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Development of Analytical Model for Evaluating Temperature Fluctuation in Coolant (XI)

- Validation of the Evaluation Model for Thermally Fluid - Structure Interaction Phenomena -
Toshiharu MURAMATSU”

Abstract

A numerical evaluation system, which is consisted of four codes, AQUA, DINUS-3, THEMIS and
BEMSET has been developed for thermal striping phenomena. To validate the system for the phenomena, thermally
fluid - structure interaction analysis was carrfed out using a existing sodium experiment of parallel impinging jet
simulating the outlet region of an LMFBER core.

Calculational results on the RMS values of temperature fluctuation, the histograms of temperature
amplitudes and frequencies, the auto-power spectral density distributions of temperature fluctuations and the damping
characteristics of temperature fluctuations showed good agreement with the measured values under the test conditions of
vartous flow velocity. From the comparisons with the experimental data, it was concluded that the numerical
evaluation system is applicable to the evaluation of thermally fluid - structure interaction phenomena related to the

thermal striping.

* : Thermal Hydrauluic Research Section, Advanced Technology Division, OEC, PNC
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E3.3-H3. 510 £7— R0V TORBENRYS FLETTe Br—RALb. J XUd bk LAHEE
FhUY AR, AEOF M) A2 EEAA LN OEEICER L, RBRRERCHELCRELGIZGPNT
HOmCED? . T/, M/ AMCHEERABEEEOF M) v A bEIC, ETHRICEE AT TEELC
ERT 5,

B3 6-83 81, By —ALDWTHOBHBABESELILET 5. HF () BOMHEIZKFEHRERE. #
BB IR GEREMN) AV CRBIE. T ElE 0) Rofiid ) X R0 T oy mag ¢
FEM) % HWHELHE, 3 VDo ORAEERTH L, £ — AL bICHARARIT, /
ANTHAK 18 mm TTORMTH 2L ICEEL. TOERBARAICEL L TICRDOMH 8 EIA
AICRET S, G EREESETORES. S AL TERMICH 30 mm OFEF > ¥ v v a THEE (= 6b;
b: / XAVIE) BTEET A, SEOWRTIEE ANV TR FHET 2 HEEEERTHLI L. B
L UM AVEROMEIEAFERTAZ &b, FFr vy VI7TREFKBICERINLLDELR>T
Wi,

(2) FHRE DA
B39-3 11, BEr—RAoWTHOFEXBEESHETT. BPOEEIL. mAREZE 40.0°C) ¢ H
WTTRICE D BBz L_'szso
(T-Tg)

TN{%)=—— x 1
N (%) 40.0 x 100 3.1

Bhr—AbkL, JANDPOHEBLASERST P Y4, ETESHICXoTHBADT M) YA EEAL
Bt B L TREREICHRE LA %R O ICHED ) Z8 2R L., BRA%ieFHREM & 2o T,

(3) IR W & ETREESA

3 12-B3. 1410, E7r— AW TORES L EFREFTHEZRT. MTORED S ML, T
EHRED T H ) THEENI BRIV TWA LREL. BRRREZE @00 °C) ZAVTTFRIZL bR
EBL TV,

— a2
@Nw@=ﬂ£:x1oo

40.0 (3. 2)
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g&—xt%‘m/fwuﬁint%wﬁﬁlWﬁ%ﬁ?ﬁﬁﬁ?ﬁ%@%?ﬁmﬁké<%ﬁéhfu
bo Ty S ANHOGENFKRE C 220, RBF THEERCHENAZBEDS SIEEL AE 22, &
UL IMOGEEFEINT 5 2 L2 & DERMEE S EINL . SAPRE® S KHEMEFERA0ERE &
BB ILT I — v s Ehi R THL,

PZ=2p U, e'g—T

X (3. 3)

3.3 BESBIIBUDIRED S ORI
3.3.1 BITETILE X UM

W70 S, BIE (BHTISI B 2R & EHEORIN) CHELZLOLALTHS (@
3.2 58, LTIz, &M+ 5Ey 5,

Jz = F Ix-y-z 3RTERCERE

Xy arEl 1108 x3ix80K (0.5 mm HWERA Y L)
By B #% % ¥ Leap-Frog it

IR S ol P - Rt o

MMBESE & B B RO - -3%FELEESE
IR F - - 3RALESE

o OB gh # - - - TNDEL (No-Slip) &1
oA N F — - HEBARTE GUERE [ 1 RTTEM D)

AL R B BV / V) =10V =V, = 10mfs; F— A
=1l5mfs; F— A2
=20mfs; A3

=i
b
B
&
P
e

DB AT (T, - T,) =40.0 °C

3.3.2 [HATHEE

3015- 3. 17 TNTRIC, BT —AUIDOTOBBHENY MV AT M/ A VPeEB LAF b
D Aid, WMEREOHETHICER L TERICER L2245 FR L. BRIl L 2RI OB A ),
B3.18-[83 201, §7r—ATORRT ) 7 AREFHERLALOTHS, £IEORER. X 6.
D EROTHEBEERLAODTH S, Br—RE b2, EEENLTERTARENRS FLIZERL.
SRS MU 7 A ERICER IR T AR TF AR TE L,

