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ABSTRACT 
Compressor washing is a widely applied method to reduce 

the fouling rate of compressor blades by on-line washing and 

restore lost power by off-line washing. One of the factors 

influencing the effectiveness of a wash procedure is the 

efficiency of the detergent used for washing. This especially in 

the presence of hydrophobic contamination such as oily and 

carbon type deposits that can be difficult to penetrate and 

loosen by water-based detergents. 

In this paper, a comparison of cleaning performance is 

made between monophase water-based compressor cleaners and 

a biphase water-based compressor cleaner.  

Most of the currently used water-based compressor 

cleaners are monophase solutions. Their main active ingredients 

are surfactants which lower surface tension and interfacial 

tension allowing detachment and emulsification of foulant from 

a compressor blade. Biphase compressor cleaners are also 

formulated with surfactants, however due to their sub-micron 

heterogeneous nature they not only provide detachment and 

emulsification but a much more effective capability to solubilize 

even hydrocarbon type contamination. 

Cleaning efficiencies of these cleaners were evaluated in 

the laboratory using various test methods including US MIL-

PRF-85704C. All of these performed tests confirm the 

significantly higher effectiveness of the biphase compressor 

cleaner. 

To validate the results from the laboratory tests a direct 

comparison of a monophase cleaner and a biphase cleaner was 

performed at a power station in the UK. After about four years 

of frequent washing with the monophase cleaner on two 

engines, one GT was then washed three times consecutively off-

line within a time period of six months with the biphase cleaner. 

In the second GT, washing was continued with the monophase 

cleaner. The visual inspection during a major overhaul very 

clearly showed a significantly higher removal of contamination 

from the GT washed with the biphase compressor cleaner. 

INTRODUCTION 
Compressor fouling is one of the main reasons for the 

reduction of gas turbine efficiency and power output loss. The 

main source of contamination usually is pollution from the 

ingested air [1]. 

Due to plant design, high ambient humidity or other 

reasons it is not always economically possible for power 

stations to follow the general trend in the industry to install 

higher efficiency air filtration as a means to further reduce 

compressor fouling. 

And even when using high efficiency filters a residual 

fraction of the total pollution will pass through the filter. In 

addition, unfavourable ambient conditions can reduce the 

efficiency of the filters. Furthermore, in humid ambient 

conditions water soluble airborne particles and salts can also 

percolate through the filter [2, 3]. 

Moreover, regardless of the air intake filter system used, 

there are also internal sources for pollution. The most severe 

internal source most likely is an oil leak from the compressor 

bearing which can cause layers of sticky contamination 

increasing the effects of air intake pollution. 

A widely applied method to reduce fouling is compressor 

washing. Previous studies and operational experience have 

emphasized various factors influencing the wash result. 

Schneider et.al. [4] performed a compressor washing 

schedule analysis comparing the effect different on- and off-line 

wash regimes have on compressor efficiency and power output.  
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Madesen et.al. [5] describe the influence of the water to air 

ratio in on-line washing on the wash effectiveness. 

In other publications, various parameters of influence such 

as nozzle positioning, wetting of IGVs [6], washing equipment 

and procedure, injection mass flow [7], just to name a few have 

been discussed. 

While it was proven that the effectiveness of a detergent is 

higher than that of water only [4], the effect that the type of 

detergent has on the wash effectiveness has not been studied. 

Though good solvent-based compressor cleaners are highly 

effective in removing hydrophobic contamination such as oily 

deposits, they are on the decline due to high price and their 

adverse Health and Safety and Environmental properties. They 

contain aromatic hydrocarbon solvents that are toxic to humans, 

suspected carcinogens and toxic to aquatic life with long-lasting 

effects. Furthermore, solvent-based cleaners contain volatile 

organic compounds (VOC) which contribute to the formation of 

ground-level ozone [8] and are therefore taxed in many 

countries. These properties make their manufacture, 

transportation, use and disposal hazardous. 

