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A possible solution to improve the aircraft efficiency for the next decades is the use of 
boundary-layer ingestion engines. One of the industrial challenges linked to this type of 
engines is the aerodynamic distortion at engine intake. This work proposes to evaluate the 
characterization capability of several distortion indices, currently used in the industry, on a 
boundary layer ingestion engine configuration. The analysis is performed using several 
Reynolds-Averaged Navier-Stokes simulations. First, steady simulations of a simplified 
boundary-layer ingestion air intake are performed for off-design conditions. The principal 
distortion indices used in the industry are calculated for each flow solution. The results are 
discussed to assess their potential to highlight physical phenomena present in this 
configuration. Finally, this analysis allows identifying the weaknesses of the current distortion 
indices and to propose ways of improvement for new distortion indices more adequate for 
boundary layer ingestion configurations. 

I. Nomenclature 
𝛼𝛼 = swirl angle 
BLI = boundary-layer ingestion 
β = relative angle of attack 
βIDC = circumferential distortion index based on the relative angle of attack 
CFD = computational fluid dynamics 
DC(𝜃𝜃) = distortion descriptor in lowest stagnation pressure θ degree sector  
IDC = circumferential distortion index  
MFR = mass flow rate 
P = stagnation pressure 
𝑞𝑞𝑓𝑓 = average dynamic pressure 
RANS = Reynolds-Averaged Navier-Stokes 
SI = swirl intensity 
VPDI = velocity and pressure distortion index 
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II. Introduction 
 The main objective in new aircraft design is the improvement in energy efficiency, which is linked to a 
commitment to reduce the environmental impact of aviation, as well as operating costs. An interesting option for 
designing more efficient aircraft is to increase the synergy between its components. Boundary-Layer Ingestions (BLI) 
aircraft concepts, such as Aurora D8 [1] [2], NASA STARC-ABL or ONERA NOVA-BLI [3] appear to be promising 
solutions. These concepts are based on improving the interaction between the fuselage and the propulsion systems in 
such a way that the latter ingests the viscous boundary layer or fuselage wake.  
 

This potential solution brings some design problems that 
do not allow to meet some engine requirements. One of the 
requirements is focused notably on the flow homogeneity at 
the engine intake. The flow heterogeneity, named distortion, 
may account for the appearance of aerodynamic instabilities 
of the fan blades. If the distortion is large enough, the fan 
might stall or the engine may surge. During the design 
phase, an index to measure the distortion is necessary to 
define the fan tolerance to perturbations on the ingesting 
flow. There are several indices used in the industry to 
characterize the distortion at engine intake. Most of these 
indices were designed to analyze the distortion in a standard 
engine configuration and are based on stagnation pressure 

losses. Several authors have made theirs distortion analysis and performance prediction for a BLI engine by using 
these typical distortion indices [4] or using a pressure-based distortion criteria [5] [6]. Probably these distortion indices 
are not suitable for use in a BLI engine configuration, especially knowing that the physical phenomena of a BLI engine 
are different from an engine in a standard configuration. 
 
 This work aims to assess the common distortion 
indices used in the industry on a BLI engine. For this 
analysis, CFD simulations are performed by using 
several Reynolds-Averaged Navier-Stokes turbulence 
models. The most distorted flow appears when the 
aircraft is flying in off-design conditions; in this case a 
low mass-flow rate and a high free stream velocity are 
encountered. In the industry, the most used distortion 
indices are the IDC and DC(𝜃𝜃), both based on stagnation 
pressure. In addition to these indices, an interesting 
methodology for assessing the inlet distortion swirl [7] 
is evaluated for a BLI engine application. An individual 
analysis of each distortion index is performed. These 
analysis allows to highlight their weaknesses and 
strengths by representing the physical phenomena on a BLI engine. Then, some new lines of research to improve a 
distortion index for a BLI engine are proposed.  
 
Figure 2 shows the geometry used. This work does not take into account the effect, or possible impact, on internal 
engine components, only the inlet is modeled. In the future, it is expected to complement and compare this work with 
experimental results, therefore, this geometry has been taken from a model designed to be analyzed in a wind tunnel 
campaign, which is contemplated in the same project. 

III. Analysis Method 

A. CFD Simulations 
 In order to analyze the distortion indices several CFD simulations are performed. These analyses are made from 

an industrial point of view, using linear as well as non-linear eddy viscosity turbulence models. 
 

