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Measurement of Doppler Effect Up to 2000°C at FCA (4)
—Investigation on Calculation Model for the Doppler Effect

Measurement with a Heated Foil Using MVP Code—
Masaki ANDOH and Shigeaki OKAJIMA

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-myra, Naka-gun, Ibaraki-ken

(Received February 3, 1997)

To evaluate and improve the calculation accuracy of the Doppler effect in the high
temperature range, a series of the Doppler effect measurements have been carried out at
FCA. One of the measurement technique is the Doppler effect experiment with a heated
foil and the experiment is used to measure the Doppler effect up to 2000°C. In this
experiment, the Doppler effect is expressed as activation Doppler effect: the ratio of
the increase in the ?°°U capture rate of the heated foil caused by the temperature rise
relative to the *°*U capture rate of the unheated foil. In the analysis of the
experiment, a collision probability code with ultra-fine group structure, PEACO-X is
used to consider precisely the resonance interaction effect between **°U in the foil and
resonance nuclides in surrounding regions. The PEACO-X code calculates collision
probabilities for one dimensional geometries such as cylinder, sphere and slab. To
obtain an appropriate spherical cell model for the PEACO-X calculation in the analysis
of the activation Doppler effect, the following items were investigated by the Monte

Carlo calculation:
1) Evaluation of the heteogeneity effect of a fuel cell on the Doppler effect

calculation
2) Selection of a spherical cell model for a disk-shaped foil
In the evaluation of the heterogeneity effect. the calculated results of the

activation Doppler effect were compared between the heterogeneous and homogeneous cell
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models. By this comparison, it was found that homogenizing the fuel cell decreased the
contribution to the *°"U capture reaction rate in the emergy region less than 2 keV.
The heterogeneity effect on the activation Doppler effect, however, was negligible
small.

In the selection of the sheprical cell model for the disk*shahed foil, parametric
survey was carried out being concentrated on the background cross section of **°U in the
foil, which is based on the Wigner rational approximation. The energy breakdown of the
238 capture reaction rate in the disk-shaped foil was compared with those in the
spherical models with various values of the background cross sections. From these
comparisons, the spherical model was selected in which the background cross section for

238 is equal to that of the disk-shaped foil.

Keywords: Doppler Effect, Cell Calculation, Heterogeneity Effect, Sphere Model, Monte

Carlo, Wigner Rational Approximation, Background Cross Section, Fast Critical

Assembly
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2. N 77RO EHEL

LRk T FAAb B ARE Y AT 0., BRI AV - - TV TANMOGET-F
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%ﬁﬁ%@%@%ﬁ%amuﬁﬁ?%:tﬁfééoit‘MWﬁN7}wméhTwétbt‘
B LD R INERO KGR EROSE BV THE L T 5HEERRELPETREREK (2
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I RIERBEEL L2 Ky 79— RUEERTE, PLRLcRELAHLT Y (UO,
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R(T)
R{room)

Ry(T)= ()

T, R(D): iRETCIC 31T A 3 O M KT
R(room): Zi& {room temperature: ¥J20°C) ’C‘@%‘E@?ﬁﬁﬁfimﬁs
. MYPEZRW: Fy 79 —3hEOFETIR. HREKCEZFTEL&Z, FREAKIIOAS
DR A, 7275, EBE0KE L, FOMOERENIZ600K, 900K, 1500K, 1800KTH 5,
I, MVPHOQRRTHEEO AN F—BEETOREORBEOEE (R (T) 2T 5.
EAETHE. QREAVAEIALHECI Y F 1 A7 BREOREL 1 RTRETVEERT 5.

