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Applications of ultrasound technique to flow velocity measurement
in water experiment of inter-wrapper flow
- Comparison with particle image velocimetry -

N.Kimura,”! M. Tanaka,”' H. Hayashida,*] J. Kobayashi,‘z
H. Ka:nidc-;-:=l A. Tokuhiro,! and K. Hishida™

ABSTRACT

In experimental study for the thermohydraulics of fast reactor, a simple experiment with
fine measurement has been desired for understanding of phenomena and for verification
of computer code rather than mockup experiments of large scale. For such purposes
quality of experimental data must be improved. In the velocity measurement,
instantaneous velocity profile will have great advances for the understanding of
phenomena and for the verification of computer code.

In this report two methods of the velocity profile measurement are discussed; one is
ultrasound Doppler velocimetry (UDV) and the other is particle image velocimetry
(PIV). These methods were applied to water experiments.

The UDV was applied to pipe flow, planer jet, and the inter-wrapper flow which is seen
in the gap region between subassemblies of fast reactor core.  Cross check with laser
Doppler velocimetry showed proper measurement of the UDV. Problems including
the application to sodium experiments are also discussed. The PIV was also applied to
the inter-wrapper flow. For the application to complex flow geometry, noise reduction
method was developed to improve the measurement accuracy.

*1 Reactor Engineering Group, Advanced Technology Division, O-arai Engineering
Center, Japan Nuclear Cycle Development Institute

*2 FBR System Design Group, System Engineering and Technology Division, O-arai
Engineering Center, Japan Nuclear Cycle Development Institute

*3 Guest Researcher in Reactor Engineering Group, Department of System Design
Engineering, Keio University, Professor
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232 ICARBRICT L 0 B O RER EHEB L UEERERE QKL
AR ETRT, FOIRIE. KR LT 10° FiF7UDV 7 v R T 2—HnbiTH
EhABERC—LFMOESHELNDS, REOHER, FFUVAFa—¥
RS FEBE, FF VAT 2a—hbBEEN5FMERE LTRLTVD,
REhi, EROPReREAE LTERE O OKXKDEMER D THEL LIoKF
LB, EORERIRATEERE, AORNIEELDHE RMS H) THD,
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(W~3)E, EREHEBEXZ2EAL LTKAEMERTREAC L 2R FHEALE
z/D=1.3,7.0, N2 IZHIE LTS, (DNITEROZEBFELTWIEIMETH D,
AUy MEICHEY T 5 x<03D ICEVWIREXAHE S TWnd, x>0.3D T 20mm/s
DIEDFEE, BX U x<-0.3D T 10mm/s DADTFEEER L TWAHEARZ, &
BRBDOFREEREALTNERIDTHD, ZOMEBE T, BHOFRIZE
EEFHOREWEENFELTEY, HROMIBELZORELREELTND
¥F% UDV TEHEITETWAZ &b»d, QO)IIEIROENPHEEL, HE
BERERESEIZIENR > TS, £z, UDVICL D, BROKKIESTHRIC
BN > THRLAIZET LTWAEEREL LR TWS,

UDV i X B0 YL TMET 2720z, BEREFEL T 5, AERBT
X, UDV FF VAT 2a—H OBFE E— L HMOFEK T DAHB/LILTN S,
FIT, B—EBROMNFELZREEL, FHABREZEFRIRICER Lz, 85
FMRES A LEROFERERD, BEEHFRTHE LN TV S HEIR & DB
Zi{To7,

B 2.3.3 12 UDV FHlR RO SN EF RiE & HEROERFIEEL T T,
B MR DB KRB Unex & B/IME Unin @ PREZ KD, £ OWMEEZ T KE
HELE & EHR O L & OERES LEIE 1, & EET D,

X 2.3.4 IZARRRTH DN HEIR & BEETF R RO G M4 O i &R
9, BEIERFZEE LT, Kataoka® @3 & Hinze S0 % B i,

Katacka D3 & Hinze HOIEL TR L 5z 3,

<Kataoka>
/10
ﬁﬂaﬂup<pw> 27 %we 405 (2.14)
D pexit D
< Hinze >
Nz 082 2w 405 (2.15)
D D

