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Today an increasing use of regenerative energy leads to stronger power fluctuations that have to be corrected by conventional power plants. One possible method to augment the power output of a stationary gas turbine is the injection of water into the compressor inlet, also called high-fogging.

e investigation of water droplets in high-fogging applications in the compressor of stationary gas turbines arises from the increasing need of rapid correction of power fluctuations.

e present paper focuses on the numerical simulation of the droplet behavior within one compressor stage. A numerical model is presented to describe the motion of the droplets through the ambient gas flow, the impact and splashing on the blade surface and the propagation of the resulting wall film. Furthermore, important parameters of the numerical simulation and their influence on the resulting wall film are discussed in detail.

INTRODUCTION

e injection of water sprays into the compressor inlet of stationary gas turbines, also called high fogging technique, is used to rapidly increase the gas turbine's power output. is effect can, for example, be used to overcome fluctuations appearing in power supply systems, caused by today's increased use of wind and solar energy. e water injection results in an evaporative cooling before and within the compressor; hence the compression work is reduced and the mass flow is increased. A significant portion of the water droplets can pass into the cascade causing interactions between droplets and blades, depending on the operating conditions and the fineness of the spray. In general, smaller droplets are favorable for high-fogging applications. Reasons are the faster evaporation and the be er follow-up behavior in the accelerated flow. Nevertheless, larger droplets in the range of 50 -100µm can appear with higher injected mass flows due to droplet dynamics. Because of a significantly larger characteristic relaxation time t D , these droplets do not follow the accelerated gas flow which leads to erosion problems and the formation of a fine spray at the leading edge of the blades.

e characteristic relaxation time t D = ρ L d 2 /(18µ G ) describes the time scale which is needed to adapt to ambient conditions. Depending on the impact conditions, a distinct part remains on the blade surface and forms thin films or streaks which propagate along the blade surface towards the trailing edge. In the shear layer, disintegration takes place resulting in droplets that are injected back into the flow field.

e formation of larger droplets is also possible in the disin-tegration process. ese can enter the following compressor stage and cause the mentioned problems again. erefore, the significance and the interest in the whole process becomes important. However, the experimental investigation of the wall film properties at real flow conditions is extremely difficult or even impossible. is is where the benefits of numerical investigations come into play. Considering small scale processes of single droplets within the numerical study of the whole compressor, commonly, an Euler-Lagrange approach is applied. e flow field of dry air through the compressor cascade is computed by solving the Navier-Stokes equations. Based on these computations the behavior of the droplet parcels can be described by solving the equations of motion and the resulting trajectories. In the case that a droplet hits a blade a subscale model describes the droplet impact phenomenology. A er the observation of all relevant droplet trajectories, this model returns the boundary conditions for the solution of the wall film equations, which are solved in an Eulerian framework. In this study the variation of different numerical parameters and their influence on the boundary conditions for the wall film equations are presented. e investigations cover the variation of the parcel size at the inlet of the computational domain, the grid dependency of the blade surface as well as the sensitivity of the boundary conditions to the applied smoothing routine. e computations are done on a simplified environment that was chosen to be a blade of a linear compressor cascade under overspray fogging conditions, as there already exists both numerical [ ] and experimental [ ] data. is setup is chosen to show the applicability of the model and to be able to validate the model in future work. A erwards it can be transferred to an axial compressor cascade including rotation effects. A schematic overview of the setup and the considered processes is depicted in fig. . e goal of the present study is to find a combination of the numerical parameters which provide a good solution in terms of computational effort, robustness and smooth boundary conditions for the wall film equations.

e present paper is structured as follows: First, the numerical setup and the computation of the droplet trajectories are described. Second, an overview of the droplet-wall impact model and the anaytical consideration of the terms of the equation of motion is given. Finally, the investigation of the numerical parameters is discussed.

. NUMERICAL MODELING . Droplet Trajectories

An overview of the numerical implementation of the spray solver will be given in this section. A detailed treatment of the entire workflow is given in [ ]. To reduce computational effort the discrete droplet method (DDM) introduced by [ ] is applied. Using this method the number of injected droplets and integrated trajectories is reduced by gathering droplets of equal properties in representative parcels. Each parcel contains the droplet properties and the particle flow rate ṅ.