E+l
L‘dEijmc?uynﬂEmT)

_ = Foil
R, (T)= Ton™ , @
Foil

T, NZ*: Number density of **U

v
v

62" (E,T): Microscopic cross section of “*U
_ g: Energy group
IRLF-BEER, UFIRT L0, BREANLAI - FICRV2IFS-35 4 7O R VE - F
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LR OF F AL B 2RI BHIA D A0, BRI ALF— T AN OEET - F
MVP % Vv B, MVPTid, B0 HCHESSRRUTEHREBREICRIEI LFTE, P2,
HEARO MR E AEKEETAZ LA TE S, T2, MVPRAZ FALERTV L7201,
B LD tcﬁﬁd\%ﬁiﬁ@ﬁmﬁ@%ﬁﬁ%@%’rﬁh:ﬁuw’(ﬁ% FEAEBCRELPHTRERK (A
F—%) DEEE. EROASTABIZEZEY FHAUEE - FL Y EORRTIT ) 2 LA
T2 5,

T - RISHRHEEEC X5 Ky 75— RiElE FRTE. POhLRELLSLY I (U,
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_R(T)
R{room)

R,(T)= (D

ZIT, R(T): IRET CIZ B 2 O RILE
R(room): i {(room temperature: $20°C) ’50)?’@_0?@%&[@&_’5"3
fbh. MVPREWA Ry 75 —3R0stE TR, HERCELRIELLE, EREAKCONL
Dk, 2L, BiBE300KE L. ¥ OMOEESIZ600K, 900K, 1500K, 1800KTH 5,
¥ 72, MVPHQR IR THED ANV F - HHETORROBBEORIEE (R (T) 2T 5.
AT, QFREFHVEHLHEI LY T A7 BIREORE L2 1 RIUHRET Ve BRT 5.

E+l
j*dEijmc?Gymﬂanﬂ

_ = Foil
RB(T) - JdINZ:’a b (2)

Foil

238

N> Number density of **U

(1
r
4

" (E,T): Microscopic cross section of *U

g: Energy group _
TALF-EEE, UTIORT I, BREAAAI - FICAV2IFS-38 f 7O VT — i
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%E(V%VHWME)%%%Kbtotﬁb\%Eﬁ%%fﬂm%v&f®¢ﬁ%®Fw77—ﬁ
FAOFSRIERAS 0D, VeVETOLANF—HE -2 Ll &8, FRATHRT -
# ¥ L TIENDL-3.1%% f\v 72

Group g Energy range (eV) Lethagy width
1 2.0000 E+7 ~7.7880 E+6 0.94
2~51 7.7880 E+6 ~ 6.0653 E+6 0.25
52 29023 E+1 ~ L.OOOO E-5 14.9

* Read as 2.0000X 107 .

3. SRR VIR R R OGS

KT, 2T B LR R L A EILL 72 €51 (Homo.model) & IFHEETF L (
Hetero.model) ZNENTORHD F v 75 —ROFEZIFN. WHARTHET 2, > A,
Fb%ﬂhw@ﬁﬁ%tl%*ﬁ?1N7FW®ﬁEﬁF77§Hﬁ%KRHT%§%%&6O

3.1 FtEETN

I o T, B AR T H B 720, SHEARIC LRTFERMAR L IR LAz, 22720, BUMER
T 4 AL R P RIETRAT B 2 L1 L ) RS EOSARE A ST AT LR M 7,
SEARIE. T WERTSVE b —05.52mOEHKE b oE_THRTHL, HHERE
Fig. 21"t e LI, ¥ v 7 A7 V@ (DT, WBlke§2) RUY V7 ATV ERT VL
Ao 2R (M. WaSUSERET3) ¥ BE, TOMBIFLFLEREL 7:c WHESILE
EAND S Y FAFYRA T EVEER LTS Y . FRCIHE L RCHIRI 2 B HATH Do
—F. W+SUSHEIRIT. % FraofiE o BET 45 vV A7 VEERIHES, &Y VAT W HAGE
FBRFAT VL ARFREO ¥y 77 —EREBONAERERLHLAMLAbOTHE . HOR
2id, BT 4 A2 BROBE ERBEOHNTEREIREEo L 910, 005eme L7z, f L,
SEXEEF VOB, Fig 1@IR L7, FCA XVILIEAKROT X MMV L Lz, BHETT
VOB, AEEOETRAETT 2 L 9 ICFCA XVIESHRO 7 X MARBHE £V EHEL
L7z &FMizov THRENE RSt U, ERFHROEAH 27cmBRI#R 1R Lk SR
LU ELEROES I, RS RESCE o TH20mE L b, HEETVOEFBUCHER L7
BREOE THEE L Tl 17T, 98 - FHERGET TV b#3500e A M) —E L7,
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A R AARS P UICHT AR EHR