I Ty ool TSV GRAEDEE . oy I LETRE D COWMMBEE., zyc IXEIEL
BEBRTAHRNFRAMETH S, FRRIIZBTHID, NI HEEER
HOTOREEEIIR L TH D, |

Thicks&, UDVICE VB oNRRLBEMAEOERII LIS —HLTE
D, UDVIZ X BFERERSZE THB I LB bhoi,

REIZ UDV 2R 3D 0OBESICTHOVTTRT,
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24 UDVERLDOEBER
241 BERE-—LRFHMFICETIEER

HEE EBDIEFHNAR T I > TRHENZBEEEZ NP VAT 22— 0%
ETERTNIZUDVICE 2 HEHBRAFRETH D7D, RFERTFOEERX
UDVIZL L BFEREB S EADOELEERBER L 25, BEREE—LEK
HEIEHRTFORITOy mBENRERBETHDEVONTEY, £, RITFOk
BN ERAEOHREL B L THWA I ENEE LY, £HIZEIRFORE
BIZHT=- T, PLFE, LEOMIC, HERSERECE-ICBET5Z2L (¥
TRV E) THEELTBETILERDD, LArL, #Fa /AR
v 7 P CHEYRRFEBEL TLEFORTFAEOFERBMIC L - TIIEEIZK
EFRFLOZXEFARELTWAHELH Y, DTICHR~A3 L5 2FEE5&EZ
TARERERD B, |

BFEMEICEATAIBRICEORBREOERRZEATA), ThLBREFEED
HAL-BEBLRERTH I, BEREOHSIIFRROMNICEERESZIRWRY
FHEl LOMEIXZRY, LML, HI3BRELVEENMEVWEGER. HIA—7T
#H L TV AMET-FLOWHBUDVEHEI S R 7 A O PR AEIZ B U THRAIAIIC R
BEOETATAITY ALABRAWVWLATEY, ZOFAIKORENRRERIZOT
HEDD, PFRENETEDDICEEN O BRT O, T OHESEEC
2B, LEBoT, BHlliCH o THERS BT RENSER I TWRZITRIT
AP AN

LLERE, BoRBORFZEALTHRIIZ XL o T8I+
ERETTHE8HD, BXLNAIRME LT, BEEORFICEDRBF
DI LTLES Z BT ond, ERICRBRBBRETIEIRFIC (i
FTAL—FT) T—#B/oATHTH, HEOKERL LHIZT—FIN/LHN
ROTLEIZLENHD, ZOXLIRREAITFITERETORRTRALN, 7
—IRBOENRL BoBIERTAIRF L TR EEAT L BERFILT 4
BBRONDIIERDBZ D, AHRAFHRILBRLTLES LHEBT 505
ZEThD, MBRREZEESHEA-DICERELZ2ET D L RBBROBEIE
IORICEETHILERDD, £, ERVEHTHD X5 2BE. FHAKRA
Y MIBEEORHICE D FRRLAATIANLE S BRRAELEB L6,
BRI D L HICBEICE > Tk ERELSEE2FS2LbO8H V| AE EITRT
WL TESTLESTWTHRLSREBENRERINLTWALIICRZTHL, £
BRIZIIE R FRIELAEFEEN T RNE > RRR L H D FES,
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BEDL S ICHFREGHALEERER TH S0, MADIEL2EETE
ERET D LHAUBEZRIET 2 AENRREELRTTIZLEIEHETH S,
L7cdio T, BEEMEW-DIZAT S EEO L 5 2EEICH LT, ost
BIFEE PR L THAMEDO RS M AR T 5 R EDARBLETH 5,

242 FHAMUEEBEWMICHT IBER

OBEEWEICEEN RO R OGS 2 5HAlT 2854
BEEC—-LAOBRFEFAOThICL > TE—ABEERIZHI-5 L FhilE
DTF—FEFBLNREL 8D, LML, BEEE—AZEE CHEETE VWD,
BERFMICBEREE—ABMIT LN TS Z ¢ 2ERTIITE, Avur=
—7ERAVWT P VAT 2a— Y BRETIBTR T —DOEB 8T 5,
FVBRA—FI Lo TRFEOERERRIETARZILNTE LN, BEH
E—b EICESEY (F—nN_2728) BhdeE, ZOMEBIZHE L TERICY
— BN, E— LB EDOMNEBEETEEL WA LOREENRTED, ¥ZT
AR EIZh - CESEYEBE I, B —L0RZZREERTILICL- T,
HERERIZ E—ABEIT SR TV AR TEE S 2D,

