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Sodium Flow and Endurance Tesi of "MONJU" Dummy Fuel
| Subassembly of 6th Test Production '

‘N, Takahashi, Y. Yamashita,
A. Ohtsubo, and T. Iguchi

Abstract

‘ Sodium flow and endurance test. for‘“MONJU”‘dummy fuelhsubassembly’of the
h 6th test productlon (abbreviated name M6CWP) was carrled out in Sodium Flow
Test Loop. Thls test was performed for 2,384 hours with the 1nlet sodium
‘ temperature of 397°C, the flow rate of 17.36 kg/.ec and the cold trap tempera—‘
ture of 120°C. The results of this test showed that; h ‘
1) ‘The 1n1t1al average pressure loss coeffic1ent Cp of M6CWP was glven by
following equatlon ‘ ‘

-0.10775
B

D= 113 58 x
‘2) In the measurement of total pressure, the increase of pressure loss.
became to saturation at about 300 hours after the beginnlng of the test
and flnally approached to 3% larger than the initial value.
3) As a result of the sodium draining conducted in accordance ulth the design'
| condition for ""™MONJU'" EVST (Ex—vessel Storage Tank), it was_found that.
‘the sodium of about 90g remalned in the subassembly. ‘
‘4) ~The eye 1nspect10n of the subassembly after the test showed that ‘the sub-
' assembly was intact without separation of fuel pins from knock bars.‘ ‘
Since this was the final test for "MONJU" dummy fuel subassembly of test
productlon, ‘this report summarized the total pressure ‘loss 1ncrease and"

- various. p01nts concernlng ‘endurance found in the test series untll now.

" Reactor Engineering Sectlon, FBR- Safety Englneerlng D1v151on, 0- -arai
Englneerlng Center, PNC. :
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Table 2-1 Specification of M6CHP
Item Specification ‘Note
(1) Fuel Subassembly M6CWP |
 Outer Form o Hexagonal Cross Seétion“
Number of Fuel Pin 169 | |
Pitch of Fuel Pin 7.87 mm
P/D 1.2111 . ‘
Fuel Pin Spacer -Wire Wrap Type
Length of F/S | 4200 mm o Design‘ZZOO‘mm
Fuel Pin Support’ Knock Bar Type | '
(2) Fuel Pin | S
‘ Diameter of Pellet 5.4 mmd ‘
Material of Pellet SUS304 U0, + Pul,
‘1ength of Fuel Pin‘ | 2813 mm - o
NEncloSed Gas ‘ He
Length of Gas Plenum | 1160 mm
Material of Spacer Wire - SUS316'(20%CW)
‘ ﬁiaméter o l.315lmm¢
Pitch 308 mm
‘Number of Turn 9 B
(3)* Fuel Pin Tube ”
Material | SUS316
Outer Diameter 6.5 mmg
. Thickness 0.45 mm
(4) Wrapper Tube - |
 Material SUS316 (20%CW)
o Outer Form ‘ Hexagonal Cross Sectioﬁ
Facing Distance of Ouﬁside 110.6 mm
Thickness | 3.0 mm
'~ Spacer Pad‘Fitting Welding
Widfh‘of Spacer Pad 40 mm -
Coating Method Chromium-Carbide
‘ ‘ Detnation Method‘

17—
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‘Table 2-1 Specification of M6CWP (Cont'd)

Item Specificatibn _Note
(5) Entrance Noézle‘ o
| Material SUS316 |
Length o 510 ‘mm . Désign 510 mﬁ‘
"Diameter of Nozzle 74 mmd Design‘74 mn¢ |
‘ 72‘mm¢' |
| ‘ 73.5‘mm¢
 Position of Entrance Orifice| 7 x 4
(6)'vtqwer Reflector | |
1) Type (&) \ ,
© Material SUS316
| Form | Cannon Ball Type -
‘Length 265 mn
Outer Diéméter 66 mmd
Fitting‘Méthodu‘ .Support_Pinf
 i1) Type (B)
Material SUS316 |
Form | "Cylinder‘Type K
" Length . 275 mm
Quter Diameter 90 mm¢
Inner Diameter 55 mm¢‘
‘ ‘Fitting Method ‘-Support”Piﬁ
‘(7)  Handling Head | o
‘ 'Materiai . SUS316 | ” _
Form Héxagonal‘Crosé Section
‘Length *250 mm o '
(8) ~ Upper Shelter T
. Material SUS316 |
. Form | -Cannoanall Type
Length 103 mm R
* Outer Diameter 67 mm¢
3_‘Fitting Method Support Pin
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Table 2-2 Nomenclatﬁre and Definition -