e Euler-Lagrange approach is applied to compute droplet trajectories in the carrier gas flow domain. e dry gas flow is computed with ANSYS CFX . [ ]. e solution of the RANS equations provides the carrier gas velocity field as well as the boundary conditions for the wall film flow. e droplet paths result from fourth order numerical integration of the Lagrangian equations of motion considering steady state drag and rotational forces:

m D uD = F d + F c f + F C o . ( )
In this equation, the product of the drop mass m D and the drop acceleration uD equal the sum of the acting forces. ese will be introduced in the following. e steady state drag F d contains the dependency on the Reynolds number as well as the shape of the oscillating drop. Based on the deformation of the drop, it is interpolated between the limiting cases of a sphere and a disc. Deformation and drop breakup are considered using the TAB (Taylor Analogy Breakup) model [ ]. is model describes the drop oscillation while it is advancing through the carrier flow field. Breakup occurs if the maximum deformation allowed is exceeded. At this point, new droplet properties are employed for the current parcel. F c f and F C o correspond to the centrifugal and Coriolis force respectively. Other forces, e.g. the virtual mass term or the Basset force from the so called Basset-Boussinesq-Oseen equation [ ], [ ], [ ], are neglected because they only show minor effects for this application.

e integration of the reduced first order ordinary differential equation system is executed with a modified Dormand-Prince method [ ]. Using a fourth and fi h order Runge-Ku a method the equation is integrated. An adaptive time stepping is used for the integration, which is based on two criteria.

On the one hand it is estimated with the previous integration step and the convergence error. e second criteria resembles a convective CFL limit. As the motion of the particle depends on the ambient gas flow, the particle trajectories have to be tracked to the Eulerian grid points although the particle track integration itself is grid independent. To avoid the computational bo leneck of locating the nearest grid point, only neighboring cells are regarded. e time limit has to be set accordingly. All trajectories are pursued until the path reaches one of the domain boundaries.

Although the volume fraction ϕ of the disperse particles in the flow lies in the regime of two-way coupling [ ], only the influence of the continuous phase on the droplets is taken into account. e restriction to one-way coupling is reasonable as a framework for developing and testing new droplet dynamic models. Investigations of two-way coupling simulations can be found in [ ] and [ ].

. Droplet-Wall Impact

In the following, the subscale model for the droplet-wall impact is presented. e used model has first been published in [ ] and has been revised in [ ]. All trajectories that hit the blade are evaluated with the impact model to distinguish whether the momentum is sufficiently large enough for splashing to occur. In that case, the model specifies the ejected drop mass, diameter and velocity distributions. e remaining mass and momentum of the impacting spray dissolves into the wall film. e splashing threshold, which marks the transition from deposition to splashing, is formulated in terms of the critical impact factor K C [ ]

K C = 85 + 163H 1.2 I , ( )
which depends on the non-dimensional film thickness H I that is the ratio of the film thickness h and the approaching droplet diameter d I . e impact factor K itself is a relation between the droplet normal velocity w I and diameter

K = W e 1 2 Re 1 4 = W e 5 8 Oh -1 4 , ( )
with the well known non-dimensional Weber, Ohnesorge and Reynolds number.

W e I = ρ L w 2 I d I σ , Oh I = µ L ρ L d I σ , Re I = ρ L d I w I µ L ( )
Splashing is expected for K ≥ K C . In case of splashing, the outcome needs to be specified. First, the ejected mass ratio M, defined as the amount of overall ejected secondary drop mass in relation to the impacting drop mass, is calculated. A suitable measure for the impact energy is the relative Weber W e I number [ ]

W e I = W e I (K 4 C Oh I ) -0.4 ( )
which relates the kinetic energy at impact to the kinetic energy dissipated at the splashing limit. With this definition of the relative Weber number the properties of the impacting drop are coupled to the wall film thickness. e given correlation for M M = 7 -6e -2H I 1e ( W e I -1)(2H 2 I +0.05)

( ) fulfills all predefined conditions, e.g., M → 1 for H I = 0 and M = 0 along the splashing threshold. Besides, it represents the bounded asymptotic behavior for W e I → ∞ well. e next step is the computation of the distribution of the ejected mass over the resulting secondary droplets, thus the drop size distribution. Fromexperimental[ ] and simulation [ ] data it is well known that bimodal distributions are o en found. e requirements are best met with a convex combination of two Weibull propability density functions (PDF).