Figure 2 – Inlet model 

Figure 1 - ONERA NOVA concept 
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The simulations are carried out using elsA [8], 
an Airbus-ONERA-Safran CFD solver. RANS 
simulations are performed, with first and second 
order turbulence models used to solve the Reynolds 
stress tensor term. The Spalart-Allmaras and k-ω 
SST models are well-known and used for most of 
the aeronautical applications. In addition, the SA-
RC and SA-QCR2000 modification for the standard 
Spalart-Allmaras model are considered for the 
analysis. The SA-RC correction is designed to 
improve the accuracy by taking into acc ount 
rotation and curvature effects [9]. The SA-
QCR2000 model is computed like in the original 
SA, but instead of the traditional linear Boussinesq 
relation, a second non-linear term to the linear 
Reynolds stress tensor is added [10]. Finally, a 
SSG/LRR full Reynolds Stress Model is also used. 
According to the bibliography [11], the RSM 
models exhibit several advantages when simulating 
turbulent flows at high Reynolds numbers with 
secondary effects. The inclusion of such a diverse 

set of models allows for a comparison of the differences in the physical phenomena predicted and their impact on the 
distortion criteria.  
 

All the simulations performed are steady. They are solved using Jameson’s second-order-accurate central scheme 
with artificial viscosity for the spatial discretization. The second and the fourth-order dissipation coefficient are equal 
to 0.5 and 0.016 respectively. The artificial viscosity reduction uses a 𝑒𝑒2 value. For the turbulent equations, a Roe 
scheme coupled with Harten’s formulation with velocity term |𝑢𝑢| + |𝑣𝑣| + |𝑤𝑤| + 𝑐𝑐, its coefficient value is 0.01. All 
the simulations are calculated for a fully turbulent and steady solution by using a Courant–Friedrichs–Lewy number 
between 10 and 50.  

 
The configuration chosen for the study is a semi-buried BLI intake placed on the aft fuselage side and ingesting 

the boundary layer developing along the fuselage, as shown in Figure 1. Figure 2 shows the simplified geometry, 
which consist on an air intake  half-buried in a flat plate. The fan diameter is D = 164mm. The external and the rear 
shape have been designed taking into account the set up constraints of the model in the wind tunnel. The farfield 
boundary conditions are placed at 20D. The domain shape is a cube with 40D length on each side. Figure 3 shows the 
simulation domain 

 
 The overall grid has about 24 million elements. It is a structured multi-block mesh consisting of hexagonal 

elements. Inside the intake, an OH-grid topology is used. The outside of the intake is formed by a mixture of C-grid 
near the intake and the O-grid extending outward, as shown in Figure 4. A mesh convergence study has been performed 
to make sure that the solution is not mesh dependent.  

Figure 3 - Simulation domain 

Figure 4 - Mesh topology 
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Once the mesh independence of the result can be assured, the analysis of physical phenomena is the next step. The 

use of a BLI engine means that the fan input is guaranteed to be distorted due the boundary layer thickening. This 
distortion could increase when operating in off-design conditions. It is planned to replicate and analyze these 
conditions in the wind tunnel. The flow conditions chosen for the simulations are the same as expected in the wind 
tunnel. A transonic Mach number (Mach = 0.82) for the free stream and a variation of the mass flow rate MFR passing 
through the engine is studied.  . The simulations are steady. The flow at freestream is parallel to the flat plane and has 
zero sideslip angle. The static temperature is 310 k and the Reynolds number is 13.1 million. For low MFR values, 
the appearance of a separated flow is expected 
 

The residuals of the continuity equation and the turbulence equations are used as the convergence criteria. In all 
cases, these residues decrease by several orders of magnitude. The MFR is monitored both on the fan face and on the 
surface in which the boundary condition is applied. In addition, the lift and drag values integrated on the nacelle 
surface are used as a physical parameter to monitor the convergence. The case matrix of the simulations is presented 
in table 1. Blue cases are the ones for which a separated flow is observed, green cases are attached flow. Details of the 
turbulence models used can be found in the references [9] [10] [11] [12] [13][14]. 

