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Abstract
As global trends aim to reduce emissions of pollutants, boundary layer ingesting (BLI) propulsions

are attracting more and more attention. As such, N+2 generation aircraft with propulsion placed in 
the aft of the aircraft are gaining in popularity. the boundary layer is formed on the fuselage before entering
the engine located in the aft of the aircraft. Due to significant difficulties in performing experimental tests
of BLI propulsors with full-size aircraft, distortion gauzes are one of the methods to provide the desired
air velocity profile at the inlet. this paper describes a novel method of designing such gauzes, a topic which
is not well covered in the existing literature. In the first stage of the presented method, single orifices of
different sizes were calculated using CFD tools. the relationship between their size and the gauze resistance
coefficient was identified, making it possible to model the distortion gauze using porous media. An iterative
approach was used to design a gauze that meets the requirements. this is, to our knowledge, the first
distortion gauze design description where a porous media model has been used. experimental tests
demonstrated that the produced distortion gauze yields a velocity profile comparable to the desired one.
this indicates the great potential of using the presented approach in further research on boundary layer
ingesting propulsions. It offers an opportunity to reduce substantially both the costs of experimental
research and the time required to design a distortion-tolerant fan.
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Nomenclature
A area of a hexagon
dh calculated hydraulic diameter of orifice 
D diameter of the channel
f0 open area of one orifice 

porosity
h height of open orifice in a hexagon
H base height of orifice in gauze

gauze thickness nondimensionalised 
by the height of the hexagonal orifice

l total gauze thickness
K gauze resistance coefficient

f

l
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p0 ambient pressure
Δp pressure drop
Re Reynolds number
Si source term
v kinematic viscosity of the fluid
V velocity magnitude
wo velocity in the orifice
α permeability
ρ density
Π0 perimeter of the orifice
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1. INTRODUCTION

In recent years, growing popularity of boundary layer ingesting engines has been observed [1]. Since
these engines are mounted in the aft of the aircraft, it is possible to compensate for momentum loss in
the aircraft wake by means of the momentum coming from the exhaust outlet [2]. thus, an up to approx.
5% fuel burn reduction could be achieved with five engines embedded into the upper aft surface of 
a hybrid wing body aircraft over a 7500nm mission [3]. the boundary layer ahead of the engine intake
is developed on the aircraft’s fuselage [4]. During wind tunnel experiments, however, there is often
insufficient space for the use of a fuselage to develop the boundary layer [5]. For example, the following
mechanisms were used in NASA’s 8’ x 6’ supersonic wind tunnel in order to produce the desired velocity
profile: floor roughness, test section porosity and a bleed box connected with a bleed system to adjust 
the boundary layer thickness [6]. All additional mechanisms installed to develop the boundary layer
increase the cost and size of the test rig. 

In order to overcome these difficulties, a velocity profile can be formed with the use of a distortion
gauze. this is accomplished by using a distortion gauze with varying orifice size. One of the first works
on improving the velocity field in flow was Prandtl [7], which indicated the possibility of reducing
turbulence behind a wire gauze using a honeycomb structure. Attempts were made to understand 
the effect of wire gauze on the flow field [8], [9], [10]. the relationship between the Reynolds number
and the square mesh wire gauze resistance coefficient was shown, but the empirical coefficients used in
the relationships were not explained [11]. Further work showed that it is possible to obtain nearly uniform
shear flow by inserting a variably spaced grid of parallel rods [12]. In further work [13], attempts were
made to derive theoretical equations that allow the assumed velocity profile to be attained, for example
by introducing arbitrarily-shaped parabolic gauzes. It was also realized that in practical applications, 
the dependence of the gauze resistance coefficient on the Reynolds number may be neglected. Problems
of this type can be solved using relatively simple numerical techniques, but they apply to wire gauzes of
arbitrary resistance variation. However, the experimental results were of poor quality [14]. Previous
theories were continually modified to achieve better agreement with the experiment, but still the way to
achieve the desired velocity profile was to use gauze in which the screen angle varies across the duct [15].

