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Abstract

Background: Aviation industry is working towards making the future flights fuel efficient by improving
the performance of the aircraft technology. Airlines are looking to keep their costs lower and get the
most efficient flights. This is a great challenge in coming years for aerospace engineers to improve the
performance of the flight and help it complete long-range missions in future. Thus, this report is based
on the experimental aircraft by NASA known as X-48 which is blended wing aircraft. The aircraft as a
full scale is taken and a hybrid laminar flow control system is introduced into the wings so as to see its
effect on the aerodynamic performance and thus try to lower the aircraft drag. The effects of skin-friction
associated drug are to be dealt with and the laminar layer is to extend.

Methods: The baseline aircraft is taken, and initial aerodynamic parameters are evaluated using CFD
tools such as ANSYS Fluent. The hybrid laminar flow control system would then be designed, modelled
in CAD and henceforth would be evaluated to see the system performance. The passive suction system
would also be designed and simulated in CFD environment to compare with baseline design.

Results: The system developed helps to lower the zero-lift drag by nearly 31.2%. The system also helps
to lower the aircraft’s system weight by nearly 5%. The simulations performed in ANSYS show that
perforated wing surfaces help to increase the L/D ratio of the wing surface from around 5.1 in base-line
design to 20.3 with perforations. Moreover, the drug power needed will be lowered by nearly 54.4% and
the range increases by nearly 1.87 times.

Conclusion: As a conclusion it can be said that the developed system has achieved the aim of lowering
the aerodynamic drag and saved the fuel weight to a great extent. Also, the system has ensured that range
performance has increased. The improvements in the system in the future would be looking at modelling
the turbo compressor in the system for detailed CFD analysis, evaluation at different AoA’s, looking more
into manufacturing capability and cost modelling.

Keywords: Hlfc; Catia; Ansys; Cfd

Background

There has been for a long time quite a lot of research about the effects of drag on aircraft
surfaces and the possible means of reduction of drag so as to ensure better performance of
the aircraft aero dynamically. The most frequently and successfully used ones are the laminar
control-methods and trying to optimize the geometry and form of the aircraft wings. The main
aim of the report as labelled out within the abstract is to ensure drag reduction on the aircraft,
hence improving performance and lowering the consumption of fuel to a greater extent, thus
lowering associated penalties. Means of lowering the aircraft drag are innumerable, but within
the scope of this project, the main aim is to extend laminar layer, lowering hence the aircraft
drag and this will be seen analytically and by means of CFD. The effects of both the form and
the viscous-drags will be accounted for in the initial analysis and the final flow-control values
will be compared to this. So as to carry out this work, the main software which will be used is
FLUENT in ANSYS which is obviously a CFD tool.

In terms of flow control, two of the primarily used ones are the laminar flow control and
Hybrid Laminar Flow Control (HLFC). The former consists of an opening which allows the
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airflow to flow in and out of the trailing edge. No additional power
is required for airflow to reach the trailing edge. The hybrid laminar
flow control is used as a suction system. The primary function is to
increase the thickness of boundary layer at the lower surface of the
wing by allowing airflow to enter the system. Thus, it will ensure
constant laminar flow and will prevent flow separation. Moreover,
a complex system is needed in order to have a good amount of
suction. However, in case of low levels of suction, the boundary
layer won'’t be affected. On the contrary, a high level of suction can
cause pressure issues to the upper region of the wing. The suction
system is known as the central part of the HLFC system. This suction

Acrodynamics
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is caused by the pressure difference created between the surface of
the airfoil and the plenum underside of the surface. This pressure
difference is caused by the active system known as the component
e.g, compressors that occurs among the airfoil surface and the
outlet section. In order to make this HLFC system, the perforations
needed to be perforated at the surface of the wing. In order to make
the perforations advanced manufacturing techniques are used to
create the perforations on the titanium (Ti) sheet and then can be
able to attach the titanium sheet with the CFRP structure of leading
edge. Some of the requirements for the HLFC system are labelled
out in the following image as follows [1] (Figure 1).
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Figure 1: HLFC Suction system requirements and interfaces [30].