 

Turbulence Model / MFR  3.0 
kg/s 

3.2 
kg/s 

3.4 
kg/s 

3.5 
kg/s 

3.6 
kg/s 

3.7 
kg/s 

4.0 
kg/s 

Spalat Allmaras                                                                                                    (SA)        
SA with Rotation/Curvature Correction                             (SA-RC)        
SA with Quadratic Constitutive Relation                     (SA-QCR2000)         
k-ω with Standard Menter SST Two-Equation Model     (k-ω SST)        
SSG/LRR Full Reynolds Stress Model                                              (RSM)        

Table 1 - Matrix Cases 

 
 

  
 As expected, all simulations shows a clear interaction between the fuselage, represented as a flat plane, and the 
BLI intake. The main question is how to quantify this distortion generated and its impact on engine performance. 
Before performing a distortion measure, it is necessary to understand the flow and identify the main mechanisms that 
generate it. 
 
 Figures 5 and 6 show the typical flow behavior predicted for two different MFR values. The red iso-surfaces show 
areas of negative axial velocities, which serve to identify areas of separated flow. The separated main area is located 
at the bottom of the engine intake. As expected, this region of separation is due to an adverse pressure gradient at low 
MFR, as shown in figure 5. This separation does not occur when the pressure gradient decreases, as shown in Figure 
6. The appearance of this separation occurs between 3.4 and 3.5 kg/s depending on the turbulence model used. This 
separation zone impacts negatively the homogeneity of the flow. Both the total pressure and the axial velocity decrease 
in the affected region, adding to the adverse effect of the ingestion of the boundary layer. Another important physical 
phenomenon is the creation of counter-rotating vortices at engine intake, their presence is obvious in Figure 5 (in 
blue). The generation of these vortices is independent of the presence of separation. This physical phenomenon is 

Figure 6 - Flow solution - MFR = 4.0 kg/s Figure 5 - Flow solution - MFR = 3.2 kg/s 



5 
 

Figure 7 – Axial Velocity and Total Pressure - MFR = 3.2 kg/s 

present in all cases. These vortices also negatively affect the flow homogeneity creating tangential and radial velocities 
which, in principle, are not desired as a flow condition.  
 
 Figure 7 and Figure 8 show the total pressure and axial velocity at engine intake and symmetric plane. These two 
parameters have a direct impact on the engine performance. Most of the distortion criteria used in industry are based 
on one of these two parameters. In the next section these distortion criteria are presented, and their sensibility to the 
physical phenomena highlighted in this section are evaluated.  
 

 
 

B. Industrial distortion indices 
 

The distortion criteria analyzed in 
the present study are the most common 
ones used to characterize the distortion 
at the industry. First, the well-known 
IDC and DC(𝜃𝜃) indexes are described. 
Reference [15] proposes interesting 
distortion criteria by using the radial and 
circumferential distortion intensity. All 
distortion indices mentioned so far are 
based on pressure measurements, and 
were developed to be used in 
experimental tests.   

 Figure 9 – Rake at fan face 

Figure 8 - Axial Velocity and Total Pressure - MFR = 4.0 kg/s 
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 The BLI engine intake solution exhibits also very important velocity gradients, both in axial and tangential 
directions. Therefore, distortion criteria based on velocity are included in this work. Reference [7] shows a 
methodology for assessing inlet swirl distortion. By using this methodology some stationary swirl distortion indices 
are proposed. 
 

The indices are designed, in general, to be used in experimental test, therefore the simulation measurements are 
taken by using the rake placed at the fan face shown in figure 9. This rake is composed of eight arms with 45° between 
them. Each arm have five measurement points. Depending on the distortion criteria, the static pressure, stagnation 
pressure, or velocity, are the measured parameters in stationary conditions.  

 

IV. Results and discussion  

 
In this section some distortion indices are calculated and evaluated. A priori, the distortion criteria can be divided 

into two groups directly linked to a flow parameter. The effect of the turbulence models on the solution and the 
distortion indices is analyzed. 

A. Pressure based distortion criteria 

 

𝐃𝐃𝐃𝐃(𝛉𝛉) =  𝐏𝐏𝐟𝐟 
����−𝐏𝐏𝛉𝛉����

𝐪𝐪𝐟𝐟
           Equation 1 

 
 The DC(𝜽𝜽) is defined by Equation 1. The most 

distorted region of 60° is used for this index. The 
values measured in the solutions are shown in 
Figure 10. The plot shows that this index tends to 
decrease almost linearly with the mass flow rate 
value. At first it was expected that the DC(60) 
decrease would be linear until it reaches a mass 
flow rate value for which there is no more detached 
flow. However, there is no change in the behavior 
of this index. This linear evolution is due to the 
variation of the momentum at the fan face (qf) 
which increases with the mass flow rate and to the 
difference between the mean stagnation pressure at 
the fan face and the mean stagnation pressure for a 
60° sector (𝑃𝑃𝑓𝑓 − 𝑃𝑃𝛩𝛩) which have the same 
evolution. The DC(60) value will continue to 
decrease until the engine mass flow rate reaches 
sonic conditions. 
 