1.1. Objective

the objective of the present study was to find a method able to save design time and costs associated
with experimental research. Previous distortion gauze designs used data from measuring the resulting
pressure loss from several test pieces of gauze with known solidities [17]. the disadvantage of this
approach is the need to incur additional expenses for making gauzes with different porosities and
measuring them experimentally, thus unnecessarily prolonging the design time. A study by Idelchik [16]
presents an experimental formula showing the relationship between the porosity of the orifice, its thickness
and the resistance coefficient. unfortunately, as the article shows, this relationship is only valid for meshes
with constant porosity and cannot be used in practical application (in gauzes with variable porosity) due
to the fact that perpendicular velocity components were not taken into account. 

Seeking to avoid these discrepancies, the present article presents a novel method of designing 
a distortion gauze using a porous media model that provides better agreement with the experiment. We
hypothesize that it is possible to design a distortion gauze using only computational fluid dynamics
(CFD) methods – an original methodology that has not been described in the literature, which allows
for significant savings in design-related time and costs.

2 t. KWIAtKOWSKI, A. SIeRADzKI AND B. ŁuKASIK



2. METHODOLOGY
2.1. Gauze design assumptions

the initial step of the design process requires the following assumptions. the diameter of the channel
was set to D=0.58m, equal to the diameter of the inlet duct in our test rig. the density was assumed as
1.225 kg/m3. the assumed mass flow rate corresponds to the design operating conditions of the fan.
uniform flow was assumed at the inlet to the duct, but due to the presence of the distortion gauze, velocity
redistribution takes place upstream of the gauze. the desired velocity profile is obtained in the section
located upstream of the test fan. A similar simplification of the problem was adopted by Whittle Laboratory
in their BLI test program [17]. the distortion gauze is assembled with the flow straightener. the purpose
of the flow straightener is to damp transient transverse velocity oscillations and suppress turbulence
intensity downstream from the gauze. Assumed distorted velocity profile (Figure 1) was obtained by reading
the contour plot from study [17] using MAtLAB algorithms, converting RGB colour map into velocity
magnitude values. the above-mentioned velocity profile was used in the SAX-40 (Silent Aircraft
eXperimental airplane) CFD calculations. Figure 1 presents the velocity contour after the profile is scanned
and rendered non-dimensional using a maximum value. the X is the streamwise direction, while y and
z are orthogonal to X.

Figure 1. Reference velocity profile that should be achieved by the designed distortion gauze 
by using CFD methods. [17]

2.2. Gauze design procedure

A specific algorithm was developed and used to design the gauze. to obtain a desired velocity
profile some additional assumptions were made. A honeycomb-shaped distortion gauze was chosen.
the convention and symbols describing the orifice size are presented in Figure 2. 
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Figure 2. A fragment of the distortion gauze in which hexagonal orifices were used. the orifice height h, 
the base orifice size H and the thickness between the orifices are taken into account.

As the orifice base height H decreases, the pressure drop increases due to more obstacles in the flow, but
on the other hand, the velocity profile might be smoother. Initially, the number of orifices along the y axis
of the channel was set to 67 and along the z axis to 58, as a trade-off between acceptable pressure drop and
the quality of the desired velocity profile. the number of grid cells differs in perpendicular directions because
the honeycomb shaped orifices partially overlap. the minimum distance between two consecutive orifices
(thickness of the orifice wall) was initially set to H/10, so the maximum assumed height of the open orifice
is h=9H/10. Lower thickness could result in potential gauze damage, due to stress caused by moving air. 
On the other hand, higher minimum thickness could lead to higher losses generated by the gauze. the area
of the internal and the external hexagon can be expressed as follows:

(1)

(2)

Porosity is the ratio of the area of internal to external hexagon. thus, the porosity of the single
orifice is defined by the following equation:

(3)

the boundary layer develops naturally in the vicinity of the walls on the perimeter of the channel, as
presented in Figure 1. to simplify the design process, the boundary layer was completely removed from
the initial velocity profile. According to [16], gauze resistance coefficient is a function of porosity and total
thickness l of the gauze. Relatively low gauze resistance is obtained for the non-dimensional parameter 
l /dh in the range between 0.2-3. Outside this range, the gauze resistance increases. the diameter dh is 
the calculated as the hydraulic diameter of the orifice located in the middle of the gauze. total thickness
of the distortion gauze was set to 2mm in order to provide a compromise between its high stiffness and
low resistance.
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2.3. Resistance of the orifice