MVPOEHE O R15 b7 HHKIC B 1T 2 PHF A7 PLIZonT, FHEETVIINT 2H
AEFVOREFg. 307 T 28, i, PU0hHFHERKIGEOR 98%% 51 58.2X 10%V
~79X10eV GENEFLHE4TE) $TE oy LA (UTFRER « XY, BkeVE T T, B
OB VR B X b Pl ARG EROT URIRN SN AN EMLTWwL I 80 d,
OBERIC LB ARS FVOMBORED, EOEE00KL 800K TIHIT-FH L. BECEFL
BB LRSS, Chid, BNOPEF ARy PVREIOR R X5 PHEF AT VTR
WHNLIOTHE,

B. Hij RS R R B BT E AR T A SR B R

HEQRIR Lz R W —BEORBRIGE RT) O L THBRRE 2475 FWETTI
et AR EET O MERIEE ] E Fig. 4107 T HEETUTIE, WRE X b BkeV T OH
THRNF—ERTHRUFHERCEINS B DI LS5, THRGELI L 2REFARS b
VOFEIZL S, o

KiC. BB T TN LIEE T VOE O PUBAR A SERH R H A % B 300K & 1800K D &R I
SWTHEI L, Fig. S I#RT T EFBERNRATEREEL LTI HLTWE, Z0lirb
POBEE VOB B X 2EOEHHER~OBBLIL AL LV I LTS

C. Fv 77 —%Ricu+ 29 EHE

T EF &€ 7 L D 600K, 900K, 1500K, 1800K&IHRE T D F v 77 —ZRR(T) % Table 2 i7R¥Yo F 7z
WEHBEEFNVOF v 77 —5R% FEESICH L TFg. 6 KRR T 5. HEEFNVEFHETTVE
Wl 2 k. BEEAE LHHEEOBBENT—RL TS, Z0I &, BHEMICIEARS P
BALD TR E~OEEITEORE IR T300KE IS00K TRBETH ), HREOERFIZLD
BREEEROE(ETHL Ny 77— ROECREEOPBIIL AL LZWI EEZRL TS,

PlE. A~CORE X 1, B LBERE VO S EENRIT . FIEBUEED TR VF — 547 I8 I
BoNaHs. Fy 77 —3ROMBIIBLALEELSA bW I bl ol. BUERDHRYS
HTH b7 4 A7 BB BT QERTEHEET N L AP VOB BB R .
EORE S ERE E T AR RS THD LELONA, |
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4., 74 A BRFOIRE T NVLOWRET

- 2T, PEACO-X# BT Fv 77 — RO ERBITEIT ) 2007 4 A7 BIRE D 1 KUK
EFLEELIEAEMETL, DT, %54 A7 BKE LT 1 A2 €70 (Disk model) 23
ERIEIC L 723k E 7V (Sphere model) (W TEE #TVILBIRHFT 4, AIEOZEIILY, Bl
B L VOB Ky 75— SRR ET B ERTEL I LG ol £IT, KBTI
P ECEGER RS EMAL TR o

4.1 NFA—FDEE

HOBERTRILEE O DERIRELCERORE L ORBTHMRIE (RAFT 5, RET
AOPUOETHEREYEL SE I LIt ) R oPREERMLESE, AEMRET (A7 ETML
L. BREF AL LTESLZEFVEERT B, 72720, BBTHEHRIEDVTE, 71 A7 E
FNLIREFADOTEFVETHZIEHATES L, DT TIIACERSROAMIEH L

BE DY VEHETIE, Wigner rationaldTi Iz & ¥ . HRUFHAE (Background Cross Section) % BAL
CHMEOTE - BARE U HCER REEE T 5. ORIILTAR COBEH O UOH R HH
(LLF, otk 8) *2RT,

. n o
238 N"-ag; 1
o = %

+ , 3
1738 N3t 7 N2® 3)

1 : nuclide (=16 for "°0, n=235 for **U and n=238 for **U )
N": atomic number density for nuclide n (X 10™ /cm’ )

(4
{+
2

6. : microscopic total cross section for nuclide n (barn)
£: mean chord length
£=4V/S$ (cm), V: volume (cm®), S : surface area (cm’).