ORBRENHENLCHBTHHEEOEES

RRENELHAUTIEHE, BEE M VAT 22— BRHENICEEEZRIT
FTZLBRVWEVIFERH DD, BREANEDERZL > TEIBEEOHEE
BREL Y, HAMBEHECRS,

ARERENED D AT 2B EITIIHEB L OME 2 350, FHAEOH
FIOTEA L E—F U R L HBAIMNBREOTR S VE—F U A2 TESRVE
CTHIMERDS,

28, KRBRBRCTHRLERICERAENDITZ7 I ADEEIE1 cmbAEIZA
B EEENIHREZ Y, RYA—FRRA P TRHEBEBIC 2D L BAERLE
LITW5D,

OEEYOEE L HAT 55

RBISNIIC TV AT 2 —H 2 BB L. BEYTEORENTIZOVTH
HENTETHAH, 0L RERCERATAEAOEERIT SV TUTIZ
wRB,

ROk Sz, WEDOTES L —F U RLFNWEES Y —F L RAED
BEHEZBEL, AV Xa—A i Lo THEDTEICE CETHEE— LD F
BELTWAZLEHET A LAUETHER, Sbic, BEEY—A LGS
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YORXRESUEICBITSERPETEE — 2L —BSTLVWILPEETD
5, TOBEHIZ, HEDPLORFELEAROT - L OTFHEREITHIZDT
HB,

2.2, 23 IR LI X 92, UDV [IBRORESMERRIITRETED L
WHENEEEZEDL, TOREBICOVWTHLFAEETEL I Ebhol,
AEETBERBROBRLEREREZT M) U LARAEHT 5 70O
BEEDTWSLERD B,

WEIZF PV U AF~EHT D L TORERETRT,
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25 F Y LPEA~DER

FRY T AFOBERICLAHEESHHBEZIT I, TV ATOEF
FEEHEORER L, FHEIICELAAZEEENABONLI LD 2 OBEEITR
Bo

FESAICHIS LEBBTHEORFESZEHICE, 7 v AFICEFER
HMEREET ELERD B0, KRB THRESNE L LTRHVS T4 o 4ils
DOBFIXFT M) VAR TREBTAIOTERATE RN, TITHM) VARER
N—TIZBWTH Y U ARICEET DBIDOERHEO B EZR D Z
ERTEDIPER LI, TORR. TR ULAREDN3 0 0CHRETIIESR
EANENRB D b IESICHE LEBEEERSELAEU, L Lans,
94 0 0 CARBLI-IEE CREEESAEEIZED UIHES M OFHRI S
{Flpotr, ZOREE LTIXEMLHRS OEEDIZNIC, BB THWZET
WV AT a—YORENBETET LETRERE L BB,

Fio, BEESEESFOREZ, 7N vAROBEHEOEN DL, K
HCHA e BEOR T2 AV IEORKICBELRBEFERERIEEZH/IIC VN
ER0, T MNIDARTCHEATEZHEABEE N VAT 2 —V ORENRKA
WCHRTENWZ LR ERD S, BERBEWMEIZ DWW TIIAE L0 T, RIZ
BEE N VAT 22— onTiER3, BRAD N VAF 2—HiE, =7
T F U LAEZEEREFICANEZHDIZONWT S5 0 0 CUEDOTHEMERSH S =
EEBELTWS, FERETFR=A7BIFVLZAVWEEBER N VAT 2
— ik, EERFICKRERESDREEFEOPIT R EEEZRAVWBIKBOBEE M
VAT 2 — IR TERBDERLE D DI, BEEZEERIINEL 2B,
T, BEEORESHBEDO-DICBHFEEETE2EIITE, Vv AT
2=V ORMEEST Y iR VL EEILRD, 22T, HELHETE
ez mEXE5 L LB, BREER b RELRRIICET L5, =
FTB)FUOLERDOI T 4 THERRTA AREEELATBER N A
Ta—tERELE, RMELEBEE N VAT 2a—FIXBEEKPERRRT
BEERSEOHMEEZITo TWV5D, 4%, MESTEHAMERIC OV TARERIZT
LM B FETHD,
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3. MFBEGREAEE
3.1 sHRIRE

