@) o] =AM A3 [ARS 23 Bl2H]

JRS- &3dE A Fske W o] FAA ZAI+= Visual BasicH
C++[14]& Z3 oha9 2-EH Zo] dA dotE 5 A stk At
71L& 3H9 997t 89.38 W7k Fol & we Adsged o8 Arie A
F R LERET oy E¥9 &% BYXE agzz a9 313 314,
315004 Yehuigich. 2% 3130 wew s st 8938 W Al, AtE
dE3} mALE ddo 2xxelzt 061 Kolth, 23y dr$ FHE 1Y
& A% SEAolE 097 K7t 9. ol dr$o] 9% f2 A nE g
ggst "o A7l F A7 zpojolny
% 3149 AS FX UiEo] diF 17 Axeln fRE] 0001 1Y A
EEZ gAY, A4 g4Ee gREe] VY FEV 8 Aoln BREL H4Y
Az EZE ¢F Hol& Holw 27]xt AEZF @ Aot} ol WEIL
10000 kg/m*el 747+ A7F 1 m ol ¥ol& stxN: uhd FFE ul
RE W 10m A= H7) wfold. 2% 31569 Aded 747 2L 21
A dES-E nPE W] §52 44 124 cn/s, 0.75 cn/sE ARG I
# A9 & dR$ Wz F49 60%° NG} ol AR 7
& Aol G 7sl7t Wwatel @] o EAE BX A Aded
nAS B 4 91, oe ¥ 31344 YEhuE 2EA)
Ao A wael 2 AgE sz

B o
flo

O.u- —&94 :IO
rsi

i
oot

rulo

;g

&l <

AR
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a9 314 dR$ Z3E AL AT WY oY X
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Y 315 AR 29E A AF W & EX
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L}, CFX 4.2 555 E3% on] a4 +3
(1) on] AAL 9HE

CFX 42151617) 2=% da W 444 453 949 H4e w3
7l f8) ApgEE el AARAGS Eeadelt, meo Wad $A

A5 B U2 AdEs #3329 (Finite Volume Method)ol 71
g Fa B3 3249 73etE REE E44Q R HE37] ¢
3 A A=Y= %A (Bodv Fitted Coordinates)E Y3ttt CFXAlA &%, ¢t

g, LEE A4S AE FEPIA A8 AYste] Y PANE F
O ANE $EE AFRE PR gt BEARE FAdm, BE
SA wow ¢HEAL olgstel AL SR FHHZT WY AR
A3 R B84 5o ddstd ANET ANE $E, LE, k 59
28 WAse]l £¥HA FoW A WE AN FP5T, FHHYCH

CFX 3 =¥ pre-processingg E38lo] AlZgd, Hsle 7|81 X¥gE HEQ
gridg® Yy "9ed AAZRAE AAse FAPE do 4 buildg <] &8}
of dite B A=z}t ola £ e FuEE 2T 339 4 =0
B2 CAD® #& Feeolrh, Ryo] I28AW patchE B4 ddte AHl
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