KETit. BHOERNRN T4 Ay EFVERREIC S RT T VAN L TV THLEFHEL,
P HATA=F LT, Fu 7T —BRECHEREHE I LT — XA RREEE L7

4.2 FEBETILV

F 4 AT EFLOE (127 am® X0.05 cm’, N = 2.2885X 102 fem®) D4, EFEIIN L TE Soi 3k

& ﬁﬁ@%»%%?ﬁ‘BwfwmrKlbﬁﬁﬁléﬁﬁﬁ%®%é%%ﬁ76ﬁ\$W%KBW
Tit. &3PEEF VETOBell factor 12 & AR IEDROEBIEHTEL L LTHBL 7

— 5 —
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BIABSVOT, ORIBWT (=24 E L, 6/%3.7bamn, 6 =92bam: T 5 &, o, lE#44dbarn
Lieh, TIT, 6 RUeTDMHEIZ. FCAXVI-EESEORLA ARY Lo L ) 1 BRSO L 721
THoe

REFLOTOME LT, MFRFET LI, 714 X2 TF L 0444bam%h i 4 A% B, 0"
DBV OHFHNE, "EREF V1 (Sphere 1) ", "EREF N2 (Sphere2) "LFPEZ LT D,

Sphere 1 ofg = 111 barn; quarter as large as 0'338 of Disk model
Sphere 2 G?B = 444 barn; equal to Disk model

Sphere 3 Gfs = 881 barn; twice as large as Disk model

Sphere 4 G?S = 1857 barn; 4 times as large as Disk model

REFLVOBE, ORKBWTI=431E LY o) HETHEENL FEIOFMEAFT 50 BRE
FALEOLENL, BLTO 2 £4%2#ELT0635cmk Lz, ThbE, BEFR127anTH D, &
FEOFHCIKETVIOUO, HTOFHHHITROMIAT LR,

(D) FEEEEZ R USTERROBE A L 2 REOREZSZE I &
QPR TR SN TWD ARY PLERIES R0, HREPTHEF &,
BEOBEA LR v L, .

BFTiR, Fvy 79 - RRUHELTED o, KEREHE L0, BRI BEENT"OEICLY
P R TAL BRE S IRET N ~IREF LA DV TEEEAT I Table 31 EF L OTHHERO EHHED
BEFRERR T 62 %R T Fig. 7 EHERRESEOERRE R T SHEAERITERZILOH L.
WRUWASUSHEE 1 72 b 0T o Fig. 8\ EFIRE WHBIZ DV T, 74 27 € TN ERET
NAREEB L EXMNERT . WEFW+SUSHIRIC oW, BETBERETA L DL TR HE
FERE T, ORI, SO ETTVERL (FCA XVI-IESEOT X MEBBH Ve
FILL7b D Thb, BRENI, PUERN L ERFL L. #leemEBIcEIEESNL &
ShhFE Lite TAARZEFVOZBEROZHBORETHEE L, IEOHEEFVERLTH AL

(Table 1 ZF8)

43 BREEESNTA—FL LIt —~AFHE

ZEHEEFTNVITOWTIK L 1800KD FNFRDBEETL A M) —HE2H L, o, HlERDE
RR(T)D#ETEA05% L F i 2 E TEHE LT o 720 TO&R, v X MU —Eid 3005 ~ 7005 b 2
FU—=THo7,

