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EVALUATION OF ELLIPTIC BLENDING MODEL

Seok-Ki Choi and Seong-O Kim

Evaluation of elliptic blending turbulence model (EBM) together with the two-layer model, shear stress
transport (SST) model and elliptic relaxation model (V2-F) is performed for a better prediction of thermal
stratification in an upper plenum of a liquid metal reactor by applying them to the experiment conducted -at JNC.
The algebraic flux model is used for treating the turbulent heat flux. There exist much: differences between
turbulence models in predicting the temporal variation of temperature. The V2-F model and the EBM better predict
the steep gradient of temperature at the interface of thermal stratification, and the V2-F model and EBM predict
properly the oscillation of temperature. The two-layer model and SST model fail to predict the temporal oscillation

of temperature.

. Key Words: @733(Thermal Stratification), 3= 2 (Turbulence Model), B} A3 E-5-5(Unsteady Heat Flow)

LM &

QAFTEE FF 2L E (poo)illMe] EfF 4L A
317 sielsle AL JANTSE AT nATREY T
A Ad4 gy ¢ Fasdichk 4227 AA (scram)=W
A2 powers FASH 7adta, WAAL f< (flow rate)
T Z2sA gok 9AZ powerr} ZAdE 271 WA
f&o] #adte A B way] gid A E7LE7 A
Zto] 250 wel F43] 74k 22 o=y
ot Ao WAAEe 1 Zd AL (low velocity)22
g T2 o fYsHE A2y Y4 2 2
AE 229 YAA Brd wsrt 37) did AR 12 E
o] sIE2 Zd so7M Ha, diid 4 £ dZAE
229 AR EA7ct

oleig Aye] W¥o2 HE AYL Fushl Hx,
A2 AR B EAsle aAFRE & US 2 g4z
vesselo] &= wWlgkog AFE Axo) 2% Pufj(temperature
gradient) S A3tn G283 (thermal stress)S -FE3dle] F

1 39, dF4AEATL, FATFATH
* Corresponding Author E-mail: skchoi@kaeri.re kr

23 A" B4} op7lgrh 28ng AR AR ZoA
9 g% Ae Hdsly, o428 £ e Ve grE
AAFLE AAle) Wl¢ FLaich YA HAZR, B3 QB
dAXE o] ZAE sids}r] st B2 AFA d¢e sy
A 477 5 ST ol AY¥HY ATE T/
BE AN dFdAPE dREde FHAHE Aol
I4F @39 FFGE oS0 Fadt AAYE BHh 19
U 9E INCo| a7 WHEEde £7e Add uj$ A%
Ak - 2l 588 P AHERd) ATE S5t
g U e F¥3 R .

¥ AFdMe A 9 AEHAY H32d Add 3EF
9] JHRYIESE, elliptic blending model (EBM), elliptiv
relaxation model (V2-F), SST model®} two-layer model, & A
F FEdel AHE3l Fristma ek B3] elliptic
blending model-2 2o sEslo] HNAt S48 Fog
HHHI Qo o] B2 7)3ley @4t glo] Agmed
Ego] folsitt IBER o] RYUS ANTHEY F8
HE8Y F9 shid E4EHY0 HE3l Frishe A
< 83 u7l ok Il E ofdR] dAEEE #
H 4% @4 st 483 g3 ARk o)8F o
Z B AN g8 INCOlA 3% o 7ix] d3E F
o g Ad, Ml dFRIEES HrlstnA dc



PR3

2.1 X uj s A
Reynolds B4ae thies} 2ol 459 9% © & e
3} o] By

O=0+D+9' 0
(Dz(d))+(l>' )

H) o (D) =0+B oty 9 4B D& AR
BTG, O & periodicd] RF, 28T d = stochastic BE

LF e vehay guwigoz (D) 2 ensemble average 3t
olg} -2tk AuPANES 9j9) WHe A3l Pl

w ohes} 2o
D
—(p)=0 o
D oy &P, Kuy) _
B D= [u . plu; ,>J o

O

G nge @)=Ui, (P)=P, (uu;)= Uy g

T)=0,(T'u)=bu; o g

EAST. AT e
w So| Folzz 33

g, UL Ou, B S9 IR &Y EY niA
7} BAHUT. o)5L Alte) Y5t dFEdo] Bad
Aot & Ao|M: elliptic blending 2@ [1), elliptic
relaxation EA(V2-F) [2], two-layer 29 [3)3} SST B¢ [4]&
24F 8% AN A3l HrlelmA Foh Elliptic
relaxation 2@[2] Two-layer 2&[3] 3} SST 2d [4)9) st
AP EL 7129 FaEA 2 Hgslof gong, B
=ElMe FHIo Jidg elliptic blending modelo] T3t =}ul
WA AAjskna} gl