Due to these unfavourable impacts the industry nowadays 

widely uses water-based compressor cleaners. The drawback of 

water-based compressor cleaners is that they tend to be less 

effective in removing hydrophobic contamination as compared 

to the solvent-based cleaners. However, there are advanced 

water-based compressor cleaners available in the market that 

provide a high degree of effectiveness against hydrophobic 

contamination. 

NOMENCLATURE 
 

EHS Environment, Health and Safety 

g Gramm 

GT Gas Turbine 

h Hour 

min Minute 

ml Milli-litre (10-3 litre) 

mm Milli-meter (10-3 meter) 

n Number of test runs 

nm Nano-meter (10-9 meter) 

OEM Original Equipment Manufacturer 

VOC Volatile Organic Compounds  

KEY DEFINITIONS 
 

Solvent-based compressor cleaners are cleaners containing 

hydrocarbon solvents. The word “solvents” is often associated 

with aromatic (benzene-like) hydrocarbons, aliphatic 

hydrocarbons (paraffins), cyclic paraffins (naphthenes) and 

terpenes. 

 

Water-based compressor cleaners are formulated without 

hydrocarbon solvents but can contain other solvents. The term 

solvent covers a range of organic compounds that also include 

oxygenated compounds which are used by certain 

manufacturers in water-based compressor cleaner formulations.  

 

Monophase water-based compressor cleaners are homogeneous 

solutions. 

 

Biphase water-based compressor cleaners are micro-

heterogeneous mixtures consisting of continuous networks of 

aqueous-based and non-aqueous based domains. 

 

Detergent is used as a synonym for compressor cleaner in this 

paper. 

 

Interfacial tension is a surface force that prevents two liquids 

from mixing. 

 

Hydrophilic applies to chemicals that have a high affinity for 

water 

 

Hydrophobic applies to chemicals that have very little or no 

affinity for water 

 

Solubilisation is the ability to dissolve oily contamination in a 

water-based formulation. 

 

Micelles are molecular aggregates of surfactant molecules that 

help to stabilize the surfactant and also any oily residues that 

are present in an aqueous solution. 

 

METRATEST® is a test to compare the effectiveness of 

compressor cleaners. 

 

METRATEST® 2.0 is a test to demonstrate mechanisms 

involved in the removal of oily-based hydrophobic 

contamination. 

COMPRESSOR CLEANING MECHANISMS 
Removal of contamination from a compressor blade can be 

brought about by different mechanisms. For example, the 

momentum of water or cleaner from a jet spray onto the blade 

can be sufficient to detach largely “clean” inorganic salts and 

other poorly adsorbed contamination from a surface. However 

more tightly bound contamination requires different 

mechanisms based on more physical action and to a greater 

extent, chemical action. 

With a given nozzle system installation, possibilities to 

improve physical action are limited. For further improvement of 

physical action an optimization of the nozzle system might be 

necessary. 

Chemical action on the other hand is primarily determined 

by the compressor cleaner used. 
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MONOPHASE AND BIPHASE WATER-BASED 

COMPRESSOR CLEANERS 
Removal of contamination from compressor blades is a 

complex process involving interactions between components 

within the compressor cleaner, contaminants and the 

compressor blade surface. As compressor cleaners are 

nowadays mainly water-based and contamination commonly 

found in today’s gas turbines is typically a compact mixture of 

various salts and particulates embedded in hydrocarbons and 

other carbonaceous oil-based materials, there is an intrinsic 

incompatibility between the compressor cleaner and the 

contamination. The properties of the compressor cleaner play a 

significant role in overcoming this incompatibility and 

consequently the effectiveness of removal. 

Aqueous-based compressor cleaner formulations contain 

surface active agents (surfactants) which are substances that 

assemble at surfaces, for example air / liquid, liquid / liquid and 

solid / liquid surfaces or they can self-associate in a liquid to 

form aggregates known as micelles (Fig. 1). 