Drag Coefficient

7 Reynblds Number

4P

] 4P
D x-Vz
2g
v =

A

Drég'coefficient

Specific weight of Sodium (kg/m3)
Fluid velocity (m/s)
Acceleration of Grayity (m/seéz)
Volume flow (m?/s)

Flow Area (m2)

Fuel Subassembly Pressure Loss =~

Re

De

Re V+De

: Reynolds number

: Hydraulic Diameter (m)

: Kinematic viscosity of Sodium (m?/s)

VL-¥8 TV6NL-ONd
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Table 3-1 Experimental‘condition of "MONJU" Core Fuel Subassembly Test

Fuel‘subassemply (Reﬁgggp4)
Sodium Fldw‘R;te th/min,)‘ | ! ‘ “b‘ | ‘1;215‘
‘ "“(kg/sec,) " _ ‘(17736)

Sodiu?lgizgirature(ﬁc) | 397 %5

: Cold:frap Miﬁ; Temp. (°C) 10
OxygenConcentration (ppm) | ol I -l,Qé *
Hydrogen ConcéntratiQn(ppm). | | 0 0.07 *%  _
Tést ﬁuratiop (Hrs) “' R 2,636 (2,384)**%
Daté ;f Tes; | - B “j ﬁe;.‘l982 N Apr.'i§83u

“* by Eichelbérgeg
%% by Vissers
k% () 1 oat 397°C

— 20—
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Table 4-1 Analytical Result of Sodium Flow Test M6CWP

Total Time

Total Time

Experimental Formula

Cp Value

Up Rate

- 2383.9

- 152.930 Re

B

ﬁo. (aEhE;P) (at(§3;°c) %;BEU??Eeriggi K?tfRéB'=,5f35 x 1@4) (z)'
F-1 se.6 000 113.584 Re, 0 10774 35,14 | -
VFfZ | 501.0 : 435.6 - 199.933 Re, 120974 i 36.19 3.00
-3 575.5 435.6 146.362 pe, 0127480 3%6.53 3.95
F-4 | 1099.5 954.7 150.629 Rey ' 102008 35.76 1.77.
Fs 11705 9547 131f3§7.ReB_0.ll9800 55.65 e
F-6 2610.2 ~0.132068 S 36.11 | 2,75

PL-%8 TPENL-ONd




Table 5-1 Specification of "MONJU" Dummy Fuel Subassembly

Subassembly Fuel Pin Grid Spacer Wire Spacure
N 4P
R Ceter Periphery N : Flow E/N N
gﬁ::ssemb 1y Length T:i:pgi:le Dia. [Length | Number | Number | Pitch |Height Hy;;:uhc Cross Jrifice i;;:l In;:izse
Dia. |Pitch| Dia. |Pitch Section |Bevelling (hax. value)
m mm mmd m mm m g mm mmé m | mx 1073 |m2 x 1073 hrs %
MICGT 4245 110.0 6.5 2850 169 14 200 15 - - - - 4.057 3.867 -
MICGF 4258 110.0 6.5 | 2800 169 18 150 15 - - - - 4.057 73.867 - 916 -
M1CGS 4398 110.0 6.5 | 2795 169 15 200 15 - - - - 4,057 3.367 - 3323 -
MicGH 4387 | 110.0 6.5 | 2795 | 169 I Ol I ) - - -l - 3.713 | 3.761 - 544 -
M1CGM 4200 110.0 6.5 2795 169 14 180 20 - - - - 4.057 3.867 - 2795 -
MLCWT 4245 110.0 6.5 | 2850 169 - - - 1.3 | 406 1.1 | 406 3.296 3.659 -
MICWS. 4398 "110.0 6.5 | 2795 169 - - - 1.3 | 205 - - 3.236 3.643 - 3715 =
M2CWH 4270 110.6 6.5 | 2790 169 - - - 1.3 | 395 1.0 {197.5 3.2776 3.6594 - 4847 about
11.0-
. (4790)
M2CWM 4270 110.6 6.5 | 2800 169 - - ~- 1.3 | 252 1.0 | 252 3.2769 3.6591 G.5C (11.8)
*2
M3CWM 4265 110.6 6.5 2825 169 - - - 1.3 § 306 1.0 306 3.190 3.670 G.8C 1788 about
(1647) 4.5
M3CWE 4265 110.6 6.5 | 2806 169 - - - 1.36 307 - - 3.222 3.713 0.4¢C (5.5)
M3CWG 4265 110.6 6.5 2800 169 - - - 1.3 307 1.0 307 3.307 3.693 - 1337 about
%2 (1204) 3.0
M3CWH 4265 110.6 6.5 2800 169 - - - 1.37) 252 0.9 252 3.191 3.609 0.2¢ (3.3)
Zgi *1
M4CWT 4265 110.6 6.502| 2800 169 11 256 10 1.362{ 307 - - 3.362 3.661 1.2C = -
about
N 1330 3.0
M5CWT 4360 110.6 6.5 | 2818 169 - - - 1.32{ 308 - - 3.221 3.631 0.5¢C (1291) (4.0)
-about
5094 3.0
M5CWT-2 4200 110.6 6.5 2818 169 - - - 1.32f 308 - - 3.2185 3.6278 0.5C (4838) (5.2
M4BG 4200 110.6 11.6 | 2805 61 - - - 1.5 | 251 0.9 | 251 4.138 2.924 2¢ (1033) (8.0)
about
. 0.6C 2636 3.0
5 _ = _ N = .
M6CWT 4200 110.6 6.496f 2813 169 1.315] 308 3.199 3.604 1 %C (2384) (4.0)
*'1 Periphery Flow Control Grid * 2 Doble