LEPRAE ul, W, W

.- 2.2 Elliptic Blending Model

Elliptic blending modelo At @ldga), 54,
Reynolds 2853} dFouix] 2418 thee] n]guA2
o2 33

D

57(/3)—0 ©

D uye 2,30

Dt(p U;)= ox, o [/l o, - puu J
—pﬂgi(®“®ref) ™
A v

ik 3*["’5 pau’J . ®

D — 3 — \ouwu, |

E(puiuj) = -a;‘—l:(ﬂé‘k[ +Cs P upu; T)—a—x'Tj—}
+(Py + Gy + @y - pey) : ©)

“(pg) = ——{(UO"/(/ +C, puguT )gx%J

+ (Csl (Pk +Gy )" chzﬁ')
T (10)

D, 5. dl(u. — \oo*
= o)=L\ L6, +C |9
Dt(P ) ak[(Pr i« +Cop pugu; )5 ,

i

+(2P9 —2R%p9zj -

2
a-2 2% |
Ox 0% | (1)
9 el
=(-a )cpw+a2<p" W

(Dl] = ‘(Cl +C2 —6“)6 AIJ +C3/(SU
+C4k(Aiijk + :Aijik - 3 5 AlkSkl)

14
+ C54k(AikQ jk+4 ijik) ' (14



AT

107 &

" ¢ u,-uknjnk +ujukn,~nk
5 Lt )
—ECI wpumeng\m;n j + 6y (15)

_ 2, %% 2 9
g;=(1-a )—k—s+§a b 16)

ol
u; - _Va .
U 25 s
Y= 3%, Vel )
1{ou;, 09U, 1{ou, 0oU;
=2\ Qfa(?a;i‘?’]
J i), J i) (1)
1/2
T = max —IE,CT(K)
& £ , (19
3/2 /4
L =C; max k ,C,,(KJ
€ € 20)

oltlk. Thiclen et al. [4]9] EBMolAE dHdH<&e Ue
o Yssty WA o n e FHch

o
9ui = —Cg —u,-uj —_—
T e

A AEAMe dEe] 2 Thielen et al. (1o Yoz
g7l M AeFEct.

2.3 A=A

ZAAzAL AAGEATLNN GREY HAE 8 58
3 74 FLOW-2D oM AFshs AAZRUE AH3
Aok HHAME no slip 2AT GIRAE AMEEHE, ¢
FollME okt 28 gFRAS AHEE

U= 0, V= Vin (22)
— — 2 —_—

”uin = Win = Wwin = ;km > ”Vin = 0’ &= €in (23)
0= Oin> 9131 =0. : @4

k.

in

=1.5%(0.037U;)?, &1 = ks> 10.3D)  (5)

o 2 28y
| 2 E AU\

9 HolA D& olalsldolH & (dissipation length scale)o]tt.
E g¥deDE dvdMe 88 37 (hydraulic
diameter)& g3t PTolMg &= Vin 3 22O
& AY=AE AR

3. 249 ¥ £9

31 siMciA 2X

2 A3 s ge dE INCOA 83 942 AY
F @ A goltk A¥A] Y 2Ye 17 19 =
AgEo) gtk £& FFHAR AHEEGen, dFene
102 59 299ColA 83TE Waln, ATGEL 1.992/sec
oitk. T UBHY AL VFez T HolsRsE
Re=12,3000] 22 Richardson <~= Ri=2.00]t}k '

106.0
10 5.0 00 o
» - 0
o NE
n .
of— = uls =T
P e~ 1w o
ot 2 of 4 | L8k lg 2
q- 8 | =y
o= AN = P
L -3
w
e - B |
{HX intake rﬂ” A
core outlet N
N &

Y IINC 245 B8R APFA]

32 AHrdn £9f

@45 A 9P GFEDS JsP] Hstd 9B
INCAlA 8% 48 F 14 AHsty Aae 38t
Aol AR FAARE 42AEEE X(HE ol A
2708 00525 ARSSte 40027bA] AE FPEAT.
Two-layer 27} SST Bl t5-EHEEES AM-dldx
ol & Hou, v2of 2de diFdfd RdS A8
BT 8ol HA oobA, A RAGSE Bdg AHES
=3



AT

108 M 2 %’E’&J’

YR

TIME: 202.00 SEC.
OYP2INCAY S EF

(a)Twolayer ~ (b)SST

() V2-F () EBM

393200 F 524 gl

a2P-2E IJNC d4%F d3dAM9 202 F+ 12
ZoMg F24 EX¥XE HodFn gt oY 3
(a)-(de 4718 M2 de Jdirde o Aig

