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Abstract: A steam generator poses many difficulties during the development of a sodium-cooled fast reactor because of the
sodium-water-reaction problems. Until now, several types of steam generators have been developed, but the specifications of
these generators differed in each country. Moreover, even if a country had developed a steam generator, it was not used in the
subsequent reactor because the current techniques were not stabilized to select the proper steam generator. As a common
development, the Benson steam cycle with few welding locations and high economical efficiency may be adopted. Moreover,
the design is dwelled on the convenience of inspection, detection, control, and maintenance for the wear caused by sodium-
water reactions. The specifications of the designed steam generators were reviewed and the current technical problems for
steam generators were analyzed. Concepts were proposed to overcome the current technical problems for steam generators.
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Table 1 Power (MWt) and steam cycle of the steam
generator in SFR

P Cycle Saturation Recireul. Sulzer Benson
ower superheat
CEFR (28)
PFBR-1st (63)
HINPE (68) AEC (30)
SRE-nat(18) Rk for (30)
EBR-II (6) |Phenix (9.9) FERMI (143)
> 200 CRBR-J  |PFR (113) FBTR (13)
a17) SNR-300 (55) PFBR (158)
BN-350 (57) CFBR (158)
BN-600 (41)
BN-800 (51)
MONIJU (191)
WH (364)
SPX-2 (225)
200-400 [EPRI (364) SNR-2 (150-450)
SGOLD (375)
France-new (200)
CDFR (425)
CRBR-hel (438)
PRISM-dwt Japan-DEMO }S)?)I(S_lzd(';’;g)(wg)
< 400 (432) CDS (470) (586) . EFR (600)
PRISM-sat SPX-1 option JAPC (613)
479 (551) JSFR (1765)
KALIMER (765)
BN-1800 (536)

A48 -] J-type, -nat: natural circulation type, -for: forced
convection type, -sat: saturation steam cycle, -ben: Benson
steam cycle, -dwt: double wall tube type, -hel: helical tube type
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Table 2 Shape of SG and type of heat transfer tube

Tube Single wall Double wall Remark
SG tube tube
Phenix ]
S-type FBTR SRE-for Evz A A%
U-type PFR A% fr= 53
BN-350 B 58 2%
Bayonet Superheat HNPE ol
CRBR-J
J-type CDS A A Z ol
CDFR
PFBR-1%
Tube bending | PFBR AEC A Az o)
CFBR
) BN-350: & A%-
Straight 2wk A
without BN-350 EBR-II EBRIL: 22 742
bellows hEaEas
AbaL
SPX-1 option
SPX-2
S;RR 300 (2/3) ;E;P}? I 4 Bellows 98
; ; = zo
oD sy |0
BN-800 JAPC-PNC : )
BN-1800 ISFR ARE ARS
CEFR
France-new
FERMI
SPX-1 -
SNR-300 (13) | cpr AdH Zol
Helical PRISM-sat JAPC : 70-100m
PRISM-ben SGOLD SPX-1: 7 7§ &9l
MONJU NG §HolS
Japan-DEMO
KALIMER
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Fig. 1 Water mass flux in the heat transfer tube
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Table 3 Calculation Procedure

Step Calculation Parameter

0 | Assume the initial thickness

1 |Determination of effective dimensions and ligament
efficiencies from the geometry and material properties

2 | Calculate the diameter ratios with the respect to the
equivalent diameter of outer tube limit circle

3 | Determine effective modulus of elasticity of tubesheet
and effective Poisson’s ratio in perforated region of
tubesheet

4 | Calculate the shell coefficients and the head
coefficients

5 | Calculate the coefficient F

6 |Calculate the moment acting on the unperforated
tubesheet rim

7 | Calculate the maximum bending moments acting on
tubesheet at the periphery and at the center

8 | Calculate the tubesheet bending stress(c).

If 6>28, increase the tubesheet thickness and return to
Step 3.

Where S is allowable stress of tubesheet material.

9 | Calculate the average shear stress (1) in the tubesheet
at the outer edge .

If T > 0.8S, increase the tubesheet thickness and return
to Step 1.

10 |Calculate the axial membrane stress and the bending
stress of the shell, sum of the two stresses becomes a
total axial stress (o,) of the shell.
Calculate the axial membrane stress and the bending
stress of the head, sum of the two stresses becomes a
total axial stress (o) of the head.

11 |If 6:>1.5S;, replace the modulus of elasticity of shell
with the effective modulus of elasticity and return to
step 4.

If 6.>1.5S,, replace the modulus of elasticity of head
with the effective modulus of elasticity and return to
step 4.

Where S, is allowable stress of shell material, and S, is
allowable stress of head material.

Table 4 Comparison of the calculated thickness with

design thickness
Tube-sheet Shell thick.
SG Type thick.(mm) (mm)

Des. | Cal. | Des. | Cal

Phenix S-shape - - 54 | 5.25
SPX-1 option Straight 385 | 418 24 | 44.6
SPX-1 Helical 120 91 21 | 28.0
PRISM-dwt Straight 406 | 366 51 32.8
PRISM-swt Helical - - 63.5 | 48.8
EPRI Straight | 483 | 599 | 66.7 | 59.4
CRBR J-shape 292 | 316 70 | 58.1
CRBR option Helical - - 40 | 28.0
SGOLD Helical 500 | 398 50 | 322
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Table S Design specifications of the SGOLD

Thermal power (MW) 375
Steam cycle Benson
SG type Helical
Tube type Double wall
Inner tube materials 2% Cr-1Mo
Outer tube materials 9Cr-1Mo-V
Tube OD/GD/ID (mm) 30/26/22
Shell materials 9Cr-1Mo-V
Tube effective/total length (m) 57/62
Number of tube 396
Number of row 11
Number of circumference support 8
Number of horizontal support 5
Transverse/Logitudinal pitch (mm) 60 /44
Angle of tube (degree) 13.14
Outer diameter of inner shroud (m) 1.49
Inner diameter of outer shroud (m) 2.83
Diameter of first row (m) 1.56
Outer diameter of shell (m) 3.01
Height of SG 20.6
Shell side design pressure (MPa) 2.26
Steam side design pressure (MPa) 18.2
Shell/Steam design temperature (C) 546/ 515
Steam pressure (MPa) 16.5
Sodium inlet/outlet temperature(C) 520/335
Water inlet/outlet temperature (C) 230/490
Sodium mass flow rate (kg/s) 1592.
Water mass flow rate (kg/s) 165.4
Tubesheet thickness (mm) 500.
Shell thickness (mm) 50.

Steam Cut Steam header

Cover Gas Region
Inner Shroud (odl 4540) -
Outer Shroud (12830 ) B-8

Shell (od3010)

Flow distributer

Sodium lower plenum

Detection hole (306 )
t Feed water header

Fig. 5 Layout of the SGOLD
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