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Failure Analysis and Countermeasure of Heat Exchangers in Nuclear Power

Facility
YANG Zhen-guo
(Department of Materials Science, Fudan University, Shanghai 200433)

Abstract: By using about twenty macroscopic and microscopic analysis techniques azd testing methods, failure
analysis on a number of leakage cases of heat transfer titanium tubes, which cccarred 1n some heat exchangers of
nuclear power facility with type of CANDU-6 from abroad, was systcratically camied cut. Through observation and
analysis on fractographs of the failure tubes, a new kind cf 7ailure mechanism by hydrogen-blistering existed in the
tubes under circumstance of seawater was firstly found at home ang abroad,; other five kinds of failure mechanisms as
well as their corresponding morphoiogy distinctions were also revealed. It was definitely identified that the
inappropriate ways adopted it design, manufacture and installation of the tubes, resulting in their premature failure,
were primary causes and chocking of the tubes resulted from some foreign materials like oyster shell, sediment, and
rubber-lined belt, etc. was the other important cause. A series of specific countermeasures, which have been
demonstrated successfully after implementation, were thus put forward. Moreover, the achievements obtained can also
provide instructive significance for ensuring effective protection and safety operation of heat exchangers running
under circumstance of seawater in some industries such as nuclear power, electric power, petrochemical, chemical,
metallurgy and so on..

Key words: titanium tube; heat exchanger; nuclear power facility; seawater; failure analysis
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Fig. 1 Structure of recirculation cooling water (RCW) tubular heat exchanger (a) external structure (b) internal structure
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Table 1 Process parameters of RCW heat exchanger

parameter media flow flux @/ m*/s velocity V /m/s pressure P/MPa  inlet temperature T;/ °C  outlet temperature T,/ °C
tube side seawater 3.34 2.7 03 30.5 35.1
shell side desalted water 2.21 1.0 04 415 350
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Fig. 2 Macroscopic appearance of the failure tube fracture inside tube sheet

(a) position from side of tube sheet ; (b) concave morphology on outer-wall surface; (c) inner-wall surface morphology
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Fig.3 SEM micrograph of the failure tube with an oval-shaped fracture inside tube sheet (a) inner-wall;

(b) magnified micro-hole
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Fig.4 Two distinctly different XPS peaks for a titanium element on the fracture outer-wall surface

Fig. 5 Variation of hydrogen element content with depth of the fracture outer-wall surface (SIMS).

Fig. 6 XRD pattern for titanium hydride on the fracture outer-wall nano-surface
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Fig. 7 Macroscopic appearance of the failure tube fracture outside tube sheet

(a) external appearance;
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(b) distribution of four dents along inner-wall;

(c) outer-wall appearance of the fracture
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Yig. 8 3EM micrograph of the tube fracture with dents outside tube sheet

(a) The ruptured deep hole and coin-shaped dent ;
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Fig.9 Macroscopic appearance of the failure tube with a horsehoe-shaped fracture inside tube sheet
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Fig. 10 Macroscopic appearance of the failure tube with three slot-shaped holes outside tube sheet
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Fig. 11 SEM micrograph of the fracture with slot-shaped holes
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Fig. 13 Macroscopic appearance of the failure tube on the supporting plate near se awater outlet
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Fig. 14 SEM micrograph on the tube outer-wall surface by fretting a brasion

(a) metal grindings on the abrasion band;
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