 

 
 
Figure 1 - Schematic depiction of surfactant behaviour (picture 

adapted from [9]) 

 

The cleaning process can be described as follows: upon 

spraying the compressor cleaning fluid onto the fouled 

compressor blades (Fig. 2) the surfactant molecules migrate to 

surfaces including hydrophobic contamination (Fig. 3). 

Surfactants can chemically reduce the forces of adhesion 

between the contamination and compressor blade surface and 

also reduce interfacial tension between the aqueous phase and 

the oily phase allowing detachment by desorption (Fig. 4). This 

is a chemical process facilitated by mechanical agitation such as 

spraying. Once detached, the hydrophobic contamination can 

exist as suspended particles (>nm size) dispersed throughout the 

liquid (Fig 5) and as oily droplets that can agglomerate and 

migrate to the surface of the liquid forming a separate layer. 

 
Figure 2 - Compressor cleaning fluid is sprayed onto the fouled 

compressor blade (picture adapted from [10]) 

 
Figure 3 - Surfactant molecules surrounding Soil (picture adapted 

from [10]) 

         
Figure 4 - Soil pulling from substrate (picture adapted from [10]) 

         
Figure 5 - Suspended particles dispersed in the liquid (picture adapted 

from [10]) 
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During high energy spray application, the cleaner can 

emulsify oily contamination by encompassing it at the centre of 

a micelle of surfactant molecules. The micelle grows to 

accommodate the oil. Emulsification is an energy intensive, 

physical process and results in fine droplets of one phase of 

about a micron uniformly spread throughout another continuous 

liquid phase. However, as the spray application only lasts for a 

short time interval removal of contamination via emulsification 

will be limited.  

Compressor cleaners that operate by the above modes of 

action are usually monophase and consist of molecules of 

substances or micelles that are randomly oriented and 

distributed within a continuous aqueous phase. However, in 

cases where oily deposits exist reducing these forces may not be 

sufficient to overcome the more strongly adsorbed 

contamination which will remain on the compressor blade. 

 

Biphase water-based micro-heterogeneous compositions 

are excellent solvents for non-polar organic compounds as well 

as inorganic salts [11]. These biphase compositions possess 

interlinked sub-micron domains (Fig 6). Some of these domains 

are hydrophobic (depicted green) and some are hydrophilic 

(depicted blue). Such compositions therefore have an affinity 

for oily-based deposits and for polar types of deposits like salts 

and can solubilise both types. 

Solubilisation is a mechanism whereby molecules or groups 

of molecules from one substance are absorbed and integrated 

randomly and uniformly throughout the framework of another 

substance typically at nano-sized dimensions. In this way layers 

of one substance are eroded away. Solubilisation is a chemical 

process that requires little or no energy input and is therefore a 

potentially more efficient process than emulsification.  

 
Figure 6 - Schematic representation of biphase composition [12] 

(Green represents continuous hydrophobic phase; Blue represents 

continuous hydrophilic phase; Maroon represents oily contamination 

accommodated in hydrophobic phase)  

 

Hence for more tightly adsorbed contamination where 

forces of desorption cannot overcome forces of adsorption, 

removal can be brought about by solubilisation in which 

hydrophobic components are accommodated within the 

hydrophobic domains of the composition and salt-based 

components are contained in the hydrophilic domains. Biphase 

compressor cleaners are therefore much more effective as they 

clean by the combined chemical actions of desorption and 

solubilisation. 

 

LABORATORY EVALUATION OF CLEANING 

EFFICIENCY 
 

Gas Turbine OEM specifications and requirements 

The main focus of the OEM specifications and 

requirements for gas turbine compressor cleaners are primarily 

to ensure GT integrity through fluid purity, compatibility with 

blade metallurgy as well as EHS considerations for both off-line 

and on-line compressor cleaning application. 

The majority of OEM’s do not have requirements regarding 

the efficiency or effectiveness of the compressor cleaner. Thus, 

OEM approved compressor cleaners should not be considered 

to be equal in terms of cleaning performance. 