202% ¥ 1L EoNe FAHe EXE HAFa

At BE RdEd 9% ANdIAE 29 ds

(a) Twolayer (b) SST

(c) V2-F

(d) EBM
2942002 F 4 el

o9 FAHE #EE 4 ok o v2-f 2
EBMo] two-layer® 9oy} SST »dut 443
ZAE (interface)dl X} A4¥dHoA FFHE &
T 2= E¥XE £ o AFsA 42838 @
Z &+ 9l

IYA4-(a)~(d)= 202% F 1L EdA9 449
Mg & dRrEd o3 Add f49 REXE
HoFEm gtk ¥ 3004 #FE F2Ae 2¥9
a 7Age] dx3td, two-layerZ@olvt SST =dd
o] AdAdRe] AL &9 dEFHe] vy F o
Folal v2-f 2d3 EBM Xt} 3 &59 $%o]
A&z Fy AHRHFE #F & 5 Y.

g 65 JNC A¥oA &= & Ate] uig
monitoring® AHES 2H9gF3 Ut 2FY 6
(@)-De dF=dEd 939 Add FAAE 43
A s} o] BgF 3 g} o] IYlA #AY F
P e} Zo] x99 AF BWIE BE UYFE



R i Fded]

109

d 7he) &Fnrt & Kot J&g BB + 9
. 3473 499 dxe FASY twolayers
doju} SST Rde 2%9 4% (temperature
fluctuation) V& A3 EAlshA XPE &

ot

-3 -9‘ -
(-]

E & N ,

:3 o8 12

P

:2 o7 11

10

b 4 °%

L3

w:
sof :::;sr
3 paSeu— V24
wof =
€ =t
=
o VY ~
oF s o
g
=
(b =A2
w_.
:
wf
g =»f
= °F
>F

=
[=]

©) A3

T(C)

T(©)

T(©)

T

X 2 WHY

2 A2d1]

& F
50 E
4
N3
30 oy
o
a3
10f
o§ w5 S ———3t5 2o
- Time (sec)
@ =4
- o= = Twolaysr
—— s SST
— Va4
E8M
EXP
) i yE— —— e}
05 1('10 2<')o 300 400
Time (sec)
OREH
1 - ra—
200 300 400
.Time {sec)
HAH6

)y AH8



T(C)

T(C)

T{(C}

T(0)

BRI

N 2 HEY
|

— = ~  Twolayer
o S8T
i var
EBM
EXP
obs I | — i - i
[ 100 200 300 200
Time (sac)
A9
- - - T
—_——— SST
e Va4
£BM
EXP
N
0 L. P | L | -
o 1 200 300 400
Time (sec)
Gy A 10
€0 -
sof
of
ok .y
» :' b \ ‘.-::-::' \'}"L;\._‘\ 3
0 E VN oy R 3 1 2®
oj ——&5 5% 35— 2
Thme (sec)
SRk
€0
50 g laiagi
F ——————_ vad
el 3 By
30 Pz s
of
wof
E
o5

A3 12

1% 6 2} monitoring A ol 2] AlZle] T w3

4. 4 B

B d7oMe H2d g8 A8 e Gl &
A5g FHeigion, ¥ INCY E4F 4¥e HNE
A3, o 2E 2ES UE £ AUk E4F Y A
g5adid 2dojy njRdHS S ASSE 4 dRE
dzke] AZte] M2 2mRisle) dEde & Aole glon,
v2-f 293 EBMo] d4% AARNA ) FAT =TS
Zd AgsA Baleta, 2x 25d%E HEs A4S
¢ T U

dArtel 2

E a7 #rlere 448 2371 A7 A9
Aol ojste] STy =G o] AFE KISTIY A 73}
Aol Agshe wHIFRE & AHEY A1E 73
A, olo) BARNA 1rlE-g FAFCE

]

SEL

[1] Thiele, L., Hanjalic, K, Jonker, H. and Manceau, 2005,
"Predictions of fow and heat transfer in multiple impinging
jets with an elliptic-blending second-moment closure” Vol.48,
p-1583-1598.

[2] Durbin, P.A., 1995, "Separated flow computations with the

k—e—v2 model," A4 J, Vol.33, p.659-664.

[3] Chen, HC. and Patel, V.C., 1988, "Near-wall turbulence
models for complex flows including separation," AIAA J,
Vol.26, p.641-648.

[4) Menter, FR., 1994, "Two equation eddy-viscosity turbulence
models for engineering applications." AIA4 J. Vol. 32
p.1598-1604.



