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Transient Temperature Response of In-Vessel Components Due to

Pulsed Operation in Tokamak Fusion Experimental Reactor (FER)

Department of Large Tokamak Research

Naka Fusion Research Establishment, JAERI

Akio MINATO” and Tatsuzo TONE
(Received November 21, 1985)

A transient temperature response of the in-vessel components (first
wall, blanket, divertor/limiter and shielding) surrounding plasma in

Tokamak Fusion Experimental Reactor (FER) has been analysed.

Transient heat load during start up/shut down and pulsed operation
cycles causes the transient temperature response in those components. The
fatigue lifetime of those components significantly depends upon the result-
ing cyclic thermal stress. The burn time affects the temperature control
in the solid breeder (Li,0) and also affects the thermo-mechanical design

of the blanket and shielding which are comstructed with thick structure.

In this report, results of the transient temperature response obtained
by the heat transfer and conduction analyses for various pulsed operation
scenarios (start up, shut down, burn and dwell times) have been investi-

gated in view of thermo-mechanical design of the in-vessel components.

Keywords: Transient Temperature Response, Tokamak Fusion Experimental
Reactor, Pulsed Operation Scenario, In-Vessel Component, Burn
Time, Solid Breeder, Temperature Control, Thermeo~Mechanical

Design
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7 X7 PBEOMEPELC T 5,

Table 2.1  Thermal loads of first wall ( FER 83 )

1. FiychiefFERE 1.0 MW/ nf
S EFR ~5x 10%/ cd - sec
2. EaEan 3MW-yr/of

~5 % 10*%n/cf ( Total)
~4 % 1020/ ( >0.1 MeV)

hEF7r—T VA

3. B 8 i
FHAAW( 77 X<b0) 42 MW
(FA4 =5 fEH»PS ) 10MW
(~14W/cr )
10W/el (S, 50
1.6 x 10%%/ sec
( 4.6 x 10%%/ of sec )

R |
4 KT B CPERT)

P T 200 eV
5. EEzE-F
Burn Time 100 sec
Dwell Time 100 sec
+4 7 VE ~ 10° [A]
6. TA4RTT¥av
Total Energy 120 M]
Disruption Time 15 m sec
Heat Flux R.8 kW / o
4 B 1000 []

Table 2.2 Thermal characteristics of Type 316 5.8.

Temperature Thermal Conductivity Specific Heat Density
(C) (W /enK) (]/7gK> (g/ot)
20 0.14 0.48 7.8
200 0.17 0.52 7.9
400 0.20 0.56 7.9
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Stort-up i Burn EShu1—down tiell :‘
i i 1 1
(ed =1.36 x10°%m >
1,53 MA
L——= —— 1 ==
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0 510" 5 1 1" 126 tis)

Fig. 2.1 FER operation scenario
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First Wall(316S.S5.)
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Coolant, H,0 R
unit : mm

Fig. 2.2 Analytical model of heat transfer Fig. 2.3 Concept of first wall {FER)
and conduction for first wall
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Fig. 2.4 Time variation of heat load 100 ‘ | | E
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Fig. 2.5 Time variation of first wall
temperature for several start up
scenario
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Fig. 2.6 Time variation of thermal load at operatiom
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250
Plasma
Plasma side ]

210 x=80mm 736 = T!
) Coolant
~ 170 (100°C)
3 h: 8.0mm
e
S
E 130
[t

Start up : 10Osec
30 Coolant side Burn 2100
Shut down : 10
Dwell : 80
50 | i I 1 ! 1 | 1 | ! ] |
0 32 64 96 12B 160 192 224 256 288 320 352 384 400
Time (sec)
Fig. 2.7 Time variation of first wall (Type 316 S.S.)
temperature (Surface heat flux : 12 W/cm?,
- Nuclear heating rate : 10 W/cc)
300
_Plasma
——8.0mm
— X
R Plasma side 4 x-80mm 7.36
o 200 / N
s - Coolant
@ (100°C) 4.0
.;: 2.0
D
?’ 0.0
— 100 Coolant side
Start up : 40sec
Burn :100
Shut down : 40 h: 8.0mm
Dwell 1 20
i | i | 1 | | l i i | I |
0 32 64 96 128 160 192 224 256 288 320 352 384 400
Time (sec)

