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JIAEA Coordinated Research Program on "Harmonization and Validation of

Fast Reactor Thermomechanical and Thermohydraulic Codes Using Experimental Data” (1 )

- Thermohydraulic Benchmark Analysis on High-Cycle Thermat Fatigue Events
Occurmred at French Fast Breeder Reactor Phenix -

Toshiharu MURAMATSU™

- Abstract

A benchmark exercise on "Tee junction of Liquid Metal Fast Reactor (LMFR) secondary circuit” was
proposed by France in the scope of the said Coordinated Research Program (CRP) via International Atomic Energy
Agency (IAEA). The physical phenomenon chosen here deals with the mixture of two flows of different temperature.
In a LMFR, several areas of the reactor are submitted to this problem. They are often difficult to design, because of the
complexity of the phenomena involved. This is one of the major problems of the LMFRs. This problem has been
encountered in the Phenix reactor on the secondary loop, where defects in a tee junction zone were detected during a
campaign of inspections after an operation of 90,000 hours of the reactor. The present benchmark is based on an
industrial problem and deal with thermal striping phenomena. Problems on pipes induced by thermal striping
phenomena have been observed in some reactors and experimental facilities coclant circuits.

This report presents numerical results on thermohydraulic characteristics of the benchmark problem,
camried out using a direct numerical simulation code DINUS-3 and a boundary element code BEMSET. From the
analysis with both the codes, it was confirmed that the hot sodium from the small pipe rise into the cold sodium of the
main pipe with thermally instabilities. Furthermore, it was indicated that the coolant mixing region including the

instabilities agrees approximately with the result by eye inspections.

* : Thermal Hydraulic Research Section, Advanced Technology Division, OEC, PNC.
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MTIRERLBLEEINE Y, FLUROELYEL, 7)) - TBIUHBREICHT 5 EBIIERTE %,
BT, ERATWERRE TORRBEHETT,
F + U 7 AFE =800 kgfs.

EErgsNIE ElTr—4
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FERE

B OE:

F U LBE =340 °C,
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M =2.2 bar
PIE =2.9 bar

NTHs,
A
]
X Location Weight Weight + Expansion
Mx='430,000 N. mm MX='1,100,000 N- mm
£
E z Fy=-91N Fy=2500N
3 A My = 2,100,000 N. mm My = - 2,100,000 N. mm
y
Fz=165N Fz=910N
Mz = 530,000 N, mm Mz = 870,000 N. mm
Small Pipe Axis Mx = 430,000 N. mm Mx =1,100,000 N. mm
E ~ Fy=91IN Fy=-2500N
g B My =-2,100,000N. mm | My =2,900,000 N. mm
®s Fz=-165N Fz=-910N
! ' Mz = - 460,000 N. mm Mz =- 2,800,600 N. mm
Main Pipe Axis
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410 853.8 0.3210 10™° 2798 10 71.11 1276
420 851.4 0.3161 10°° 2.808 10 70.62 1274
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(DREW S FIRIEICHE LT, SR X Tw A B EAE THEHRIRIFORES & X28)
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Fig. 4. 8, Fig. 4. 9 3 X U° Fig. 4. 10 {2, FEEELT MU T LEE® S EEFHORC/NT - AR P VEF
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IR AD AL B LD THEPIIRERTIEIH LD, Fig. 3. 50) OFFERICRONLSFHET MY
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SEHROYT AT VANNKHELPENLLDEELLNS,



PNC TN9410 97 — (058

58 M S

ERETHHBILA2LEGRE 7 2=y 7 AP TCOBY A 7 VBEHFEM L LRy F<— 7iHEM
EOW, BB T 535 (Phase - 1) DT L, B> Ialb— 32— F DINUS-3 BLUBER
EF#EET— F BEMSET £ W TiTo 72,

BITOER., HE»PSHLCEHRT M) 7 ABEPEMERICE > TEAIIRE L 2455 TRMIIML
TLENDEFHPFTMSI N, £o. ZORBOMED OMAMFRISTRANIILA 2 ERERIBH SR, =
NHAHBRBEC L o R aEg e a3t 22 LR s,



PNC TN9410 97 — 058

Z% 3k

(D FR ZHE, SHFHEE® S SHEOEMNFMFEORE XD, e - ke E A sEticEb
L HEMFEIE OMFE, PNC TN9410 97-039, 1997 £ 5 R.

QL EE, Y—~ILAISAIE VREOBERTICET AR, I ERSE. B, 1994 48
7H.