For the assumed velocity of about 28m/s and orifice diameter of 6-9mm, the expected range of
Reynolds numbers is between Re=1e4-1.7e4. It was decided to express gauze resistance coefficient as 
a function of porosity using CFD calculations since available experimental data is valid only for Re>105.
For the conditions specified in [16], where is the total gauze thickness l nondimensionalised by
calculated hydraulic diameter of the orifice dh (expressed as (5)) and Reynolds number greater than
100000:

(4)

(5)

Coefficient τ can be calculated using equation (6), where is the coefficient defined by equation
(7):

(6)

(7)

Finally, the gauze resistance coefficient as a function of porosity [16] can be calculated using 
the following empirical formula [16]:

(8)

It was reported that flow through gauzes represents weak dependence on Reynolds number [13], but
the mentioned [16] limitation of Reynolds number Re>105 evokes additional uncertainties, so it was
decided to perform CFD calculations in conditions that match those from the planned experiment.
Figure 3 shows a fragment of the geometry of the designed distortion gauze with constant orifice size.
Performing numerical calculations for the entire gauze would be very costly in terms of computation
and time. the distortion grid contains almost 4,000 holes. Based on x+, y+ and z+ requirements, if at least
30 mesh nodes were defined for each orifice in each direction, each orifice would have approximately
27,000 finite volume cells. After multiplying the number of mesh cells per orifice with the number of
orifices (approximately 4,000), the computational domain would contain at least 108 million cells only
inside the gauze orifices. In addition, it is necessary to generate additional cells in the streamwise direction
to take into account the velocity redistribution before the distortion gauze. As a result, the computational
mesh would be very large. 

One of the objectives of this paper is to show that it is possible to design a distortion gauze without
the need to generate such huge computational meshes. It is possible and necessary to include a single
orifice, as this is sufficient to find the relationship of porosity to resistance. this relationship will be used
to adjust the velocity profile for the porous model. At first glance, the limitation of this approach might
be that the perpendicular velocity components are not taken into account, but the interaction between
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the orifices is included in the source term model. this limitation may affect the difference of about 10%
between the assumed and obtained velocity profile, as will be presented in the part of the article where
the results are compared with the experiment. this limitation is reduced when a porous media model is
used.

Figure 3. Sample geometry of a distortion gauze of a certain thickness, in which hexagonal orifices 
were used to present the idea of the distortion gauze shape.

3. NUMERICAL CALCULATIONS
3.1. Computational approach

to reduce the aforementioned difficulties, it was decided to perform numerical calculations of a series
of single orifices with different porosities. thanks to that the dependence of resistance for a given porosity
of the orifice diameter will be known. In the next stage, this allows the relationship between porosity and
the resistance of a given porosity to be identified. A CAD model representing the air volume crossing 
a single orifice (Figure 4(a)) was created. Figure 4 (a) shows a schematic of the model containing a local
reduction in cross-section simulating the presence of a distortion gauze in the flow. the inlet is marked in
blue, the symmetry is marked in yellow, and the “wall” boundary conditions are marked in gray. Because
the hexagonal section has a point of symmetry, only one sixth of the section can be modelled. to further
reduce both time and cost of the CFD analysis, it was also decided to use 1/6th of a modelled volume of
the hexagonal orifice along with periodic boundary conditions, shown schematically in Figure 4 (b). this
allows the number of mesh cells to be reduced while maintaining high quality mesh. Computational
domain has a length of 400mm and contains a screen with a thickness of 2mm. Calculations were
performed using the k–ω SSt model. Velocities of 10, 20, 28 and 40 m/s were specified at the inlet with
the use of velocity-inlet boundary condition. the velocities are suitable for a low-pressure fan. 

