DE LA RECHERCHE A L'INDUSTRIE

JT-60SA TFC02 complementary quench tests in CTF:

thermohydraulical analysis and smooth quench criticality
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Introduction 3. TFC02 complementary quench tests results
In the framework of JT-60SA tokamak commissioning (Japan, 2021), 20 Toroidal Field Coils 12 120 :
(TFC) were tested at the Cold Test Facility (CTF), at CEA-Saclay (France, 2018). 141 o g o /A L A A A B
» quench acceptance test (quench temperature up to 7.5 K at nominal current) 09 oo I -9 Ve
» complementary tests on spare coil TFC02 with different quench conditions: 508 | 00 ; ' . /
. £07 0,05 =3 if
- reduced current (at 75% and 50% of nominal current) 26 om 2 P
- delayed quench detection (increased holding time z,= 0.5 s, instead of 7, ,;yina= 0.1 5) 505 002 | e p E s |/
Numerical simulations of these tests were performed using SuperMagnet code coupling: < 2: R o . jg
» THEA (Thermohydraulic and electrical 1-D physics of Cable In Condun Conductor, CICC) 02 2 ABLE-3402 L 0B-06-04-02 0 - | w0
> Flower (Hydraulical model of external cryogenic network) = o fopoming). oSz AzE7 P _1 3 05 7 9 11 13 15 17 19 21 23 25
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TFC02 COMPLEMENTARY QUENCH TESTS MAIN INITIAL PARAMETERS B V.Rcsls:ve Dp;nom ;p Tme (9 VZRNI;W Dp;w%:mﬂ: Byt —;t:ﬁfvseﬁ{:gﬂn1,sm
TECO?2 Tests I (kA) Bua (T) Tesmin (K) &) V,Resistive,DP3,50%Inom, Exp V,Resistive,DP3,Inom(Th.5s),Exp :ti‘i;ﬁ;’g'ﬁ}loii]m Qtﬁ‘j;f’nﬁ‘g?;“h;“fs,w
Acceptance 257 3.05 742 0.1 » Early quench development: Quench initiation of the whole coil and quench detection (t=0s
Delayed detection ~ 25.7 3.05 7.42 0.5 taken at FSD start) for each quench test are analyzed with experimental DP resistive voltages:
;5) Qﬁzz }gg ?gg ;gi gi VResistive,DPG,Inom(O): 024V VResistive,DP3,75%Inom(0)= 011V
V Resistive, 0P3,Inom(zh =0.55)(0)= 1.19 V VResistive,op3,50%inom(0)= 0.07 V
JT-60SA Toroidal Field Coil description: .
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» Propagation during current fast discharge: Both experimental and calculated maximal

Copper normal lengths reached for each test show that reduced current induces slow quench

matrix _DPs(P10&P9)

\{,. i propagation with conductors not fully quenched:
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1. Estimation of experimental normal length propagation 210 % ao0000 T
CTF instrumentation, namely double-pancake voltage and helium flow measurements, allow: 2° = 700000
> Determination of resistance and normal length evolution in each CICC 0123456780 0NnBUBEWTESND| e s 4 202 4 6 8 10124101820
» Analysis of the helium flow (P, T, m) at winding pack inlet and outlet - - ~Tnom,Exp Tme ) inom,sm - =P InomExp M) g inom,sm
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X » Helium temperature: Delayed quench detection (at nominal current) increases Joule energy
Heiniee , r Heg, dissipated before FSD, increasing CICC temperature by 10 K compared to acceptance test
ralve H H valve . . .
pgx x» Jo-t > x g » Helium pressure: Quench tests at reduced current induce low pressure rise and do not open
TE2412 TE2414 DPy i s quench relief valves, whereas at nominal current the pressure threshold of 20 bars is reached
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4. Discussion on smooth quench criticality
Xperi u ison wi uperMagne analytical approach:
Experimental results comparison with S M tand lytical h
Fast Safty Discharge (FSD) induces voltages CICC quench propagation heuristic model » Teonq Calculated with 0-D energy conservation equations on helium, conductor and jacket:
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2. Numerical quench model vq(t)—0766( 7 ) (270"°> 3 vg(t) == =
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Model developed with SuperMagnet (L. Bottura, CERN) coupling THEA and Flower codes: TABLE II
> Flower models the cryosdistribution SUMMARY OF CALCULATED AND EXPERIMENTAL QUENCH VELOCITIES,
J16, Pumo TEMPERATURES AND EARLY QUENCH PROPAGATION TIMES “smooth” quench occurs at
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» Friction factor correlations from v V13, Relief Tank 3 THe,max,Exp 263K 369K 149K 105K
experimental measurements Te2a1a | 922 busbar re2asz | THemaxsu 277K 387K 174K 143K | CICC Teong max are:
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» FSD: current exponential decay —— R wg Numerical model validation:
(I(t) = Iye ") withT7=8s | — 1™ /= » Large scale model of one JT-60SA TFC with its cryodistribution in CTF allowed simulating
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\ heonw ="~ l 1 E< i _fjl:—’je :ié“_m"' g g \ » Simulation results were compared to experimental measurements of TFC02 complementary
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' Helium forced flow 4= T2 ra) ! i ﬁ & quench tests and were found in rather good agreement.
i ‘ ! UL busbar Main results:
\ NbTi/Cu strands < 1[4 * s * ] . ) o . o
| SSjacket === ol | g hoe | || ! J28, GRV2422 29, QRV2428 > Delayed detection at nominal current significantly increases the Joule energy dissipated
i G10insulation €= — - ! m before the fast current discharge and thus induces large CICC temperature rise.
!  ATgurmi—turn2) | » Smooth quench at reduced current are characterized by slower quench propagation velocities,
: mterturncoupting Ry | inducing not fully quenched coil, lower temperature and pressure rises.