B FERTERERE (Particle Image Velocimetry; PIV) 23 FiE 0 FHR{LE
BEETT A 2 IRV REEZE S EEMEEHAIFETH Y, RO L—F
— Ry 75 —HEH-PRBREEHEOHBIFETIIES Z B TERVERO
2R EFEESBEREF/DLZLBRETH D,

K 3.1.1122 & TRWEERBRICES L PIV OEANFRELT Y, MEE
ICRASRERNICH28ET 2T (M L—FRTF) v ——%Ti—}
FDOALAN (L—F—— ) ZBEHEL, EEZANIRETTIATET
P L—V AR c T2 TS, KiIZ, 2HEBERICBWT, 1
HEOBEBER A LR U AF—  OEREERT S, o TIHERTBFEL
LT, 2#OEZBERMEOZEMALMEBELEELZHVTND,

ZRERA OV 7 EALEE N, RMNEOEEL LAGK). 2B EBNDEER
1 B-x (x IMEREROK) v s vAEE N, ENEBEOEEY LBR) LT 5,
FEI AB-x OEEBEOEREIEE Lds g LBsavg & T DL

N

3 LA(k)
LA _ k=1

s.avg Ns
(3.1)

Ny
> LB(k)
L%mzkﬁf_

5

LB, E£in., fHE AB-x OEELEHEE

LA.(k) = LA(k) - LAs,avg
LB'(k)= LB(k)— LB

5,avg

&5 L, BERBOZERIEERMS E) LAs, ms.  LBs, ms 1.
v,
J D (LAY~ L4, )
LA

(3.2)

k=1

5,1 NS
(3.3)

N!‘
J 2. (LB(k)~LB, )’
LB =

k=1

s,rms N

L, .
IHRLOEIZEY, HMEMBRERIZ, UTOLSXERINS,
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! iLA‘(k)LB'(k)

— 3.4
LA, LB G4

5, rms S, Fms

COMEMBREL, BEELESOEMEIMETHEEBLL TR Z Licky,
E<FACHEZTI, EERRKELTWAEE (XY - RPEEHBRE) TiE-1,
FSECHEORVCES TR0 &5,

1B OZRER A I LT, BEERBx ¥ 2HEOHEBOR THEI & &
HZ Lz, HEHBREORKXKERDINELRET S, TOMNBOERS
BRI A NORIFAREZ -0 OBEB L7 EVEMOER D Thd, ¥ 3.1.1
RWTIE, 2RER A LREER B2 SR EEGEE L AMNBLE RoT
5

FEEE D ZEBFICBWEEHES L ORI D ERTOBEBICERZL, Zh
T 2HOBEBINGSFEER: TRAZ LIk, MEZRDBZENTES,
ZHRER A OMEBEEZTH L TRROHEEZITI Z LItk T, BEHERNELE
DIMEEZRD D5, ZREBOKRE STHIERE - SAEEICEERDH DM, 640X
430 7 BEAOEBITH LT20X20 ¥ 7 EABECEREZBRET DI 8L,
TITC, HBRORPMERERIICZIEATHENE, FRROFIEOHR T,
IERE D OR/MDIERER, 7 EL0ORES (BWI7EAVEE) Thb, Z0D8B
BRI T 2FHBRRESRE 2D (FILE, 10 U7 LoBERICHL
T I E7BEADORBENRELDZI LMD, 10%DORBELAR2D) , 2T, HBR
BOE 7 ENVBEATOERSH»LEAFEEREL LOMUBERNET I &I
£V, BEZALSEBRFEREVLATNS (77 &) B
VTN, E2EABEICLYRD O EREEGRKRE FORA
v BN OMEBREE FV. Gauss HMHICY TiTH B2 ik, EBEOEKE
EREE b OUBENETILOTHS, AFEICLY, HEEER, 027
EARELRD, ZOBAICH, ERANOEEEN 0, | LRk sk2
ElLE G I EMABRERES D Gauss L L2\, 377 iE
ZRAVWTHREEEMEEZRZ L3 TERY, Y77 BVEZERATS
eIk, B2 ORLFEETOMEESH D Gauss DL RABREORTEND
D GX3 E7EALE) | BROEREESHANBR/MIDPLREREE TROL
PRAFELHDIENRET L, Thbbd, T0X 522 RETL oL
—YP—— bR (B, EE) | L—F—RF (EE, BABRE) (. 745 (B
B, &F) 2B TILNERD D,
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32 EHAVATA

