@ JAEA-Research
: 2021-009

DOI:10.11484/jaea-research-2021-009

DAYV AR—HGEREIE>D

HJ7F v RIVARENISICET 2 HERHATE
— 3FXE VNNV RIVERICE T I RENSDIFE—

Experimental Study on Velocity Distribution

in the Subchannels of a Fuel Pin Bundle with Wrapping Wire
-Evaluation of the Characteristics of Flow Field in 3-pin Bundle-

gl B2 MHE RN BN B R G
Tomoyuki HIYAMA, Kosuke AIZAWA, Masahiro NISHIMURA and Akikazu KURIHARA

=R - TR PR ST R R ER P

KIFEARZERT

EERFY T ILIREREE Y Y —

R SRR BT B S AR

Fast Reactor Fundamental Technology Development Department
Fast Reactor Cycle System Research and Development Center

Oarai Research and Development Institute
Sector of Fast Reactor and Advanced Reactor Research and Development

u—
>
m
>
A
D
7,
D
Q)
-
@
-

November 2021

Japan Atomic Energy Agency | BHARIRT RS




AU AR — MIESLFIERZEEN B AR A W EH S S A E NIRRT 2 iR H T,
AUAR—NMNIIZ VAT 4T+ 2F R ERA0EHE 74 B AO TSI TWET,
ALKR—FNOEER (F—2%2E50) ITEFEEDEELRVGEETH, RT A 2R RO
KR LT 7ZE&V, (httpsi/creativecommons.org/licenses/by/4.0/deed.ja)

ek, RLUAR— FO2TAREF IR #EE T = 791~ (https!//www.jaea.go.ip)
FoREIhTVWET, RLA—RMIE LTI TRETEBMEEIZIN,

[ENZHFIERFIE N B AR T AFZEBARi%E  JAEA 1 ) X— 3 T BFFERCRFIE R
T 319-1195 ZRIREIRETARHGAAT KT 1 5 2 il 4
Eih 029-282-6387, Fax 029-282-5920, E-mail'ird-support@jaea.go.jp

This report is issued irregularly by Japan Atomic Energy Agency.
This work 1s licensed under a Creative Commons Attribution 4.0 International License

(https://creativecommons.org/licenses/by/4.0/deed.en).

Even if the results of this report (including data) are not copyrighted, they must be used under

the same terms and conditions as CC-BY.

For inquiries regarding this report, please contact Institutional Repository and Utilization Section,
JAEA Innovation Hub, Japan Atomic Energy Agency.

2-4 Shirakata, Tokai-mura, Naka-gun, Ibaraki-ken 319-1195 Japan

Tel +81-29-282-6387, Fax +81-29-282-5920, E-mail:ird-support@jaea.go.jp

© Japan Atomic Energy Agency, 2021




JAEA-Research 2021-009

U A X A=Y RPRELE o DY T F v RV E S (2B % BRI R
—3ARE N RIERRITE T 2 s O ke —

HAS AW FEPH e RS it - BT RUAE AT SEBR JE R
ROEWTZERT
EEIE YA 7 VHIERR S v 2 —
e T RLAR £ AT B T
fail Bz, AR RS, PR BN SR R

(2021 4£ 8 1 24 HZFH)

F MU U AGHIEHF T, ERRCAT TREO BB R D bt T\ D, EREE
FEOBBHEARIIA T = U v 7 RBB IR B EHE D TR K - CTRATRIICBREVGE ) MK T 9
5 2 LR S L BEHE S R TOMAMIEEI ZE 2 THFHME S 5 Z LN EETH D, AT
ZECIE, BIGHiEE L OBMENRNT = — RIRGEFH O T — X X—2@FE A2 A E LT, 3 AY
RV RIVIRR OFRER IR & F O T B s IR 2 520 L 7=, BB OAEIRAIX, LT O
DU A ¥ ARV E GOV T F ¥ o FVNORKGEN, QEfEEE &L A /L
R LR DOBIR, )T A ¥ A=Y OFENFKENGIC G 2 5B TH 5,