The baseline design taken for the research is a blended-wing
design inspired from the NASA X-48 and is a full-scale realizable
aircraft based on the tested prototype by NASA. This model is
taken so as to view the aerodynamic characteristics along the
wing in particular without taking into account other surfaces like
the tail, etc. as the research is mostly based on the aerodynamic
investigation rather than looking into the flight dynamic analysis.
The tail and engines hence are not part of aerodynamic study.
Similarly, the study of optional additional surfaces such as winglets
has been neglected and might be part of future work (Figure 2).
The characteristics of the aircraft selected are listed in the next

table. These characteristics would include the characteristics of the
wing, the fuselage features and so on. Moreover, certain important
parameters associated with wing geometry are also listed. The
methodology is based on the simulation of baseline design through
a CFD software such as FLUENT and then mainly focus on the drag
reduction by means of creating the system design for flow control,
find drag analytically and by simulation and hence compare the
results of baseline design with the hybrid laminar-flow control
results. More than looking into the aerodynamics of the baseline
design, maximum focus will be on the flow control methodology
and drag reduction (Figure 3 & Table 1).

Figure 2: Rendered view of baseline aircraft.
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Figure 3: Methodology used for the research work.

Table 1: Baseline Aircraft Parameters.

Wing Span 68.86 Meters
Root Chord At Wing 10 Meters
Tip Chord at Wing 7 Meters
Quarter Chord Sweep- Angle 27 Degrees
Area of The Wing 62.634 Square Meters
Taper Ratio 0.7
Mean Aerodynamic Chord 8.58 Meters
Center Body Airfoil NACA 23112
Outboard And Tip Airfoil FX-60 126
Fuselage Length 36.69 Meters
Geometry Of Fuselage Blended-Body

Initial aerodynamic data

Initial aerodynamic estimates were done for baseline aircraft
using ANSYS Fluent. The methodology used is:

a) Model generation-The model generation is the first step
in the pre-processor part of the CFD process. The 3D CAD modeling
of X-48 aircraft is required. Then after making the 3D model, it is
imported into the Ansys software inside the enclosure which is
called “Making the computational domain”.

b) Mesh generation - The mesh generation is the next key
step in the pre-processor step of the Ansys where the
computational domain created is divided into many
elements and cells. This helps to calculate various
parameters such as the pressure, velocity and temperature

Setting boundary conditions - The next step involves
setting up the boundary conditions of the computational
domain. These boundary conditions involve setting
velocity, temperature and pressure of the fluid.

The analysis was to be done aminly on the half-model when
taken in 3D and hence in the ANSYS Fluent Design Modeler
section, the geometry was imported and the enclosure generated.
The geometry was then meshed using the mesh settings and was
obtained as follows (Figure 4). The solver is then set-up based on
the following parameters and then run later for around 150-200
iterations with time-step of 0.1 seconds and the values obtained

are tabulated in the next few tables. These values are indicated
for simulations carried out at different AoA’s and for 2D and 3D
simulations (Table 2-4) (Figure 5 & 6).

smoothing Medum

' Mesh Metric Skewness

[ Min |6.5178e-005
Max |0.89889

|| Average 0.22323
Standard Deviation 0.12399

Figure 4: Mesh generated and skewness improvement
in mesh.

Figure 5: Velocity Streamlines.

Figure 6: 3D Half-body simulation.
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Table 2: CFD Simulation setting.

Aircraft Symmetric Airfoil
Taken to Simulate It from the
Centerline

Aircraft at Sea-level and
40,0001t

Type of Simulation Steady Simulation

Type of Fluid Air
Kinematic Viscosity 1.415x10-5m2/s
Wind Speed 188.65m/s

Density 0.2329kg/m3

Turbulent Model

Table 3: 3D simulation results at different AoA’s.

