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High Temperature Gas-cooled Reactor (HTGR) is expected to extend the use of nuclear heat to a
wider spectrum of industrial applications because of the high temperature heat supply capability and
inherently safe characteristics. Japan Atomic Energy Agency has been conducting research and
development for remaining topics in need of further development of high efficient HTGR gas turbine
power generation system which is recommended by a task force established under the Nuclear Science
Committee of Ministry of Education, Culture, Sports, Science and Technology (MEXT). We are
developing a plan for a nuclear cogeneration demonstration utilizing of the High Temperature engineering
Test Reactor (HTTR), the first HTGR in Japan. In addition, we are developing turbine blade alloy for
reduction of fission product plate-out.

This report is the revised version of the report titled “Design Database of Helium Gas Turbine for
High Temperature Gas-cooled Reactor, JAEA-Data/Code 2016-007” reflecting component design and
experimental data analysis results for fission product isotope diffusion through the turbine blade alloy

conducted in Fiscal Year 2016.
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Table 2.2 Piping specifications of secondary helium cooling system (1/4)

Number PP1 PP2 PP3 PP4 PP5 PP6 PP7 PP8
End of Containment d o
From o _ 2" HX Mixing volume
Segment Vertical Horizontal co-axial piping Containment penetration J
2" THX bypass line
co-axial piping co-axial piping Containment penetration d
To ) 2" THX Mixing volume Turbine
penetration
o o o Inner insulated Inner insulated Inner insulated Inner insulated Inner insulated ] o
Piping type Co-axial piping Co-axial piping o o o o o Single piping
piping pipmg pipmg piping piping
Outer pipe Material SCMV4 SCMV4 SUS316TP SUS316TP SUS316TP SUS316TP SUS316TP SUS316TP
(Pressure Outer diameter [mm] 609.6 558.8 914.0 406.4 660.0 660.0 660.0 508.0
boundary) Thickness [mm] 31.0 28.6 45.0 21.4 34.0 34.0 34.0 26.0
Material STPA24 STPA24 - - - - - -
Inner pipe Outer diameter [mm] 457.2 406.4 - - - - - -
Thickness [mm] 23.8 21.4 - - - - - -
Material Kaowool Kaowool Kaowool Kaowool Kaowool Kaowool Kaowool -
Inner insulator
Thickness [mm] 73.8 56.8 187.0 52.0 166.0 166.0 166.0 -
Material Hastelloy-XR Hastelloy-XR Hastelloy-XR Hastelloy-XR Hastelloy-XR Hastelloy-XR Hastelloy-XR -
Liner Outer diameter [mm] 262.0 250.0 450.0 260.00 260.0 260.0 260.0 -
Thickness [mm] 6.0 5.0 7.0 5.0 5.0 5.0 5.0 -

Outer insulator

Material

Silica insulation

Silica insulation

Silica insulation

Silica insulation

Silica insulation

Silica insulation

Silica insulation

Thickness [mm]

125.0

125.0

30.0

30.0

30.0

30.0

70.0

-7 ~8-
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Table 2.2 Piping specifications of secondary helium cooling system (2/4)

Segment

Number

PP9

PP11

PP12

PP13

PP14

PP15A

PP15B

From

Turbine

Integral heat

exchanger

Compressor

Integral heat

exchanger

Branch for IHX
bypass line

Branch for cooler A

and cooler B

Branch for cooler A

and cooler B

To

Integral heat

exchanger

Compressor

Integral heat

exchanger

Junction for [HX
bypass line

Branch for cooler A

and cooler B

Cooler A

Cooler B

Piping type

Single piping

Single piping

Single piping

Single piping

Single piping

Single piping

Single piping

Outer pipe
(Pressure

boundary)

Material

SUS316TP

STPT410

STPT410

SUS316TP

SUS316TP

SUS316TP

SUS316TP

Outer diameter [mm]

508.0

406.4

406.4

406.4

406.4

406.4

2674

Thickness [mm]

26.2

21.4

21.4

21.4

21.4

21.4

15.1

Outer insulator

Material

Silica insulation

Silica insulation

Silica insulation

Silica insulation

Silica insulation

Silica insulation

Thickness [mm]