REOFER, PIVEHINZ LV Y7 F ¥ R VNOFEMR SIS 7 — % 2 Bif5 L. 3 AY
VZHENT R A=Y T T R T A VAR RRET LRI OY 7 F v R
NASRIT BRI E T A ¥ ZAR—=HDOFEZ HF AN L CGERET 2N EL D Z &R 0hho
T2 BRI D LA b ZEERACIRIRIE S O 1) 23 B s ds K OVELIR E I & K & <
B xR LIz, VA VYAN—FDORWER LTS L, BiRERICBWTHY
AXYANR=FICEBIFI U IIPELTNDZ L 2R L,

KREEWFFERT © T311-1393 R IR R BRAR K LERT B FH BT 4002 25 3
+  HRRK - FHE=R



JAEA-Research 2021-009

Experimental Study on Velocity Distribution
in the Subchannels of a Fuel Pin Bundle with Wrapping Wire
-Evaluation of the Characteristics of Flow Field in 3-pin Bundle-

Tomoyuki HIYAMA, Kosuke AIZAWA, Masahiro NISHIMURA*
and Akikazu KURTHARA

Fast Reactor Fundamental Technology Development Department
Fast Reactor Cycle System Research and Development Center
Oarai Research and Development Institute
Sector of Fast Reactor and Advanced Reactor Research and Development
Japan Atomic Energy Agency

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken
(Received August 24, 2021)

In sodium-cooled fast reactors, high burnup of fuel is required for practical use. It is
important to predict and evaluate the flow behavior in a fuel assembly because there is
a concern that the heat removal capacity of the fuel assembly with high burnup will be
locally reduced due to swirling and thermal deformation of the fuel rods. In this study,
flow field measurement tests were conducted using a 3-pin bundle system test specimen
for the purpose of elucidating the phenomenon and constructing a verification database
for thermal hydraulics analysis code. The viewpoints of the experiment for elucidating
the phenomenon are as follows; (1) Overall flow behavior in the subchannel including
near the wrapping wire, (2) Relationship between Reynolds number including laminar
flow region and flow field, and (3) Evaluation of the effect of the presence or absence of
wrapping wire on the flow field.

As a result, detailed flow field data in the subchannel was obtained by PIV
measurement. It was found that when the wrapping wire crossed the subchannel, the
flow occurred toward adjacent subchannel and the flow occurred that follows the winding
direction of the wrapping wire. It was confirmed that the tendency of the flow velocity
distribution of the Reynolds number in the laminar flow region is significantly different
from that of the transition region and the turbulent region under the condition. The test
was conducted using a same 3-pin bundle system without the wrapping wire, and it was

confirmed that mixing by the wrapping wire occurred even in the laminar flow region.
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B 2.2 EE O 2R A TRT, M220IR-T Lo, 727 U Ao X s MEDOHIC
BB L7 3 KO 7 UBIIERO LU AERE SN TWD, EE I LRI CHME
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HIEZAT > T D, REIA NS IE—EMETKBMAL, VA ¥ A=Y 2 BxH0
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#F 21 1 Lo EO— & %2 "1,
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1Ak) ORI THRE AT 7,
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~2.30) T Z HRFEEREMET LTS (K 3.2 O FRO®W), X FHaEE s Tl
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# 2.1 WO LM

P KO E [kg/m3] 998
D, IKIVEAMERE [m] 0.00850
u KivEfRE [Pa ] 0.00101
L BNSHEES* [m] 0.409
S e BT T A2 [m2] 0.000869