Spalart-Allmaras

3D Simulation L/D ratio
AoA 0 degrees 8.21
AoA 4 degrees 17.09
AoA 8 degrees 32.1
AoA 12 degrees 22.02

Table 4: 2D simulation results at cruise altitude.

Form CD Viscous CD Net CD
AoA 0 degrees 0.000785 0.001833 0.002619
AoA 4 degrees 0.00247 0.00175 0.004224
AoA 8 degrees 0.00743 0.0017 0.009131
Methods
HLFC system design

For the system design, certain limitations have to be accounted
for initially. This is based on literature review and design
considerations, and these include:

A.  Manufacturing limitation: Minimum hole diameter of 50
micrometers and minimum spacing ratio of 5 based on
available laser drilling technology [2].

B. Speedlimitation through hole: The maximum speed which
has been suggested is 40m/s because if velocity is greater
than this velocity will lead to the roughness of the flow
and influence the outcome of the flow control method.

X is a factor

M,, is the mass flow rate through the holes

A is the area of the hole(m?)

D is the diameter of the hole 50 micrometers
t is the thickness of the skin (m)

u is the dynamic viscosity

After the X factor is calculated at various Cq values and the
altitude then Y factor is evaluated as [2]:

Y =%(40.7X+1.95X2) (4)

Where K factor is estimated as 1.3

_effective hole Diameter (5)
measured hole Diameter
The delta pressure can be calculated by the following equation:

_Ypv 7 (6)
- (dz)

AP 7

Where,

Y is a factor
D is a diameter of the holes = 50 micrometers
t is the thickness of the skin (m)

p is the density (kg/m?)

v is the kinematic viscosity

AP is the pressure drop (pa)

The final parameters evaluated at 12,192m for aircraft is
presented in the next table. It gives the information about key
parameters which were used to design the HLFC system (Table
5). The suction system power needs to be estimated as one of the
key design parameters so as to design the turbo compressor. The
pressure losses and the suction power estimation method are
defined schematically as follows [2] (Figure 7). In addition to this
methodology, certain diagrams such as the Cordier diagram would
be needed to decide upon the type of turbo-compressor to choose
based on specific speed and specific diameter (Figure 8 & Table 6).

Table 5: HLFC System Design Parameters.

C. Material used for skin structure: Perforated titanium Ti- Parameter Value
6AL-4V is used widely for outer skin purposes due to Hole Diameter 50x 10"-6
its high mechanical strength, corrosion resistance and Vh(Hole) 40 m/s
efficient weight properties [3-7]. Hole Area 1.964 x 10e - 9
The design parameters of the system designed were calculated Density 0.2462
in terms of the mass-flow rate, X-factors and Y-factors etc. are Mass flow rate 1.58E -08
calculated across the wing surface. The X- factor can be calculated Skin Thickness 1x10E - 3
by knowing the mass flow rate through the holes at different — -
. o i . Dynamic Viscosity 1.61E -05
altitudes and Cq values and the dynamic viscosity, thickness of the
skin. Before X-factor calculated, the mass flowrate through holes Factor X 12
can be evaluated by: Hole Diameter Ratio 1.3
my= X;Ut 1) Factor Y 36
s Kinematic Viscosity 3.75E -05
iy =pVyd o
Pressure drop 4300
4> )
A=n—
Where
Nov Res Sci Copyright © : Amir Zare Shahnehb
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Table 6: Turbocompressor specifications.