EEFMIOVT, FEEORELEERRTIAT Fy 77 3R (R (1800)) DFtHMARE

- 6 —
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Table 4127 F o 72, 60k ¥ 79—k BOBEEFig 9WRT. ChbMRUEL Y. of #K
BVEE Ky 77— HRINE (YL #1000bamBl BT o EAFIEI I L A BV, DA,
o HKE VIR LHTER RIS Y. Fy 77 - RRIC L 2WEREF O NE 25
RO THDe oo DRbASVIREF VDI DEIRET N OR,(1B00)DERERL 7%~ 10% & % H | 3K
%?»%4@%0%@@@?%%%@@??4X?%?Wt—ﬁTéoCﬂﬁ\%ﬁﬁﬁf®%ﬁﬂ
IR OMEREEHR0A% THHIZ b P bo T, Fv 7 7 3R L 2HORIDED LTI T%
EAENIBDTH L, LiztoT, ThoOERZITE, REFL2-4DET VP ORETTIVE
PET BT LIk LV,

22T, EEAMEOERY I VRHHACHEL 2O, @RRT &5 % T=300K DIHERIEF
RR(300) THMEAL L 7:T=1800KIC 34} 2 FERULFE O T AL F -4 ((R),(1800)) & HE L7z

R (1800)
(R), (1800) = —= )

RR(300)

@M. FyTI—FROLIAF—TULA T ML T 5, BT ZORBIMSN7MER
s A AL RIS LIRS, BREFMI~ERETNAL 71 A7 ETVORBEICFEERBEL 240
%Hgmuﬁfozt\ﬁ%ﬁﬁm$®?417%?wﬁﬁ16§ﬁ%?w0m%\ﬁgnmﬁﬁo
SRBEL Y. 0B ARG LRI R VT 0 [ BRI AN E BB 7, BN
A R AL F — B ORLE SR E (b, 10keVEL LD Z A VF — BT, WET NV
ARUFREF VAR, T4 RAZEFVE Y EREREEZBRHEL T, E-T, ThLETAT
u\Fyﬁ?—ﬁ%(&amm)@@Hﬁﬁ%ﬁ@ﬁ@ﬁf?éz7%?wa—ﬁttﬁ\ﬂ%?»
I LTHARBG R EFLTHLEVE D, SHICHLTFA AZEF M E o, H5 LWERET L2
B ERAIAVF BRI BV TTA A EFVEREOBAAT R LT, LT, XK
EFLTH. HOERSRESFAAZEFIWVEE—E R, COEFATOFy 77 —#R 71
ATZEFLDEFNE—HTHLEEZILILA

Dbzgewbl, 6289 A—F ELTH—SAFHEERLAMR, T4 A7 EFVERAL
cPFEHOREFANTIE, Fy 77— BRPETINF-HEOFSLEDTT A AT ETVOLN
LB L, Thibh, o' FAAZEFNVER—IKTEILICL) HOCRBIRE 71 A7 €T
YT B kA, REFMLE LTEN R ETMETH S Z EHTPo T
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5. Few

AT, R - RIEEREICE B Fy 79 - HREEEROBEAA L. 1 RTEAREI-F
PEACO-X % FIWTEHREFNVTH ) L3 4BCE &, REFFEPBER (IT) 2L O TELEEH
EFNEELIERHEBE L, EFAMMEOMESRE LT, PO L OELERRIC L LT
Ay PLORE L T4 A7 BRBORT T ML) BCERDROBED 2 RIZEHL, N7 b
MALERI A LE — - T FHAOEHED - FMVPE VTR T OFM L RE 21T - 720

1) BB VEESRSF v 77 —HROGTEBEIIRITTER
2) T4 ATRREOFEFTNVE L THEY L2 ETVOER,

WELEE Y VOB ERRICOWTIR, BBV EFRELAGTEE TV EHE L VRIEET
Mz oWT, BETARS Fb, FERKIEERFN Yy 77 —$IROFGTEART LBMRET L7z, £OK
B ELRE VBRI LB A FVORLES F v T RO EE~RRTERIELL )
BLOTHD T ENFHo T .