Figure 4. Single orifice computational domain diagram. the inlet is marked in blue, the boundary condition
of symmetry is marked in yellow, and the boundary condition wall is marked in gray. there is an outlet on the invisible
side. Figure (a) shows the full geometry of the orifice, and Figure (b) shows a 1/6th fragment of the orifice. In addition,

in Figure (b), the periodicity condition is invisible.
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3.1.1. Grid dependence study for a single orifice

the ANSyS Fluent commercial software was used for the calculations. the velocity-inlet boundary
condition with the set velocity values was used at the inlet. At the outlet of the domain, the pressure
outlet boundary condition without forced flow was used. the k–ω SSt turbulence model was used, 
as was the case for further calculations of the entire distortion gauze. the grid dependence study was
performed to ensure high quality of mesh and a trade-off between grid size and calculation accuracy. 
In order to select the optimum grid size for the single orifice of high porosity, grid dependence studies
were carried out. Four grids with 37,776, with 89,552, with 180,178 and with 380,522 nodes were
investigated. the results of grid dependence studies are presented in table 1, which shows the number
of mesh nodes, the y+ parameter and the pressure drop. Pressure drop ∆p was calculated as a difference
between static pressure measured 150 mm upstream and downstream from the orifice. the pressure drop
was chosen for the mesh density study because it determines the resistance of the orifice and, consequently,
the relationship between porosity and resistance. As the number of grid cells increases, the pressure drop
does not change significantly. It was observed that there is a low difference (around 1 pascal) between
mesh 2 and mesh 4 (the finest), and therefore mesh 2 was used for further calculations of a single orifice.

table 1. Comparison of the parameters of the meshes used for the grid dependence study.

the computational Mesh 2 containing 89,552 nodes is depicted in Figure 5, with every second node
of the grid shown. It was decided to use an ICeM mesh generator. the computational mesh contains 
4 blockings, each of which contains a structural grid. Near the walls, the mesh was refined, keeping the y+
parameter less than 1. One of two periodic surfaces is visible and marked in blue. the area on which the
symmetry boundary condition has been defined is marked in yellow. Moreover, “wall” surfaces are marked
in gray. Just before the orifice (viewed from the direction of flow), a white control cross-section is shown
showing the computational mesh.

Figure 5. View of the computational grid 
on the boundaries of the computational domain 

of 1/6th of the orifice, also shown in white, 
the cross-section just before the orifice. 

the periodic boundary condition is marked 
in blue and the symmetry boundary condition is

marked in yellow. Wall is marked in gray. 
every second mesh node is shown.
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Orifice resistance was calculated using CFD methods. taking into account different porosities varying
from 0.3 to 0.9 with a constant interval of 0.1, orifice resistance was calculated using equation (9). Static
pressure distribution along the X axis of the domain for porosities of 0.5 and 0.7 and velocity magnitude
28m/s is presented in Figure 6.

(9)

Figure 6. Distribution of static pressure along the axis of the orifice for the velocity magnitude 28m/s and
porosity = 0.5 and = 0.7. For smaller porosity, a larger pressure drop is visible. the pressure drop was

measured in cross-sections 150mm before and after the orifice. 

As presented in Figure 6, static pressure remains constant when measured 150 mm upstream and
downstream from the orifice. this confirms that the pressure drop can be calculated using the equation
shown in (10). Furthermore, the pressure drop was used for calculations of gauze resistance coefficient.
this allowed the relationship to be identified between each porosity and the gauze resistance coefficient.

3.2. Function of porosity and resistance

the porosity as a function of orifice resistance was approximated and presented in Figure 7. Red squares
present the data obtained from a series of CFD calculations. the red line presents the approximated
correlation of porosity as function of gauze resistance coefficient for single value of velocity 28m/s. this
correlation was used in further calculations. the blue line shows the experiment based correlation [16].
the difference between CFD results and experimental formula was less than 4%. It should be emphasized
that the experimental formula was obtained for higher Re, which shows that flow through gauzes represents
weak dependence. unfortunately, this equation is not suitable for designing the distortion gauze, because
it does not take into account the perpendicular velocity components that occur at flow redistribution
before the gauze. In addition, this relationship does not take into account differences of streamwise
velocities in orifices with different porosities, because this relationship is valid only for single velocity value
of 28m/s, which might slightly affect the resistance coefficient. to avoid these simplifications, a porous
media should be defined for the range of porosities and velocities. the green line shows the relationship
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between the gauze resistance coefficient and porosity predicted by the porous structure described later in
the article, assuming a constant porosity throughout the modelled gauze. this difference may partly explain
the discrepancies in the results described below.

