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Fusion Safety Program 

•  Status of MELCOR modeling for ARIES-ACT 
–  SiC 
–  DCLL 

•  Follow up on VV permeation result from last meeting 
•  Plans and action items for next meeting 

Presentation Outline 
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•  An item from the last meeting was to start the update of existing 
MELCOR ARIES-AT models to perform accident analyses, 
primarily loss-of-coolant-accidents (LOCAs) 

•  Two models exist, one with the advanced SiC/SiC blanket and 
one with the DCLL blanket 

•  Both models lacked vacuum vessel, cryostat, and bioshield 
thermal models, need for decay heat removal and/or VV 
pressure relief accidents, and to answer the question of whether 
or not the VV can be cooled by helium 

•  Since the last meeting, we have modified and added the ARIES-
CS VV to the ARIES-AT models, plus a cryostat based on 
ARIES-AT drawings.  This required switching the VV cooling 
system to helium from water 

•  We are testing these models on a long-term-station-blackout 
(LTSBO) accident, with decay heat removal by gas injection into 
the cryostat volume 

Status of ARIES-ACT MELCOR Models 
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MELCOR Model Elevations Based on ARIES-AT 
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Advanced SiC Blanket Model 
• Convection, and radial/axial radiation and/or conduction 

accounted for in model 
•  ITER-like thermal cryo-shields on outer surface of vacuum 

vessel (VV) 

C
V

31
0 

C
V

32
0 

C
V

33
0 

C
V

34
0 

C
V

40
0 

C
V

41
0 

C
V

42
0 

C
V

43
0 

C
V

44
0 

C
V

45
0 

C
V

46
0 

IBHTS IBB OBB I OBB II 

CV470 

CV465 

CV480 CV300 

240 

265 245 250 

260 275 

290 

280 

235 

300 295 

225 

230 220 

200 

215 

205 210 285 

UD 

LD OTHDR 

ITHDR 

270 

H
S

33
0 

H
S

32
0 

H
S

34
0 

H
S

32
2 

H
S

33
2 

H
S

40
0 

H
S

41
0 

H
S

41
1 

H
S

40
1 

CV310 

HS10026 HS10028 

HS10126 HS10128 

H
S

43
0 

H
S

44
0 

H
S

44
1 

C
V

43
0 

H
S

43
1 

H
S

45
0 

HS10298 

CV310 
HS10299 

U-IBHTS 

L-IBHTS 

C
V

70
0 

H
S

70
13

 

H
S

70
11

 

C
V

70
0 

H
S

70
01

 

H
S

70
03

 

IBVV OBVV OBHTS 

CV700 
HS7023 

HS7021 

CV700 
HS7031 

HS7033 

To VV 
HTS 

From VV 
HTS To PbLi 

HTS 

From PbLi 
HTS 

290 



Fusion Safety Program 

Super-insulation or Thermal-Shield? 
• Super-insulations relies on thermal radiation heat transfer across gaps between multi-layered metal 

foils of high emissivity.  For a vacuum in the gaps, the heat flux, q (W/m2-K), across N foils of 
emissivity “ε” is: 

( )44

)1( LH TT
N

q −
+

= σ
ε

• Super-insulation used for LHC VV and cryostat*  

•  ITER’s Thermal-Shield is constructed is a shell around the VV coated with silver for low surface 
emissivity.  The low temperature shell is cooled by helium at 80 K.  Air injected into the cryostat 
during a long term station blackout (LTSBO) will add air heat convection in the gap between the 
shell and the VV. 

• LHC employs both a super-insulation blankets and Thermal-shields.  Which option will be used for  
ARIES-AT? 

*A. Poncet, “Series-Produced Helium II Cryostats for the LHC Magnets: Technical Choices, Industrialization, Costs,” Adv. Cryo. Engr., Vol. 53 
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MELCOR DCLL Model Schematic 
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SiC Results for a LTSBO with Air Injection in the 
Cryostat 

The inboard side of the VV is being cooled by the helium interior to VV, suggesting that internal natural 
convection from the inboard to the outboard of the VV may be important.  However, because the VV model 
only has a single fluid volume, additional modeling will have to be performed to verify this possibility. 