Parameter Values
Type of compressor used Radial
Pressure ratio of the compressor 4.5
Suction power 7.736 Kw
Mass flow rate 100 g/s
Esimated RPM/Speed 80,000 RPM

Estimated weight

30 kg (Plenum segment)

Estimated length

0.2 meters

Type of motor used

Permanent magnet synchronous motor (PMSM)

Micro-perforated surface
—

—

. Lo
Plenum ChambarJ

[ Contraction from plenum ]
to transfer duct

Eompressor |

Exhaust duct
transfer duct

Plenum

Chamber — CDr::::tm" —=transfer duct —*Compresaorl—‘ Exhaust duct
(Rips) | - . .
. + : .
Prassure Pressure Pressure
drop ‘ drop drop Pressure drop
I -
L ¥ i *

| Fressure losses, Pressure Ratio. Total mass flow |

Required Power

Figure 7: Suction System Power estimation method and losses [15].
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Figure 8: Cordier diagrams [30] [15].

CAD modelling of HLFC system

The integral parts of the wing’s structure include the spar and
ribs. These components of wing play essential role in providing
the structural strength to the wing. The main duct is goes past
the structural layout of the wing. The structural re-enforcements
were done in CATIA and also the turbo compressor which is placed
on the underside of fuselage. The two turbo compressors show
the system redundancy in case of failure of one. Moreover, the

structural members, namely the ribs are perforated at the leading
edge for suction control. The complex structure require duct to
be intact with the ribs without compromising with the strength
of the overall wing. This in turn has drawback, as duct going
through the ribs could lead to pressure losses. This is why turbo
compressor is placed near the fuselage to accommodate for the
pressure losses and provide power to the HLFC system. The turbo
compressor is located near the nose area close to the NLG which

Nov Res Sci
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has a primary function to recycle the suction pressure for keeping
the aircraft computer system cool. The pressure enters in the turbo
compressor via the main duct inlet and then leaves via the outlet
to the aircraft computer system room. The collector feeder ducts
are compensating for the pressure losses to provide adequate inlet
pressure to the turbo compressor whereas the pressure filters give
an option of setting a desired pressure for the system.

Collector-feeder mechanism would be used in the system
so as to inter-connect the collector regions to the main-ducting
system. As pressure in system is usually defined by the inlets
and outlet values of turbo-compressor, pressure filters would
be required within collector-feeder mechanism so that values of
pressure within each of the collectors can be at a certain necessary
pressure. These filters are usually porous designed sheets and can
hence be fashioned in similar manner as outer sheets/skin since
the flowrates and variations in pressure are quite known. Usually,
the recommendations provided are that sizing of hole is over
50-micrometers when used within outer-skin surface as injected
insect/water or ice would not be clogging-up these filters. Also,
the velocity through hole would not be limited to a fixed value of
close to 40 m/s as these distorted surfaces are not on the wing
region and thus there would not be any kind of non-intended
and pre-maturely generated flows. Usually also, the main ducting
mechanism is slightly on the bent side while trying to make sure
that near the collector region, there would be enough clearances
for the feeder-ducting system and at other locations, the location of
the duct would be as much as feasible near the upper region so as
to ensure maximum spacing availability for flaps mechanisms and
actuation system.

Also, while taking the fact that the flow is non-compressible as
velocity is maintained below the value of Mach 0.4 and close to 0.3,
the sizing of the ducts is done in a manner that velocity and flow
within duct is kept underneath the limitations as the ducting would
be hence minimum as possible in order to lower space and the
weight. In case later on after the designing process there is greater

availability of space, sizes of the duct would be made bigger and
hence the flows in the ducts/flow-speed can be lowered and losses
too lowered substantially. Moreover, design assumptions would
also include the fact that the air being taken in via the perforated
skin would be sucked forward to nearby located collectors. This
would give calculations of volume flow rates which has already
been done earlier in the design process. Further discussion would
also be about the turbo-compressors and the system safety needed
with redundancy. It was mentioned earlier that there would be two
of such turbo-compressors and the proposed designs would have
one each with the single and double and hence penalties and other
factors calculated later on for both. It is obvious the redundant
option is much better though adding to weight, yet increases the safe
functioning while also adding that if one of the turbo-compressors
would fail, then the others would be functional. Also, the functioning
would always be at fifty percentage of max. capability (Power) so as
to make sure system is working and functioning smoothly.