p 3 (D) = Q k λ 1 D λ 1 k-1 e -D λ 1 k +(1-Q) k λ 2 D λ 2 k-1 e -( D λ ) k ( )
Within this equation, D denotes the non-dimensional secondary droplet diameter, which is non-dimensionalized by the impacting diameter and the index 3 indicates that the PDF regards the droplet volume. e shape parameter k is fixed to k = 3. λ i is a scale parameter, which can be regarded as a reference diameter as it directly relates to the respective mean diameter D i . Here, the index 1 correlates to the small size drop class and the index 2 to the larger drop class. For this application, both droplet classes are of interest, as the larger droplets may reimpact onto the blade and the smaller droplets mainly contribute to the evaporation process. To ensure that both prefactors (Q, 1 -Q) are positive and sum up to 1, the mass weighting factor Q that connects the two unimodal PDFs has to lie in the intervall 0 ≤ Q ≤ 1. As discussed extensively in [ ], the weighting shi s with increasing W e I from the larger drop class to the smaller one. It needs to be noted that Q distributes mass shares to both diameter classes. So, for Q = 0.5, for example, the same mass is distributed to both diameter classes, which results in a higher number of droplets of the smaller droplet size. Additionally, the mean values D 1 and D 2 are modeled. e experimental and numerical data implies that the smaller drop size D 1 remains at 0.07 of the impacting diameter and only the larger droplet class shows a dependency on the impact conditions. e correlations given in [ ] are

D 1 = 0.07 , D 2 = 0.07 + 0.4 W e I . ( ) 
It is obvious that D 2 approaches D 1 for W e I → ∞.
Finally, the ejection velocity is regarded. In the application of turbomachinery, the droplet behavior is quickly dominated by the high velocities of the ambient flow. Nevertheless the ejection velocity strongly affects the penetration depth of the droplets into the flow. e developed correlation in [ ] for the non-dimensional velocity W reads

W = (0.1 + 0.5e -6H I ) 1 -1/ W e I . ( )
.

Wall Film Treatment

For the description of the wall film and the liquid dynamics the Navier-Stokes equations need to be solved. e equations read

∇ • u = ḣI δ(h -n), ( ) ρ L (∂ t u + ∇ • [uu]) = ∇ • T + ∇Φ, ( )
assuming that the liquid is an incompressible Newtonian fluid. In eq. ( ) u denotes the velocity vector and ḣI represents the net mass source term, which penetrates the interface. δ denotes the dirac delta function and n the coordinate normal to the blade surface. Using the information from the impacting droplet trajectories together with the introduced splashing model, ḣI can be evaluated. In eq. ( ) T denotes the stress tensor and the potential Φ merges all conservative body forces. In [ ] the governing equations are treated in detail and possible simplifications are discussed. To be er understand the modeling a brief summary will be given in the following. e simplifications mainly arise from the significantly differing spatial scales in flow and lateral direction as the wall film is very thin. e simplification of the governing equations and the boundary conditions can be performed similarly to the boundary layer aproximations [ ]. e solution of the simplified equations is analytically accessible only in some rare special cases. But since only the principal properties of the liquid film shall be calculated, averaged equations regarding the film thickness can be used. e solution of the height averaged equations differs whether inertia is taken into account or not. If inertia is neglected, the momentum equations simplify to the Stokes equations for creeping flows. erefore, an analytical solution for the velocity profile in n-direction can be obtained. is leads to a single evolution equation for the wall film height

∂ t h + ∇ • [uh] = ḣI . ( )
Here, h denotes the wall film height, u the height averaged film velocity and ḣI the net mass source term on the surface. rough integration of the momentum equations, the average film velocity becomes

u = 1 µ L 1 2 h(τ G + τ I ) - 1 3 h 2 ∇ p G -σ(κ + ∇ 2 h) -Φ , ( )
where µ L denotes the liquid viscosity, τ G and τ I are the shear stresses induced by the co-flowing gas and the impacting spray respectively, p G is the gas pressure and Φ is the potential. If a curvature κ occurs, the film is also affected by the surface tension σ. Until now, all simplifications have been carried out in general terms. To determine the role of the physical terms [ ] investigates a simple generic showcase with comparable flow conditions. It is shown that inertia has a slight effect on smoothing fluctuations of the wall film. It further shows that gas shear stress and centrifugal forces need to be included. On the other hand it is estimated that surface tension due to curvature, gravity, as well as Coriolis forces play no practical role for the long-term evolution of the wall film. e numerical computation of eq. ( ) is performed on a fixed curvilinear grid with standard finite volume upwinding. A schematic of the occuring coordinate system is depicted in fig.

. Solving the height averaged equations allows adaption of the substrate grid from the gas flow solution. Further insight into the implementation concept and some results are given in the following section.

