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Abstract

The trittum breeding blanket concept is a very important experiment platform in
ITER,which will achieve tritium self-sufficency and extract high-grade heat that will be
translated into electricity. At the same time, it will offer reliable statistics in order to build
blanket in the DEMO reactor. ITER, as an important experimental platform for developing
fusion energy, will be used to conduct some relevant technical experiments by the
participant countries. In this instance, China submitted the Design Description Document
for the Chinese Helium Cooled Solid Breeder(CH HCSB)Test Blanket Module to TBWG in
2004. Now, all the relevant design and research about the HC-SB TBM is in progress. The
first test blanket module for testing electromagnetic will launch into the experiment as soon
as ITER running. Constructing a high temperature helium experimental loop is essential to
insure the TBM’s design credibility and operational safety.

On the base of domestic and abroad helium experimental loop design and running
experiences, the conceptual of high temperature helium loop was designed, in which the
main loop system, pressure control system, water cooled system, helium pure system and
key components was presented.

Recuperator is an important component in the loop. It adopts finned heat exchanger
according to the characteristic of the gas-to-gas heat exchanger, the thermal design and
numeric analysis is also carried out.

The professional software is used to simulate and analyze the pipe’s stress and force
condition at the key part of the pipe and the junction of the pipe and circulator. ~According
to the simulated results, the pipe design is reasonable; the condition of the stress and
influence to circulator is allowable.

The operation and security of the loop is proved in the thesis, the main research is
summarized and the suggestion for the next work in the last part is proposed.

The design, calculation and analysis in this thesis is valuable for the future further

detailed design and practical engineering design.

Keywords: High temperature helium experimental loop ~ Conceptal design

Recuperator Pipe Sress

II



Abstract

The trittum breeding blanket concept is a very important experiment platform in
ITER,which will achieve tritium self-sufficency and extract high-grade heat that will be
translated into electricity. At the same time, it will offer reliable statistics in order to build
blanket in the DEMO reactor. ITER, as an important experimental platform for developing
fusion energy, will be used to conduct some relevant technical experiments by the
participant countries. In this instance, China submitted the Design Description Document
for the Chinese Helium Cooled Solid Breeder(CH HCSB)Test Blanket Module to TBWG in
2004. Now, all the relevant design and research about the HC-SB TBM is in progress. The
first test blanket module for testing electromagnetic will launch into the experiment as soon
as ITER running. Constructing a high temperature helium experimental loop is essential to
insure the TBM’s design credibility and operational safety.

On the base of domestic and abroad helium experimental loop design and running
experiences, the conceptual of high temperature helium loop was designed, in which the
main loop system, pressure control system, water cooled system, helium pure system and
key components was presented.

Recuperator is an important component in the loop. It adopts finned heat exchanger
according to the characteristic of the gas-to-gas heat exchanger, the thermal design and
numeric analysis is also carried out.

The professional software is used to simulate and analyze the pipe’s stress and force
condition at the key part of the pipe and the junction of the pipe and circulator. ~According
to the simulated results, the pipe design is reasonable; the condition of the stress and
influence to circulator is allowable.

The operation and security of the loop is proved in the thesis, the main research is
summarized and the suggestion for the next work in the last part is proposed.

The design, calculation and analysis in this thesis is valuable for the future further

detailed design and practical engineering design.

Keywords: High temperature helium experimental loop ~ Conceptal design

Recuperator Pipe Sress

II



2008 05 06

2008 05 06 2008 05 06



1.1
International Thermonuclear Experimental reactor,[TER
500MW 500s ]
S B 1985 ITER
EDA 1998
ITER 100
ITER
1998 ITER
50% ITER-FEAT Fusion Energy
Advanced Tokamak 2001 ITER
46 8 10 20 2006 11 21

ITER International Thermonuclear Experimental reactor

ITER
B A EEH
Hges 25
Y7 iiif
FrheE el
s
T EREEE

1.1 ITER



ITER

TBM Bl ITER

ITER
ITER-FEAT
Test Blanket Moldule TBM

DEMO

ITER TBM
TBM
TBM
t 1.1
1.1 5
TBM
a /
b / /
C /
d / / -
e / / /FLiBe
TBM a ¢




450 900 -

TBM
ITER TBWG Test Blanket Work Group
2004
/ / CH HC-SB TBM
10MPa
Li4S104 0.5 Imm 0.5mm 1mm
[4]15]16]
ITER 10MPa
8MPa
7 CH HC-SB TBM 2005 11
16 ITER ITER
EM-TBM
TBWG , ITER H-H D-D D-T
EM-TBM NT-TBM TM-TBM
PI-TBM
TBM
/
1.2