Flexible hyper-line FX hoses are to be used so that they do not
interfere with movement of control surfaces. In case of removal of
water from the system, either it could be drained-out by simple
water drain-holes or by usage of techniques such as purged air. One
method to remove the water accumulated is thus by making use of
drain-holes, in regions where there is greater likelihood of pooling
of water. This is more possible in cases of HTP’s and regions of the
wing, where gravity helps to drain out water. Added mass flow is
hence found as:

Am ~ ¥ EAOC })s & 2/y B i (y+1),Y
water _drain y— 1 R d \/T—S })S PS (7)

Similarly, hot-air bled from engines and blowing through
porous-skin section, could be used for the purpose of de-icing and
de-insect mechanism. Anti-insect mechanisms comprise of KRUGER
flaps as deflectors or simple spray fixed on these flaps aimed at the
leading edges (Figure 9).

Collsetar
Fusdsnr Dusts

Wains st |
| si1oes ter
| Prosaure Finors

Figure 9: CAD Model of the HLFC System with various features and water-drain method depicted.
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LFC system performance

The system performance is evaluated based on the following
aerodynamic equations:

CD = CDU +KCL2 (8)

c,=C 0.4

Sw(turbulent) f,. fi, (S:;et ] [%] (9)

1. =1+2.7[£]max+100(£)4 0
fi =1-0.08M" )

S, S,
— I I
C/'w = C/w(lumlnur) [ = ] + C/w(/w bs) 1 _[ = ] (1 2)
Surb Surb

1 2
D, :EpVM:(m SiCo, (13)

In the HLFC system, the weights of the system would have
to be calculated taking into account the active and the passive
suction. Moreover, the weight of the skin-area would be directly
related to the region where there is suction. These areas have been
calculated span-wise and are included within the appendix for
further details. The thickness of the Ti sheets used is a standard
1 milli-meters and with a density value of 4500 kilograms/cubic-
meter, fibre-glass used with density of around 450-500 kilograms/
cubic-meter, the mass of the skin found by taking the internal CAD
design and hence the outer region of the wing was having a value
of close to 65 kilograms. The system includes collector regions and
ducts, together with filters and hence this, when included with a
suitable thickness, making use of Aluminium alloys of density
around 2700 kilograms/cubic-meter would give mass of around
95 kilograms for the collector and similarly another 4-5 kilograms
for the ducts. The level of redundancy also plays a role and hence
the double-redundant one would have greater weight and hence
weight addition in the range of 2-3 kilograms/wing. Mass of
the single-turbo-compressor will be 45 kilograms and hence
this can be taken by summing up the individual values or simply
estimating using CAD model by applying material to each section.
As such, if there is two for a redundant system, then the weight
gets doubled. Hence the final weight of the HLFC system would be
337.6 kilograms for the non- redundant, single turbo-compressor
and for redundant one around 422.6 kilograms. The weight penalty
is the summation of the weights of the system and the penalties
associated with the fuel penalties. These penalties are due to the
effects of weight. There are mainly three driving factors, the system
weight denoted by (AWfo(AWA)), the lowering in the performance
of the engine and hence the off-takes within the system denoted by
(AWfo(Afp)) and the effects of the drag associated with the aircraft
depicted by (AWfo(AD)). In the case of the hybrid laminar flow
control methodology, there is lowering of the drag of the system
and hence the value of penalties due to system’s drag would be a
negative one and it is expected that this reduction in penalty would
be outweighing the effects of the system’s weight and the power off-
takes. Mathematically, the overall weight penalty is given by:

+ AW

W, =AW, + AWfo(AWA) +AW fo(ap)y (14)

So(Afp)

