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Abstract 

This paper gives a detailed explanation about the effect of particle injection on blade length and profile loss coefficient with 

variation of inlet velocity. Two Dimensional geometry of rectilinear cascade with six blades is created in Gambit® 2.4.6 

software and flow behaviour is analyzed using fluent 6.3.26. Air at inlet velocity 50m/s, 100m/s and 150m/s with injection of 

ash, steel and water particles of 50µm, 100µm, 200µm and 300µm is passed through the cascade. The profile loss is decreased by 

increasing the velocity for a blade span. In case of ash particles of 50µm, profile loss is 17.92% by increasing velocity from 

50m/s to 150m/s, 17.89% in case of steel particles,17.15% in case of water particles. We analyze that the effected length on the 

suction and pressure side of the blade will increases by increasing the velocity and diameter of injected particles.   
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________________________________________________________________________________________________________ 

I. BACKGROUND 

During operation of turbine various types of contaminants are comes into contact with the turbine walls and blades. These 

contaminants create corrosion, erosion, deposition in turbines. The corrosion is basically a loss of turbine material due to various 

types of contaminants present in the working medium like steam, water or gas injection. Erosion is the loss of material due to the 

hard particle present in the stream. Degradation, failure of turbine components for turbine is depend on the various parameters 

like Mach number, Reynolds number, particle size, particle material etc. Particle having diameter less than 10µm is responsible 

for fouling because they do not have sufficient kinetic energy to cause erosion. This particle generally strikes and deposits on the 

blade surface, particles having diameter more than 10µm having less efficiency of sticking. Basically erosion is caused by the 

solid particles having large diameter, chances of erosion is mainly found in the leading edge and trailing edge of blade. Despite 

advancement in gas filtration systems, another issue is the formation of particles during combustion because of low grade fuel. 

The flow behavior of the turbine under injection of solid and liquid particles is analyzed here. The model testing of turbines give 

overall performance of turbines based on global parameters but it is too expensive. This approach is time consuming. But the 

detailed analysis of the performance of turbine is important under off-design and overloading conditions for this Now-a-days 

computational fluid dynamics compliments experimental and theoretical approach by providing an alternate cost effective means 

of simulating real flow as it is much cheaper than experimental testing. 

II. COMPUTATIONAL METHODOLOGY 

k-epsilon realizable viscous model is used for simulation because of its advantage and discrete phase model is used for particle 

injection. Injection parameters of various particles are define here. The various operating and boundary conditions are defined. 

The pressure velocity compounding is SIMPLE. Discreatization is of second order upwind and the cascade is iterated to be 

convergence for different velocities from 50m/s to 150m/s and for different particle sizes from 50µm to 300µm.Simulations with 

ash, steel and water particles is carried out. The values of static pressure at outlet, total pressure at outlet and inlet are found. 

From these values we find out the value of profile loss coefficient. With the help of discrete phase model the effected length of 

blade due to particles hitting is find out. The steel, Ash and Water particles at velocity 50m/s,100m/s, 150m/s with particles of 

diameter 50µm, 100µm, 200µm and 300µm is injected at above defined velocities. For this discrete phase model is used. Mass 

flow rate is 0.06 kg/s. 

III. PROFILE LOSS CALCULATIONS 

The profile loss coefficient 
y  is calculated by using the relation proposed by Dejc and Trojanovskij, expressed as 

                 y  = 1-            

Substituting the value of   in above equation, we have 
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On simplification the above equation and putting value of P2 = P2s (as both points are on same pressure line), equation is 

expressed as follows, 

 
Where, P2s is static pressure at outlet of cascade, P01 and P02 are the total pressures at the inlet and outlet of cascade 

respectively,   is the ratio of specific heats for air. 

IV. RESULTS 

The simulations are carried out for ash, steel and water particles, As these particles are present as contaminants in gas turbine. 

