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Why do we consider Beryllium as
an alternative multiplier in the re-
circulation blanket concept?

A) The reference concept with lead
multiplier contained in tubes requires
circulation of the lead for purification
and draining.

B) Compatibility between lead and NCF-
steel limits the interface temperature
and may decrease therefore the
performance of the blanket (The
volumetric heat in lead has to be
conducted to the outer tube surface
which is cooled by FLiBe).

C) Static head of lead requires rather
thick tube walls. Leaks in these walls
may reduce the reliability of the
blanket.

D) Be is the better neutron multiplier
than lead (higher TBR and energy
multiplication).

E) Beryllium in contact with FLiBe is
needed in any case for chemistry
reasons, either inside the blankets or
outside the VV.



What are the disadvantages of
replacing lead by beryllium ?

A) Neutron irradiation of beryllium can
lead to considerable swelling (>10%)
and large tritium concentration
(~50000appm).

B) Lifetime of blanket maybe limited by
neutron damage in beryllium and the
allowable tritium inventory.

C) To maintain integrity of the multiplier
in spite of large swelling, beryllium
pebble beds have to be used instead
of plates. Fabrication of large
quantities of beryllium pebbles (~30
tons for one power plant) is rather
expensive and causes safety
concerns.

D) Thermal conductivity of pebble beds is
relatively low, resulting in rather high
beryllium temperatures.

E) Beryllium from replaced blankets has
to be detritiated before shipping the
blankets to a reprocessing plant.

F) Weight of replacement units increased
since beryllium can not be drained
before replacement.



Possible arrangement of
beryllium pebble beds and
associated cooling schemes

A) In the spiral blanket concept
between two plates.

B) Inside the multiplier tubes,
replacing lead. These tubes can
be perforated to allow for pressure
equalisation.

C) Similar to the Japanese LHD
blanket concept with the entire
FLiBe stream flowing directly
through the pebble bed.

D) A combination of C) with the re-
circulation flow concept.

Direct flow of FLiBe through Be-pebble
beds (concepts C and D) provides for the
contact between the two materials as
required for chemistry control.



Re-circulation blanket concept
with FLiBe flowing through
the Beryllium pebble beds

Advantages :

1. Combination of high flow rate in
FW/multiplier region with low flow
rate in the large central channel
results in effective cooling of FW
and beryllium pebble beds, and, at
the same time, in maximised
coolant exit temperatures.

2. Flow rate through the pebble bed
about a factor of three larger than
in a once-through concept,
resulting in increased heat transfer
from beryllium to FLiBe.

3. Pressure drop in the pebble bed
still small (< 0.02MPa) since flow
path length short (~0.04m) and
velocity low (<0.03m/s).

4. Mechanical stresses in perforated
plates containing pebble beds are
low.
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Flow scheme in the re-
circulation blanket concept



First layout of the modified
blanket concept

A) Overall geometry, power loading,
and coolant flow rates taken from
the reference solution with lead
multiplier. This means in particular:
- Coolant flow rate in FW/multiplier

cooling channels 98.6 kg/s
- Overall thickness of region 72mm

B) Parameter used for pebble bed
design and –cooling :
- Combined depth of FW cooling

channels 20mm.
- Resulting velocity in poloidal FW

cooling channels 9.1m/s
- Velocity in pebble bed

w0= 0.023m/s
           (related to empty space)
- Packing factor PF = 65 %
- Height of pebble bed in flow

direction H = 37mm
- Volumetric power density in

beryllium q’’’= 70MW/m³.



Pressure drop in pebble bed
and heat flux at pebble surface

Pressure drop

∆P= µ·ξ /(1-PF)²·H/dh·0.5·ρ·w0²

Where
µ = multiplier for of flow path length
      through pebble bed
ξ = pressure drop coefficient
PF= packing factor
H = pebble bed height in flow direction
dh = hydraulic diameter of voids in
       pebble bed
        dh =2/3 · (1-PF)/PF· dpebble

 ρ  = coolant density
 w0= coolant velocity
        (related to empty bed)

Reynolds number

Re = w0·dh/ [ν·(1-PF)]
(Recritical = 2)

Heat flux at pebble surface

q’’ = q’’’  · dpebble /6



Product of multiplier for flow path length
            x pressure drop coefficient as function of Re
                      (VDI-Waermeatlas, 5. Auflage 1988)



dpebble

[mm]
    1     3     6    10

dhydraulic

[mm]
  0.36   1.08   2.16   3.6

Re
 [--]

   3.8 11.5 22.9  38.2

µ·ξ
[--]

   40    18     9     6

∆P
[ Pa]

17,700  2,550   660    290

q’’
[W/cm²]

  1.16   3.5     7   11.6

Relationship between pebble diameter,
pressure drop, and surface heat flux



Conclusions and outlook

A) Re-circulation of the coolant with
active cooling control allows to
combine effective cooling of FW/
multiplier region with high coolant
exit temperatures not only for the
case of lead multiplier but also if
beryllium is used.

B) Direct cooling of the beryllium pebble
bed with the full FW mass flow rate
results in lower beryllium temperature
without substantial increase of
pressure drop (additional ∆P less
than 2 % of total pressure drop).

C) Tritium breeding ratio with the same
thickness of multiplier region for Be
higher (1.17 compared to 1.10 for Pb).

D) Energy multiplication with Be 1.24
compared to 1.15 with Pb, determined
for the same overall geometry.

E) It remains to be seen, if the better
performance of the Be-blanket (TBR,
energy multiplication, thermal
efficiency) outweighs the
disadvantage of nuclear damage in
beryllium.