. APPLICATION TO A PLANE COMPRESSOR FLOW

Within this section, the whole workflow of the spray simulation including the links between the introduced submodels are presented. e implementation and coupling scheme is illustrated in fig. . e general workflow comprises the computation of the dry gas flow through the compressor in an Eulerian framework, the subsequent solving of the equations of motion for the discrete spray droplets in a Lagrangian formulation and finally the spreading of the liquid film along the blade surface. Although a strong coupling is present between gaseous phase, droplets, and wall film, not all coupling steps will be considered in this context. As mentioned in section . , only one-way coupling is regarded and therefore the coupling of the gas phase is completely omi ed, hence the dashed lines in fig. .  e gas flow only provides the boundary conditions for the drop trajectories and the wall film motion by giving the flow field and the wall shear and the pressure, respectively. Nevertheless, an iteration loop is cycled regarding the liquid phase. When it comes to droplet impact onto the surface and subsequently splashing, the trajectories of the ejected droplets are calculated and possible reimpact is considered. Following this workflow, a steady solution is calculated.

. Results for the Plane Compressor Flow e application of the splashing model in combination with a simplified wall film model has been presented in [ ] for the test case of a flat plate under different angles of a ack and the functionality has been proven. e workflow introduced in the previous section, using the mentioned models in section , is first described in [ ]. Here, the spray solver calculates the case of a plane compressor flow which corresponds to the experimental setup of the Laboratory of Turbomachinery (LSM) of the University of Armed Forces in Hamburg. At the LSM an experimental test facility allows the investigation of a plane transonic compressor cascade under high-fogging conditions. e detailed experimental setup is documented in [ , ]. e experimental conditions are derived from an actual axial compressor. e following results are calculated for an inlet air speed of Ma = 0.78 (u G = 259 m/s) with a water load of ϕ = 1%. In [ ] calculations with varying ϕ in the range of 0.5% ≤ ϕ ≤ 1.5% are presented. Independent of the water load, similar solutions in terms of wall film boundary conditions and consequently the wall film properties arise. For the sake of completeness and be er understanding of the results, the single steps of the workflow together with the most important parameters will be presented in the following. For detailed information the reader is referred to [ ].

e quasi-two dimensional computational domain for the 

Figure . Wall film boundary conditions (a er [ ]).

depiction clearly shows the vast fluctuations of the boundary conditions, which arise from the discrete nature of the impacting parcels. If the wall film is computed without considering inertia, the wall film shows similar perturbations as the boundary conditions, which are shown in fig. . In section . the effect of inertia is discussed and considered to only have a slight effect on the propagation of the wall film. is conclusion becomes apparent if the solution of the wall film properties, taking inertia into account, is compared to the solution without inertia. Both solutions are depicted in fig. . As mentioned, inertia is comparatively small and therefore, it is not capable to diffuse the imposed fluctuations and only slight changes are visible.

ese slight changes don't justify the nearly tripled computational effort, so that in the following only the inertialess approach is pursued. Due to the Eulerian formulation of the wall film equation rather continuous boundary conditions are useful. To solve this problem [ ] introduces a mass and momentum conservative smoothing routine. e routine is based on the assumption that a parcel that hits the blade at a particular cell also spreads over the neighboring cells. Mass and momentum conservation is ensured by adjusting the particle flow rate.

e effect of the smoothing on the boundary conditions is also shown in fig. in terms of ḣI . e resulting wall film properties in terms of the wall film height h are depicted in fig.

. Compared to the non-smoothed solution the smoothing seams to be reasonable as it yields a solution that lies in the mean of the perturbations of the non-smoothed solution.

Until now, splashing has not been taken into account. In the following the effect of the splashing model is investigated, using the inertialess approach and the justified smoothing of the boundary conditions. In fig. the wall film height of the two cases with and without splashing and the case considering reimpact are compared. e height of the wall film solution without splashing shows the highest values, as all liquid that hits the blade surface will contribute to the wall film propagation. On the contrary, the solution with splashing but without reimpact reveals the lower limit for the wall film height. When reimpact is considered, the ejected droplets are tracked and may impact on the blade again. erefore, the solution lies in between the other two. Considering reimpact, an iteration loop is inevitable in order to reach a steady state. Since the behavior is captured to a large extent within the first cycle, only few iterations are necessary. For further evaluation and discussion of the wall film properties the reader is referred to [ ].

.