B 3.2.1 |2 PIV SHAME SRR 2T, AFE TIL. PIV OFRIOZHIZK
H(a)~(e)E TOEBEFER L TW5, ERKRIZ, UTORD THD,

(@)CCD H X Z

(b)CCD 4 » 7 FER

(EFHLEZR

(OFIEEFF 42

(e)YAG L—F—HERX 2 &

OYAG V' —HF—HIEEX 25 (25T lunit)
(LA PC (BEBINGAR— N 2 Kd R i)

# 3.1 ICEEBOBER L UNEROBHEILDWTTRY, £/, K322
BDEAITFy—reRT, @D CCD I ATiE. D)DEREYD DCI2V &
T —bLEBORYES (BERIHES : V-SYNC, 60Hz~16.7ms) #%iT, E#
ZINGT 5, BN, BEERBES» BN At=1.08~1.14ms 15T
Tohsd, NELE#IZ, NTSCER L LTHRET L—A L BET L—LEIC
270D BNC 7 —7 Wz T, (g)yiLA PC @ 2 D ERINE R — R~ 30Hz EIZiE
bhd, ZORFETE, PCHDOATVICHERERIIEELTRELYT, =4
DHBFEETH D,

T, ©DEBRLERT. OOTBENOHHINSEERIES (60Hz) %
T, AEFC MY A ER2%BET S, O)bHAShIBERSESRZES
CEOBETHETI D, BEFEO)DEFEZQDRIFESRERICANTIZ
EMTERY, LoT, ODEEBRERERETDHZLICLY., NIVESZ
BRI LT3,

(ORABEESRESRE. QPDBO MY HERF (60Hz) &XF, BATFDT7 LV
—LlRE L——ORNFAREFRAHE I DI —EOREENERESE
T220 M) VEBERESED, BERFOHEEHEBICL > THREZEH TS
HITiE, BRFPIRBE INTWBRTFEHONNFI—UBRRES L TR
RV, FILT, 2HMONGREEREE ms LTI T24EEHD, CCD U A
Z 13 60Hz (16.7ms) TINEFERRETHEMN., ZOCCD A X FZE# AV TH ms LLF
OREECERT —Z 2 INET5-DI2, 7L —LDERORHE TYAG L—F
—5REXEED, 1 REEROBERSESOHNRAELEELTIE. 1K
B OE#IX At~(At+1/60)s RN E D, Lo T, YAG L—F—2 R I ¥
BEb0 200 ) HEFORERBESHDOBNKEANL, UTO&KEH
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T LOCRETDLEN DD,

At = A1 - ATy (3.5)
AT<At+1/60 (3.6)
At>AT+1/60 3.7)

Z T, At ITEEE ORBBIREEG). A, AL IZEERSES»SREESRE
BCEATDH2OO M) TEFETOENERGSTH S,

©D 22D YAG L —¥—ERIZ.(ORYESRERHLO N HEFEZ
FT. D YAG L—F—ERH EHD,

B ATLATCERALAEY TR YAG L—F—, 220 L —¥—DREMH
HE—HEREVRATLALERSTWVA, 22001 —F—DREEREASTHLTND
BE. MEFICEA LSS FORIZE > Tk, 2290 —F—DOKHE
EXRRESERDIBENHD, ZOXIREEIL. BERD 14 OFEREEZ b=
REBETZLIZE>T, b—F—XBAEERERY, 2HDO L —F—BORRA
HOEEERETH LB TE B,

YAG L—%—{%, Yttrium, Aluminum, Germanium O&& % EhiE 8, 3%
SETWS, ZOREDEDLVICEFKERT I LICL - THEZIT-oTW S,
AEKEMESDORECTENR (1EBMLUE) KETZ L. S&REICAREN
&L, L—P—DHEIEEETS, LoC, BEHEFERALLRVWESIX. 18
Flc—E., 15 SBREAHKZRB IS0, HBEIWVE, BEAEZHEERSTE
SBERD B, _