Figure 7. Comparison of the dependence of porosity as a function of the orifice resistance coefficient for single orifice
cases calculated in CFD (marked with a red line with squares), experimental dependence (marked with a blue line) [16]

and predicted by porous media (from the next step, marked in green). 

3.3. Distribution of resistance and porosity

Pressure drop Δp of the entire gauze can be approximated by taking into account a minimum gauze
resistance Kmin (which corresponds to the maximum expected porosity 0.81 and equals 0.406) and
maximum velocity in the channel for given velocity distribution for which the desired mass flow rate is
obtained. to calculate the pressure drop Δp of the entire gauze, the following equation should be used:

(10)

the pressure drop is necessary to calculate the distribution of the resistance along the gauze. 
the gauze resistance coefficient distribution must be computed as a function of the velocity at a selected
location of the gauze:

(11)

Furthermore, the gauze resistance distribution K(r, φ) must be converted to the porosity distribution
(r, φ). this can be done by using the formula of porosity as function of resistance on the basis of CFD

simulations of individual orifices, presented in the previous paragraph. Once the porosity distribution 
(r, φ) is obtained, the momentum equations for porous media Si(r, φ) can be defined.
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3.4. Numerical analysis of a porous media

As mentioned above, due to the high computational cost, it is difficult to perform numerical
calculations of the airflow through the distortion gauze. to reduce computational costs, a porous media
model was used to simulate the distortion gauze. By performing numerical calculations of single orifices
for the range of velocity and porosity, it is possible to define the source term. three-dimensional porous
media takes into account perpendicular velocity components and is necessary to obtain the correct velocity
distribution. In order to define porous media, orifice resistance coefficient for varying porosities must be
used. Porous media are modelled by the addition of a momentum source term to the standard fluid flow
equations which is composed of the following parts:

• viscous loss term: 

(12)

• inertial loss term (C2 is the inertial resistance factor):

(13)

Considering the case of simple homogenous porous media, the source term for the i-th momentum
equation can be expressed as:

(14)

A simplified version of the momentum equation, relating the pressure drop to the source term, can
be expressed as in equations (15) and (16):

(15)

(16)

total pressure drop can furthermore be expressed as follows, where a and b are the second order
polynomial coefficients. Approximation polynomials (17) for the analysed porosities are presented in
Figure 8.

(17)
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Figure 8. total pressure drop as a function of velocity magnitude 
for the analyzed porosity values from 0.4 to 0.9. For each porosity, a second order polynomial 

equation is presented that blends pressure drop with velocity.

thus the inertial resistance factor and permeability for each porosity may be calculated using 
the following equations (18) and (19).

(18)

(19)

In the last step of defining the porous structure, the equation binding inertial resistance factor and
permeability to porosity should be found. It was noted that a good approximation can be obtained by
using a polynomial of a degree equal to the number of porosities used. Porosity is then used as the input
parameter to define the parameters of the porous structure. the parameters of porous structure are being
projected into the computational nodes of the mesh.

In order to reduce turbulence behind the gauze, a flow straightener was used in the experiment. 
Due to its high porosity, this straightener causes low resistance. It is worth mentioning that ANSyS
Fluent solves the standard conservation equations for turbulence quantities in the porous medium, so 
the turbulence field is only approximated. It is assumed that the porous media does not affect the intensity
of turbulence or dissipation rates. this may be a source of discrepancy between CFD results and the
experiment and might be discussed in further work. 
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3.4.1. Grid dependence study for a channel