The IDC (Circumferential Distortion Index) 
takes into account the pressure distribution across 
the circumference. Its value is given by Equation 
2. Figure 11 shows its value at each simulation 
case. The IDC value shows a quite interesting 
correlation with the flow separation, since its value 
is maximum for the mass flow rate value for which 
the separation triggers. This implies that this index 
could be used to detect the mass flow rate for 
which a separation appears. The IDC measures the 
difference of circumferential distortion between 

Figure 10 - DC( 60) variation with MFR value 

Figure 11 - IDC variation with MFR value 
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neighboring circles and in the case where the  
separation appears, this value is maximum because 
there is only a small area with a low stagnation 
pressure. Figure 12 shows the total pressure field at 
fan face for some simulation cases.  
 
 It can be noticed that the results obtained for the 
pressure-based distortion indices do not fully 
correlate with the physical phenomena present in 
the cases studied. Figures 7 and 8 show the total 
pressure at fan intake, the first shows a fully 
separated flow (3.2 𝑘𝑘𝑘𝑘 ∙ 𝑠𝑠−1) and the second shows 
a non-separated flow (4.0 𝑘𝑘𝑘𝑘 ∙ 𝑠𝑠−1). In both cases 
the percentage of the impacted region by the 
decrease in total pressure are similar, instead, the 
region with the lowest total pressure is more 
localized and far from the geometric center when 
the flow is attached. This behavior is also evident 
in figure 12. This explains the better correlation 
with the physics presented by the IDC, and the low 
correlation for the DC(60). 
 
 
 
 
 

𝑰𝑰𝑰𝑰𝑪𝑪 =  𝑴𝑴𝑴𝑴𝑴𝑴𝒊𝒊=𝟏𝟏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒊𝒊𝒏𝒏𝒏𝒏−𝟏𝟏 �𝟎𝟎.𝟓𝟓 �(𝑷𝑷𝒊𝒊���−𝑷𝑷𝑷𝑷𝒊𝒊𝒏𝒏𝒊𝒊���������

𝑷𝑷�𝒇𝒇
+ (𝑷𝑷𝒊𝒊+𝟏𝟏�������−𝑷𝑷𝑷𝑷𝒊𝒊𝒏𝒏𝒊𝒊+𝟏𝟏�������������

𝑷𝑷�𝒇𝒇
��                         Equation 2 

 
 

B. Velocity based distortion criteria 

 
The Swirl Intensity (SI) is an interesting 

parameter to characterize the distortion [7]. The 
SI index is defined as the “extent weighted” 
absolute swirl, and this value is calculated at each 
measurement ring (j index) on the rake. The i 
index means the azimuthal position.  
 