The consideration taken for the sake of making the calculations
simple is that aircraft would be cruising at the AAM or the average
value of the aircraft mass and is taken as a consideration to be 60
percentage of the DFM or the design-fuel mass. As there is greater
need for fuel in the climb stage and lowering in the descent phase,
this approximation is alright. The system masses were estimated
earlier and hence the non-redundant and the redundant systems
would have total weight WA of 3311.856 Newtons and 4145.706
Newtons respectively. Moreover:

AW o aw,y = AW, (e =1) (15)

Here, the specific fuel consumption of the engine at cruising
condition is denoted by ‘c’, the mission time is depicted by ‘t" and
the value of acceleration due to gravity; ‘g’ taken as 9.81, the value
‘T’ is the average Lift/Drag ratio in the cruising condition and for
the design taken and analysed earlier by CFD, this is 18. In the
cruise conditions, there are several means of calculating the SFC
of the engine used. The X-48 makes use of 3-turbo-jet engines in
the scalable model and is realizable for full-scale aircraft. These
can be found by building the virtually prevalent engine model
using software like TURBOMATCH which would be comprising of
several blocks with varying properties so as to find the details of
the aircraft’s engine’s performance. This can also be found using
existing aircrafts and similar engine specifications. The concept was
set up was done previously for a BWB by Mcbean and with a similar
aircraft configuration and overall MTOW, the engine SFC estimated
earlier was around 1.47 x 10° kilograms/Newton-second. The total
time for the aircraft’s mission can be taken by using the values of
the design range for this mission upon the true-airspeed achieved
at cruise and this value comes to be around 52000s. Hence,
Wfo(AWa) would be 1711.235 Newtons (Zero-redundant) and
2142.08 Newtons (Double-redundant).

The shaft-power off-takes would be calculated based on the
equation as follows:
rAf,

Ang(Aﬁ;) — . p (ectg/r _1) (16)

Here, Afp would be defining the fuel rates made use-of as a
result of the off-takes within the compressor, the values c, t, g and
r have been mentioned before. The equation for Afp is given as
follows:

Af, =Acx Ty, (17)

If Ac is increment of the SFC of the engine as a result of the
system, the Total thrust given by T (Net) in the cruise condition, in
the case of the aircraft X-48 taken here is around 68kN, the value
of the increment in SFC would have to be taken either by reference
or by running an engine simulation model. This can be by using
a TURBOMATCH model or by means of using available data from
existing models such as the one used by MCBEAN Af, = Acx Ty,
[2]. The average values taken would be close to 1.4x10 kilograms/
Newton-second, by taking the simulation conditions in the cruise
conditions, as the shaft-off take would be around 4500 kW and such
a value as taken as the net value of around 9000 kW for the entire
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system is to be distributed amongst the two engines and therefore,
as the value is for one engine. Hence, it would be the value used
for both systems irrespective of the redundancies and even though
there might be greater redundancy, the consumption of power from
the system is only half of total available and hence 50 percentage
usage [8-15]. Therefore, the value of: =9.52 x 10-° kg/Ns

Therefore, the value of Wfo(Afp) = 60.232 Newtons.

If the system drag is taken into account,

AW,y = TAD(e™" —1) (18)

The common reasons for the drag within the system is due to
the system’s induced characteristics of ram-air within the system.
Such assumptions can be made taking into account the fact that the
loss in momentum of the air would take place. Hence, in the case
of the calculations of the HLFC system, reduction in the drag value
would have to be subtracted from the ram-value of the drag to get
the net drag. The ram flow drag would be the product of the flow-
rate of the air taken in and the true-airspeed. From the previously
calculated values, the mass-flow rate is around 1.01 kilograms/
second and ram drag is hence: D(Ram) = Mass flow rate x VTAS =
1.01 x 188.65 = 190.5365 Newtons. It has already been calculated
that the drag saving per wing is 2182.225 Newtons [16-21].

Thus, the net drag change would hence be:

Overalldrag=DRam - 2DWingsaving=190.365 - (2x2182.225)
=-4174.085 Newtons.