A mesh density study was also carried out for a three-dimensional channel. In order to save
computational effort, half the channel was simulated with the symmetry boundary condition. three
computational grids with different densities and different number of cells along the channel diameter were
created, according to the data presented in table 2. In grids of various densities, the number of grid cells
inside the porous structure, which simulated the distortion grid, also changed. the impact of mesh
density on the total pressure distribution is shown in Figure 9. the pressure distribution was chosen
for the mesh density study because the velocity distribution depends on it. the exact velocity
distribution is the output parameter we want to achieve. In the coarse grid, there is a slight difference
in total pressure distribution between y/D = 0.5 and y/D = 0.8. Since the medium mesh corresponds
well to the predictions of the fine mesh, it was decided to use the medium mesh in further calculations.
Calculations carried out converged well and took about an hour on the single node of the high
performance computing cluster. this allows for a significant time saving compared to the approach
with simulating a real-shaped distortion gauze taking into account the exact shape of the orifices.

table 2. Comparison of the parameters of the meshes used for the grid dependence study.

Figure 9. Comparison of the total pressure distribution for different densities 
of the grids along the diameter of the three-dimensional channel in the cross-section located 1 diameter 

of the channel behind the distortion grid.

3.5. Adjusting gauze parameters

Porous media was used to model a distortion gauze inside half of the 3D round channel. to maintain
accuracy and comparability with single orifice calculations, all the 3D test cases were calculated using
the k–ω SSt turbulence model, as was previously used. the mass-flow-rate boundary condition was
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applied at the inlet. Adjustment of the gauze parameters was performed iteratively. At each iteration 
the velocity profile predicted with the use of CFD tools was compared with the desired velocity profile.
If predicted velocity profile differed from the desired one, input velocity profile (understood as used for
porosity calculations) was corrected by the difference between the velocity values. After correcting 
the input velocity profile, the resistances and porosity were recalculated according to the procedure
described earlier. From the porosity distribution the porous media was defined, which after CFD
calculations of 3D channel gave the velocity distribution. Seven iterations were necessary to obtain good
agreement between analysed velocity profiles. Comparison between velocity profiles obtained during 
the 1st and 7th iteration is presented in Figure 10. In the first stage, the desired velocity profile presented
in was used as the input velocity profile. It turned out that there is a large discrepancy between the assumed
and predicted velocity distribution. the difference in distorted region might be caused by the fact that
formula describing the gauze resistance coefficient as a function of porosity is defined only for a single
velocity, equal to 28m/s. Another source of discrepancy is the vertical velocity components caused by
the change in orifice size along the distortion gauze, which were neglected in this formula. Vertical velocity
components could be omitted in single orifice calculations, because the goal was to find the relationship
between porosity and orifice resistance for the Reynolds numbers used in our gauze design. the porous
structure takes into account vertical velocity components during calculations, which allows for more
accurate prediction of the flow field, which will be demonstrated in comparison with the experiment
later in the work. the velocity predicted by source term calculated for the range of porosities and velocities
was used as reference during the next iterations. In subsequent iterations of the distortion gauze design,
the previously determined dependence of porosity as a function of the orifice resistance coefficient was
used. In turn, the orifice resistance coefficient is a function of velocity, as shown in equation (11). Porosity
is the input value for a porous media. the velocity distribution is the output value for a given porosity
distribution (r, φ). the purpose of the iterative process is to adjust the porosity in such a way as to
achieve the assumed velocity profile.

Figure 10. Comparison of velocity profiles obtained during iterative process: (a) velocity profile predicted 
by the porous media based on the reference velocity profile shown in Figure 1. In the right Figure (b) is shown 

the velocity profile predicted by the porous media after adjustments of input velocity profile.

f
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3.6. Gauze generation

Once the desired velocity profile is obtained, orifice height distribution must be calculated as 
a function of porosity using equation (20) derived from equation (3):

(20)

Base height H was assumed constant and equal to 10mm. CAD model of the distortion gauze is
presented in Figure 11 (a), and Figure 11 (b) shows the manufactured gauze after laser cutting. this
gauze was used in the experiment described in the next section.

Figure 11. CAD model (a) of the distortion gauze with final porosity and the corresponding actual 
distortion gauze (b) that has been laser cut. Mounting holes are also visible.