PLEDRHAIY 27 4, PIV B FIEISBERSERE, AilH - ERFAETHRE
ENFEVARTFLEREIIBELI-LOTH B,
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3.3 EfHROD/ 41 XBEF*

PIV OFEBIZ DWW TIRATENC TR L7228, EERIZPIVEZAWD LT, Ex DO
BERFEET 5, ‘
BESEHAZRBRER CIL. BRPICEEDIBE SIS I LITPR &
7=, T VNVEEORERE! u__?f%iié:ybﬂ—f% L7BEICB Ty, AT
VABBRBITATABZ EBEN, L, EHEAEE LSRR OERER
BROEEMEEOREBSG 2R LT HHE. REPIIFEET 28EH» P —
FRIF L RICEBRICRE SN, -, BESEER OHEERRER T
HEBEIRBREBDA VT FURETHIZENTET, FEARIMAEFLZITHM,
BRI L —PRT EHICBE IR TLE ), ZhbOBEROCREROT
Fy L—P B EEWICEFT BN L—Vay (VA X) i, PIVOEGIT LR
., REEF—FOEEELETSEIRER L5,

LoT, WELEZEEBET—F 10, ERECEVWRET —¥ 28502k
DRI A XEREL, N TVWARFOLOEREZBILERD D,
Eﬁ@@$r‘%v~%ﬁ%mﬁﬁ&@k#_@ﬁbfwétb\%%ﬁ%'
BERZER TR, BRNOR—E 7L ((IE) OEEEIZ. bLr—VET
DHFAEDFEIZL > THEEMIZKESEHTE, —FH., /A XEIRIANORLRS
HRIZBWTHEICRUBICBE SN TWA D, EEEOCERESIIIZEA
Elgly, ZO ML —VHRFICLBEFTE /A XOBEEOCKRALEENELRDE
HEEFIAL, UTIZRT 2EBED /) f AREFEZHE L.

33.1 EBEOHRFEHEZ AW/ ABREFE

AFHEIT. BRNICERTIEBROE Y B DOEELRETH L, &KX
OEENORFFESEELRETIZLIZXY, /A XERETHIHLOTH D,
BEMESRT A EROS 7 eV OEEEY L&), BEMICERT 2ER
DOEREE N LTDH L, FE7BNVOREETEE Ly NI TORTRD LN
Do

Ly pg (k) = ZL (k) (3.8)

rr]

JAADFET BE T BN, BARE-EOKHTICRBN T, BEEOR
ﬁ%@mtwk%ianéwr RG.8)ix, LT k3ici3,
Lr,avg(k)— ZL (k)— L(k)xN L,(k) (3.9
ttl

::f\m®1/4xmﬁ§ﬁf%6o
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—FF. JARXBROVE 7B, D= RTFRHAERE L BRWVEERR S B,
FIZT, PL—VRFOFEETHRAOEEEY Lk, FE LRV OEE
E (HREEE % LEeTse, XEIIL. LTOLITR5,

L. (k)= Ni[Lp(k)pr + L(k)x N, | (3.10)

t.avg

ZIT, N, REZ MR T OFET ZEBORE. N IR FREFEEL W
BEROMETH Y . N=Ny+Np 235 0 322,

RRFIEBROBESEZ N, BKR) . FE 7B b L—TEFRH 5 ER)
OEERDBRWGE (N <N) . BITOMEED Y L2 ¢ HET B,

NyN: =1 , NyN,=0 (3.11)
iz kv, XGQIOEFUTOX 12725,
Ly avg(l) =Lo(k) (3.12)

Fre, /AREL P —VRFRER>THLERTICEALTIZ. XGB.12)& 0,

Lyl)=Lak) £ 725 DT,
Ly gy (k) = L, (k) (3.13)