Fig. 2.8 Time variation of first wall (Type 316 5.5.) temperalture

(Surface heat flux : 12W/cmZ, Nuclear heating rate : 10W/cc)
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250
Start up / Shut down : 10sec
Plosma side Burn @ 100sec, Dwell @ 80sec
210 Flow control 00%, h . BOmm
')
170 x=7 36mm
s
2 _Plgsma.
= .
2130 Coolont side — 5. 1.0
£ = x °Es
= _.__L et
90 | Coolgnt  £28
(100°C) 00 I
Start of shut down
50 | 1 i 1
0 18 36 54 72 a0
Time (sec)

Fig. 2.9 Time variation of first wall (Type 316 S.S.) temperature

after shut down at coolant flow control of 0.0%

250
Start up / Shut down : 10 sec
o y Burn @ 100 sec , Dwell © 80 sec
210 TIoSMO Sie Flow control 1%, h:80mm
o
“170 x=7.3bmm
® 4.0
5 Plasmg
S ) .g__lo
5 130 Coolant side — 525
c L 35
Coolant ‘_/0'91_
90 |- QoE=—==x2
{100%) ' t
Start of shut down
O 1 1 { |
° 0 18 36 54 72 90
Time ([sec)
Fig. 2.10 Time variation of first wall (Type 316 5.5.) temperature

after shut down at coolant flow control of 1.0%
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250
Plasmq
) — ‘ag__lﬂ

a1gL Plasma side = X 2§_§
S ———!-— 2.E
T Coolnt 22§ | 005 _

170 (100%) Qo0 '
bt Start of dwell
=
E
s 130 Coolant side :
E Flow contrei © 5%, h: 80mm

90 Start up / Shut down @ 10sec

Burn @ 100sec, Dwell - 80sec
50 L L ] |
0 18 36 54 72 S0

Time (sec)

Fig. 2.11 Time variation of first wall (Type 316 S.S.) temperature

after shut down at coolant flow control of 5.0%
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- . 5 1.0
210+ Plasma side = X '5“5’5
S : R
$ X =7.36mm Coolant S5 05
170 (100°C ) 00 —
“.5’ Start of shut down
E
g 130 Fiow control @ 50%
E h ° 80mm
'_.-
90 Coolant side
Start up /Shut down : 10sec
Burn @ 100sec, Dwell @ B0 sec
50 L L 1 ]
0 18 36 54 72 90

Time (sec)

Fig. 2.12 Time variation of first wall (Type 316 $.S.) temperature

after shut down at coolant flow control of 50%
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o, WEHROREEZEISEX100CKRFI40TELS. 2OLILBRESHICL~TELD
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%o HOHFEAITOICRFMUBITEROLETHLY, HAFETROABALNLD I BE
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Case 1 ORETIENFEEI L, ol L TERBARE 150W/ch A5 125W/ al b 5
L 100 W /el il U, ARl omERE 1.5 B2 5 125 a2 VR LI LRSS
%E A 1o, BERROBEROSHASHICHE L 8 | BRE OEARE R CIRE T FEIREZ
% Table 2.3 IKiRT, &5, BRABMEMSEERICL - TE L BRAET 280 (2.7 %
FE) RUF R ELTFEEROMEET T, 27 ¥ LV AMORFREBE-TICEL % MR
BIkET H0T, HFBETE % B T R IR O B E R B TRMREICHETE A, B
B Ly AL, PR TARBORRT -4 I XD TORGOEIBEENLS, BiE
ML LTOSE 1A RET B I0ICE AT v L AMEE 1 BOREICT —<HORELEA LN
%,

ST, S TIANIC &G, S FES R EOE 1 BICRE 5B/ E I Lo,
o TIREERIIEE | B RS 2RI RIS EEEERT 5,
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BEORERHORANI00W/ cd THO, A7 v 7RIC2HEEE LK, 77 A<ORENGE
N 100 ELEEAE O IBEDE 1 BORELILE Fig.217T1KRd, Ric @R SETRORR
WO 5 X O | BOREE(LICEDN, KEHT OB OIRIC AN,
&M (100W /cif, 2BRIAT o Z7HRICIER ) TEH 25 CULERSEESERL, RET
ﬁ@ﬁﬁﬁ%%ﬂﬂtk%<mofwécoi@%%&ﬁ@@ﬁﬁ@ﬂwﬁﬁwmd,%iﬁé
#HInT R E {, BYELEEFCHTARESRDT L, A7V LUAMBEROEIETE, 7
— M E 1 ETATHTESKRIPEALNARETH, W1 BEE BC R T 5 IR EEHIE
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Table 2.3 Effect of heat flux and time constant
on temperature of first wall

