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Concept Description

A stream of Li20 particluates is fed to the blanket regime for cooling and
breeding.

The flowing of Li20 in the blanket is by gravitational force.

There are two layers of coolant:

. The first layer is about 5cm thick, and is free flowing along the
first wall for efficient heat removal.
. The second layer is confined by SiC structure to reduce the

velocity to achieve an acceptable coolant DT.

The Li20 will exit from the blanket regime by gravitational forcé.
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‘Concept Description (continued)
The Li20 particulates will be moved by a mechanical conveyor upward.

This coolant will be fed downward to a heat exchanger to transfer the
thermal energy to a He stream

A close-cycle gas turbine will be used for power conversion.

The coolant will be moved up again by another mechanical conveyor.

This coolant will be fed by gravitational force back to the blanket.



Configuration of An Exposed Solid Breeder
Blanket Concept as Applied to A LAR Tokamak
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| Flow Dlagr_am for the APPLE Particulate Routing

9 ¥4 University of
Wisconsin

| Cyclone

' Isolation Valve
/ Hot Reservoir

)
X

/ ‘Heat Exchémger
Flow Control Valve

/ Cold Reservoir
/ Isolation Valve

-

L

:

......_.__........_._.._......._-..-«---v—-—--—--—--P——--




Reasons to Evaluate APPLE Concept

The APPLE blanket concept has the potential to eliminate or alleviate most of these
problems.

a. Blanket replacement

b. Radiation damage

c. First wall reliability

d. Breeding

f. High heat flux issues

g- Erosion

h. Disruption

i. Efficienf thermal conversion

j. Safety



What Is Interest About Apple Concept

The most critical issues associated with fusion reactor

blankets and diverters are caused by the interaction with
neutrons

There are also critical issues associated with MHD effects,
and plasma (alpha particles, disruption) effects

The APPLE concept reduces the severity of most of those
issues

Instead, a new list of key issues are introduced, which are
mostly of a mechanical and configurational nature.
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| Materials Selection

Li20 is selected as the coolant/breeding material because of
Good breeding potential w1th no Be.
Very low activation.

Very low vapor pressure
Good neutron attenuation.

SiC is selected for the structural material because of
Low activation.

Good high temperature capability.

Since the SiC wall is not a heat transfer wall,

poor thermal conductivity is not
a Serious concern.

He cycle is selected because of

High power conversion efficiency
Minimize the possibility of H20 contamination.
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| "Flow Control

For a free flow coolant, the coolant has to be distributed from the feeding |
location toward both the OB and IB blanket regimes.

The following list of forces can be considered for the coolant distribution:
Mechanical force: Coolant is redirected by a turning baffle.
Inertia force: The coolant is directed by velocity.

EM Force: The coolant is dlrected by the interaction of VXB.
Centrlfugal force

For the original APPLE design, turning baffles have been used to direct
the coolant toward the OB and IB regime.

Both cooling and radiatioh damage of the baffles are issues.



( (

Results to be Réportéd During This Meeting

Additional neutronics calculations Sawan
Fluid flow and heat transfer code dévelopment Tillack
Penetrations design | Sviatolavsky, Sze

Flow control without baffles Sze, Sviatoslavsky



Accomédation of Penetrations in (_ae APPLE Chamber

University of

o There are two shapes of penetrations that may be needed in the chamber:

Rectangular as in RF
Circular as in NB or pellet injection

o Particulate flow around the penetrations must be smooth with no possibility
of bouncing off in the wrong direction. :

o Streamlining the flow above the penetration will be needed with baffles to
prevent bouncing or scattering.

o Underneath the penetrations, there must be flow deflectors to move the parti-
culates back under the penetration in order to continue their downward path.

o An issue with this scheme is the cooling of the baffles. One possibility is to
use deflectors in the vertical legs to slow down the particulates and fill the

space between the baffles and the back wall with higher density particles and
thus provide cooling in that way. |
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Neutronics Summary
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e Overall TBR>1.2 is achievable

* A minimum blanket thickness of 40 cm required for structure to be lifetime component
* A total blanket/reflector/shield thickness of 105 cm required to allow for VV rewelding
* An additional 40 cm thick VV/shield required for adequate magnet shielding

* More than an order of magnitude reduction in decay heat and short term activity
results from placing the structure behind the Li,O particulate blanket

« Using LAFS permanent structure behind the Li,O partlculate blanket allows for near
surface burial of the mdwaste 5



Upner End Manipulation of Partlculate Flow in the APPLE Chamber
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e Particulates are not confined in guide channels
but slide down on inclined surfaces.

o They must achieve a velocity which will allow
them to follow a predetermined trajectory until
they encounter a modifying surface.

e They are in free-fall most of the time.

e The upper guide baffle is minimally exposed to

surface heating. For a 10 MW/m2 neutron wall
loading, the surface heat load will be < 1.0MW/m2
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( What Are the Key Issues wi..1 the APPLE Concept? (
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@Design and effectiveness of upper flow diversion bafiles
@ Cooling baffles exposed to the plasma
e Electromagnetically levitated Li,O dust

ePlasma charge-up of particulates and consequent effects

@O, contamination of the plasma-



