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Heat Exchanger in a Steady State Condition for PGSFR

Seong-Hyeon Lee’, Gyeong-Hoi Koo and Sung-Kyun Kim’

(Received 31 May 2016, Revised 17 June 2016, Accepted 27 June 2016)

ABSTRACT

Four cylindrically shaped IHXs(Intermediate Heat Exchangers) are installed in the PHTS(Primary Heat Transfer
System) of the PGSFR(Prototype Gen IV Sodium cooled Fast Reactor). As for the IHX, the temperature difference
of structure is inevitable result caused by heat transfer between primary coolant sodium and IHTS(Intermediate
Heat Transport System) sodium. It is necessary to evaluate the high temperature structural integrity of IHXs which
operate at the elevated temperature condition over the creep temperature. In this paper, the high temperature structural
integrity of IHX under assumed loading conditions has been reviewed according to ASME code.
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K = the section factor for the cross section

K = the factor given by K, = (K+1)/12

P, = a primary membrane stress

P. = a local membrane stress

P, = a primary bending stress

P. = expansion stress which result from the
constraint of free end displacement

Q = a membrane + bending stress in the secondary
stress

S, = the maximum allowable stress of general
primary membrane stress intensity under design
condition

S, = the lowest stress intensity at a given temperature
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the allowable limit of general membrane stress
intensity to be used as a reference for stress
calculation

a temperature and time-dependent stress intensity
limit

a yield strength of a material at a given
temperature

the total duration of a specific loading Pm at
elevated temperature

the time value determined by entering Figures
NH-I-14.4A through NH-I-144E at a value
stress equal to PL+Py/K,, as shown in Figure
NH-3224-2")

the maximum allowed time under the load
stress intensity

temperature

use fraction sum defined in NH-3224"

the maximum allowable range of thermal

stress
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Table 1 Loadings for each service level

A 1L T2 AR Hot 109

Event Name Load Combinations Service Time (year) No. of cycle Max/Min T (°C)
- Dead weight
Design Condition - Design pressure 60 - 565
- Secondary sodium weight
. - Dead weight
N 1 t
ormal OpEraton | qecondary sodium weight 60 240 545/390
(Level A&B) .
- Steady state full power operation
- Dead weight
Sodium-water reaction | - Secondary sodium weight
2 4
(Level C) - Steady state full power operation 60 3 345/390
- Sodium-water reaction pressure

FE N
Fig. 1 2D drawing of IHX and its finite element model
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Fig. 2 Boundary condition of sodium-water reactor
pressure of steam generator

P=7.31kPa

P=28.61 kP

Fig. 3 Boundary condition of sodium weight of
IHTS(Intermediate Heat Transport System)
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Fig. 4 Thermal boundary conditions of THX
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IHX 3D Structural Coupling Analysis -Dead Weight

Fig. 5 Stress intensity distributions for the dead weight
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IHX 3D Structural Coupling Analysis -SWRP

Fig. 6 Stress intensity distributions for the design pressure
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THX 3D Structural Coupling Analysis -Dead Weight

Fig. 7 Stress intensity distributions for secondary sodium
weight
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IHX 3D Thermal Stress Analysis

Fig. 8 Temperature distributions of IHX
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IHX 3D Thermal Stress Analysis

Fig. 9 Thermal stress distributions of THX
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Table 2 Information of sections for structural integrity

evaluations
Sections Locations Nodes
A Y-junction structure #1 | Node279-Node285
B Upper chamber Node762-Node761
C Lower chamber Node462-Node453
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Fig. 10 Sections for structural integrity evaluations
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Table 3. Stress evaluation results of structural integrity for each section under design condition

7} 242} 0.4,
ket

(A F A&B)°ll gt
37} A5 HER T Table 5
+ UFS(Use Fraction Sum) %7} 23S Yehdt). ¥
7} 273004 SHECe] AA 4629
O]E2 Subsection HB, Subpart AS 283} H7}
HEo| tis A= Subsection HB,

