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Research activitiesResearch activities

onon

1. Heat flux on the first wall1. Heat flux on the first wall

2. Tritium leakage in 2. Tritium leakage in flibe flibe systemsystem

3. MHD effects3. MHD effects

4. TNT loop for molten salt4. TNT loop for molten salt

    & Task 1-1-B in JUPITER-II    & Task 1-1-B in JUPITER-II

5. Liquid related IFMIF, ITER-TBM5. Liquid related IFMIF, ITER-TBM



Sagara  3

SC
magnet

Self-cooled
 T breeder  
TBRlocal > 1.2

Radiation shield   
reduction 
    > 5 orders       
 Thermal shield 

20°C

Vacuum vessel

T boundary
&

Protection wall  
Ph =0.2 MW/m
Pn =1.5 MW/m 
Nd =450 dpa/30y

2
2

Be

T storage

Pump

Pump

Tank

HX
Purifier

T-disengager

14MeV neutron

Turbine

Liquid
 /  Gas

Structural Materials

In-vessel
Components

Blanket

Thermo-
fluid

Tritium

June 6. 2003, A.Sagara

Safety
& Cost

Chemistry

shielding 
materials.

high temp.surface heat flux

Core
Plasma

Ignition access 
& heat flux
O.Mitarai
(Kyusyu Tokai 
Univ.)
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Blanket system
S,Tanaka
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Thermo-mechanical analysis
H.Matsui
(Tohoku Univ.)
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/ Sytem Integration
A.Sagara
(NIFS)
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(Tohoku Univ.)
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T.Kunugi
(Kyoto Univ.)
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A.Shimizu
(Kyusyu Univ.)
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(Kyusyu Univ.)

Device system code
H.Hashizume
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Thermofluid 
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S.Satake
(Tokyo Univ. Sci.)

Advanced 
first wall
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Reactor design activity in NIFS collaborationReactor design activity in NIFS collaboration

• on going
cf. NIFS annual repo.
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by O. Mitarai, to be submitted & NIFS annual repo. 266(2002).
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HF ratio (out/in) is max 1.15 at A=2~3HF ratio (out/in) is max 1.15 at A=2~3

 Parameters                              FFHR-1       FFHR-2
major radius : R 20 10 m
av. plasma radius : <ap> 2 1 m
toroidal field on axis : B0 12 10 T
fusion power : Pf (GW) 3  1 GW
energy confinement time : τE 3.7 1.8 sec
av. plasma density : <ne> 1E20 1.4E20 m-3

av. plasma temperature : <Te> 11 13.3 keV
alpha heating efficiency :ηα a 0.7 0.7
synchrotron reflectivity : Reff 0.9 0.9
hole fraction : fh 0.1  0.1
synchrotron loss : Ps 0.05 0.039MW/m2

Bremsstrhalung loss : PB 0.04 0.046MW/m2

Surface heat load : Pw 0.09 0.09 MW/m2

neutron wall loading : Pn 1.5 1.7 MW/m2

av. heat load on divertor : Pd 1.6 1.5MW/m2

coil to plasma clearance :δL 1 .1 0.70 ~ 1.25 m
coolant flow rate (Flibe) 7 2.3 m3/sec
coolant inlet pressure 0.6 0.6 MPa
coolant inlet temperature 450 450  C

Averaged values

In FFHR of A=10,
HF ratio (out/in) is less than 1.1
(cf. 1.22 in SSTR of A=4, ??).
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Tritium leakage inTritium leakage in flibe flibe system system
( by S. ( by S. FukadaFukada ) )
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W/O barrier, 200Ci/m/day from W/O barrier, 200Ci/m/day from ssss316 tube ( t=5mm, 316 tube ( t=5mm, ff=0.7m)=0.7m)

10
0

10
1

10
2

10
3

10
4

10
5

10
6

Tr
iti

um
 p

er
m

ea
tio

n 
ra

te
 p

er
 le

ng
th

 [C
i/m

da
y]

10
-12

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

Tritium concentration in Flibe [weight fraction]