Model overstates 
inboard cooling 
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DCLL Results for a LTSBO with Air Injection in 
the Cryostat 

Calculation has not progressed as far as SiC case.  Steady state FW temperatures 
do not include enhancement for helium cooling.  Need guidance on this. 
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•  ARIES-AT MELCOR models have been modified and expanded to model 
ARIES-ACT, including both SiC and DCLL cases 

•  Preliminary LTSBO analysis verifies model is “wired” correctly 

•  Future work will focus on refinement of the model to reflect ARIES-ACT 
parameters 

•  Many model details are still for ARIES-AT 

•  Helium vs. Water cooled VV 

•  Thermal Shield vs. Super-insulation 

•  Divide VV into multiple control volumes 

•  Natural convection may occur within the VV from the inboard to 
the outboard side of the VV; present model doesn’t capture this 
correctly 

Summary 
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•  Parameters used for the VV permeation analysis: 

•  Upstream T2 pressure 5 Pa and downstream pressure of zero 

•  Question from last time on the validity of 5 Pa 

•  Detailed ITER divertor analysis* gives similar neutral pressures: 
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Follow up - Vacuum Vessel Permeation 

A.S. Kukushkin et al
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Figure 2. Effect of the n–n collisions on the neutral gas beneath the dome for a fixed plasma background. (a) Molecular pressure profiles
along the divertor floor in the direction of the arrow in figure 1. (b) Comparison of different components of the average neutral pressure at
the duct entrance (indicated in figure 1), ! means the total. (c) Average temperature of the neutral species at the duct entrance.
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Figure 3. Variation of the peak power loading of the target (a) and effective pumping speed (b) with the neutral pressure in the PFR pDT for
different assumptions on the neutral transport. Cases near or at the transition points for each series (see text) are marked P, N, and M,
respectively, and are shown with larger symbols.

two-component gas and a Couette flow between two parallel
plates [12]. The results reproduced the known analytical
solutions. Furthermore, some verification against a tokamak
experiment was carried out in [7], as mentioned earlier.

When n–n collisions are activated for a fixed plasma
background, a considerable (∼ factor 2) increase of the neutral
pressure in the PFR and under the dome is found, as was
also observed in [7]. The main reason for this appears to be
heating of the molecules during collisions with atoms, which
occurs in the zones of high neutral density, (2–5)×1020m−3,
near the targets. The molecular density in the plasma region
where Te ∼ 10 eV, where most of the dissociation occurs,
cannot drop significantly since approximately the same total
dissociation rate must be maintained. Indeed, the same plasma
flux neutralizing at the target produces the same molecular
influx, and this influx determines the total dissociation rate:
the neutral particle fraction pumped out is small, about one
per cent of the total recycling flux in our conditions, and
the majority of the molecules are absorbed by the plasma.
Since the density of the molecules changes little and their
temperature increases, the neutral pressure in the PFR also
increases. In other words, the same neutral particle influx into
the plasma, which governs the detachment, now corresponds to
higher neutral pressure outside. There is no significant change
in the atomic temperature in the high-density zones since the

energy equipartition with plasma ions due to charge exchange
is fast there.

The modification of the neutral gas parameters beneath
the dome, where the pumping duct is located, is shown in
figure 2. The increase of molecular pressure in the PFR upon
activation of the n–n collisions (see above) causes an increase
of molecular pressure beneath the dome also, figure 2(a).
Moreover, the atomic pressure at the duct entrance decreases
drastically, figure 2(b), along with a reduction of the atomic
temperature, figure 2(c), caused by thermalization of the
gas by collisions. This increases the molecular fraction in
the total pressure, thus improving the pumping efficiency.
The unidirectional flow of neutral particles across the albedo
surface into the pump duct increases more strongly than the
total pressure as the flow becomes collisional, and this is
reflected in an increase of the effective pumping speed SDT (the
ratio of the pumped flux to the average neutral pressure pDT

at the interface between the plasma and the PFR, see figure 1)
for the same albedo. In order to obtain about the same pumped
throughput, the pumping speed at the duct entrance (absorption
at the albedo surface) is set lower by a factor ∼1.5
in the density scans with the coupled code, described
below.

The results of a density scan, including collisions, are
shown in figures 3 and 4 (the results are represented in terms

610

*A. S. Kukushkin et. al, “Effect of neutral transport on ITER divertor 
performance”, Nuclear Fusion 45 (2005) 608-616. 