¥L-¥8 T¥6NL-ONd
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Table 5-2 Analytical Result of "MONJU" Dummy Fuel Subassembly Sodium Flow Test

VL-¥8 T¥6NL-ONd

) Exi)erimént ' 7 Expérimentgl Formullar b : Rep Number Ran‘g:e_; ' o '(ReBCQ gf%ux 1
oo . ¢y = 244.6, Re "0 077 L 2.0 x 10% ~ 8.8 x 106 I a1.20 |
Eg‘égﬁ . -74'12.97 Re, ~0+22%% 2:0 X 104 ~ 8.4 ><>1(v)4- B 23.17 I
ggggg N keB—O'l,Gm 1.5 x>1o‘l*m 8.1 x104 7» RERET I
‘M5CWT | Cy = 522.9ReB’0'2822 2.5 X 104 ~ 7.5' x 104 o | 22.01
MSCWI?—Z: cD-% l37.71ReB_0'16968‘ 15x104n9.0x 104 | 20.50
wabe o ) | cb - 186.3 ReB"O'2114 1.0 X 1047& 2.1 % 10 -

(Reﬁggpa) | ,CD = 113.584 ReB—0'107754 N B 1.0 x 104 ~ 57.5' x7104 7' 33.89

(és.tlj?:liigg iine | | i Cp = 3%6.728 R_eB_—O.251775 o - e | o o , 21.13
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' Table 5-3 Analytical Result of Sodium Flow Test M2CWH, M2CWM

‘Total Time

Total Time

Experimental Formula

-Up Rate

R

(Mo | (ae ME) | (ot 600°0) otumber Tange | e %0510k |
#1 Before sodium flow test Cp = 191.4 Re ~0r17% 21;32 0.0
F-1 - 52 N ,ia Cp = 244.6 ReB_O;2175> 21.29 0.0
F-2 652 616v ¢p = 156.9 Rey 1% 22.67 6.5
F-3 1152 1116 ¢, _ 224.4 ReB"°f2°3° 22.98 7.9
F-b 1656 1620 c = 171.3 ReB‘°°i777_ 23.31 9.5
F-5 2184 - | 2148 - 219.8 Reﬁ-o'lggl. 23.52 10.5
F-6 2736 2700 Cp = 260.6ReB_0'2132 23.81 11.8
7 3312 3276 : ¢ - 211.2;Reé_0'1946 - 23.77 117
F-8 3864 3828- CD_=216'7éeB—0;1987ﬂ 23.32 9.5
-9 4344 4308 C, = 208.2 ReB’0'1944“ 23.48 ) 10.3
f-;o 4823 4787 cD-; 238.0ReB‘°'2°57 23.65 JETRE
%1 | After sodium flow test ¢ = 154.2 Re, 0-1726  22.46 5.4

%1 Waﬁer'Flow Test

Number,Rangé (104 ~ 7%x10%)

PL-V8 TVENL-ONd
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Table 5-4° Analytical Result of Sodium Flow Test M3CWM, M3CWT