 

Cleaning efficiency test according to US MIL-PRF-85704C 

A well-known specification regarding compressor cleaners 

is the US MIL-PRF-85704C. In section 4.4.4 of this 

specification a test method is described to evaluate the 

efficiency of compressor cleaners using a venturi nozzle with 

air to aspirate the detergent solution for spraying it on a rotating 

disc coated with a standardized contaminant (soil). Coatings, 

approximately 240 mg were applied as in the specification with 

a brush and thicknesses were therefore susceptible to some 

variation. By measuring the weight loss, the cleaning efficiency 

is calculated. 

For solvent-based cleaners, the contaminant is baked onto 

the rotating disc. For water-based cleaners however, the 

contaminant is not baked onto the disc but only dried at room 

temperature and the detergent is not sprayed with air but with 

(hot) steam reducing the severity of the test. In order to pass the 

test, 99% cleaning efficiency needs to be obtained [13]. 

Due to the test design with a high threshold for passing (i.e. 

99%), the test does not allow for a distinction in cleaning 

efficiency between the detergents that pass the test. 

In order to compare the effectiveness of different 

compressor cleaners, the efficiency test according to US MIL-

PRF-85704C chapter 4.4.4 for water-based cleaners was 

modified to the extent that air at ambient temperature was used 

instead of steam increasing the severity of the test. The other 

parameters were not changed. The cleaners were tested at the 

recommended 1:4 dilution ratio. Figure 7 shows the test results 

of one biphase water-based compressor cleaner (B) and seven 

monophase water-based compressor cleaners (M1-M7). All of 

the tested compressor cleaners (B, M1-M7) are approved by the 
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main gas turbine manufacturers and are commercially available 

in most markets. 

 
Figure 7 – Cleaning performance test results (using air instead of 

steam), average values from two to four test runs for each sample. 

 

Discussion of cleaning test results 

The results in Fig. 7 show a large difference in performance 

between the best monophase cleaner (M1, 42.5% weight loss) 

and the biphase cleaner (98.8% weight loss). In addition, 

significant differences between the monophase cleaners M1-M7 

can be observed. During the test, reproducibility of cleaning 

results showed variation, particularly the monophase cleaners. 

Reproducibility discrepancies could be a result of slight 

variations in coating thickness. Desorption would be more 

affected compared to solubilisation due to reduced rates of 

diffusion to the surface / contaminant interface through thicker 

areas of the coating. This is corroborated by the consistency of 

the results of the biphase compressor cleaner removing 

contaminant in the range between 97.9% and 99.7%. 

 

METRATEST®: Cleaning efficiency comparison 

In addition to the above-mentioned test other simpler 

laboratory-based tests have been established to compare 

compressor cleaners in their ability to clean oily surfaces. 

METRATEST® has been used for this. The advantage of the 

METRATEST® is that no special equipment is needed and it 

can be performed easily within an office environment. The test 

uses pre-prepared test bottles, each containing 0.5 g of 

aluminium chips of dimensions 1 mm x 0.3 mm that have been 

uniformly coated with contaminant. The chips provide a large 

surface area for liquid contact. The contaminant is a mixture of 

lubricating oil and carbon black conforming to US MIL-PRF-

85704C and is baked onto the beads to create a severe and 

challenging test media. Each sealed test bottle contains the same 

quantity of chips, the same type and quantity of contamination 

and has undergone the same preparation procedure. Compressor 

cleaners with dilution ratio according to the manufacturer’s 

recommendation are prepared. Then, the diluted solution is 

added to the test bottle. Test bottles are then shaken for three 

minutes (derived from a typical time of 3-5 minutes detergent 

spraying in the gas turbine during off-line washing) in a 

controlled way. After three minutes the contents of the bottles 

are examined. The liquid is decanted onto a glass dish and the 

aluminium chips deposited onto a glass dish, washed with 20 ml 

water and oven dried. Figures 8 - 10 show a comparison 

between two monophase water-based compressor cleaners (M1 

and M2) and a biphase water-based compressor cleaner (B). 