150.0

50.0

50.0

125.0

125.0

70.0

Table 2.2 Piping specifications of secondary helium cooling system (3/4)

Segment

Number

PP16A

PP16B

PP17

PP17b

PP20A,B,C,D

PP21

PP22

PP23

From

Cooler A

Cooler B

Branch from cooler

A and cooler B

To

Branch from cooler

A and cooler B

Branch from cooler

A and cooler B

Connection to

co-axial piping

Containment

penetration

IHX inlet

IHX bypass line

Recuperator inlet

temp. control line

Recuperator inlet

temp. control line

Piping type

Single piping

Single piping

Single piping

Single piping

Single piping

Single piping

Single piping

Single piping

Outer pipe
(Pressure

boundary)

Material

STPA24

STPA24

STPA24

STPA24

STPA24

SUS316TP

STPT410

SUS316TP

Outer diameter [mm]

406.4

267.4

406.4

406.4

165.2

406.4

406.4

406.4

Thickness [mm]

21.4

15.1

21.4

21.4

41.8

21.4

21.4

21.4

Outer insulator

Material

Silica insulation

Silica insulation

Silica insulation

Silica insulation

Silica insulation

Silica insulation

Thickness [mm]

125.0

50.0

125.0

125.0

125.0

125.0

-9 ~10-




Table 2.2 Piping specifications of secondary helium cooling system (4/4)

JAEA-Data/Code 2017-011

Number PP24 PP25 PP26 PP27 PP28 PP29 PP30
Containment End of inner
From . . . . . . .
Segment Turbine bypass ) ) penetration insulated piping Choking valve S Turbine inlet temp.
] Turbine bypass line ) Rupture disk line )
control line End of inner ] bypass line control line
To ' o Turbine
insulated piping
o . ] ] o Inner insulated ) ) ) ) o
Piping type Single piping Single piping o Single piping Single piping Single piping Single piping
piping
Outer pipe Material STPT410 STPT410 SUS316TP SUS316TP STPT410 STPT410 STPT410
(Pressure Outer diameter [mm] 406.4 406.4 660.0 508.0 406.4 406.4 114.3
boundary) Thickness [mm] 21.4 21.4 34.0 26.0 21.4 21.4 8.6
Material - - - - - - -
Inner pipe Outer diameter [mm] - - - - - - -
Thickness [mm] - - - - - - -
) Material - - Kaowool - - - -
Inner insulator
Thickness [mm] - - 166.0 - - - -
Material - - Hastelloy-XR - - - -
Liner Outer diameter [mm] - - 260.0 - - - -
Thickness [mm] - - 5.0 - - - -

Outer insulator

Material

Silica insulation

Silica insulation

Silica insulation

Silica insulation

Silica insulation

Thickness [mm]

125.0

125.0

70

125.0

125.0
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Table 2.3 Major specifications of recuperator

Items Specifications
Component number 1
Heat transfer rate [MW] 19.69
Design temperature [°C] Fin:590, Vessel:150
Design pressure [MPa] 5.1
Fin pitch [mm] 1.2
Gap width between fins [mm] 1.2
Fin thickness [mm] 0.15
Plate thickness [mm)] 0.5
Heat exchange module number 7
Heat exchange module width [mm] 320
Heat exchange module length [mm] 380
Heat exchange module fin stage number 75
Flow area [m’] 0.154
Heat transfer area [mz] 891
Vessel outer diameter [mm] Top head:2880,
Lower head:1740
Vessel wall thickness [mm] Top head:50,
Lower head:60
Vessel height [mm] 9400
Plate, fin SUS316

. Inlet connecting piping
Material

HP side:STPT410,
LP side:SUS316

Out connecting piping

SUS316

Vessel

SQV2A
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Table 2.4 Major specifications of precooler

