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ABSTRACT

Turbulent mixing of hot and cold coolants is one of the possible causes of high cycle thermal fatigue in piping
systems of nuclear power plants. A typical situation for such mixing appears in turbulent flow through a T-junction.
Since the high cycle thermal fatigue caused by thermal striping was not considered in the piping fatigue design in
several nuclear power plants, it is very important to evaluate the effect of thermal striping on the integrity of mixing
tees. In the present work, before conducting detailed evaluation, three thermal striping evaluation methodology
suggested by EPRI, JSME and NESC are analyzed. Then, a by-pass pipe connected to the shutdown cooling system
heat exchanger is investigated by using these evaluation methodology. Consequently, the resulting thermal stresses
and the fatigue life of the mixing tee are reviewed and compared to each other. Futhermore, the limitation of each
methodology are also presented in this paper.
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7|0 g . Gravity
h : Heat Transfer Coefficient
B; : Biot Number H : Wall Thickness
Gy : Specific Heat K, : Fatigue Strength Coefficient
Di(D,) : Pipe Inner(Outer) Diameter K; . Stress Strength Coefficient
Dy(Dy,): Inner Diameter of Branch(Main) Line K, : Plastic Strain Amplitude Due to Bi-axial Stress
E : Young’s Modulus Re : Reynolds Number
Ec : Young’s Modulus Inferred from Fatigue Curve Ri,  : Pipe Richardson Number
f : Frequency Ty(Tn) : Fluid Temp. at Branch(Main) Line
U : Average Velocity of the Stratified Fluid
1 AYAAL, 3, AFBUgn A TR Un(Uy): Inlet Velocity of Branch(Main) Line
E-mail : boong33@skku.edu
TEL : (031)290-7458 FAX : (031)290-5276 Ur : Usage Factor
* ARt 7] A F s ATy : Temp. Fluctuations in Bulk Flow
Ay S sl ZIAAAAE A ATy, : Temp. Difference between Inlets
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AT, : Temp. Fluctuation at Pipe Inner Surface

a : Thermal Expansion Coefficient
s : Temperature Reduction Factor
A : Thermal Conductivity

v : Poisson’s Ratio

p : Density

Ot . Alternating Stress

Ocr : Endurance Limit
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Table 1 The Application Limit of EPRI TASCS
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Table 2 The Application Limit of JSME S017

Parameter Wolf, et al.” Hu et al.'” Parameter Flow Type O Flow Type @
Re 10°~510* 10°~7-10* Dia. Ratio (Dy/Dy) 1.0 02~1.0
Rip 18~2,500 7~240 Main Velo. (Uy) | 1.25~5 [m/s] 0.05~5 [nvs]
N
ITASCSScreeningCriteria | Velo. Ratio ml? ~m2
=1,2.....m 0.1~1.0 0.1~200
; Biot No. (B) 107'~10
[ Pipe Richardsonno. ®i) | .
i=1.2.....n !
Selectload case (i i Design conditi

Time duration (A1) Load cycles (V)

Fmm————————

Fig. 1 Evaluation Procedure of EPRI TASCS
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(Evaluation Chart)

“lemp. fluctuation
attenuation by mixing

Correction coefficient for
valve, etc.

Unsteady heat transfer
coefficient

temp. difference

.
e

No

| Thermal stress amplitude b"”'
"

No

Thermal stress assuming
the most effective
frequency

UF evaluation with consideration of Amplitude and frequency

temp. fluctuation characteristic of temp.fluctuation

Step 4 No
I

Fig. 2 Evaluation Procedure of JSME S017-2003
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Design condition

Table 3 The Specification of Evaluation Target Pipe

- — H.X. By-pass Pipe H.X. Pass Pipe
Screening criteria Parameter L. .
_AT<80°C (SS) (Main Line) (Branch Line)
AT D, [mm] 273.05 273.05
i ¥ ¥
Sinusoidal method Detailed analysis Crack growth D; [mm] 247.65 247.65
- Sin. signal temp. - Complete load analVSlS H [mm] 127 12.7
- Critical freq. Spectra eval - Detected/p . .
crack-like flaw Temp. [C] 177 60
Fig. 3 The Multi-level Assessment Approach of NESC Velo. [ms] 1.672 3.345
Project Material ASME SA312 Gr. TP304
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Table 4 The TASCS Evaluation Results (i=1)

j F2; fi 4 T wii | a1y | Cycles Uy

[[] |[Cycle/r]| [C] |[MPa] [-] [-]

1 1 75 58.5 107.5 70,500(0.0004

2 0.9 120 52.65 | 97 112,80010.001

3 0.8 90 46.8 86 84,600 0

4 0.7 135 40.95 75.5 126,900 0

5 0.6 180 35.1 64.5 169,200 0

6 0.5 450 29.25 54 423,000 O

7 0.4 1200 234 43 1,128,000 0

8 0.3 7500 17.55 | 32.25 | 7,050,000 O
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