Figure 8 shows the test bottles laid out horizontally prior to 

the addition of the compressor cleaner.  

Figure 9 shows the decanted liquids after 3 minutes of 

controlled agitation at room temperature and is an indication as 

to how much of the oily contamination has been removed from 

the aluminium chips. In real application water soluble parts of 

the compressor contamination will also cloud the effluent water. 

Figure 10 shows the washed and dried aluminium chips 

from each bottle, representing the compressor blades. 

 

 
Figure 8 - METRATEST® fouled aluminium beads 

 

 
Figure 9 - Decanted cleaning after the METRATEST® 

 

 
Figure 10 - Metal beads after the METRATEST® 

 

Discussion of METRATEST® results 

Figure 9 shows that the wash fluid from compressor cleaner 

B has become dark in colour removing contamination from the 

beads and Fig. 10 that the corresponding chips have become 

shiny. Both decanted wash fluids from compressor cleaners M1 

and M2 are almost unchanged and the corresponding aluminium 

chips remain contaminated. This test indicates the ability of the 
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biphase compressor cleaner to remove adsorbed oily-based 

contamination from a hard surface in contrast to the relative 

inability of the monophase compressor cleaners.  

 

METRATEST® 2.0: Mechanisms for removing 

contamination 

In a further test METRATEST® 2.0 is used to demonstrate 

the difference in mechanisms for removal of contamination. In 

this test, an oil-based permanent marker pen (for example, 

Sharpie Permanent Marker, chisel tip) was used to make an ink 

mark on a glass dish. After allowing the ink to dry for 2 

minutes, compressor cleaner, diluted to the manufacturer’s 

recommendations and at room temperature was poured onto the 

glass dish covering the ink mark. Figure 11 and 12 show a 

comparison between two monophase water-based compressor 

cleaners with a biphase water-based compressor cleaner.  
 

 
Figure 11 - METRATEST 2.0 

T= 0 min 

 
Figure 12 - METRATEST 2.0 

Result T = 6 min 

 

Discussion of METRATEST® 2.0 results 

After 6 minutes (soak time during off-line compressor 

washing in the gas turbine is typically between 10 and 30 

mins.), compressor cleaner M1 has not removed any of the oil-

based ink, compressor cleaner M2 has partially desorbed and 

detached the ink resulting in a non-uniform dispersion of 

particles in the liquid. Compressor cleaner B has completely 

solubilised the ink leaving no visible traces. It is more 

beneficial that solubilisation occurs compared to the formation 

of a dispersion as from the latter re-deposition in the 

compressor or combustion chamber can occur or even clogging 

of cooling air passages. 

ON-SITE VERIFICATION OF LABORATORY 

EVALUATION 
On-site verification of laboratory evaluations was carried 

out at Didcot Power Station, UK by directly comparing the 

performances of a monophase and a biphase water-based 

compressor cleaners. 

 

RWE Generation - Didcot Power Station B 

Didcot Power Station was commissioned in 1997 as a 

combined-cycle gas and steam turbine power plant. There are 

two blocks, each with two Siemens SGT5-4000F gas turbines in 

a 2x1 configuration with a net plant capacity of 1’144 MW 

[14]. All gas turbines are equipped with F9 rated air filters. 

 

 
Figure 13 - Didcot Power Station B, Oxfordshire, UK 

 

Due to contamination from the air intake and problems 

with a bearing oil-leak, frequent on- and off-line washing is 

performed where the wash fluid is injected through the Siemens 

OEM combined nozzle system for on- and off-line washing. 

In the past, a monophase water-based compressor cleaner, 

M1 was used. Weekly on-line compressor washing was 

performed and off-line washes approximately every 1’000 h if 

operation permitted. Despite this thorough wash regime, the 

results were not satisfactory. 