Items Specifications
Component number 1
Heat transfer rate [MW] 4.784
Design temperature [°C] Shell:150, Tube:60
Design pressure [MPa] Shell:5.1, Tube:0.98
Inner shell outer diameter [mm)] 0.88
Shell inner diameter [mm] 1680
Shell wall thickness [mm] 60
Tube outer diameter [mm] 28.8
Tube thickness [mm] 2.85
Fin outer diameter [mm] 31.8
Fin height [mm] 1.5
Fin thickness [mm] 0.3
Fin pitch [mm] 1.29
Tube number 143
Effective tube length [mm] 1400
Helical coil layer number 9
Inner coil diameter [mm] 960
Outer coil diameter [mm] 1600
Radial coil pitch [mm] 40.0
Axial coil pitch [mm] 40.0
Effective heat transfer height [mm] 1210
Heat transfer area [mz] 125.5
Material Shell SQV2A
Tube STB410
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Table 2.5 Major specifications of cooler

Htems Specifications
Cooler A Cooler B
Component number 1 1
Heat transfer rate [MW)] 4.43 4.19
Design temperature [°C] Shell:500, Tube:300 Shell:500, Tube:300
Design pressure [MPa] 5.1 5.1
Plenum inner diameter [mm] 1200.0 1000
Plenum wall thickness [mm)] 60.0 50.0
Shell inner diameter [mm)] 1200.0 100.0
Shell wall thickness [mm] 60.0 50.0
Baffle plate thickness [mm] 150.0 120.0
Tube outer diameter [mm] 254 254
Tube thickness [mm] 2.9 2.9
Tube number 185 153
Tube arrangement Triangular array Triangular array
Tube pitch [mm] 40.0 35.0
Effective tube length [mm] 2400 3800
Plenum SB410 SB410
Material Shell SUS316 SUS316
Baftle plate SUS316 SUS316
Tube SUS321TB SUS321TB
Table 2.6 Major specifications of mixing volume
Items Specifications
Component number 1
Design flow rate [kg/s] 9.825
Design temperature [°C] 925
Design pressure [MPa] 5.1
Material Shell SUS316
Liner Hastelloy-XR
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Table 2.7 GD values for helium gas turbine

Components GD? value [kgm’] Corresponding GD” value
[kgm’]
Total 6789.3 7000.0
Table 2.8 (a) Design specification of HP turbine
Component type Centrifugal
Working fluid Helium
Rotational speed min” 18000
Stage number 1
Tip speed m/s 377
Pressure ratio 1.13
Component number 1

Table 2.8 (b) Design specification of LP turbine
Component type Centrifugal
Working fluid Helium

Rotational speed min™ 18000
Stage number 1
Tip speed m/s 377
Pressure ratio min” 1.15
Component number 1
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Table 2.9 (a) Design specification of HP compressor

Component type Centrifugal
Working fluid Helium
Rotational speed min” 16387
Stage number 2
Tip speed m/s 322/339
Pressure ratio min™ 1.18
Component number 1

Table 2.9 (b) Design specification of LP compressor

Component type Centrifugal
Working fluid Helium
Rotational speed min” 16387
Stage number 2
Tip speed m/s 339/339
Pressure ratio min™ 1.17
Component number 1
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Table 2.10 Design specification of generator/motor

Rated power [kW] 2500
Motor type AC motor
Cooling type Ambient air
Rotational speed [rpm] 1450/1550
Pole number 6
Component number 1
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Fig.2.2(a) Configuration for secondary helium cooling system in HTTR-GT/H; plant (Sole power generation)
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Fig.2.2(b) Configuration for secondary helium cooling system in HTTR-GT/H, plant (Cogeneration)
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Fig.2.3 Cross cut view of integrated heat exchanger (1/2)
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Corrective flow rate

Efficiency
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- —HP turbine
I - = LP turbine

Flow coefficient ¢

Fig.2.7 Correlation between flow coefficient and corrective flow for turbine

Flow coefficient ¢

Fig.2.8 Correlation between flow coefficient and efficiency for turbine
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Flow coefficient

Fig.2.9 Correlation between flow coefficient and pressure coefficient for compressor

Efficiency

Flow coefficient

Fig.2.10 Correlation between flow coefficient and efficiency for compressor
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3. a—EVREBEHEEDDORSRERMRMAFEDIEHHRER T — 5

