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Design of Divertor Support Structure

Takashi OKAZAKI, Satoshi NISHIO+, Masanao SHIBUI
Koichi KOIZUMI, Katsusuke SHIMIZU, Takashi SASAKT
and' Eisuke TADA+
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Naka-machi, Naka-gun, lbaraki-ken

{(Received July 1, 1992)

Conceptual design of a divertor support has been done for the ITER

(International Thermonuclear Experimental Reactor). The divertor support

has a function to connect a divertor plate with a divertor structure and
is made in a frame structure from the mechanical point of view. Hydrau-
lic cotter can be used in jucking up and down the divertor support and

plate for its maintenance. Based on this concept, a full-scale partial
model has been manufactured to test the jucking up and down function.

The model shows the wvalidity of the function.

Keywords: ITER, Divertor, Divertor Support, Hydraulic Cotter

+ Reactor Structure Laboratory,
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Table 2.1 Main design parameters for the ITER divertor
Operation phase Physics Technology
Normal Operation
- Aver. neutron wall load MW, m?* 0.5 0.4
- Peak“aver. surface heat flux, MW,/m?* 15—30,70.6 15—30,70.6
- Peak volumetric

heat load in strucfure MW, m?3 5 4
- Noumber of pulses (full load) 10° 1 2—5
- Total burn tiume h 400 10* —-3x10*
- Peak neutron damage (steel) dpa 0.3 5—-15
- Min. dwell time s 200 200
- Incident DT-ions:
- peak flux 10°/m’s 4000 4000
* energy eV 50—100 60200
- Allowed water leak g./’s g/ s 1078 1072
Disruptions
- Number {at full load) 500 200—500
- Thermal quench: * time ms 0.1—3 0.1-3
- peak energy depos., MJ,/m? 10—20 10—20
- Current quench: - time ms 5—100 5—100
« radiative energy depos. MJ,/m? 2 2
* run-away elect. energy
deposite (at < 300 MeV> MJ/m?* 30 30
Materials
- Armor
= reference C-fibre comp. W
» alternative Be C, Be
» peak temperature T 1000 1500
+ baking /conditioning temp. T 350,150 200,150
- Structure
» reference Mo-alloy Nb-alloy
Nb-alloy Mo-alloy
« alternative DS-Cu DS-Cu
- Coolant Water Water
« Inlet temperature C 60 60
» Inlet pressure MPa 3.5 3.5
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Fig. 3.1 Divertor support frame
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Table 4.1 Weights of one module divertor
HE h B 2 = 5 E E
Ny (o) (kg i) (kg
T - 7.39% 1072 R 1.7%10° 1256
g 1.70%10°* | 8.9 10° 150.9
CEDAIMELE | 894107 SUS 7.9%10? 706.5
RS T 2.99x107? SUS 7.9%10° 236.0
& 121.90

Table 4.2 Divertor thermo-hydraulic parameters

Parameters Physics Phase | Technology Phase
Flow Velocity at 0.S.P [m/s] 10 15
inlet Temperature [’c 1 50 50
Divertor Temperature Rise [°C ] 10. 4 14. 4
Inlet Pressure [MPa] 3.5 2.0
Pressure Drop [MPa] 0.92 0.89
Channe) Dimensions at 0. S.P [mm] 16¢ID) 15x5
Flow Enhancement Twisted Tape Internal Ramps
Peak Heat Flux [M#/m2] 15 15
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Fig. 4.3 Electromagnetic force at the edge of coolant tube in
rectangular cross-section. b means the thickness of
rectangular cross-section modeled for coolant tube.
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Fig. 4.4 Distribution of electromagnetic
pressure in the width direction
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Fig. 4.5 Torsion in coolant tube
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Fig. 4.6 Cross section of divertor support
frame (unit: m)
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Fig. 4.7 Divertor medel for calculation of the center of gravity
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Fig. 4.9 Hook for divertor maintenance
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Fig. 4.14 Configuration of header/cooling pipe connection

in CDA divertor plate

To Divertor Pl

Header

Fig. 4.15 Bend geometry of cooling tube
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Fig. 4.17 Welding assembly of header and cooling pipes
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Fig. 4.18 Overall configuration of revised divertor plate
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Revised

Fig. 4.19 Divertor plate configurations in CDA and present work
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 Fig. 4.20 Fabrication procedure of header/cooling pipe assembly
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Table 5.1 Maximum eddy current in the divertor support

AT A VAN )| A= FEEHRD BEXRERE (A/m)
F oy v E VSEE HRHBYOER J
. 5 5.87 % 10°
BF v v RS THL " 5 64 % 10*
L 5 5.76 X 10°
18F v % Vilhs P 5.49% 10*