BIEE Y 3D,

FTROLEMEEEEIL, /A AOEEHLWEEREELRY, FBEAO
B, INERETAIEIZLY, /A XERETESH,

33VICAFEIZLD /A ARER-RO—PIZ7T, REic7 L—of (FF
MEh e &) | MEICEREE (2 TAWEVRT AT St DF—F TH D,
0~255 DEE2H0) 25T, /A A7 eAOBE/IL. BEEOEELRE
FTARZLIZELY 0 ABEDEERBZ LN, /A XPBRETETWB I 0D
75 (K33.1@)) « —FH. bL—HFRFPIB|MEINTNBE 7 EAOEEREIL,
P EENEE 2 HE L TV ADIEENMET 728, FL—PRFO@Ebic
LAE-ZEBHREINTHNS (F33.10b) . BELARBREOEEN 0KRETH
L%E. BEEEZ 0 IKEZHBZ TWD, D7), M—HhTE Y OMuhi
BESHAPEEJ/O/NEIW M —PhiTFid /) f R HiCREIN, BB 2E
{bE#RIZEL 723,

332 BEOR/MEZBAWE A ABREFE

A ORI EEE 2 AW/ A ABREFIETE, FL—HRTFE Y Of/h
REBESMACEEEO/NISW N —TRFR2ERTIZENTE RS, £
T, JAXEHEHBLBIZIE X 3BERN RNV ETERT I/ LT,
BEEEROBELRERIZT DI, BRIEEN LR LS ZLOBERS]
R AR/INEEZHETD A AABFERERELE,
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BERIIBGOE Y7 BNV EOR/IMNEEEIL. LTOXTRDLNS,
Ln(k) = MIN[L,(K),t =1~ N,] (3.14)
AR A, BRINBEIZBNT—EDEEHE., 3V L —WH
FRERS>THEEIEEEIRE 2D, Lo T,

Lunin(%) L) (3.15)
—F, PL—VRFP|EENTHBE AN TORNEE L, TREEL
Rz 5,

Lunin(k)=La(k) (3.16)
ROEF/NNEEEZHRFIBEGROBEE,IOBET S LICLY, /A X%
brELZEBEERT D, |

332IAFHEITL D /A AREBLEBRERO—-RETRT, 77 7 OBERIT
33.1 LRLCTHD, /A AT EADES, BRRIIBREIPLEY 7 EALOEK
IEEEERE TS, EEMEX 0 ITEDEELRD, /A4 XRFEINTHD
ZEpbnd (B3320) o P —HRTHEBETIEIEAVDOEE, /A4 X
BRECLVEREED 0 BEIUET T3, €07, £FOEEERIE REE
SETT38, R/EEZRBRETIZLIcLY., RbhifERIZR., FL—
TR FBEEROMNREEELLBRIN TS (F33.20) .

BiIETONBMEYNEERE ) 4 XBEHE (Time-Averaged Light Intensity
Subtraction method; TIS %) & AREDER/INEERE / 4 ABREHE (Minimum Light
Intensity Subtraction method; MIS &) I L 2 FE & OFHRME & iEIT —#2 D
RAEIE, BhgmE L8, Zhic kv, PIV IC & BIEEHAEE S RK 1248
[T P e
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3.4 FLEARTDHBAOERESHUFEZOIDRF VY

REFOBREOREEEFMTICHI-Y. BARBRFORBARESRES
EEMICFHMT DI LALETHD, REIMREIVATLLLT, FRELE
T VF APPSR EIES (Direct Heat Exchanger; DHX) #7483 5 EEIF LE#EIHGHIY
A7 2 (Direct Rector Auxiliary Cooling System; DRACS) #EHRAL7-%H4E. BA
BRREO—RKZARMEIERD 2% LU TIZRZ 2 ERXTFRSATEY, BHhLEN
ABHEERZE Z THELPNBRANEFFAESNTRET S, REBR
Bl LTiE, DHEX b DIKIET MY U7 AR LENOESERAX v v 7ITA
DiATeA & —T v s3—7 12— (Inter-wrapper flow; IWF) B, KB MU U A
DEEFEOEHPONTIZE Y ADESERNEV ARBRERET N5, IWF
BEAENENSORESRE L O>—F, EAKLHERBBOBEERTIZE
D BRTER~y FEEAD L, FLREOETZ ERAMEEEZFE LTS,

BB 7 VERREHE TiX, PLANDTL-DHX RERIEREIC L v FRNEARENR
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