PARAMETER STUDY

Although the smoothing routine, introduced in section . , provides reasonable results for the wall film properties, a parameter study has been conducted to further investigate the influence of the involved parameters on the resulting wall film boundary conditions. e goal is to reduce the perturbations before the use of the smoothing routine and to investigate changing parameters on the overall computational time needed for the solution. Within this study, three important parameters for the numerical analysis of the spray are discussed. First, a detailed view on the parcel size and distribution at the inlet of the flow regime is given. Second, the evaluation of the influence of the grid resolution of the blade surface is shown and finally, different ways of modeling the smoothing routine are considered. As the wall film properties with the used inertialess approach directly reflect the boundary conditions, the following results only show the boundary conditions, especially the liquid mass source ḣI .

. Parcel Size

In [ ] all calculations are performed for the diameter spectrum and mass distribution as shown in fig. . e distribution is divided into parcels with a size of 1µm.

is leads to 140 parcels, which have to be pursued from each grid point of the inlet plane. is sums up to about 220, 000 parcel trajectories. To evaluate how the parcel size influences the distribution of the liquid mass source, different parcel sizes in the range of 0.25 -40µm are considered and evaluated. As the parcel size relates nearly proportionally to the number of parcels and therefore, to the number of calculated trajectories, the computational effort increases accordingly with smaller parcels and decreases with larger parcels. Firstly, the results for smaller parcel sizes are presented. Due to the smaller parcels, a be er description of the drop trajectories is expected. e resulting liquid mass source term ḣI for a parcel size of 0.25µm is depicted in fig. a. In comparison to the original parcel size of 1µm, also depicted in fig. a, no deviation is visible. e same behavior of ḣI can be observed for a parcel size of 0.5µm, not depicted here. For the sake of computational effort larger parcel sizes would be beneficial. Considering for example a parcel size of 40 µm, the computational time decreases by a factor of about 28. Comparing the results to the original case it is apparent that with all investigated parcel sizes, ḣI shows a similar behavior and value in the leading edge region of the blade. e maximum amplitudes appear at the same position as in the original case but get even more discrete. A deviation that depends on the parcel size can be observed on the pressure side of the blade. Going downstream towards the trailing edge, the deviations tend to grow. An easy explanation can be found in the shape of the blade. Due to curvature and angle of a ack, the area close to the trailing edge contributes to the projected area of the blade, which is visible from the inlet plane. Only small droplets with an according small Stokes number can follow the ambient gas flow around the blade. e Stokes number for the regarded droplet diameters is shown in fig. . However, larger droplets, due to higher inertia, cannot follow the curved streamline and propagate on a nearly straight line from the inlet plane towards the blade, which can be seen in . In the case of larger parcel sizes, less liquid mass is distributed in parcels that are small enough to flow around the blade. Consequently, more mass will accumulate at the blade's trailing edge, as especially there, the flow shows moderate curved streamlines, which could be followed by small droplets. In the depicted case in fig. b with ∆D = 5µm the described deviations are already visible, but still small enough for the further use. Furthermore, a speedup of about . justifies the larger parcel size.

. Grid resolution of the blade surface e grid of the blade surface directly evolves from the grid of the dry gas flow simulation. It consists of 354 grid points in the blade's circumferential direction ξ and of 5 grid points in the lateral direction η, schematically shown in fig. . For the solution of the wall film equation with a finite-volume scheme, control volumes are created with the given grid points as cell centers. In lateral direction the inner cells are equidistant. Due to the strong curvature at the leading and the trailing edge of the blade, the cells vary strongly in length in the range of 8.565 to 383.8 µm in ξ-direction. e considered calculations are executed in a quasi-two-dimensional domain. erefore, the change of the grid resolution is only investigated in ξ-direction. For the calculation of the liquid mass source ḣI the trajectories impacting on each cell have to be calculated, respectively. An appropriate assignment is possible, as the trajectories are grid independent and for each timestep the exact Cartesian coordinates are available. With these coordinates the respective cell, containing the point of the impact, can be evaluated and the droplet can be added to the cell's liquid mass source term. e other properties are treated accordingly. Although ḣI is important for the calculation of the wall film, within this section, the volume source terms VI are compared. e reason for this lies in the independence of VI of the particular cell area, which varies strongly with varying grid resolution. Just like for the parcel size, finer and coarser grid resolutions are investigated. e refinement is executed with the factors n = 2, 4, 8. So, for n = 2 the number of cells is doubled in ξdirection and all cells are halved. e necessary new values, e.g. the coordinates or the gas shear of the ambient flow are interpolated for the smaller cells in a straightforward manner.