Table 5.2 Maximum electromagnetic force on the divertor support

WP PAEE L SV N FA 85— RO BRAEHS (Pa)
F b v R ASE BRERYOHE
. 5 3.46x10*
£F v R ALTHIT P 2.85%10°
. H 3.39x10*
18F v ¥ & NadEs 4t 2 77%10%

J— 41_
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Fig. 5.1 Concept of monoblock divertor plate
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Fig. 5.4 Analytical model of electromagnetic force during disruption
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Table 6.1 Specifications of cotter drive mechanism

[EE X F5 H HELA
i) —B B — &
EREh 71 (b) § 1
KEors | v
Sea | L .
camme | w0 |-sEewcssms | ous
SR | w | w I
[ P .
woomn | we | o

Table 6.2 Materials installed positions and leakage of seal ring

& & QIME BLA»@mE
B | kK E ®Rhl |k E ®nhl | KE(C)
(kg/em2-g) (a1/43) | (kg/em2-g) (al1/4})
z A HR 0 99.5 787.5 | 100 §32.5 | -
200 - - 100 740 14
400 - - 9.2 §30 -
800 - - 102 830 -
1000 100. 4 795 162 705 25-28.5
5774 F 0 97. 2 3720 97 4410 27.3
(ez b+ > 200 37. 2 3510 94 4500 26.5
1000 87. 2 3310 97.2 4140 23.5
r57r4t 0 93 130 98 125 13
(9 v&—{D) | 46 $8.8 8 98. 4 40 18. 5
1006 98. 4 39 98. 8 15 16
£ vax 0 99. 2 119 100 815 23
500 100 785 100 745 18 §
1000 100 760 100 815 13-21




JAERI-M 92—108

UOTINTOAUOD JO Jequnu

“smofToq
pue yidus] [eIl0l Aq paUTWISIIP P2pPTeM JO SUOTINTOAUOD JO IdqUnu Jo
SMOTTOq popresm JO saaand 3IJTT 7°9 *814 uof3ouny v St weilerp 8N0IIS-dANSSIAI 19 814
(U) SUOIINJOAUOD JO SIaqWnN (W) 9404)8
Oll 00l 06 08 0L 09 | Ov S& 0% G2 0c
_ _ I ] I i TH o T _ ] _ j
Ny =
I.r m. — L. . —
(2[0hd} Wiy 311 N Qa
=)
WWIQE! aous: O 00 Sz -1 ¢
WWOEGE aolsg . v =1 =
9 ¢k R
WLl a¥oNs L O 7 =
5 o 2
a - vl 17 S
— 7} @
0Ge m S L g @
= 2 ‘ -
£} = 19 =
\\O\ w .D o %
\\ — N. —
\ p 5,1
. 010} 3
\ 3 SUOILN|OAUGD
— JO Jequunpiu -18
\\\. mu 8
.0 2 WOl g =DIp N0 uoisid
\\ 3190 000" =3Wl} 3}17]
1 H

—



JAERI—M 92108

UOTIBUTTOUT 133300 U0 PBOT TEOL1a3Aa JO aduspuadeq ¢°9 *8T14

=Y R d UedsAEY
CHOMEBOAR>2FFO0DEREE (H) RYAUZNAXD>2IF0DFE LB E (V)
(bap) ® McowsiE (68p) ® W owEAC
09 06 O 0 02 0 o_o._ 08 0G Ot 0¢ 0O¢ Oi 0
T T T T T - , T T

I [ ]

0/4

0/4



JAERI—-M 62—108

EXNT
&% 255 ma
LUUYE 228 ma
ZrO=—2 25 mm
+:8 2. 305] 17.Ttan
~o—X
oRpmAsa—X
AE/AE §2. 56/65. 85ma
B 1241 (9. 305ma)
HR A a%NTIE
DY
#x b
KERELJERENEER
(€ X b vRHKE)
EERT
=5 253ma
YUTE 125nn
Aba—% 30nm
Ryh Eton
<o-—-X
ZREHsn—X
nB/AE §9.59/42. 8Tma
ol 12K 1L (0. 3050m)
HR £ VIRATIS
=Yy
HA TuAUER

INEIEREN AR
(¥R b v REREK)

EFENT
£33 3000
LYUSE 265n0
Ara=—2# 1700
BHA 1ton
~0—X
SEZBR~O-X
nE/HE e
3L 8 12H(L {0, 305mm)
#x A aARNTIS
L=y
R ToHIER

Ex Fo—- s REBHRE (FLAIEy sE)
(Ex FvRENKEE

Fig. 6.4 Concept on cotter drive mechanism and its specification
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