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K" . Schedule

STUDIECENTRUM VOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE NUCLEATRE L

® Spallation loop description (reminder)
® Relap model (version mod 3.2 ) equivalence
® Challenges and problems to solve
® First results :
» Steady-state with and without power

» Transient with a stop of the mechanical pump
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KJ' Spallation loop description (reminder)

STUDIECENTRUM VOOR KERNENERGIE
CENTRE D'ETUDE DE LENERGIE NUCLEAIRE
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- in-vessel fuel storage Spallation unit lifted from the main vessel
. coolant conditioning system
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STUDIECENTRUM VOOR KERNENERGIE
CENTRE D'ETUDE DE LENERGIE NUCLEAIRE

Design & RELAP model equivalence

Spallation loop
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K . Challenges

STUDIECENTRUM VOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE NUCLEATRE L

1. RELAP Model of the target itself

2. Non condensable pressure control above the free surfaces :
DESIGN: vacuum of 10-3mb (0.1 Pa) above the two free surfaces
— Is it possible with RELAP ?

3. flow and free surface target level and stability :

» In steady-state : target free surface level adjustment :

- Rough with the mechanical pump velocity

- Fine tuning with a MHD (magneto-hydrodynamic) pump controlled by a regulator PID
» Intransient : designed with the MHD pump

— equivalent model for RELAP ?

— Distribution of the power and heat evacuation model ?
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1. Target free surface model

STUDIECENTRUM VOOR KERNENERGIE

CENTRE DETUDE DE LENERGIE NUCLEATRE L
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. | 0.1 Pa |
axial symmetry BEAM TUBE
A J ¥ 2715
T06-5
UvvrerE3veevaeresnass start level of
A .
Desired Free Surface EE M the tar g‘?t smface
Configuration GAP
Suboriteal cary 704 706-4 1725
Volume-minimized recirculation zond | ¥ 1452
‘gets lower “tailored’ heat input | 013
............. L mmeemmmem e 040 706-3
i 023 0.3
; 0.030 m 025 706-2
..... = 017 017 .
0l0g—» 0] =" ==***===[0075% s nominal level of
0.497| | Lt=13m 0,497 the target smface

Irradiation
samples High-speed flow (2.5 mis)

permits effective heat removal

hl =003 m RB1=3%
h2=007m E2=47.6%

Schematics of the axis-symmetric windowless
target configuration

-0.497

708

W3=003mP3=204 %
0.121 hi=003mP4=29 %%
VOLUME UNDER THE 0.757

NOMINAL TARGET LEVEL 1 Li=1928m

D.Sl"J -2.428

Fifth International Workshop on the Utilisation and Reliability of High Power Proton Accelerators Mol, Belgium 6-9 May 2007 6



K' 2. Pressure above the Two free surface

STUDIECENTRUM VOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE NUCLEATRE L

® Minimum pressure of the non condensable gas

that the code will accept : Pressure above the free surfaces
» Problem of Iteration non convergence : 1.00E+05
- Big step of internal energy between 1.00E+04
the gas and the liquid metal LBE at Looerns

log scal

the 2 free surfaces

- 1 Pa is recommended by the manual
and 0.1 Pa (10-3mb)

- it 1s designed

feeder tank
- - - - ptarget surface

~ 1.00E+02 -
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=}
o
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+
o
(=

1.00E+00 -

1.00E-01 : : : — : : f
0.0 1000.0 2000.0 3000.0
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Possible if :
The steady state starts with an atmospheric pressure; 1.0e+05 Pa which decreases very slowly to
0.1 Pa. A very little time step (0.001s) is required.
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K. 3. Target free surface level adjustment and control

centwe peruoe e Lewesors et
DESIGN :
- Rough : mechanical pump and MHD : action on the pump velocity
- Fine : MHD pump : acceleration or deceleration of the flow
Measure of the free surface level variations by a LIDAR (LIght Detection And
Ranging)
RELAP SOLUTIONS :
In Steady-state:

Control by a Time dependent junction (TDJ) which adds or removes a little LBE in
function of the target level. The TDJ is placed before the annular gap. <

In transient : Objective : to reproduce the MHD behaviour, a Pressure drop DP
negative or positive in function of the free surface target level.