74 Ry BRE OHEF ML 0WTIE, REATOPUDYRIEHK o, £/59 A -5 L LT,
WO Ry T PR UBERGEICOVTH —_AFE L, 74 X7 EF N ERETVORHER
T E R LR, BE R 0635em IS LRFHRER L BET 5 2 LI E ) o) %74 27
EFNERLE LZREF AT, BRERSRDS T4 A BRE LA 2 ), WENCERTF v
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Table 1 Atomic number density of each region for the Homo. model (X 10* / ¢cm’ )]

Nuclide Foil W W+SUS Core
=y 6.0807 E-5 0.0 0.0 13955 E-5
'y 2.2885 E-2 0.0 0.0 6.8690 E-3
Hpy 0.0 0.0 0.0 1.0455 E-3
»py 0.0 0.0 0.0 92158 E-5
#py 0.0 0.0 0.0 34518 E-6
*'Am 0.0 0.0 0.0 5.1994 E-6
0 45314 E-2 0.0 0.0 1.7038 E-2
Na 0.0 0.0 0.0 7.6564 E-3
Al 0.0 0.0 0.0 23188 E-3
Cr 0.0 0.0 8.5259 E-3 33473 E-3
Mn 0.0 0.0 44275 E-4 1.7733 E-4
Fe 0.0 0.0 3.1432 E-2 12175 E-2
Ni 0.0 0.0 3.5175 E-3 1.5300 E-3
w 0.0 6.9170 E-2 . 42442E-3 0.0

* Read as 6.0807 X 10°.

Table 2 Comparison of Doppler effect between the Hetero. and Homo. models for each temperature

Cell model R, (600) R (900) R (15040) R (1800)
Hetero. 0.0234 0.0382 0.0538 0.0607
+0.0021 +0.0021 +0.0021 +0.0014
Homo. 0.0248 0.0362 0.0533 0.0586
+0.0017 +0.0017 +0.0018 +0.0014

—10-
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Table 3 Geometry and © 3“ of a Disk modej and Sphere models

Geometry Atomic number density
Cell model of foil (X107 /cm®) o Remarks
(cm) “0 U U (barn)

Disk 1.27*%0.08' 4.5314 0.00608  2.2885 444  Reference model

Sphere 1 127 22657 0.00304  1.1443 | 111

Sphere 2 1.27° 053520 0.00072  0.27029 444  Equal c." with Disk model
Sphere 3 1.27° 026760 000036  0.13515 881  Keep number of atoms with

- Disk model
Sphere 4 1.27* 0.12642  0.00017  0.06385 1857

Table 4 Comparison of Doppler effect among various models

Cell model o, (bamn) RR(300) RR{1800) R,(1800)
Disk 444 3.1440 X 107 3.3783 x 107 0.0745
(* 042%) (+ 0.38%) +0.0061
Sphere 1 111 2.8721 % 107 3.1754 X 107 0.1056
{+ 0.32%) (£027%) +0.0046
Sphere 2 444 3.1495 X 107 33746 X 107 0.0714
{+ 0.40%) (+ 0.27%) +0.0052
Sphere 3 881 3.2356 X 107 3.4404 X 10° 0.0633
(+ 0.41%) (+ 0.34%) +0.0056
Sphere 4 1857 32846 X 107 34834 X 107 0.0605
(+ 0.46%) (* 0.32%) +0.0059

* Values in parentheses are the statistical error,
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a) A fuel cell of FCA XVII-1 assembly

: unit: ¢m

...................................

b) Cross section view of core and experiment
devices for Doppler effect measurement

UO; foil covered with tungsten

stainless steel vessel

Core region

c) One dimensional calculation model

Fig. 1 Schematic view of one dimensional sphere modeling of experimental devices
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Fig. 7 Configuration of the calculation model for Sphere modeling




JAERI-Research 97-014

stapour a1yds pue YSIT Ay 107 Suotdal $1S+M PUB Ay (107 91 JO uoneingyuo)) g "31q

wo = Jmun
[opout axraydg (q) [opout YSI(] ()

Lyl

_ LT

L00

JAY

00

M SAOSTM
1104




Doppler effect (RD(1800K))

0.10
0.09
0.08
0.07 :
0.06

0.05 L

JAERI-Research 97-014

T

| ! 1
% ® Disk model
Sphere 1 O  Sphere model ]
j
Sphere 3 ]
Sphere 4 ]
Sphere 2 ]
| . s . , N . - 7
10? 10°

Background Cross Section (barn)

Fig. 9 Calculated Doppler effect as a function of ©,
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