Based on superior performance of the biphase compressor 

cleaner as demonstrated in the METRATEST® RWE 

Generation was interested in a performance comparison in a 

real GT situation to confirm the superior efficiency of the 

biphase water-based cleaner B over the monophase compressor 

cleaner M1 and in so doing providing an economic benefit. 

 

On-Site verification 

At the end of 2017 RWE Generation started a test where 

compressor washing on one GT was performed with a biphase 

water-based compressor cleaner while continuing washing the 

other GT compressor with the monophase water-based 

compressor cleaner. 

Both turbines had similar operation hours, wash regimes 

and nozzle systems. Both turbines are located next to each other 

with the air intake facing the same direction and equipped with 

the same air intake filters. In addition, both GT’s are suffering 

from a bearing oil leak. During the inspections prior to the test, 

the condition of the compressor and in particular the degree of 

fouling was found to be equal. Thus, it was confirmed by the 

Didcot engineers that both GT’s had similar starting conditions 

and were exposed to a comparable amount of new 

contamination over the course of the test. 

From the end of 2017 until the major overhaul in June 2018 

Didcot performed three off-line washes with a biphase water-

based compressor cleaner on GT-52 for a direct comparison 

with GT-51 which was washed with the previous monophase 

detergent. Due to the fact that both GT’s are washed with the 

same wash skid, and in light of the frequent on-line washing it 

was decided to perform on-line washing on both GT’s with the 

monophase detergent. 
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Visual inspection result 

The effect of washing and residual contamination was most 

obvious on the vanes of the 4th compressor stage. The blade 

surfaces of the pressure side of GT-51, washed with the 

monophase compressor cleaner, were found fully covered with 

hard hydrocarbon deposits of 2-3mm thickness (Fig. 14). The 

suction side showed slightly less deposits with a few clean 

spots. In comparison on the vanes of GT-52, where the last 

three washes were conducted with a biphase compressor 

cleaner, on both pressure and suction sides only patchy remains 

of such hard hydrocarbon deposit were observed. On large 

portions of the blade surfaces the deposits had been removed 

and/or drastically reduced in thickness (Fig. 15). 

 

GT-51 

Approx. 34 off-line washes 

with M1 monophase water-

based cleaner 

 

GT-52 

Approx. 30 off-line washes 

with M1 monophase water-

based cleaner and last 3x off-

line washes with biphase 

water-based cleaner B 

 
Figure 14 - GT-51, 4th stage vane, 

pressure side 

 
Figure 15 - GT-52, 4th stage vane, 

pressure side 
 

Note: Pictures were taken outdoor at daylight and were not 

edited in colour. 

CONCLUSION 
In laboratory testing according to US MIL-PRF-85704C, 

section 4.4.4 the use of air instead of steam to inject the cleaner 

makes it possible to measure the differences in cleaning 

efficiency between water-based compressor cleaners. The test 

results as shown in Fig. 7 clearly show superiority of biphase 

water-based compressor cleaners over monophase water-based 

compressor cleaners. 

 

METRATEST® and METRATEST® 2.0 demonstrate that 

differences exist in performance capabilities of commercial 

compressor cleaners and that more than one mechanism is 

involved in the removal of contamination from hard surfaces. 

For more tightly adsorbed contamination solubilisation is more 

effective than detachment by desorption. 

 

The on-site verification confirmed the laboratory test 

results. The difference in cleaning effectiveness between the 

biphase and the monophase compressor cleaners is very 

apparent, with the biphase cleaner outperforming the 

monophase cleaner. 

Based on the visual inspection of the vanes it can be 

assumed that such severe fouling would not have occurred if a 

biphase cleaner had been used from the start of the compressor 

wash regime.  

Due to the higher cleaning effectiveness, it is expected that 

a biphase compressor cleaner reduces compressor efficiency 

degradation to a much greater extent than a monophase 

compressor cleaner. Further as compressor efficiency 

degradation is the major cause of power output degradation the 

biphase cleaner is much better able to sustain power output. 
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