*1 X7 MEOWNEE, REIE L OAE, U A ¥ AR—PAEOEFHE
*Q KU NENOWIEHRENOEREIE V& U A ¥ A=Y D& 5\ = 0
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Z/W=2.20 242 5.73%x105 (1) +>% 5.04x105 (1) 2% 0.88 (1)
Iy 1.86%10% (3.24) | TyP 2.53x104 (5.02) | Ty 1.36 (1.55)
Z/W=2.25 24 5.73%x105 (1) t>% 5.82x10° (1) 2% 1.02 (1)
Iyd 1.86%x10% (3.24) | TwYd 220%10* (3.78) | TwP 1.18 (1.17)
Z/W=2.30 24 856x%10° (1) 24 9.25x105 (1) >4 1.08 (1)
IvyY 1.58x10% (1.84) | Tw¥ 1.88x10* (2.03) | TvY 1.19 (1.10)
Z/W=2.35 24 8.56x105 (1) 24 9.52%x105 (1) o2 111 (1)
IyP 1.58x10% (1.84) | TwP 1.93x10% (2.03) | TwY 1.23 (1.10)
Z/W=2.40 2% 8.56%10° (1) 24 9.45%105 (1) 4 1.10 (1)
IvP 1.58x10% (1.84) | Twd 2.02x10% (2.14) | TwP 1.28 (1.16)
Z/W=2.45 242 8.56%105 (1) 24 8.97%105 (1) >4 1.05 (1)
Iyd 1.58x10% (1.84) | TwP 2.02x10% (2.25) | TwP 1.28 (1.22)
Z/W=2.50 242 5.73%105 (1) +>% 5.93x10° (1) 2% 1.03 (1)
IvyP 1.58x10% (2.75) | TwP 2.12x10* (3.78) | TvP 1.34 (1.30)
Z/W=2.55 242 5.73%105 (1) +>% 6.19x105 (1) 2% 1.08 (1)
Ivyd 1.58x10% (2.75) | TwY 2.06x10* (3.78) | TvP 1.30 (1.21)
Z/W=2.60 24 5.73%x105 (1) 242 6.71%105 (1) o2 117 (1)
IvyP 1.58%10% (2.75) | Ty¥ 1.19x10% (1.77) | TvP 0.75 (0.64)
Z/W=2.65 24 5.73%x105 (1) 242 6.56%105 (1) o2 114 (1)
IvyY 1.58%10% (2.75) | Twy¥ 1.72x10% (2.63) | TvP 1.09 (0.96)
( YAEE AT FroRILDETHREIL
#32 BLA—VTFxr oy VVTF v RO ERLR (1m3/h)
e EH [m?] AR [m3/s] BERL-YO
FHRE [m3/s/m?)
Z/W=2.20 242 5.73%105 (1) +>% 6.69x10° (1) 2% 0117 (1)
Ivyd 1.86%x10% (3.24) | Ty 4.29x10°5 (6.42) | TvP 0.231 (1.98)
Z/W=2.25 24 5.73%x105 (1) 2% 6.98x105 (1) 2% 0122 (1)
Iyd 1.86%x10% (3.24) | Ty 4.26x10°5 (6.10) | TvY 0.229 (1.88)
Z/W=2.30 242 8.56%105 (1) 242 1.21%105 (1) 2% 0142 (1)
IvyY 1.58%10% (1.84) | TP 3.46x10° (2.85) | Twd 0.219 (1.55)
Z/W=2.35 24 8.56x105 (1) 24 1.43x105 (1) 2% 0167 (1)
Iwd 1.58x10% (1.84) | TwY 3.41x105 (2.38) | TwP 0.216 (1.29)
Z/W=2.40 24 8.56x10° (1) 24 1.58x105 (1) 2% 0.185 (1)
Ivd 1.58x10% (1.84) | TwY 3.69x105 (2.33) | TwP 0.234 (1.27)
Z/W=2.45 24 8.56%x105 (1) 4 1.44%105 (1) 24 0.168 (1)
Iwvd 1.58x10% (1.84) | TwP 3.62x105 (2.52) | TwP 0.230 (1.37)
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Ivyd 1.58x10% (2.75) | TvY 4.03x10°5 (4.40) | v 0.256 (1.60)
Z/W=2.55 242 5.73%105 (1) +>% 9.57x10°% (1) +>4% 0167 (1)
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Z/W=2.60 242 5.73%x105 (1) 242 1.05%105 (1) t2% 0183 (1)
IvyY 1.58%10% (2.75) | TvP 3.23x10° (3.07) | Twd 0.205 (1.12)
Z/W=2.65 242 5.73%x105 (1) 242 1.06%105 (1) 2% 0.186 (1)
IyP 1.58%10% (2.75) | TP 3.58x10° (3.37) | Twd 0.227 (1.22)
( YAFEEA—HTFroRILDETREIL
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# 3.3 Ao yE LMt

i [m3h] | EWH Vi [m/s] Re [-] Re [-]
(TAF¥ A=) | (XTI R

0.1 0.032 247 257
0.5 0.16 1,198 1,318

1 0.32 2,456
2 0.64 5,037

3 0.96 6,875

5 1.6 13,120
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