7% 7} 344,6C

Sections | Nodes Stresss [MPa] Calculated value Allowable value Margin T (C)
P 32.35 S, = 89.40 1.76
279 565.0
A P +Py 26.82 1.5S, = 134.10 4.00
P 32.35 S, = 89.40 1.76
285 565.0
PP, 39.56 1.5S, = 134.10 2.39
P 61.10 S, = 89.40 0.46
762 565.0
B PP, 60.53 1.5S, = 134.10 1.22
P 61.10 S, = 89.40 0.46
761 565.0
PP, 61.67 1.5S, = 134.10 1.17
Pn 23.11 S, = 89.40 2.87
462 565.0
c P+P, 70.43 1.5S, = 134.10 0.90
Pn 23.11 So = 89.40 2.87
453 565.0
PPy 40.62 1.5S, = 134.10 2.30
Table 4. Stress evaluation results of structural integrity for each section under service level A&B
Sections Nodes Stresss [MPa] Calculated value Allowable value Margin T (C)
P 6.94 Sme = 113.51 15.35
279 PPy 8.00 KSn = 215.70 25.98 506.5
A PL+Py/K 7.39 S¢ = 113.51 14.36
Pn 6.94 Sme = 115.04 15.57
285 PPy 10.44 KS,, = 216.67 19.75 504.9
P +Py/K, 9.53 Si = 115.04 11.07
P 247 Sme = 9140 36.03
762 P 4P, 1.33 KSm = 201.01 150.57 530.6
B P+Py/K 1.40 S = 9140 64.08
P 247 Sme = 83.45 32.81
761 P 4P, 4.05 KSim = 194.99 47.13 540.6
P+Py/K; 3.73 S = 8345 21.34
P +Py+P+Q 197.21 3Sm = 563.97 1.86
462 344.6
Thermal Ratcheting 280.62 y*Sy = 1.24e6 4416.21
C P 0.13 Sme = 181.78 1376.85
453 P 4P, 0.14 KS,, = 272.68 1920.91 382.7
P +Py/K, 0.10 S¢ = 304.39 3095.29

Transaction of the KPVP, Vol. 12, No. 1
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Table 5 UFS evaluation results of structural integrity ZS nEsl= RS ol
for each section under service level A&B
Sections |Nodes| UFS Evaluation T (T) 3.23 AR ARA £ 0
Ui | 7= ;3?522*: =019<1 Table 6= &3 = Coll g 12 = 14
279 506.5 9 W7t A7 YehH Table 7> UFS %71 2
U | 5 Sroghr = 019 <1 g et o714 £8 4 CE Table 1914
A v, |t B2eihr AR vpe} Zo] 4 F£F AKBE 5 ZFsH=
285 fm_ 2.73eGhr 504.9 sh5 270 89 4 2do|th &4 £F A&B
| 5= 7;22222: =020<1 of PRI = B 231004 & Co 462 AR
¢ 5.26¢5hr 9] 7% 2%} 344.6°Co]7] wEol Subsection HB,
. Vi | 40 = 2.55e6hr = 021 <1 0 Subpart A Z-&5te] H7} s, 19 GHEo]
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b t _ 5.26e5hr R
Vo | 500 = 2a606hr = 02 <1 8 WU H4 A Af e B7hdE B
" Vo | 5= gii:éﬁ} ~0.22<1 e A 76l HERteH jo i LET?—LP‘T
- PL+Pb, P APyY/K,, t/hm, t'ty, B5F 3] 7|52 WSe=
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Table 6. Stress evaluation results of structural integrity for each section under service level C

Sections | Nodes Stresss [MPa] Calculated value Allowable value Margin T (C)
P 32.35 1.2Sy = 172.56 433
279 PPy 26.82 1.2KS,, = 258.84 8.65 506.5
A PL+Py/K, 27.74 Sc = 238.15 7.59
Py 32.35 1.2S,, = 173.34 436
285 P.+P, 39.56 1.2KS,, = 260.01 5.57 504.9
P tPy/K 38.03 S¢ = 240.39 5.32
Py 61.10 1.28,, = 160.81 1.63
762 P.+Py 60.53 1.2KS, = 241.21 2.99 530.6
B PL+Py/K, 60.64 Si = 205.14 238
Pn 61.10 1.28,, = 155.99 1.55
761 PPy 61.67 1.2KS,, = 233.99 2.79 540.6
P+Py/K, 61.56 St = 192.44 2.13
Pm 23.11 1.28, = 225.59 8.76
462 PL 23.11 1.8S, = 338.38 13.64 344.6
PL+Pb 70.43 1.8S,, = 338.38 3.80
¢ Pm 23.11 1.28,, = 218.14 8.44
453 PL+Pb 40.62 1.2KS,, = 327.21 7.06 382.7
PL+Pb/Kt 29.57 Si = 322.54 9.91

=53 Ad A1z 201619 6¥
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Table 7 UFS evaluation results of structural integrity
for each section under service level C

ol ¥

Sections

Nodes

T ()

279

506.5

285

504.9

762

530.6

761

540.6

453

382.7
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