e coarsening is executed accordingly. Similar to the investigation of the parcel size, it is assumed that with a finer grid resolution the impacts of the droplet trajectories are distributed more evenly along the blade surface and hence VI will be smoother. In fig. the liquid mass However, this smoothing is only visible at the leading edge. Further downstream the number of fluctuations decreases slightly due to the smaller number of grid cells, but the amplitudes of the fluctuations rise with larger cells. Concluding the results of the varied grid resolution it maintains that the results at the leading edge are independent from the used resolution. Just for the case of a strong coarsening with n = 4 a drastically different behavior is visible. Further downstream at the pressure side of the blade the results differ with varied resolution, as for a higher resolution the amplitude diminishes while the number of fluctuations increases. Within this study only the effect of the resolution to the wall film boundary conditions has been evaluated. However the grid dependency of the wall film solution itself still needs to be investigated to show, whether a finer grid is necessary or a coarser grid could be used.

. Smoothing routine

For the solution of the wall film equation ( ) rather smooth boundary conditions are necessary. Within the previous sections . and . investigations for varied parcel sizes and a varied grid resolution were presented with the goal to diminish the strong fluctuations of the boundary conditions of the original case from [ ]. However, only slight changes could be achieved. erefore, a smoothing of the boundary conditions is inevitable. As mentioned in section . , [ ] introduces a smoothing routine that assumes, if a parcel hits the blade surface at a particular cell, it is spread over the neighboring cells. e results of this smoothing routine are shown in fig. andfig. in terms of the smoothed liquid mass source term ḣI and the wall film height h, respectively. Although the existing scheme shows reasonable results, it does not account for any properties of the impacting droplet, as it just distributes the whole impacting mass of each cell into a distinct number of neighboring cells. To overcome this shortcoming a new approach is introduced that defines a spreading factor. Multiplied with the droplet diameter of the impacting parcels a spreading diameter can be evaluated.

is approach results in a further spreading of the volume of larger droplets along the blade in comparison to smaller droplets. Another advantage is that the spreading of the droplet is independent of the used grid resolution, as it calculates the spreading diameter directly proportional to the droplet diameter. In [ ] and [ ] the evolution of liquid droplet impact onto solid, dry surfaces is discussed. Although the blade surface is assumed to be wet in our case, the knowledge of the impact onto a dry surface gives a first idea about the order of magnitude of the spreading diameter. From [ ] the spreading factor in our case is estimated to be about 5.5 as a first shot. is probably results from the larger cells at the pressure side of the blade compared to those at the leading edge. With an increasing spreading radius the fluctuations of ḣI at the pressure side decrease significantly, whereas the behavior at the leading edge nearly remains the same. For a spreading factor of 20, ḣI resembles the behavior of the former smoothing routine. Although this spreading factor is nearly four times higher than the first estimation, it is still conceivable that such values can be reached for droplet spreading on wet surfaces. Nevertheless, these findings directly show that investigations on the spreading diameter are inevitable to improve the smoothing routine. A detailed validation of the resulting wall film height h wil be conducted additionally.

. CONCLUSION e present study considers the consequent description of a droplet laden flow interacting with a blade of a compressor. All modules of the workflow have been introduced. An example calculation has been executed and the results were presented. e necessity of smoothing the boundary tions for solving the wall film equations has been discussed. Furthermore, it has been shown that inertia is only of minor significance for the calculation of the wall film. Finally, the involved parameters of the described spray solver and their influence on the solution of the wall film properties have been investigated with the goal of obtaining smoother boundary conditions. e variation of the parcel size and the grid resolution showed minor influence on the behavior of the boundary conditions. erefore, the smoothing routine was further investigated and adapted. Within preliminary studies an increasing number of seeding points per aerofoil thickness showed promising results for smooth boundary conditions. erefore, this approach will be pursued. Furthermore, future studies will involve a vali-dation of the wall film properties, especially the film height with experimental data measured at the LSM. Moreover, the development of streaks will be modeled to be er describe the three-dimensional behavior of the wall film. Future studies will also focus on the modeling of the disintegration process at the trailing edge to describe the evolving secondary droplet distribution. Additionally, evaporation of the droplets will be investigated. 
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  Fig. shows the comparison of the results computed with the different smoothing routines. Regarding ḣI with a spreading radius of 5.5 times the impacting droplet diameter, it is visible that the smoothing only shows acceptable results in the leading edge region. Further downstream the smoothing shows minor influence to the behavior of ḣI .

Figure .

 . Figure . ḣI for different approaches of the smoothing routine.
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