(3) Muramatsu, T., A Direct Simulation Monte-Carlo Code THEMIS for the Evaluation of Non-Stationary Heat
Transfer Phenomena in LMFR Thermohydrautics, Proc, 8th IAHR Working Group Meeting, Prag, Czech,
June (1993),

(4) Muramatsu, T., Thermal Response Evaluation of Austenitic Stainless Steels Due to Random Sodium Temperature
Fluctuations Using BEMSET and DINUS-3 Codes, Proc. ASME PVP Conf., Montreal, Canada, July, 1996

(5) JRME 5=, SR HEA. KT BE. MMEEE L 90° N FPIOELR. BAKREAERTE B ).
58 2 548 B (1992).
(6) JBRE &=, SE L, ~Nr FRAOERARL, DASREAEH[TE BF). 60% 570 2 (1994),

(7) H15 e, SEHMRE® & LD TEORE X)), BREFLED— F BEMSET 2 & A&
s agns s AR OIS, PNC TN9410 96-136, 1996 4E 5 H.

(8) Endoh, T., Damage Evaluation of Metals for Random of Varying Loading, Proc. Sympo. on Mechanical Behavior
of Materials (1974).



PNC TN9410 97 — 058
#HO
DINUS-3 I— F&B XU BEMSET 2 — FiZk AN Fv— 7 HBMEDHEN B L UKRORBREL &0
fERTiE, AR CSK OBRF K- RIS (DB ALE L, JTIBEHPL LT,

7o, EERRFLFHRE—H, SRGAHIR ik &= RIZE, ARSI B8ELERT— 2 BHL
L Do, ERBERICETAIFRELIA Y P 2TEV, JZREELRIHELET,

— 12 —



Table 2. 1 List for Sodium Leak Incidents in LMFBR Plants (from the INIS Data Base) (1/6)

HERx % B F + ) L EEERT el 5} xt &
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Table 2. 1 List for Sodium Leak Incidents in LMFBR Plants {from the INIS Data Base) (2/6)
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Table 2. 1 List for Sodium Leak Incidents in LMFBR Plants (from the INIS Data Base) (3/6)
HeERa ok B + M LB = i3 #f %
Enrico Fermi| 1962, 11 | #AREBROEHRE TR No. | ¥ 470 oF DBETEER, + FrUYHTAADS ANBNC ANy TAMAERT, B
Dy A A0/ ANVEEOERENES L. HEADE | GRETHALBEOR ) FFIC L ViREHRIEE R
BEPREE, ERENT MY AL OFAESL. | 4,
YRE-PF L= D2 TI A ANRETELZ LR
L, fTERLEETCRAL., BEIIEs L #EE,.
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D= NV EIEER
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Table 2. 1 List for Sodium Leak Incidents in LMFBR Plants (from the INIS Data Base) (4/6)
KT | BERS F ) v L EEEET b= i3] o) "
PFR  [1974 - 1977 #%32% No. 2 D{z#E FEREELIEBHIRA TV RV, Y RIS - ORR SN EZHEII T2V 00 0T
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Table 2. 1 List for Sodium Leak Incidents in LMFBR Plants (from the INIS Data Base) (5/6)

Miskd | FAERE | MUY AREREER I3 & st #
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Table 2. 1 List for Sodium Leak Incidents in LMFBR Plants (from the INIS Data Base) (6/6)
MRk | BERM | MUY AREEER B 5] xF w
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(1020° mm) £ Refer to JSME International
o & Journal, Vol. 58, No. 548 (1992),
e © by K. Sudou, T. Takami and K. Yano.
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Fig. 3.1  Computational Model for the Benchmark Exercise
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(a) r-z Plane (b) 6-z Plane

Fig. 3.2 Mesh Arrangement for the Benchmark Exercise (1/3; r-z and 8-z Planes for the DINUS-3 Code)
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Fig. 3.2
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(c) r- 8 Plane

Mesh Arrangement for the Benchmark Exercise (2/3; r-6 Planes for the DINUS-3 Code)
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(a) Velocity Vector Field

Fig. 3. 3

(b} Axial Velocity Component

Inlet Boundary Conditions (1/3; Mean Velocity Components)
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(c) Reynolds Stress u

Fig. 3. 3
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(d) Reynolds Stress v™2 (e) Reynolds Stress w2

Inlet Boundary Conditions (2/3; Normal Components of Reynolds Stresses)
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(f) Reynolds Stress u’ v’

Fig. 3. 3

{(g) Reynolds Stress v w’

(h) Reynolds Stress w' U’

Inlet Boundary Conditions (3/3; Cross Components of Reynolds Stresses)
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Fig. 3. 4  Calculated Instantaneous Distributions for a r-z Plane (J=39)
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(a) Velocity Vector Field (b) Sodium Temperature Field

Fig. 3.5 Calculated Instantaneous Distributions for a 8-z Plane (1=20)
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Fig. 3.6 Calculated Instantaneous Distributions for a r-8 Plane (1/6
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Fig. 3. 6  Calculated Instantaneous Distributions for a r-6 Plane (2/6



(a) Velocity Vector Field

(b) Sodium Temperature Field

Fig. 3. 6  Calculated Instantaneous Distributions for a r-8 Plane (3/6; K=61)
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(a) Velocity Vector Field

(b) Sodium Temperature Field

Fig. 3.6 Calculated Instantaneous Distributions for a r-0 Plane (4/6; K=78)
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(a) Velocity Vector Field