Suggestions : 1. By a motor or servo valve whose the normal operation area is the

valve area closed at 50% : Valve TdeTaik v=omhs o
Fh/FO Kf DP DP-DP50%  ||'*°
0 o 100
0.16 978  2.05E+06 1.96E+06
0.25 35 7.34E+05 6.38E+05| | s0
0.38 10 2.10E+05 1.13E+05
0.5 4.6  9.65E+04 60
0.6 206  432E+04 5.33E+04f | \
0.7 0.98  2.06E+04 -7.59E+04 X
0.8 044  9.23E+03 -8.73E+04] | 50
0.9 017  3.57E+03 -9.29E+04 N
0.96 006 1.26E+03 9.52E+04]| o
1 0  0.00E+00 -9.65E+04 0 0.5 1 1.5
Fh/FO
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STUDIECENTRUM VOOR KERNENERGIE
CENTRE D'ETUDE DE LENERGIE NUCLEAIRE

2. Model of the MHD behaviour

In RELAP there are 2 centrifugal pump model : Westinghouse or Bingham (homologous
curves) and none is appropriated to model MHD pump behaviour.

H (Pa) § (entrifugal pumnp

characteristic

Target free surface level control

MHD pump

Typical centrifugal pump

characteristic curve
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-
Q (m?/s)
Pump Head in f(Q)
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.\\2 4
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-2 A \
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—#— Pump Head -
w=10rad:s
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K 0 Mechanical and MHD pump regulation

STUDIECENTRUM VOOR KERNENERGIE

CENTRE DETUDE DE LENERGIE NUCLEATRE L

* The LBE free surface level is measured by a LIDAR, whose laser light is
reflected from the target free surface. Its output controls the MHD pump
via a PID (Proportional Integrator Differentiator ) regulator.

- PID
» input : g(t) (level error)
» output : o(t) of the pump

wit)-Ke(t)+Kile@dt + K de(yt Fip) ~K+KiP-K P

dsfdt

Level |+

£(t) &(b) Li U preg)

ref |-

inf= Li/K Ki
sup = La/khi

constants K, t; and t, to be determined !
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K' Power distribution in the target

STUDIECENTRUM VOOR KERNENERGIE

CENTRE DETUDE DE LENERGIE NUCLEATRE L

220 ] v T T T
® 4 structures, in the target ani-| P beam: 350 Mev; SmA | ______ :. ______________
® Flux distribution : - i
» hl1:0.03 m, 3 % of the heat £ 1m0
> h2:0.07 m, 0.7%68 % 2
> h3:0.03 m, 0.3*68 % %
> H4:0.03 m, 29% g o ]
® Exchange surface is chosen to limit the B ]
Temp outlet. (0.118m?) &
au
e
n,s us1u15:u

Lepth in=ide the tanget [cm)
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> First results
K ‘ Steady-state and transient at P =0 MW

STUDIECENTRUM VOOR KERNENERGIE

CENTRE DETUDE DE LENERGIE NUCLEATRE L

Target level and loop flow Transient with
Pump stop
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Evolution of the target level after the

Evolution of the pump flow and the target level . ‘
mechanical pump stopping
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> First results (2)
K ¢ Steady-state at P =1.43 MW

STUDIECENTRUM VOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE NUCLEATRE L

Targetlevel evolution Temperature evolution of the target
with the target Power and power evolution
25 2.000E+06 800 2.0E+06
2.0 \ 700 ( | 1689.08 K
l 5 I + 1.500E+06 600 + 1.5E+06
) ! 473.15 K 1.45E+06W
: ]
1.0 \ ' 1.000E+06 I400 : 1 0E+06
0.5 : 300 :
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: 100 :
-0.5 ey ey v 1 1o 000E400
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Problem with the pressure above the free target :
- with 0.1 Pa, the code stops for “Iteration no convergence”.

- with 1000 Pa : no problem
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K’ Conclusions
[ ]

STUDIECENTRUM VOOR KERNENERGIE

CENTRE DETUDE DE LENERGIE NUCLEAIRE -

® The work is still in progress. Some problems were solved: pressure above the target
free surface, evolution of the free surface level after a pump stop and stabilization of
the level when power is injected. When no power is released in the target, a stable
steady state is obtained with a pressure as low as 0.1 Pa above the free surfaces.
However, as soon as power is added, large energy discontinuities appear, that are not
tolerated by the code. Setting a pressure of 1000 Pa above the free surfaces constitutes
a good compromise between the model and the design requirements and allows to
reach a stable steady state.

® With the present model, it is not possible to simulate all the accidental situations,
especially those ones involving small changes of the target free surface level.

At the present stage, a pump stopping or a power shut down or power increase can be
simulated to give useful indications for example on the free surface target level
behaviour and on the temperature variations.

® Improvement of the heat transfer between the re-circulation zone under the target free
surface and the loop will be performed.

® The control of the target free surface level is acceptable with a time dependent
junction which adds or removes a small quantity of LBE to adjust the free surface
level in normal operation. With the action of a PID, the stability will be improved. The
possibility to model the MHD pump is still under study
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