10
1

10
2

10
3

10
4

10
5

10
6

Tritium partial pressure in Flibe [Pa]

j/z=pdr
Flibe

k
M

(x
T
-x

outside
)

j/z=pdK
p
(x

T

0.5
-x

outside

0.5
)/tK

H

0.5

diffusion-in-Flibe controlling

permeation-through-wall controlling

Flibe, 600C, sus316tube

W=2.1m
3
/s, Re=8.5x10

5
, Sc=870, Sh=1.9x10

4

corresponding to 190g/day



Sagara  8
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(1)a =1 (no by-pass) (2)a =1 (Flibe barrier) (3) a = 0.1
T generation rate in blanket 1,800kCi/day 1,800kCi/day 1,800kCi/day
T concentration in Flibe 5x10-4wppm (1kPa) 5x10-4wppm (1kPa) 5x10-3wppm (10kPa)
In T recovery system 1,765kCi/day 1,766kCi/day 1,441kCi/day
T leak through line from blanket to TRS 1kCi/day 1Ci/day 10kCi/day
T leak through secondary flow 34kCi/day 34kCi/day 340kCi/day
T Leak from heat exchanger 10Ci/day 10Ci/day 9kCi/day
T leak through line from HX to blanket 10Ci/day 10Ci/day 30Ci/day
T inventory in sus 316 8kCi/ton 8kCi/ton 30kCi/ton

He purge gas flow

W=2.2x10-4m3/s, Re=100, Sh=10

Flibe flow, W=2.1m3/s,
Re=9x105, Sh=2x104

With barrier of He sweep
gas (W=220cc/s) and/or
Flibe stagnant (t=0.5m) in
double wall (100m2),  the
leak level is 1.6Ci/day <
10Ci/day.

However, leakage
into the secondary
flow ~ 34kCi/day
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MHD effectsMHD effects
Evaluation methodEvaluation method for degradation of the insulator, for degradation of the insulator,
induced pressure increase.induced pressure increase.
Proposing new methodProposing new method to reduce the MHD pressure to reduce the MHD pressure
increase.increase.
Clarification of feasibilityClarification of feasibility for the  liquid blanket system. for the  liquid blanket system.

2003 2003 NIFS Collaboration ProgramNIFS Collaboration Program
H.Hashizume (Tohoku Univ.)

K.Muroga (NIFS)
A.Sagara (NIFS)

S.Tanaka (Tokyo Univ.)
H.Horiike (Osaka Univ.)
T.Kunugi (Kyoto Univ.)

Other 8 reserchers

JUPITER-II projectJUPITER-II project
Task 1-1-A
Task 1-1-B
Task 1-2-A
Task 3-1
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Present status

First discussion about First discussion about the effect ofthe effect of
crackcrack   existence on MHD pressure   existence on MHD pressure
drop (April 22 at NIFS)drop (April 22 at NIFS)

Selecting the model and geometrySelecting the model and geometry to to
evaluate the MHD pressure drop with.evaluate the MHD pressure drop with.
(benchmark model)(benchmark model)

Numerical and analytical approachesNumerical and analytical approaches
will be will be performed till this Augustperformed till this August..
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Thermo-fluidThermo-fluid behavior of turbulent MHD flows behavior of turbulent MHD flows
in a liquid blanketin a liquid blanket

The numerical analysis of the
well-known “Vortex Dipole”
problem under a magnetic field
is performed in order to evaluate
the influence of an electrical
conductivity of the first wall.

In the region of transition Reynolds
numbers, the increase or decrease
of friction coefficients of the
coolant like a Molten Salt having a
low electric conductivity is expected:
a transition Hartmann number
behavior. This behavior also may
lead the deterioration of heat
transfer.