B3.21-F3.2312, HHRA 19 HICBITEF Y 7 ABEORSI & — R LoV TRt ZEHO
WL, BAREZICLDHERILEL TwD, FRA 19 HOEBMBIIROBEY T 5,

() M/ AN LB (=54) BEFHE 5 &

(i) REREEH S 1.25 mm L& (K=78) AKTFEHE 7 &
(iiiy RE £ @mA 5 0.25 mm & (K=80) A EHE 7.5
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T, W AVEEMIBTORBEALN 5 HORETIR, £r— AL, /Ao TiRMAIZEARS
WEEV, BERAAEEACREA L TRET S MY Y LREQOEZREIRIIETHIKE CRET 5, HiZ, A8
A REA S 025 mm OFEREICHY T ZE (=52, J=2, K=80) TO&EHIL. TOLHAME TR NS ILE
B B CABAIRRT A2 MU Y ABEW S FEEHFERLTYE, Jhd, RBRRFRE R ISR
RE (B TRNBESS XAEATAE. HABAT M) 7 A BER CIRE) T 53 8)IIBH T
BWIEETRBLTVD, THICET2HMIE. RETHENS,

SREAR-EEH D 1.25 mm BB L U025 mm MEBICBITAREFDE 7 & Q mm BRE) Ol#&L Yy, &
B TOSEHEF M) 7 ARESESIIMARBTH D, ZOREFMEEOBEHHFLER I TRANRET 2
B—OREEHIILVTEERATVEI LSS, T, KEFAMNEDEVIIL Y BEY -7 PFHRA
ABEICEENELTWE I LGP S,

3.4 REANIFEEEMEERFEORBN
3.4.1 BAREFLE X UMTEN
AW ETVER 3. 24 12FR$ e 72, B EF LB TICVET %,

AT E 7 150mm, x 15 mm 2 RTTFE O ARE
1260 BREFE, 203 AEER (0.5 mm WHEEREE)
Mo R B 1 197GPa
K7 VU 1037
wEBERYE  173x100k!
BREZHEE 2mm?/s

3.4.2 TR
3.25 - 3. 27 12, B4 — AoV TOREAMN 5 SBT3 HIRECBEE xRt EMFD
HEERIY . BARRKBEESICIVEBELTYS, KBEAS SOEHMLEBIZ, ROBY ThHhb,

ORBHFERLD 0.5 mm B @&/ X LEPOLLE)
(i) REAFEE LD 1.0 mm fLE @/ XN EFOAE)

(i) RERHEE L Y 2.0 mm L& (., XN EPLOALE)
(iv) REAH RE L D 5.0 mm (LB (/7 XV EHLAE)
(v) HERFFRE & ¥ 10.0 mm L& (. XN EHLALE)

£ —ABTEER S, RBEEE» S FOAHIICHP S I LMo T, MEHREOW & EIRIEAKE
(HFEL, RBEEEHLY 50 mm EETCIHBR—EOREL LS, O LT, #ifEdr HEE LR
BE®S X0REl, #BHFOICERBOMIELON, =T NAINIAE L 7FE L TORBFEOERHE
BIBRICTR LTV B, |



x3.1

Y—SIAPSAELTEHME R 7 LOFEH

ltems

THEMIS BEMSET

1. Basic Equation

2. Mathematical Models
Descretization
Solution Algorithm
Approx. Method for

Convection Terms

Boundary Elements

Matrix Solver
Coordinate System

3. Physical Models
Turbulence Model
Molecular Model

Collision Model

4, Others
Numerical Stabilizer

Time-Averaged Instantaneous Boltzmann Thermoelastic

AQUA DINUS-3

N-S Eq. N-S Eq.
FDM FDM
Modified ICE ~ Leap-Frog
2nd Order 3rd Order

QUICK Upwind
ICCG ICCG
X-y-z / r-6-z X-y-z / r-6-z
ASM/RSM None
Fuzzy Fuzzy

Controller Controller

Eq. Linealized Eq.

BEM
DSMC

Rectangular
Element
Direct
X-y-z/r-06-z x-y-z/r-6-z

Monoatomic
Sphere
Bird's Model
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Identification of Larger Fluctuation Region

Spatial Intensity Distribution as Boundary Conditions
for the DINUS-3 Code

Identification of Dominant Frequency Components
Temperature Time-Series Data on Material Surface
for the BEMSET Code

:' "Wall Tem pé’féfﬁi‘é”: ; Nonstationary l___
: as Boundary ! '

T Cdiitﬁ' ons..... J

Heat Transfer THEMIS

fr—

...Coefficients. .__

BEMSET

3. 1

- Thermally Stress - Strain Evaluation of Materials

Y= DS THRTEHE S X 7 L O
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Normalized Velocity W
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(a) ZKFET5 M 53 A7

40

\7\(
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Z-direction (mm)
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(b) TEEH MG

HHERSTE (-2 1)
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Z~direction (mm)
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10 20 30 40 0 0.2 0.4 0.6 0.8
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(a) AFHIAGTAF (b) FEEF AT
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