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A Study on the Demonstration of Yellow Plume Elimination System
from Combined Cycle Power Plant Using Liquid Injection System
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Abstract Combined cycle power plants (CCPP) that use natural gas as fuel are easier to start and stop,
and have lower pollutant emissions, so their share of domestic power generation facilities is steadily
increasing. However, CCPP have a high concentration of nitrogen dioxide (NO2) emission in the initial
start-up and low-load operation region, which causes yellow plume and civil complaints. As a control
technology, the yellow plume reduction system was developed and operated from the mid-2000s.
However, this technology was unable to control the phenomenon due to insufficient preheating of the
vaporization system for 10 to 20 minutes of the initial start-up. In this study, CFD analysis and
demonstration tests were performed to derive a control technology by injecting a reducing agent directly
into the gas turbine exhaust duct. CFD analysis was performed by classifying into 5 cases according to
the exhaust gas condition. The RMS values of all cases were less than 15%, showing a good mixing. Based
on this, the installation and testing of the demonstration facilities facilitated complete control of the

yellow plume phenomenon in the initial start-up.

Keywords : Combined Cycle Power Plants, Gas Turbine, Nitrogen Dioxide, Yellow Plume, Liquid Injection
System
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Fig. 1. Schematic Diagram of Yellow Plume Elimination
System.
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Fig. 2. Exhausted NO and NO; Concentration under
YPES Operation at Gas Turbine Low Load.
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Fig. 3. Installation Location and Arrangement of
Reducing Agent Spraying Nozzles.

320

Table 2. Spraying Condition of Reducing Agent for

CFD Analysis.

Parameter Injection(kg/hr)
Medium Ethanol
Injection Rate 0.010441 kg/s

Injection Velocity 30.7 m/s

Injection Temp 20 Celsius Degree

155 um

20 Degree

Droplet Size

Spray Angle
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Fig. 4. HRSG Geometry and Mesh of CFD Analysis.
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Case 1 2 3 4 5
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M1 6.7 6.1 5.2 9.4 5.7
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Fig. 6. Velocity(m/s) Contour of Exhaust Gas at
HRSG Inlet Duct, (a) Case 1, (b) Case 2, (c)
Case 3, (d) Case 4, (e) Case 5.
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Table 4. Field and Lab. Test Condition for NO;
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