MOTIVATION

OBJECTIVES

Vortex distribution
at t*= 4 and s＝100

Electric potential 
at t*= 4 and s＝100 

d, 1/5dWidth　D

s = 0.1, 1, 100Conductivity

Ha = 42Hartmann
number

In turbulence, energy loss increasesIn turbulence, energy loss increases
in the parallel flow with in the parallel flow with BB

by S. Satake, in NIFS Annual Repo. 2002-2003

Bx

wall

liquid

wall pair of vortex

22D simulationD simulation
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Velocity profiles (Velocity profiles (BB=10[T])=10[T])

(a) Without Insulator
(b) Coated with Insulator

[1] Flibe

)(

M-shape Flat-shape
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s

By H. Hashizume
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By H. Hashizume

(a) Without Insulator

[2] Lithium

M-shape Flat-shape

-910=
-σHT9

σi s
s

(b) Coated with Insulator
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TTohokuohoku-N-NIFSIFS  TThermofluidhermofluid  loop loop 
for molten saltfor molten salt

Simulant for Flibe is used.
(HTS: Heat Transfer Salt)
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Heat transfer Heat transfer enhancer enhancer at at low flow ratelow flow rate  
…… Packed-bed tube Packed-bed tube

Fig.Re vs heat transfer characteristics (at 300 mm)

Fig.Pump frequency vs heat transfer coefficient (at 300 mm)

About About 22 times higher than times higher than
turbulent heat transferturbulent heat transfer

300 mm

HERE

Flow

Fig.  Flow structure near wall
(Result of 2D numerical simulation)

By S. Chiba and K.Yuki

19.5mm

5mm
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<<Plan of TNT loop>Plan of TNT loop>

•d=1/4D : Repacking beds: in order to research the effects of particle arrangement.

•d=1/2D : Effect of particle diameter (SUS) + Repacking

•d=1/2D or 1/4D : Effect of particle thermal conductivity (Zirconia is planned
to be used) + Repacking

After the experiments for packed-bed tube,

twisted-tape inserted tubetwisted-tape inserted tube is planned.

Visualization and quantitative turbulence measurements for Flibe simulant

   FLI-HY-closed loop @ UCLAFLI-HY-closed loop @ UCLA : KOH circulating loop : KOH circulating loop

 The same parameter ranges and geometry as TNT loop (Re, Pr)

 Clarification of its thermofluid structure (flow and temperature fields)

   (with/without Magnetic fieldMagnetic field)

 Comparison with numerical simulation of Flibe Simulant (Magnetic fieldMagnetic field)

< < at UCLA > --- JUPITERⅡⅡⅡⅡat UCLA > --- JUPITERⅡⅡⅡⅡ project (Task 1-1-B) project (Task 1-1-B)
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Recent Japanese Activity Relating withRecent Japanese Activity Relating with
V/Li SystemV/Li System

IFMIFIFMIF-KEP, Transition, EVEDA
– Li free-surface tests to 15 m/s (Osaka-U)
– Li purification with V and Cr alloys (U. Tokyo)
– T-recovery (planned)

Initiation of conceptual design effort for ITER-ITER-
TBMTBM application by Universities
– NIFS-collaboration (Chaired by H. Matsui)
–– V/Li as reference and V/Li as reference and Flibe Flibe as back-upas back-up
– Support from JAERI blanket team

H.Matsui, T. H.Matsui, T. MurogaMuroga
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TBM Schedule (proposed by JAERI)TBM Schedule (proposed by JAERI)
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Short-Term Schedules and MembersShort-Term Schedules and Members

SubjectSubject UniversityUniversity NIFSNIFS Initial ActivityInitial Activity

Thermal-structuralThermal-structural
AnalysisAnalysis

HashizumeHashizume
HoriikeHoriike

TakahashiTakahashi

ImagawaImagawa
NagasakaNagasaka

Thermal-structuralThermal-structural
analysisanalysis
MHD-reductionMHD-reduction

NeutronicsNeutronics IguchiIguchi T. TanakaT. Tanaka T-productionT-production
Nuclear Heat, After Heat,Nuclear Heat, After Heat,
ActivationActivation

T-recoveryT-recovery S. TanakaS. Tanaka
FukadaFukada

SuzukiSuzuki Hot trapHot trap
Cold trapCold trap

MaterialsMaterials MatsuiMatsui
AbeAbe

NagasakaNagasaka Design dataDesign data

FlibeFlibe--modulemodule
conceptconcept

TeraiTerai SagaraSagara Concept explorationConcept exploration

Design IntegrationDesign Integration MatsuiMatsui
JAERIJAERI

MurogaMuroga
SagaraSagara

ReportinReporting

Activity has started in December 13, 2002
First output expected by March 2004        Workshop Agenda

renygre
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