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Pipe wall thinning caused by erosion and corrosion can adversely affect the operation of aged nuclear power
plants. Some injured workers owing to pipe rupture has been reported and power reduction caused by unexpected
pipe damage has been occurred consistently. Therefore, it is important to develop erosion-corrosion damage
prediction model and investigate its mechanisms. Especially, liquid droplet impingement erosion(LDIE) is
regarded as the main issue of pipe wall thinning management. To investigate LDIE mechanism with corrosion
environment, we developed erosion-corrosion damage simulation apparatus and its capability has been verified
through the preliminary damage experiment of 6061-Al alloy. The apparatus design has been based on
ASTM standard test method, G73-10, that use high-speed rotator and enable to simulate water hammering
and droplet impingement. The preliminary test results showed mass loss of 3.2% in conditions of peripheral
speed of 110m/s, droplet size of 1mm-diameter, and accumulated time of 3 hours. In this study, the apparatus
design revealed feasibility of LDIE damage simulation and provided possibility of accelerated erosion-corrosion

damage test by controlling water chemistry.
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DEVELOPMENT AND DEMONSTRATION OF AN EROSION-CORROSION DAMAGE SIMULATION APPARATUS

Table 1. Design parameters for the erosion-corrosion damage simulation apparatus

Degradation Mechanism Key Factors

Test Condition Control Method

Droplet Size
Erosion Condition

Pressure Control,
Nozzle Size Control,
Stand-off (SOD) Control

0 ~ 1.0mm
(controled)

50 ~ 120 m/s

Droplet Velocity (controled) RPM Control
Dissolved Oxygen (DO) 5 ppb (fixed) Bubbling
. i . 150 ppb .
Corrosion Condition Dissolved Hydrogen (DH) H, Purging
(fixed)
~ 150T
Temperature (fixed) Heater
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(a) Front view

Fig. 1. Erosion-corrosion

damage simulation apparatus.
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Table 2. Nozzle outlet velocity and measured mean droplet diameter according to pressure difference between the front and rear

sides of a nozzle

AP, atm Nozzle Outlet Velocity, m/s Mean Droplet diameter, pm
0.1 4.7 -
0.3 8.1 -
0.5 10.4 820
0.7 12.4 -
0.9 14 -
1 14.7 270
1.5 18.1 -
1.8 19.8 120
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Table 3. Chemical composition of the 6061 Al alloy

Chemical composition (%, min.-max.)

Al Si Cu Mg Cr Fe Mn Zn Ti Others
95.85- 0.4- 0.15- 0.8- 0.04- min?r?lum mininr(r)lum mininn(zum min?r?lum ()le()SSS 321121}11
98.56 0.8 0.40 12 0.35 max. 0.7 max. 0.15 | max. 0.25 | max. 0.15 0.15 total

Table 4. Test conditions of erosion damage simulation(6061 Al alloy)
Test conditions
Material Temp.. C Velocity, Droplet Water AP, Load current, Duration
P, m/s Size, mm condition MPa A Time, hr
6061 AA Deionized
(specimen 20 110 1.0 water 0.1 8.0-8.6 3
A, B)

(a) before impingement

Fig. 2. Snapshot of impingement on the specimen surface.
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(b) impingement

(c) after impingement
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(a) Damaged specimen

Fig. 3. Image of damaged specimen(6061 Al alloy)
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