LHDFASY A 7 N—5 ARG5S - 5%

BN - FHREHOBERREER

Research and Development of Divertor Plates for LHD
(High Heat Flux Tests of Various Kinds of Materials)

ARE MW, TG, HEMAR. FLET.
FOBL. LIAMD, A

Y. Kubota, N. Noda, A. Sagara, N. Inoue,
K. Akaishi, J. Yamamoto, O. Motojima

(Received - Mar. 15, 1995)

NIFS-MEMO-16

RESEARCH REPORT
NIFS-MEMO Series

This report was prepared as a preprint of work performed as a collaboration
research of the National Institute for Fusion Science (NIFS) of Japan. This document is
intended for information only and for future publication in a journal after some rearrange-
‘ments of its contents.

Inquiries about copyright and reproduction should be addressed to the Research
Information Center, National Institute for Fusion Science, Nagoya 464-01, Japan.

T N A T A

—




LHDHZTA NN—IWRDOBFE «
BEH — K « §EEM OB A fof il B

XEE A BHER 7P
A SRR, BFEIEI, ARG,
FEEZ, RO, LA, AR

AR - SFRICET SRR
KRR BRAS4L (WA &REM. 714 HM Z—R2 =M H)
JIRE T At (AT EAGH)
A HIZBAERT (BiAH T A #)
B bR T3 Rt (54 0#, 7—K v — M)
Ry AT xRy e =R (F4LH)




Research and Development of Divertor Plates for LHD

(High Heat Flux Tests of Various Kinds of Materials)
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Kenya Akaishi, Junya Yamamoto, and Osamu Motojima

National Institute for Fusion Science, Nagoya 464-01, Japan

ABSTRACT

High heat flux tests of various carbon copper(C-Cu) brazed materials
and mechanically§oined materials are described, which have been
carried out to develop and prepare the reliable divertor plate of
large helical device(LHD). The thermal properties of the materials
were evaluated through high heat flux tests(3-15MW/m’®) and thermal
fatigue 'tests( ~5100 thermal cycling' shots) by using a test facility
ACT with a 100kW electron gun.

A set of the results showed that several brazed materials with a
carbon carbon composite tile and with a graphite tile can be used
under high heat fluxes of up to 10- MW/m® and 5 MW/m’, respectively.
Also, the other results showed that the thermal properties of
mechanically§oined materials can be improved drastically by using a
thin carbon sheet as a compliant sheet, which is applicable to the

divertor platess of LHD in phase I.

Keywords: LHD, ACT, divertor, high heat flux, thermal fatigue test,

carbon, graphite, brazed material, mechanically§oined material.
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Table 1 Main performances of ACT

ITEMS PARAMETERS
Maximum electron beam output 100 kW
Acceleration beam energy 30 kV(fix)
Maximum beam current 33A
Maximum sweeping frequency 200 Hz
Beam irradiation area on sample 1 ~ 400 cm’
Beam pulse width 1s~CW

Beam control system
Heat flux on sémple

Volume of vacuum chamber

Base pressure

Vacuum pumps used at ACT
Output of water pump

Maximum cooling water flow speed

Maximum water pressure at sample

Target current control
0 ~ 100 MW/m®

(for 10 cm?,CW)

0 ~ 300 MW/m®

(for 1 cm?,CW)

400 L _

5X 107 Torr

two TMPs(170L/s,520L/s) -
7.5kW

8.5 m/s

5 atoms



Table 2 Lists of brazed materials prepared and tested in NIFS

(at 1995.2)
SAMPLE NAME | MAKER LABEL. |NUMBER OF SAMPLE NOTE
(TILE MAKER) |(TESTED NUMBER)

FCC TT(T.T) 44)
FAG 7 14(2)
MIC ” 33)
M/IG P P
F/CC - KHI(TT) 2(2) Three blocks type
F1G # 3(2) 7
M/CC ” 2(1) Circular tile type
M/IG ” p ”
F/ICC H(H.K) 2(2)
FIAG ” ’

” ’ ” B.C coated sample
MSQC ” 2(1)
MSIG ” 2

” ” # B.C coated sample
F/ICC KHI(L.C) 1(1)
M/CC " ”

where T.T, KHI, H, HK, L.C represent Toyo Tanso, Kawasaki Heavy

Industry, Hitachi, Hitachi Kasei, and Lu. Carbon Co.Ltds, respectively.
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Table 4 Effect
AT(C C) at
material.

of compliant sheet
interface of C-Cu

the

on

temperature difference
mechanically—joined

HEAT FLUX(M¥/m?)