The simulations are carried out for three different velocities 50m/s, 100m/s, 150m/s and diameter of 50µm, 100µm, 200µm and 

300µm are injected into the turbine cascade. After simulation, profile loss is calculated for a blade span. Contours of total 

pressure distribution at velocity 50m/s with ash particle of 50µm is shown below. After entering the cascade section due to 

expansion the total pressure of the fluid is reduced. Boundary layer developed due to presence of eddies will creates low energy 

region at the exit of cascade field. Wake is formed due to these low energy regions and total pressure is reduced at the exit of the 

cascade as shown in total pressure contours of simulation. At some distance from the trailing edge, intermixing of flow is starts 

and wake is goes broader at the exit. It seen from the total pressure contours the pressure will goes decreasing with the increasing 

particle diameter. After increasing the velocity from 50m/s to 100m/s and 150m/s the total pressure increases for the turbine 

cascade. Different combination of velocities and particle size are shown in the form of graph to clearly understand the 

phenomenon. Similarly pressure distribution is seen for different micron size and different velocities the pattern of flow is same. 

 
Fig. 1: Total pressure contours of ash particles of 50µm at velocity 50m/s 

The effected length of blade due to particle injection is analyzed, basically during the flow of working fluid, the particles 

which are heavier and larger in diameter are hitting on the outer most part of the suction surface of the blade and the rest of the 

particle will strike on the pressure surface of the blade and almost full of the blade is effected by the particles, as this practically 

seen in the blade. The blade shape is also getting damaged because leading edge and trailing edge is fully affected by the 

particles. The lighter particle does not create the problem of erosion but they get stick with the blades and create the problem of 

fouling on the blades. The fouling effect can be removed by cleaning and polishing of the blade or some of the fouling losses are 

recoverable but the losses due to erosion are not recoverable. The strength of blade and overall efficiency of turbine get reduced 

due to these losses. Particle traces with the particle residence time describes the particle trajectories here the particles are hitting 

on the leading edge and after hitting it goes parallel to the blade length when its diameter increases, the effect of particles is 

increasing in the direction of suction surface. Then the chances of deposition are more in low velocity and in minimum diameter 

particle due to less effect of inertia. The effect of Reynolds number is same through the entire cascade but the Reynolds number 
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goes increasing when it strikes on the pressure and suction surfaces. Ash particle trajectories of 50µm diameter at velocity 50m/s 

is given below, the trajectories of different diameter and different material at different velocity is seen, the pattern is same for all 

trajectories. 

 

Fig. 2: Trajectories of Particle with Residence Time at Velocity 50m/S with Ash Particles of 50µm 

It is clearly seen from the figure that the leading and trailing edge is fully hit by the particles. Starting length of Suction 

surface is effected up to 10 to 12% of the blade length and pressure surface is affected up to 65 to 70% from mid to end in case 

of ash particles and the effected length is increasing by increasing particle diameter. Air at velocity 50m/s, 100m/s and 150m/s 

with particles of ash, steel and water of 50µm, 100µm, 200µm and 300µm are passed through the cascade. The wakes are shifted 

to suction side due to increasing velocity. The profile loss decreases by increasing the velocity for a blade span at 50m/s to 

150m/s velocity. If ash particles of 50µm to 300µm are injected then the losses decreases with the increase of diameter of 

particles, but in case of steel and water particles the losses increases by increasing the particle diameter from 50µm to 300µm. 

Profile loss is 17.92%, which decreases when the velocity is increased from 50m/s to 150m/s with the injection of ash particles 

of 50µm, 17.89% with steel particles, 17.15% with water particles. Profile loss decreases if we increase particle diameter from 

50µm to 300µm at velocity 50 m/s, increases in the case of steel particles and water particles. The effect of particles is not 

significant on profile loss coefficient. The blade length is affected approx 8 to 13 % at suction surface and 65 to 70% pressure 

surface is affected by the injection of ash particles of 50µm to 300µm at velocity 50m/s to 150m/s, up to 16 % suction surface 

and 80 to 95% of pressure surface in the case of steel particles, up to 15% suction surface and 70 to 90% of pressure surface is 

affected in the case of water particles. 

V. CONCLUSION 

It is found by using commercially available fluent6.3.26 software that the effect of different type of particle injection on profile 

loss coefficient. The profile loss decreases with increasing velocity and with increasing diameter size of ash and steel particle and 

it goes on increases with increase in diameter and increasing velocity in case of water particles. The blade length is also get 

affected by the injection of particles. The leading edge and trailing edge is fully hit by the particles. The suction surface is 

affected up to 10%  to 15%  from the starting length and pressure surface is affected up to 85% that means the chances of 

deposition and corrosion are more on 2/3
rd

 part of the blade. 
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