Fig. 3.6

(b) Sodium Temperature Field

Calculated instantaneous Distributions for a r-8 Plane (5/6; K=89)
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Fig. 3.6 Calculated Instantaneous Distributions for a r-6 Plane (6/6



[ Inner Wall Temperature Distribution ] [ Outer Wall Temperature Distribution ]

Fig. 3.7 Comparison of Temperature Distributions Between Inner and Outer Walls of the Main Pipe
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Fig. 4.3  Temperature Transients Along the Circumferential Line at the Position of 460 mm from the Weld Line Level
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Fig. 4. 4  Metal Temperature Transients Along the Circumferential Line at the Weld Line Level
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Fig. 4.6 Histograms for Amplitude and Frequency of Temperature Transients Along
the Axial Line of the Small Pipe Center Line (1/7, (I,J,K) : (20, 39, 13))
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Fig. 4.6 Histograms for Amplitude and Frequency of Temperature Transients Along
the Axial Line of the Small Pipe Center Line (2/7, (1,J,K) : (20, 39, 29))
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Fig. 4.6  Histograms for Amplitude and Frequency of Temperature Transients Along
the Axial Line of the Small Pipe Center Line (3/7, (1,J,K) : (20, 39, 41))
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Fig. 4.6  Histograms for Amplitude and Frequency of Temperature Transients Along
the Axial Line of the Small Pipe Center Line (5/7, (I,J,K) : (20, 39, 78))
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Fig. 4.6  Histograms for Amplitude and Frequency of Temperature Transients Along
the Axial Line of the Small Pipe Center Line (6/7, (1,J,K) : (20, 39, 90))
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Fig. 4.6 Histograms for Amplitude and Frequency of Temperature Transients Along
the Axial Line of the Small Pipe Center Line (7/7, (1,J,K) : (20, 39, 113))
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Fig. 4.7  Histograms for Amplitude and Frequency of Temperature Transients Along
the Circumferential Line at the Weld Line Level (1/7, (1,J,K) : (20, 30, 61))
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Histograms for Amplitude and Frequency of Temperature Transients Along
the Circumferential Line at the Weld Line Level (2/7, (1,J,K) : (20, 33, 61))
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Fig. 4.7  Histograms for Amplitude and Frequency of Temperature Transients Along
the Circumferential Line at the Weld Line Level (3/7, (1,J,K) : (20, 36, 61))

850 — L6 OT¥GNL ONd



Frequency (-)

20

10

IAEA IAEA = (20,39,61)
5
- 4 a
L =3}
P
£3
=4
@
3
&
4
2 r
1
- S o —u - . . :
1 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 BO 84 88 2 96 100 4 8 12 16 20 24 28 32 36 46 44 48 52 56 60 64 68 72 76 80 B4 B8 92 96 100

Amplitude (%)

Fig. 4. 7

Frequency {Hz}

Histograms for Amplitude and Frequency of Temperature Transients Along
the Circumferential Line at the Weld Line Level (4/7, (1,J,K) : (20, 39, 61)}

860 ~ 18 OTPEN.L ONd



IAEA B (20,42,61) IAEA & (20,42,61)

25 5
20 | 4t
T 15 o3
5 g
@D 'y
=] =
g g
E m 2 -
1
4 8 12 16 20 24 28 32 36 10 44 48 52 56 60 61 68 72 76 80 84 88 92 96 100 1 8 12 16 20 24 28 32 36 4D 44 4B 52 56 60 64 68 72 75 B0 B4 4B 02 95 100

Amplitude (%) Frequency (Hz)

Fig. 4.7  Histograms for Amplitude and Frequency of Temperature Transients Along
the Circumferential Line at the Weld Line Level (5/7, (1,J,K) : (20, 42, 61))
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Fig. 4.7  Histograms for Amplitude and Frequency of Temperature Transients Along
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Fig. 4.7 Histograms for Amplitude and Frequency of Temperature Transients Along
the Circumferential Line at the Weld Line Level (7/7, (1,J,K) : (20, 47, 61))
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Fig. 4.8  Auto-Power Spectral Density of Temperature Transients Along
the Axial Line of the Small Pipe Center Line

65

Clreumfsrential Wald

)]

860 — 16 O0TPENL ONd



Auto-Power Spectral Density (dB)

Along the Circumferential Line at the Weld Line Level
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Fig. 4.9  Auto-Power Spectral Density of Temperature Transients Along

the Circumferential Line at the Weld Line Level
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Auto-Power Spectral Density {dB)

Along the Circumferential Line at the Position of 460 mm
_from the Weld Line Level
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Fig. 4. 10 Auto-Power Spectral Density of Temperature Transients Along

the Circumferential Line at the Position of 460 mm from the Weld Line Level
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Fig. 4. 11

Eye Inspection of Damage Area Due to Thermal Striping
Phenomena at the Phenix Reactor Plant
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