TEMPERATURE DIFFERENCE AT(C)

COMPLIANT SHEET 3 4 5
50 #m GOLD SHEET 147 236 328
50 2zm SILVER SHEET 120 189 240
50 «m ALUMINUM SHEET 245 390 551
50 #m COPPER SHEET 259 357 448
200 xm CARBON SHEET 6 0 8 2 120
WITHOUT COMPLIANT SHEET 136 253 551

where,

Mechanicallyjoined material

Tile material: iso-graphite(IG430U)

Torque:

20kg *cm/bolt

used: A

type(see Fig.11)




Table5 Pressure distributions on the center line of the
interface of mechanically-joined materials as a parameter of

thickness of carbon sheet{(CS).

PRESSURE (kg/cm®)

DISTANCEmm)| -10 -5 0 5 10 15 20
THICKNESS (mm)

WITHOUTCS | 18 46 54 46 25 22 20
o1 22 63 59 61 41 34 32
0.2 | 42 50 50 35 36 43 32
0.39 36 47 42 43 36 32 35
. 70 mm
I 0
§‘"':Tf)"é'“i;a“é"ié'i‘s“éo """"" “E """"" "\ Center line
L9 ©
PRESCALE FILM
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Table 9 Desorbed gas amounts of various carbon sheets
first heating(0-1400 T)

during the

TYPE | WEIGHT(g) GAS AMOUNT(Torr* l/g) NOTE
PF-38 2.742 9. 705 STANDARD
PF-38H 1.706 3. 464 LOW ASHES
I;F—38UHP 2.210- 0. 345 HIGH PURITY
HGP-207 2412 8. 495 LOW SULFUR
HGP-207HS | 2.395 0. 427 HIGH PURITY

where the thickness of each carbon sheet used for the tests is (.38

mim.
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QMA View port
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Thermo-couples
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Fig.1 Schematic of high heat flux teststand ACT
with a 100 kW electron beam source.
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A) Flat plate type
E.beam

¢ JI ¢ ¢ Carbon or graphite tile

Thermo-couples

Brazing region

< 30mm —>

B) Mono-block type
E.beam

¢ \L ¢ ¢ ;,‘arbon or graphite tile

' ) = — > 1l"he:rmo—couples

Copper tube

Brazing region

Fig.3 Two kinds of brazed materials with sheath type thermo-couples to detect
the temperature of brazing region. A)Flat plate type, B)Monoblock type.
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Fig.12 Thermal responses of four kinds of mechanically-
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Fig.13 Detail drawings of two mechanicallyjoined materials.
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Fig.26 Photographs of three types of real size mechanically-
joined materials. A)-B):types 1 and 2, C): type 3.
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Fig.27 Color density distributions of the prescales located at the
interface of the second type mechanically-joined materials under a
torque of 80kg -cm/bolt. A)with 4 bolts and without a carbon sheet
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Fig.29 Thermal responses of real size mechanicallyjoined
materials at a heat flux of 2.4 MW/m’. A): type 3(RSMIJ3W)
with a copper plate and 20mm IG, B): type 3(RSMJA-3W) with
an aluminum plate and 20mm IG.
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Fig.31 Diagram of mechanically-joined material with an angle-
adjustable cooling pipe used for steady heat loading test.
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Fig.35 Changes in vacuum pressure during single heating in the
thermal fatigue test of F/IG brazed material at 7.5 MW/m?®. The solid
and dot lines are at the 1st shot and 3000 shots, respectively.
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shots) of F/IG brazed material at 7.5 MW/m’. Solid line is for vacuum
pressure. '
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Fig.37 Thermal desorption spectrum of carbon sheet(PF-38) during the first
heating of 0-1400 TU. TP,2,12,18,28, and 44 of line numbers represent the camge
curves in total pressure, partial pressures of H., C, H.0, CO, and CO.,
respectively.
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Fig.38 Mass spectrum of desorbed gas from a carbon sheet(PF-38) at
300 T during the first heating.
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