Case Max. Heat Time constant Maximum* Tgmperature
Flux (W/ed) ( sec) temperature(C) | difference (T
1 150 1.5 218 158
1—-1 150 1.25 207 147
1—-2 150 1.0 { 194 134
1-3 125 1.5 196 136
14 125 1.25 187 127
1—5 125 1.¢ 175 115
1—-6 100 1.5 173 1_13
1-7 100 1.25 164 104
I—8 100 1.0 1565 95

* (Coolant temperature : 60T
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Fig. 2.13 Time variation of surface heat flux on
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Fig. 2.17 Effect of heat load due to NBI shine through on the

surface temperature of the first wall
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3.1 BEITUACLDBEEICERHME

FA = FIRADBRERE 200W/ of & Lpan @izl 44 7 VETOEE(W(5m) /
Cu( 5m) ) OBEEEEELE Fig. 3. LITRd,. B 1 BOBEMZ 7 v LV A@ICH~, § ¥
725y RUROBMEER ( ZHEOAGIEES Table 3. 11RT. ) BASVLOT, EE/F
HEOBETLOERIIAE VD, HHMEORE ERIREFMOE/ICN L TEVEEERL
T B, GBI OB / KIEBRICE ) 5 54 - s EOERERTRE, £0RMTORE
sE EVENTE2 608N 5, LrL, BIBEEY 7 X<icmL/cEERORE (10
mFEEE ) OFERTOREGRSSECENDEVE LTS, 2RBEEZEALEG Y (1 N~
SR EFDOFELE O ORE RS AR -RESRFOMBEELE L 5.

BL, 734y rd50EREDE S, EEAEIES & BN ( EICRRER) %
£ L, o7 5 X & RN E VTR 2B EREEASE U MBS B LT, K
L ROBE B S ICEN LD F4 N — ¢ IR CIRE RIS R AT b7 UL ANR ORI R
2N 5D,

Table 3.1 Thermal characteristics of Cu and W

Therma! e -
. Temperature e Specific heat Density
I . ductivit .
Materia C) WIS L (1 /eT) (g /ct)
20 3.86 0.42 8.9
100 3.77 0.42 8.9
Cu*
200 3.72 0.42 8.9
300 3.6 6 0.42 8.9
20 1.63 0.13 19.3
W 100 1.56 0.13 19.3
200 1.47 0.14 19.3
300 1.4 1 0,14 19.3
= : QFHC
** : at 20°C
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Fig.3.1 Time variation of temperature for divertor plate
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Fig. 4.2 Time variation of first wall and end wall temperatures

for pulsed operation without coolant flow control
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Fig. 4.3 Time variation of first wall and end wall temperatures
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Fig. 4.4 Time variation of first wall and end wall temperatures

for long (burn time of 2000 sec) pulsed operation
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Thermal characteristics of
Li,O and Helium gas

Thermal cei _
Material Temperature conductivity Specific “heat Density
(T (W/en T ) (J/g T (g /el

Li,O 0~1,000 4.0% 1072 1.7 9.0
H, (gas) 0~ 500 2.4 % 107® 5.2 1.7 % 107
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Fig. 4.8 Time variation of temperature in blanket

(q: 0.6 W/cc, Burn/Dwell time: 100/100 sec)
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Fig. 4.11 Time variation of temperature in blanket
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Fig. 4.12 Time variation of temperature in blanket
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4.14 Time variation of temperature in blanket

(q: 6 W/ecc, Burn/Dwell time: 100/100 sec)
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Fig. 4.15 Time variation of temperature in blanket

(q: 6 W/cec, Burn/Dwell time: 500/100 sec)
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Fig. 4.16 Time variation of temperature in blanket

(q: 6 W/cc, Burn/Dwell time: 1000/100 sec)
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Tahle A.1 Relation between plate
thickness and B,

B E () % B,
0.1 0.77
0.2 2.17
0.3 3.99
0.4 . 3 6.13
0.5 8.58

NE N
1.8 \\\ o

17— \\\\!

1.6 \ Q.
" 2 1.5 ‘ \\\\x T-Os
glo i \\\
2z 14 \\\ N 5
13 ; \\\:it\‘ 15=-§
NN
1.2 ‘ \\N\\:::: q
1.1 R = M
; ] e —
0 I 1 :EE%EEE -

0 05 1.0 1.5 20 25 3.0 3.5 40

Fig. A 1 Ratio of maximum dynamic to maximum static

deflection for rectangular plates exposed on one face

to a step heat-input.