D B

7 ?otalvTime Total Timé Engrimental Fofmula CD Véiue Up Rate
No.. - (at M/P) (at 600°C) - RegNumber Range L RN b4y iy
(b)) (hr) | (2x104 ~ gx104) | (@ Rey = 7.5 X 10M o (B)
*1 Before Sodiumrflow test CD = 195.8 ReB—O'188§  | 23.49 VVO.Q
F-1 25 12 A - 424.7 Re, 1100 22.82' 0.0
F-2 217 :204  CD‘; 295.0 Re};o’lz4 23.62 3.5
-3 433 420 7cﬁ = 280;1ReB'°'2193_, 123.89 4.7
Ffé 769 732 c, = 295.1-ReB_0'2246 - 2371 7> 3.9
-5 913 910 c, = 241.2 Re, 012030 2380 4.3
F-6 1129 1116 Cp = 334.9 ReB’O'2536: | 23.78 4.2
F-7 1393 1380 Cp = 228.0 e, Ot20M 23.85 as
-8 1633 1620 c = 372.3 Rey 02440 24,07 55
A Between P-8 and F-9 tests ¢, = 227.8 ReB—O'1774 24.34 _3.6
F-9 1788 1647 C. = 227.8 Re, 0-2031 23.30 2.1

B Water'Flow Test

Re

B

,Number'Range (104 N78X104)

VL-¥8 T¥6NL-ONd
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" Table 5-5 Analytical Result of Sodium Flow

Test M3CWG, M3CWH

S VTotaerimer Total Time Experiﬁenfal5qumula >CD valie Up Rate ]
No.- (at M/P) (at 600°C) RepNumber Range 7 - N S rary
(hr) | (bp) | (1.8<104 v 8x104) (at Rey = 7.5 x 10%) (%)
%1 | Before sodium Flow test o= 181.36 Re, 183 »23!12 0.0
F-1 49 | 9 < =2146.3'Rg3%0'1670 | v22144 ’ 0
F-2 166 : 119 c, = 176.2 Rey 01020 22,86 187 |
F-3 308 e 257 Cﬁ,# 174.1 Re;o'lso2 23;3' 963
F-t 498 b4 c, = 160.7 ReB;O';747" 23060 | 0.71
F-5 | 737. | 680 cp = 134.8 ReB_O'1576 | 22.98 241
F-6 952 | 891 ;= 178.8 Re, 0 107 23.19 3.32
F-7 '1118 S| 1055 CD = lB?.S‘ReB_O'1556 :23;16 7A 3.21
F-8 1260 : 1198 c, - 203.8 ReB;o:194; 2307 2.81
*x1 _Berééq F-8 and F—lO,tesﬁé- CD=>17O.il ReB;O'l756 ’23f7l - 2;55 :

% 1 Water Flow Test ReB.Number Raﬁge (0.9X104 v 6.9x10%4)

VL-V8 TVENL-ONd
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Table 5-6 Analytical Result of Sodium Flow Test M5CWT

- Total Time

-~ Total Time

- Experimental Formulal

- Cp Value

~ Up Rate

B

e | GrMD Gt | el i, | eeregtTexath | o)
rF—l ,48 ' 7.2 'cD‘='522.9‘ReB“°'?822, 22ﬁ02 | -
F-2 2 31.0 c, = 514.2 RéB’°428°9f 22,19 0.77
F-3 143 1021 c, = 564;57ReB-0f28661 - 22.61 .12;68
F-4 215 173.7 ¢, = 675.5,Re3_0'3°°3 22.60 2.63
F-5 407 3657 cp = 49116 Re, 0273 22.95 422
F-6 647 605.8 ¢p = 359.8 Re, 0743 22.90 4.00
F-7 911 869.9 | CD - 402.5 ReB-0'25§6 22.58 2.54
F-8 1079 1037.5 ¢ = 596.0 Rey 020 2239 1.68
f59: 1319 1277.6 c_ = 530.6 Re, O- 2813 22.56 2.45

PL-P8 TPENL-ONd
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Expenmental Knowledge on Pressure Loss Variation
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Table 58 BUE BBk O it A e BLER RS 3

: Experim’entél Results about Endurance Test of Dummy Fuel Subassembltes
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5 3 Rtk
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Important Expenmental Results except Thoae Explamed Already
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 APPENDIX 3
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Equatmns for Wire —Wrap System Fuel Rod Bundle
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Table 1 Rod Bundle Geometrical Pafameters of t‘he' Fuel Assémbliés.
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. Table 2 Results of the Modified Efiction Factor Eqﬁations.
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Table 3 Final Results of the Modified Equation.
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