4. EXPERIMENT SETUP AND RESULTS

the scheme of the test stand is shown in Figure 12, where the air is being sucked in through the bell-
mouth inlet. the distortion gauze and flow straightener are located approximately 0.7m upstream of 
the rotor. the velocity profile measurement section is placed about 0.2m downstream (section 2). 
the required mass flow rate value is obtained by adjusting the position of a throttle cone in the aft part
of the test stand. the rotor and stator were designed using t-Blade software and further optimized
using genetic algorithms to guarantee proper performance in axisymmetric flow [18], [19]. Another
subsequent study will be focused on redesigning the fan for the purpose of non-axisymmetric flow. 

Measurements of the distorted velocity profile were performed with the use of five-hole pressure
probes mounted on a dedicated traverse mechanism. this traverse system allows the probe position to
be changed radially and circumferentially. With the use of predefined map of measurement points, 
the discussed system allows fully automatic and precise cross-sectional measurements to be performed.
All the searched values were averaged over 3-second measurements. the probes measure the value of total
and static pressure and the direction of the velocity vector of the flow. Air density was calculated based
on air temperature and humidity measurements. Both the difference between total and static pressure
and the density were used during post processing to calculate the velocity magnitude value at every
point of the map. the section area was mapped using 5120 points with 40 different radial positions of
the probe.

h r H
f r

, .
,




    
2
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Figure 12. Scheme of test rig. A bellmouth inlet has been defined at the inlet. the distortion gauze was placed
0.7m in front of the leading edge of the rotor. Sections 1 and 2 are measuring sections in which flow parameters

were measured. At the outlet, mass flow rate is regulated by changing the position of the throttle cone.

the measured velocity profile is nondimensionalized and presented in Figure 13. to expose the differences
between the assumed and the obtained velocity profile, velocity values were calculated at the vertical centerline
defined by z/D=0 and compared in Figure 14. In the region of distorted flow (y/D=0.9 to y/D=1), 
the differences between the measured and predicted velocity does not exceed 5%. these small differences
may be caused by the fact that transient structures are filtered during RANS calculations. It is also clear that
the velocity distribution obtained in the experiment is closer to the distribution obtained in the last iteration
of the numerical calculations of porous media. this proves that the experimental formula [16] as well as
formula based on single orifice CFD calculations formulas shown in Figure 7 cannot be used to design 
a gauze with variable porosity. Considering the use of a low-order (low-cost) porous model, the obtained
results show very good agreement with the experiment. Compared to the methods of designing gauzes using
a set of real gauzes with different porosities, the proposed method using CFD shows the great advantage
of the proposed approach. the proposed approach allows for significant savings in design time and costs.

Figure 13. Velocity profile measured in section 2 located 0.25m 
behind the distortion gauze.
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Figure 14. Comparison of velocity profiles in the middle line of velocity contour (z/D=0). the red color line with
squares indicates the velocity profile proposed by SAX-40 Initiative. the blue line shows the velocity profile

obtained in the first iteration that required adjustments. the acceptable speed profile obtained in the last iteration
is shown in green. Moreover, the black triangles show the velocity profile measured in the experiment.

5. CONCLUSIONS

this paper presents a methodology for designing a distortion gauze used to produce a specific velocity
profile in the inlet duct of an axial fan. A distortion gauze is a special case of a porous medium with 
the flow direction parallel to the fan axis. In this type of application, straighteners are used and inflow
angles are assumed to be close to zero. In a full flight transient, the angles of attack in the velocity profile
would be variable; this could be a topic for future work. 

Research shows that the functionality of structures of this type can be successfully modelled with 
the use of commonly known models of porous media. However, this requires the determination of
equivalent resistance of the porous structure. the tools developed and methodology adopted herein allow
for very fast and effective simulation of the distorted velocity profile creation in the channel, and can be
successfully used in the design process of a distortion gauze. It is of crucial importance in processes of
testing unevenly loaded fan and makes it possible to more accurately represent its operating conditions
on the test rig. On the basis of the author’s experimental data it was stated that the model of porous
medium allows to determine the velocity profile with an absolute error not exceeding 5%. In future
work, it is also proposed to focus on ways to improve the porous structure model leading to reducing
differences from the experiment. 
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