31 RBRFE

H— B VREHA A TH D ERIEA a2l 713C &, FP OZERNIETH 58 (Ag) LD
PR D INENE O Y)W A #~ A 7 17 Z A4 % (Electron Probe Micro Analyzer ; EPMA) (Z
Lo+ 52 LT, F—EUREMEESTD FP OILHT — 2 285 L=, -, 7 —%
AT L, JEEEEEIY R 2 L— g VB EREREFE Lc, ULTIZRBRAEL =T,

F9°. 10mm VU7 D G S VRS SR PEA > 3 1oL 713 OB ICEMRD - Z¥ET Ag K
(9 Sum) ZERSHE, Z0O%, Ag ZREMIEOT-H=> 71 (Ni) K (8 5um) Zhi L., ¥z
okt & L7z, Table 3.1 12 > =2 %L 713C OAHAK. Fig.3.1 [ZHEHO O IX 2777, JRHO 302
EBh DT DA FAENICEZEE AL, XU 2 H T 800°C T 2,000 RO MEAZ 1T > 7=, NEL
B ORI ZARE D v Z—ITTUIWr L, EEMEBIRICE DAL, U 2 RS2 A L C Ul
?D EPMA IZ X W B AT T,

3.2 HBRERE Ok ER
3.2.1 B

Fig.3.2 |ZEARE FIMEE =L X —580% X #5761k (Scanning Electron Microscope /
Energy Dispersive X-ray Spectroscopy ; SEM-EDX) |2 X 258 /i G)Wr o o R 2 R~3, Ag Kk
O'Ni [Z2W TP EDX i~ v B 7 OfERN G BB UM O SEM Hifg EICBW TR %
I Ag Do TR A WERRIZIRFE L. 22D, Ag i 1IZ Ni Do ZERIKEAORIRICFEF L T
D ENHBITE D, ZORENS, BERANICBWTEMGS L Ag OIEBHIMEE T %
TH D 2 AR TE TV LI L. Ag ORI ~DOIHEM 2B 5 I 27280,
EPMA I X5 T A v onREmAERH (LU, T7 A4 »3HAl)) % SEM-EDX #BLE24i0H & [F] U sk
THER L7,

Fig.3.3 XU Fig.3.4 IZ EPMA (2L 2 7 A VEHURE R AR~ T, ARBRCIIZfatto A o ax
713C ZFEAia4 L LW, Fig.3.3, Fig.3.4 TS KHITRI R SRR N BN S 7z, bk
BLN B OVt SRS R O EBE R D 752 B0 5 2T 5 728  EPMA 7 A > GHIIEAE BRI (Fig.3.3) .
KRR (Fig3.4) (129> CTHEMi L7z, sk Ok R b o 7 A4 VRHINLE 2 ZhEh
Fig.3.3.Fig.3.4 O F /> SEM Wi} E1Z, 7 A > HlfE R 2 KA IR T, DT ofER s .
A A AT FP AR ORI L 5 L b b Ag DIRITERE L HEHI SN DES (AgfEa) 2
Bz, EHAEETD Ag 5513 Fig.3.3 X X Fig.3.4 FCHR< - IR ICBIZR ST b,
Fig.3.3 O ki Tld Ag (5 SR 1359 T, 2>, JEBEEIR S 3um F2E I £ > TV D DIkt
L. Fig.3.4 OfEERIRH CIIfEmbIN L 0 “HREOEWESRE TH 0 | JLHEK S Sum LI
WCRATND, THODORERD ., RG-S ORI & fEd b R R Tl FPRIGLIROIE
BN 72 0 | RSSO A FP O @ LR & L CHERE L T\ 2 WIREMED R S 4T,
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3.2.2 SrHriG R
HER T — X AT L. PESEE L I 2 L — g VICHLERERARIE LT,

(1) FEReE

Ni-Ag ZDIRREK /5, $RIZAS TH D 961.93°C DIRESMETIL, M=y 7 1%ETL)
BT, BEEREZERT 2, —7, M=y FVTIE L A SR LR, A a3 x)L 713C
HFIZEEND =y T VL T0%RETH D Z b, A a2zl 713C FOMAN RO 7 a7 7
ANVITFig3s DE DI D EMESND, KT 0T 7 AWk, MEROMEEE | BEAEOHEEO —
DO THR SN TE Y, OO OS R CHRIEEIL 100%0° 5 %A I AEMICE{L L T
%o SEM/EDX % HVNTHISR D EI O VR X 2 & U725 R % Table 3.2 (TR,