Hence, Wfo(AD) = -38821.495 Newtons. Hence, the value
calculated is the same for the zero and redundant systems.
Moreover, the effect of the fuel penalties as a result of the system'’s
weight and the power-off takes is small as compared to the overall
negative value which arises from the drag reduction.

The net fuel weight penalties (Or the fuel saving in this case),
can be calculated as follows:

AW, o = AW o away T AW s oar py T AW o ap) (19)

Hence this gives a fuel saving of 37050.028 Newtons (3776.76
kilograms) for non-redundant system and 36619.18 Newtons
(3732.84 kilograms) for double-redundant. In terms of the weight
of the aircraft in general, the value of WT can be estimated for both
sets of architectures. The value is as follows:

Non-redundant system

WT = 3311.856 + 1711.235+ 60.232- 38821.495 = -33738.17
Newtons. Thus, there is a weight reduction of close to 3439.16
kilograms, which is significant.

Double- redundant system

WT =4145.706 + 1711.235 + 60.232- 38821.495 = -32904.32
Newtons (3354.16 kilograms). Thus, there is a weight reduction
of close to 3354.16 kilograms. As expected, the redundant system
is heavier, thus overall performance is lower with the same drag
reduction but is much more reliable. If this seen in terms of the total
Operating Empty weight of the aircraft, then the weight reduction is
nearly 5 percent lowering in the total aircraft’s max empty weight

(MTOW) of 68,784 kilograms, which comprises empty weight with
the remaining weights of fuel and payload, etc. adding up [22-25].

2D and 3D simulations of passive suction method

The main aim is to investigate the laminar flow control method
on the 2D airfoil NACA 23112. The pores will be 3D modelled for
various case studies at different diameters and spaces to understand
the boundary layer control method. After going through the brief
overview, the next step is to experiment with Ansys Fluent on the 2D
cases with different types of pores. One way of studying the effects
is by installing porous surface on the upper surface of the wing and
the other method is the porous design which is modelled as in the
next image. Simple porous designs on upper surfaces would not be
useful and data has proven that it would be lowering the lift and
increasing drag. Hence the second method is chosen which has a
tube that allows air to flow from leading edge to trailing edge. This
investigation includes three different cases of porous design which
will be compared for results to get the most optimum outcome [16-
30].

A. Case 1: The first case has a hole diameter of 1 mm which
has spacing of 5 mm. So, the Dp = 0.1mm and the Sp =
0.5mm

B. Case 2: The second case has a hole diameter of 0.5 mm
which has spacing of 1.5 mm. So, the Dp = 0.05mm and
the Sp = 1.5mm

C. Case 3: The third case has a hole diameter of 0.5 mm
which has spacing of 1 mm. So, the Dp = 0.05mm and the
Sp=1mm

Figure 10: Modelled Geometry in CATIA and meshed
wing in ANSYS.

After the geometry has been imported in design modeler of
Fluent workbench, the next step is meshing. The mesh can be seen
in the previous figure where the tube and the areas of the airfoil
where pores and curvature exist is refined to level best. Proximity
and curvature function is used in Ansys to refine the results within
the tube where it bends towards the trailing edge and exit. After
meshing, the geometry is taken to solver stage and the set-up
is similar to base-line configuration taken in initial background
aerodynamic study. The obtained results will be tabulated further
in the results section. Apart from 2D simulations, 3D simulations
were also carried out and for that the wing had to be modelled in
CATIA to incorporate perforations. The perforation case taken was
only case-2 so as to see the impact of what could be optimum for
such a design. The modelled geometry was then imported to ANSYS,
enclosure created and meshing carried out suitably. The geometry
and the meshed wing are shown below (Figure 10).
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Range and drag performance

The range performance is viewed based on the criteria of the
BREGUET range equation, given as follows:

V Ve (L), [Py
R=gﬁ(0)’”[wf] (20)
» “g” defines the acceleration due to gravity and is a universal
constant, 9.81 m/s?
“Ve” is defined as the cruising velocity/speed

