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APEX HE-COOLED REFRACTORY ALLOY
FW/BLANKET DESIGN
(Thermal-Hydrualics)

Reported by C. P. C. Wong
Inputs

» Reference Superconducting A=4 Tokamak
* Nuclear heating
» Configuration

Results:

» Heat Transfer
« System Pressure Drop
 Volume fraction

Impacts

» Detailed design and Material Choice
* Nuclear performance

« Safety

« CCGT performance

APEX project meeting/US/Japan FHPD workshop
UCLA, 16-19 February 1999



DESIGN PARAMETERS OF A 2 GWe A=4
SUPERCONDUCTING COIL TOKAMAK REACTOR DESIGNS
(Kr is used for enhanced radiation)

lasma aspect ratio, A

\lasma vertical elongation

ninor plasma radius, a, (m)

najor toroidal radius, Ro, (m)

)lasma volume, (m3)

irst-wall surface area, (m2)

lumber of FW/Blanket module
flid-plane outboard module width, (m)
Aodule height, (m)

3lanket energy multiplication

\verage neutron wall loading, MW/m?
\verage first wall surface heat flux, MW/m
deaking factor

2

(r fraction of electron density

divertor: (Double Null)

strike point foot print width, (m)

divertor plate to B-field incline angle, (°)
Yivertor heat flux, MW/m?

;urrent drive power*, MW
’F coil current density, MA/m?

‘usion power, (MW)

"hermal power, MWth

>CGT Thermal nth, %

sross electric, MWe

sost of electricity”, (mill/lkWh)
rave Current Drive

sted COE from coal with CO, sequestration

» 75 mill/lkWh (S. Fetter)

4
1.769
1.474
5.895
372
505
16
0.965
6.213

1.18
7.4
2.121
1.4

0.00095

0.1
20
2.277

140.5
31

4671
5408
46
2010
61.7



HE-COOLED FW/BLANKET DESIGN

Configuration and materials

First wall: a separate W-alloy shell, heat transfer is enhanced by
helical inserts
Blanket: serpentine cooling tubes in a lithium breeder bath
First 4 rows of tube made from V-alloy
Second 6 rows of tube made from Ta-alloy
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FIRST WALL AND BLANKET

POWER DISTRIBUTION
(Supplied by M. Youssef of UCLA)

Blanket Energy Multiplication =1.18.

Volumetric power density as a function of x from the first wall:
« We-alloy

PW-alloy(x)=9.exp(-3.0x) wl/cc

* Lithium:

PLi(x)=4.exp(-3x) wicc



REFRACTORY STRUCTURAL MATERIAL DESIGN
TEMPERATURE RANGE

V-4Cr-4Ti
400°C<T<700°C
Ta-8W-2Hf (T-111)
650° C <T<1200°C
W-alloy

800° C <T<1400°C

COOLANT VELOCITY AND PRESSURE DROP
GUIDELINE

Design within vibration limits:
Coolant max. velocity

<< sonic speed = 2055 m/s @ 700°C and 10 MPa
<< critical vibration velocity ~ 3890 m/s

Pressure drop:

AP(FW/blanket system)/P < 10% for CCGT



HE-COOLED FW/BLANKET
KEY HEAT TRANSFER RESULTS

(Mid-plane outboard at max. NWL and heat flux location)

Power output 2 GWe

Helium pressure 10 MPa,

Reactor mass flow rate 1736 kg/s.
Helium Tin=400° C, Tout=1000° C.

Three refractory materials are used in series:

V-alloy: coolant 400 to 598° C,
metal surface 493 to 684° C.

Ta-alloy: coolant 598 to 843° C,
metal surface 660 to 919° C.

W-alloy : coolant 851 to 1000° C,
metal surface 1079 to 1247° C.

Coolant velocity in the system ranges from
40 to 109 m/s.

Power conversion CCGT, estimated = 46%



HELIUM-COOLED FW/BLANKET
PRESSURE DROP CALCULATION SCHEMATIC
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PRESSURE DROP ESTIMATE

First wall
Blanket tubes
Plenum

Turns & Expansion
(@ V-He=60 m/s)

Piping
(@ V-He=40 m/s)

Total
AP/P

Needs to be re-calculated when more detailed configuration

is available

(MPa)
0.075

0.34
0.049
0.33

0.23

1.02
0.1



HE FW/BLANKET VOLUME FRACTION ESTIMATE

(The balance is void and/or helium)

Ax, cm W-fraction V-fraction Ta- Li-
fraction fraction

First wall 2.2 0.403

Module wall 0.2 1

Blanket zone 1 1.55 0.017 .004 0.95
Tube 1 1.3 0.017 27 0.227
Blanket zone 2 1.7 0.017 .004 0.95
Tube 2 1.3 0.017 27 0.207
Blanket zone 3 1.7 0.017 .004 0.95
Tube 3 1.3 0.017 27 0.207
Blanket zone 4 1.7 0.017 .004 0.95
Tube 4 1.3 0.017 27 0.207
Blanket zone 5 1.7 0.017 .004 0.95
Tube 5 1.3 0.017 .013 .264 0.207
Blanket zone 6 4.7 0.017 .013 .009 0.95
Tube 6 1.3 0.017 .013 .264 0.207
Blanket zone 7 4.7 0.017 .013 .009 0.95
Tube 7 1.3 0.017 .013 .264 0.207
Blanket zone 8 4.7 0.017 .013 .009 0.95
Tube 8 1.3 0.017 .013 .264 0.207
Blanket zone 9 4.7 0.017 .013 .009 0.95
Tube 9 1.3 0.017 .013 .264 0.207
Blanket zone 10 3.7 0.017 .013 .009 0.95
Tube 10 1.3 0.017 .013 .264 0.207
Blanket zone 11 3.7 0.017 .013 .009 0.95
Separation 1 0.9

wall

Transition 30 0.2+0.3FS 0.1 0.1

zone

Sy
(34}

Plenum 0.4+0.3FS



DESIGN IMPACTS

Blanket cooling tube distribution
Helium pressure increased from 8 to 10 MPa
Added Ta-alloy to match temperature limits

W-alloy first wall
V-alloy tubes are closer in front
Ta-alloy tubes required
New material volume fractions generated
Nuclear performance
Needs next iteration
Safety

Afterheat response needs to be iterated

CCGT performance

Lower AP/P and higher helium Tin will improve ny,,
with the potential for 50-60%