𝑺𝑺𝑰𝑰𝒋𝒋  =
𝑺𝑺𝑺𝑺𝒋𝒋

+×𝜽𝜽𝒋𝒋
++ �𝑺𝑺𝑺𝑺𝒋𝒋

−�× 𝜽𝜽𝒋𝒋
−

𝟑𝟑𝟑𝟑𝟎𝟎
  Equation 3 

𝑺𝑺𝑺𝑺𝒋𝒋
±  =  �

𝜶𝜶(𝜽𝜽)𝒋𝒋
𝜽𝜽𝒋𝒋

± 𝒏𝒏𝜽𝜽
𝜽𝜽𝒋𝒋

±
 

𝛼𝛼𝑖𝑖 = 𝑡𝑡𝑡𝑡𝑡𝑡−1 �
𝑉𝑉𝑡𝑡
𝑉𝑉𝑥𝑥
�
𝑗𝑗
 

 
 Figure 13 - Mean SI variation with MFR value 

Figure 12 - Total pressure value at fan face 

 Left: SA-RC model. Right: RSM model 
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The angle 𝛼𝛼𝑖𝑖 is computed by using the axial 
and tangential velocities at a particular point. The 
ratio of these two velocities is an interesting 
parameter to measure the homogeneity of the 
flow. Figure 14 shows the variation of this 
parameter as function of the azimuthal position of 
the measured point. A swirl intensity of 0 
represents a totally axial flow, and consequently, 
a less distorted flow. The outer rings, represented 
by the blue and the red colors in the swirl profile, 
have the highest swirl intensity value. As 
expected, highest values of this term are found in 
the regions affected by the ingestion of the 
boundary layer, and in the conditions in which its 
negative effects are most evident. These regions 
are areas where axial velocities are lower, which 
are influenced by the thickness of the boundary 
layer and, in some cases, by the separated flow. 
Furthermore, tangential velocities in these regions 
increase due to the location of the vortices. Figure 
15 shows the axial velocity field and the vortices 
positions at fan face. By comparing the intensity 
plot obtained by the two cases it is possible to 
highlight two physical phenomena. First, the axial 
flow homogeneity variance according to the MFR 
value. For a high value of MFR the homogeneity 
are better, the opposite occurs with a low value of 
MFR. Second, the vortex position an intensity can 
be deducted by the maximum swirl intensity. The 

intensity of the vortex plays a key role in distortion criteria. The vortex core displacement shown in figure 15 are also 
detectable in the swirl intensity plots shown in figure 14. Figure 16 shows the tangential velocity.  

 
 

In this document the Mean SI, based on swirl intensity parameter, is analyzed. This parameter simply takes the 
𝑆𝑆𝐼𝐼𝑖𝑖  mean value as distortion parameter. Figure 13 shows its value for each turbulence model as function of the mass 
flow rate. When there is no separation (between MFR = 3.6 and 4.0 kg/s) all turbulence models give very similar 
values. When the separation appears (for MFR between of 3.4 and 3.6 kg/s) the mean SI values predicted by the SA-
QCR2000 model are larger, which could be linked to the early detachment predicted by this model. In cases where 
there is a separation (between MFR = 3.4 and 3.0 kg/s) this value tends to increase inversely with MFR. There is a 
notable difference between the values obtained from the SA family solutions and the solutions predicted by the other 
models. This could mean that this distortion criterion has a high sensitivity to the predicted solution for each model.  

Figure 14 - SI values. Left: MFR = 3.2 kg/s. Center: MFR = 4.0 kg/s.  

Figure 16 – Tangential velocity at fan face.  

Left: SA-RC. Right: SA-QCR2000 

Figure 15 - Streamlines at fan face. 

Left: MFR = 3.0 kg/s. Right: MFR = 4.0 kg/s 
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V. Proposition of new BLI distortion indices 
 The aerodynamic distortion on a BLI engine is clearly affected by both pressure losses and swirl velocity.  It is 
very likely that a distortion criterion suitable for BLI configurations needs to take into account both parameters. 
Therefore, a first attempt to provide a more adapted distortion index based on a mixture of both parameters is proposed. 
This index is called VPDI (Velocity and Pressure Distortion Index). Its value is computed following Equation 4.  
 
 
 

                                 Equation 4 

 
 
𝜶𝜶  is an angle which take into account the ratio between the axial velocity and tangential velocity. Its value is 

calculated in equation 3. 𝑷𝑷𝑷𝑷 is the total pressure. The subscripts j indicate where this angle/pressure is calculated. In 
the first instance, those parameters can be calculated along a measured ring. In this case the ring is discretized in i 
positions. The i and j positions are shown in figure 9.  The distortion criteria value is the maximum value between the 
j rings. 
 

 
 

 

 
 
VPDI takes the integral of a variable that depends on a velocity term and a pressure term. When there are pressure 

losses the term on the right tends to decrease. When the ratio of tangential and axial velocity increases, the velocity 
term increases too. At lower MFR values, the VPDI value tends to predict a higher distortion. This higher value is 
linked to the pressure losses and tangential velocities. Radial and tangential velocities tend to be weaker with higher 
MFR values, contrary to the total pressure, which is always affected even at high MFR. Figure 18 shows this term 
calculated in some simulation cases.  
 

This distortion index tends to predict a similar behavior as the one obtained with distortion criteria only based on 
swirl parameters. The only advantage shown by the IDC, to locate when the detachment occurs, is less evident in the 
proposed criterion. 
 