90 10MW HTR-10



HETL HETL 4.0MPa
300m’/h, 500kW HETL
1.208
WREEE |
LA L £ B
| £-F 1
| I— R

!
A

1A e, 2 WUHEL: 3 mimthig,

1.2
HETL

100 116
10MPa
10%~100%

HHIx

4. S NMEN s BURRELRE
HETL

M

8.0MPa 8.42MPa

300m’/h 100kw

(4]

@ 38mmx 4  Incoloy800



> 03U m ]

[10]

[11][12] [13] HTR-10

ENEA HE-FUS3 ITER
1992-1995 ENEA HCCB
DEMO
LOCA,LOFA,
ENEA HE-FUS3 1992 ENEA
1993 45%
1994 4 1995
1996 1995 ITER EURATOM
DEMO
ITER HE-FUS3 8
[14] 1.2
1.2 HE-FUS3
10.5 MPa

530 °C

530 °C

100 °C

0.05-0.35 kg/s




16.000

0.5 MPa

110 kVA

210 kW

564 kW

280 kW

3m’

1997 HE-FUS3 350~500
°C 1998  HE-FUS3
HCPB LOCA/LOFA
TBM
2008 3]
IFMIF International Fusion Materials Irradiation Facility ITER  DEMO
Karlsruhe
HELOKA-Low Pressure for
IFMIF/HFTM(HELOKA-LP) HELOKA-High Pressure for TBM (HELOKA-HP/TBM)
HELOKA-High Pressure for TDM HELOKA-TDM and

DEMO(HELOKA-HP/TDM+DEMO) HELOKA
1.3He1t1



1.3 HELOKA

/
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f—— 4.1
4.1 f
N f N f

N< 7000 10 45000 N< 100000 0.6

7000 N< 14000 0.9 100000 N< 200000 0.5

14000 N< 22000 0.8 200000 N< 700000 0.4

22000 N< 45000 0.7 700000 N< 2000000 0.3

4.1.2
CAESAR CFD Polyflow,
COADE
( (
) ( )
41 42 43 44

ASME B31.1 42 43

44 45
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4.2

kPa kPa kPa kPa
5 31144 29034 118948 289909 26.18% 10.01%
10 28264 19225 118948 292789 23.76% 6.57%
15 35023 61093 118948 286031 29.44% 21.36%
20 36083 40592 118948 284971 30.34% 14.24%
25 27263 30783 118948 293791 22.92% 10.48%
30 31593 10377 118948 289461 26.56% 3.58%
35 32322 13716 118948 288732 27.17% 4.75%
40 30396 36540 118948 290657 25.55% 12.57%
45 32642 51119 118948 288411 27.44% 17.72%
50 31786 46395 118948 289268 26.72% 16.04%
55 54132 95323 118948 272755 45.51% 34.95%
60 31516 53372 118948 289538 26.50% 18.43%
65 32568 17030 118948 288485 27.38% 5.90%
70 31703 18208 118948 289351 26.65% 6.29%
75 37949 141865 106427 272458 35.66% 52.07%
80 27703 110864 106427 277698 26.03% 39.92%
85 28290 167847 106427 277112 26.58% 60.57%
90 29294 26254 106427 276107 27.52% 9.51%
95 30998 196610 106427 274404 29.13% 71.65%
100 26117 211533 106427 279286 24.54% 75.74%
105 28069 86812 106427 277333 26.37% 31.30%
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43

kPa kPa kPa kPa
5 25126 19082 137895 319612 18.22% 5.97%
10 25260 14077 137895 319477 18.32% 4.41%
15 25831 29163 137895 318907 18.73% 9.14%
20 26478 18321 137895 318259 19.20% 5.76%
25 31832 5849 137895 312905 23.08% 1.87%
44
kPa kPa kPa kPa
5 33579 272040 137895 311159 24.35% 87.43%
10 25113 93782 137895 319624 18.21% 29.34%
15 30989 16199 137895 313748 22.47% 5.16%
20 25337 7952 137895 319400 18.37% 2.49%
25 27244 295 137895 317493 19.76% 0.09%
30 22930 27517 137895 317266 16.63% 8.67%
35 25161 25600 137895 319575 18.25% 8.01%
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4.5