(2) Kife
SEM it~ 6 ., kifkiE 800-900um & HEE S D,

(3) KiFhE

RLFR I — RSB E DT 55, HDHWEY 7T A— kb (0.6 nm BE) THDH, 5%,
TEM % W\ T YR B ORLFUE 2 5T ETH S,
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Table.3.1 Composition of Inconel 713C (wt%)

Ni Cr Co Mo w Ta Nb Ti Al Fe others
IN713C Bal. | 12.5 - 4.2 - - 2 08 | 6.1 2.5 0.13

Table 3.2 Maximum depth in pure Ag region, where Ag was detected with SEM/EDX. Aging temperature:
800°C. PC: Poly-crystalline Inconel 713C. SC: Single-crystalline Inconel 713C.

PC 400 1.06
PC 1600 1.60
SC 400 0.58
SC 1600 1.35

Ni: Approx. 5 U m
Ag: Approx. 9 U m

Sample

Fig.3.1 Schematic diagram of the diffusion pair

———— 10 pm AglL

Fig.3.2 SEM-EDX analysis result for the cross section of specimen
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Ag [at%]

100.00%

10.00%

1.00%

0.10%

|:

Solid solution region.

\ :Quantitative analysis is needed.

Pure Ag region.
:Maximum depth is shown in Table.3.2.

/\\

3

2 0 2 4 6 8 10 12 14 16 18 20
y [um]

Fig.3.5 Schematic depth profile of Ag after aging
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4. FEOH

A IR CIE, SR ZFE WA AT AR —E N LA E N RREICE H L, R THIH
TOJEAIFREER DNV LI AL —E L K UK BE i 7R DOHEHARDFFR A D BUAGo~IT LA A
B —E L FE BT OKFRIE BN OfEREA H 12, HTTR (ST AT AZ —E 2 K UK 3R SIS fi 5%
EPDOBR L AT bzt Lz HTTR BFIHERBRAEIEL T\D, o, NI LT AZ—E D
BWHREATEL T, X—E 28T D FP LB IRBEANT OBFFERR R & T L CTUD, AR TIL, Ak 28 4
FEWTRAT Ul D@ T A IF e T o~V AT RS —E D% EHT — 4 (JAEA-Data/Code
2016-007) 122V, Fpk 28 IS IE0E L 7= HTTR Bt 2R H > AT L O EREEFHRE 3L, SO, #
—E U BG4 T OB 5 B A RN AR OPEEGERER 7 — & 43 ATt S SO L 72,

Eth, NI DAL —E L DB FEH AN, HKIERITO HTTR 2R B E % B 5L T,
[EHRA AIFRFFE B S B35 1 1 D72 0 B A7 IFSEBR R L 7 AU I SR E = L ¥ —F L
OMOT vy NS 1T HE D& YL G T — 22 KE =X —H L OT A X HRESLHFFEFTIC
T EThHD,

&

HTTR \C#5e 4 2 BFH o 2 7 LA OREr, NS, #— B EAD FP IS IKEE AT ORFZER 7
WZHT- 0 EER TS ETAWZEET AFAKSE - BFIHMEE ¥ — BE—Ztr¥—FE. #
BT oY a R, P)IERBUIE RISV LET,

P

) JRFAIRAEINE RS SR AP BN FER S E R S, iR R BB ISR 5 1 D
WFFEBAFE DHESD T DOUNT(H),
http://www.mext.go.jp/b_menu/shingi/gijyutu/gijyutu2/072/attach/1351826.htm, (7272 AH:
2017/7/21).

2) AHEAT, Yok, BFARIKME, Xing L. Yan, EHEY AP ICHERET 5D DI AZ—E L Df%F
7 —4, JAEA-Data/Code 2016-007 (2016), 27p.

3) Saito, S., Tanaka, T., Sudo, Y. et al., Design of High Temperature Engineering Test Reactor (HTTR),
1994, JAERI 1332, 247p.
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