The Japan Soci ety of Mechanical Engineers

2970
HAR M E R (B )
72 % 724 5 (2006-12)

AR —EBEAOTHMTEIC &L BMHEEET LHRFHTE
(% 28, Foki9HTE)
% L
SR S

New On Line Washing Technique for Prevention of Performance
Deterioration due to Fouling on Steam Turbine Blades
(2nd Report, Basic Experiment and Analysis
for Actual Operation of Washing System)
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Mechanical-drive steam turbines have the heavy deposition of fouling materials on blade and
nozzle path surfaces due to contamination. As a result, turbine performance tends to be deteriorated
gradually. The first paper introduced this fouling phenomena and actual conventional washing
procedure in order to prevent the fouling problem and its practical disadvantage. In this second
report, regarding new washing method to resolve above disadvantage, the results of detail analysis
for erosion damage, thermal stress evaluation of internal parts due to injected water and heat balance
of steam/water mixture are introduced in comparing online washing test results.

Key Words: Steam Turbine, Thermodynamics, Numerical Analysis, Pressure Distribution, Reli-
ability, Steam Impurity, Deposition, Fouling, On Line Washing, Design
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Fig.1 New online washing device for LP section
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Table 1 Design and evaluation items

ITEM DESCRIPTION
REQUIRER\SS | @ HEAT BALANCE ANALYSIS
@ EVALUATION FOR MASS FLOW OF
FOR WATER WATER INJECTION
INJECTION

@ WATER EVAPORATION DURATION TIME

EROSION DAMAGE ANALYSIS

Fig.2 LP section pressure vessel with water injection
nozzles
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Fig.3 Schematic of online washing system
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Fig.4 Heat balance of online washing for LP section
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Fig.5 Vessel temperature profile during water injection
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Fig. 6 Steady and transient stress location on vessel
during water injection
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Fig.7 Low cycle fatigue life evaluation for vessels and
nozzles
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Fig.8 Methodologies for erosion damage evaluation
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Fig.9 Results of drain erosion damage evaluation
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Fig.11 Mixture temperature measurement location
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Table 2 Test condition for water injection

Item Testing Actual
machine turbine
Steam pressure[MPa] 4.6 4.6
Steam temperature[K] 651 651
Steam flow rate[kg/s] 4.7 23
Water pressure[MPa]} 4.9 4.8
Water temperature[K] 373 373
Water flow rate[kg/s] 0.38 1.9
* Same steam velocity as the actual turbine
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Fig. 12 Injection flow and mixture temperature
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Fig. 13 Comparison of calculated and measured mix-
ture temperature :
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Fig. 14 Transient temperature of vessel during water

injection
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IN CASE OF CONVENTIONAL WASHING

Fig. 15 Analysis results of equivalent online washing
condition with conventional washing
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