kPa kPa kPa kPa
5 31418 17775 137895 313318 22.78% 5.67%
8 28489 16497 137895 316249 20.66% 5.22%
10 26282 20928 137895 318455 19.06% 6.57%
15 25264 19690 137895 319472 18.32% 6.16%
20 29770 26965 137895 314966 21.59% 8.56%
25 41765 29509 137895 305984 30.29% 9.64%
30 31750 9426 137895 312988 23.02% 3.01%
35 31174 9548 137895 313563 22.61% 3.05%
40 26667 12062 137895 318071 19.34% 3.79%
45 26624 14589 137895 318114 19.31% 4.59%
50 27828 15593 137895 316909 20.18% 4.92%
55 30840 12253 137895 313896 22.36% 3.90%
100 28224 11389 137895 316512 20.47% 3.60%
105 28537 10555 137895 316200 20.69% 3.34%
110 37929 12481 137895 306808 27.51% 4.07%
115 39156 31806 137895 315673 28.40% 10.08%
200 48194 6184 137895 296544 34.95% 2.09%
205 39752 9378 137895 304984 28.83% 3.07%
210 29898 24330 137895 314839 21.68% 7.73%
215 30883 11092 137895 313853 22.40% 3.53%
220 26073 17164 137895 318664 18.91% 5.39%
225 28514 13632 137895 316223 20.68% 4.31%
42 43 44 45
1
100 211533kPa 75.74%
272040kPa 87.43%
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4.2

42.1

ASME B31.1

<6750

4.6

De

[43]

Fx

X

API 617

F+1.09M < 54De

mm 200 De=
200 De= +400 /3
N
N- m
125mm
4.3
35 15
Fy Fz X y z Mx

Yy z

45

F+1.09M

My Mz



4.6

/ N / kN- m’
Fx Fy Fz Mx My Mz
35 -21274 -672 1055 36 -2076 -351
15 0 -1505 0 0 0 0
4.6 X
6750
4.5
4.5
45 65
4.7
4.7
/ N / kN- m’
Fx Fy Fz Mx My Mz
35 -2043 -507 78 20 -173 399
15 0 -972 0 0 0 0
45 0 -1233 0 0 0 0
65 0 1043 0 0 0 0
4.7
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F+1.09M 2581 38.24%

422
4.4
5 4.8 Fx
Fy Fz X y z Mx My Mz X
y z
4.8
/ N / kN- m’
Fx Fy Fz Mx My Mz
5 =754 -1074 228 -174 1048 720
20 0 -1139 0 0 0 0
110 0 -3600 0 0 0 0
210 0 -1687 0 0 0 0
4.8 F+1.09M
=2731 6750  40.46%
423
Fc+1.09M¢ <40.498D¢
Fc N
Mc N- m
D¢ mm
230mm Dc=
230mm Dc= +460

/3
125mm Dc=176.78mm

47



Fct+1.09M¢ <7159
Fc Mc X Y Z

|F,|< 16.199D¢ [M,|< 24.688Dc

|F,|< 40.498Dc IM,|< 12.343Dc

|F.|< 32.399Dc IM|< 12.343Dc

Fex Fey Fez Fc X Y Z N
Mcx Mcy Mcz Mc X Y Z m
49 4.10
4.9
/ N / N
SFX -2797 2864 97.66%
SFY -1581 7159 22.08%
SFZ 306 5727 5.34%
4.10
/ /
KN- m’ kKN- m’
SMX -154 4364 3.53%
SMY 875 2174 40.25%
SMZzZ 1119 2182 51.28%
49 410
FC+1.64MC=5571 7159 77.82%
X

4.3
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4.11

4.11

kPa kPa kPa kPa
5 26939 29681 137895 317798 19.54% 9.34%
10 25542 14618 137895 319194 18.52% 4.58%
15 29177 14365 137895 315561 21.16% 4.55%
20 25137 13350 137895 319600 18.23% 4.18%
25 25850 12362 137895 318888 18.75% 3.88%
30 25418 9207 137895 319319 18.43% 2.88%
35 22421 6851 137895 322316 16.26% 2.13%
40 26963 10245 137895 317774 19.55% 3.22%
45 29115 34130 137895 315623 21.11% 10.81%
50 27892 23771 137895 316845 20.23% 7.50%
55 26630 20976 137895 318107 19.31% 6.59%
60 25333 10429 137895 319403 18.37% 3.27%
65 27085 23821 137895 317652 19.64% 7.50%
70 25859 17139 137895 318879 18.75% 5.37%
75 25464 16246 137895 319274 18.47% 5.09%

4.11

4.4
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ITER-TBM
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ITER
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