 

𝜷𝜷𝑰𝑰𝑰𝑰𝑪𝑪 =  𝑴𝑴𝑴𝑴𝑴𝑴𝒊𝒊=𝟏𝟏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒊𝒊𝒏𝒏𝒏𝒏−𝟏𝟏 �𝟎𝟎.𝟓𝟓 �(𝜷𝜷𝒊𝒊���−𝜷𝜷𝑷𝑷𝒊𝒊𝒏𝒏𝒊𝒊���������

𝜷𝜷�𝒇𝒇
+ (𝜷𝜷𝒊𝒊+𝟏𝟏�������−𝜷𝜷𝑷𝑷𝒊𝒊𝒏𝒏𝒊𝒊+𝟏𝟏�������������

𝜷𝜷�𝒇𝒇
��                              Equation 5   

𝑉𝑉𝑃𝑃𝑉𝑉𝐼𝐼 = 𝑚𝑚𝑡𝑡𝑚𝑚 �� �� �𝜶𝜶𝒋𝒋� + 𝟏𝟏 � −  
𝑷𝑷𝑷𝑷𝒋𝒋
𝑷𝑷𝑷𝑷����

� 𝒏𝒏𝜽𝜽
𝟐𝟐𝟐𝟐

𝟎𝟎
� 

Figure 17 - VPDI value at fan face.  

Left: SA-RC model. Right: RSM model. 

 

Figure 18 - VPDI variation with MFR 
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Another research direction would be to take the 
advantage of velocity-based distortion criteria to 
assess the homogeneity of the angle of attack 
perceived by the fan blades.  A first approach has 
been done using the velocity triangle, as shown in 
figure 20, to calculate this angle for a generic fan. 
A generic Vrot is used as the rotation velocity of 
the fan. Vreal is the velocity perceived by the 
intake affected by the boundary layer. Finally, the 
angle β is the angle created between the rotation 
velocity vector and relative velocity vector. The 
mathematical approach for this index is based on 
the IDC formulation, shown in Equation 5. This 
formulation highlights the angle of attack changes 
along the rotation of the blade.  

 
 Figure 19 shows the behaviour of this 

distortion index in relation with the MFR. It can be 
observed that the distortion predicted by this index 
increases when the MFR value decreases. This 
result shows some relation with the negative 
effects of the BLI configuration, however, it is not 
possible to clearly identify for which MFR values 
separation appears.   

 
Several authors have made similar 

approximations to characterize the distortion [16] 
[17]. However these approximations are more 
oriented to evaluate the impact on the operation of 
the engine and not on the characterization of the 
flow behaviour.  
 

 

 

VI. Partial conclusions and work perspectives. 
 Some of the distortion indexes classically used in the industry have been analyzed on a academic BLI 
configuration. The main objective of computing distortion indices is the analysis of the physical phenomena present 
in the flow and their subsequent impact on the distortion so as to provide a driving parameter to design engine 
components.   
 
 Given this premise, and applying it to a BLI engine design, it can be concluded that DC(60) index does not 
highlight the flow physics. The evolution of this parameter cannot discriminate between a separated flow and an 
unseparated one. Regarding the pressure-based distortion criteria, the most promising index so far is the IDC, which 
exhibits an interesting correlation between the flow behavior and its value. The maximum value corresponds to the 
mass flow rate value for which a separated flow appears.  
 
 So far, the velocity-based distortion criteria seem to be more appropriate than the pressure-based ones to 
characterize the distortion in a BLI configuration. The proposed distortion criteria show a big distinction between 
attached and detached flow cases. Furthermore, there is a clear difference in behavior between the one-equation and 
two-equation RANS models, in addition to great differences perceived between turbulence models which use a first-

Figure 19 - 𝜷𝜷𝑰𝑰𝑰𝑰𝑪𝑪  variation with MFR value 

Figure 20 - Velocity triangle 
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order or second-order closure model, and a full Reynolds Stress Model. These conclusions provide a way forward for 
research into distortion indices. It is planned to investigate the velocity-based distortion indices even further in addition 
to considering engine performance and operating parameter impacts. 
   
 New distortion indices have been proposed to assess the distortion for BLI configurations. First, mixture of both 
pressure and velocity parameters is interesting, since they are the main physical phenomena that affect distortion in 
this type of configurations. The VPDI is only a first approach, more work needs to be done on this type of distortion 
criterion in order to achieve a real breakthrough with respect to usual distortion indices. βIDC proposes an interesting 
way to couple distortion at engine intake and the relative angle of attack perceived by the fan. Although this index 
shows disadvantages with respect to other more traditional ones, it leads to think about another way to link the flow 
behaviour at the intake, and also to predict the impact on the engine response. An energetic analysis, taking the work 
done by the fan to re-homogenize the flow might be an interesting analysis to complement this research direction.  
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