The “SFC” is basically the specific fuel consumption and is
dependent on the kind of engine used and is engine-specific

» “L/D” is the lift over drag ratio and these parameters have
already been mentioned in detail in the previous tasks

> W /W, is defined as the ratio between the initial mass of
aircraft and the final mass (Ratio between take-off and landing
mass).
The cruising speed is given by:

V.= T L [m/s] (21)

Here, E/’SwCL

> “L” is defined as the lift required (Equivalent to 17773
kilograms weight)

»  “p”is density of the atmosphere at cruise or 0.2329 kg/m? for
this case

»  “Sw” is the wetted surface area
»  “CL’is the coefficient of lift

Another important study is that of the drug-performance, so
as to estimate the drag savings. The fuel consumption is associated
with the power needed for flight and hence it can be found as

follows:
P =V.D[W] (22)

Here the power requited to counter-act the drag is defined
by Pr and the drag force generated is given by “D”. With the same
design cruise speed, usually it is expected that the wing with the
lower value of drag-coefficient would be needing lesser power so
as to counter-act the drag. Moreover, in case of 2D values can be
considered and in 3D there are small variations only with twist
angle at the root and hence there is not much of a difference in the
drag values, thus not much change in the fuel being consumed, with
the same values of drag being produced. Moreover, going on with
the same consideration of the aircraft’s mass and the variation in the
cruising velocity, there can be a better estimate of the fuel saving. As
the cruise velocity would vary with each of the configurations and
cases, the power needed would change as well.

Results
HLFC System Performance Results

Table 7: Drag reduction comparison.

4811.693 N
69939175 N
2182.225N (31.2%)

Drag with suction system

Drag without suction system

Zero-lift Drag savings

There is drag reduction in the zero-lift drag. This reduction can
be seen from the graph shown in the next image. This shows hence
that the HLFC system can lower aircraft drag by nearly 31.2 percent
as seen from the obtained data (Figure 11 & Table 7). The fuel-
weight penalties and the fuel-weight reduction were mentioned
in the method used, but the final tabulated results are as follows
(Table 8).

HLFC and noen-HLFC comparison
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i [irap with HLFC (M)

32 33 34 35 36

Figure 11: Drag comparison with and without HLFC.

Table 8: Fuel weight and system weight penalty reduction (Negative sign indicates reduction).

Description Non-Redundant Architecture Redundant Architecture
Total System Weight 3311.856 N 4145.706 N
Fuel Weight Increase Due to System Weight 1711.235N 2142.08 N

Nov Res Sci

Copyright © : Amir Zare Shahnehb



NRS.000801. 13(1).2022

10

Fuel Weight Increase Due to Power-Off Takes 60.232 N 60.232 N
Fuel Weight Increase/Decrease Due to System .38821.495 N -38821.495 N
Drag
Net Fuel Weight Increase/Decrease -37050.028 N(3776.7 kg) -36619.18 N (3732.8 kg)

Overall System Weight Penalty/Saving

-33738.17 N (3439.16 kg)

-32904.32 N (3354.16 kg)

2D and 3D simulation results

The simulation results for 2D and 3D passive suction method
were evaluated using ANSYSFLUENT CFD software, the methodology
of which has been already mentioned. The results indicated that
case-2 gave optimum results as opposed to other cases, even

though a general conclusion is that perforations increased the L/D

ratio as opposed to baseline non-perforated aircraft. Similarly, in
3D, the perforated wing had an L/D ratio of 23.175 as opposed to
non-perforated configuration. The flow contours and the obtained
values are as follows (Table 9) (Figure 12 & 13).

Figure 13: 3D Simulation of perforated wing surface.

Table 9: Comparison of aerodynamic results for three cases vs baseline wing.

CL Cd L/D
Without porous front-Baseline 0.109 0.021 5.1
Case 1 0.358 0.0231 15.5
Case 2 0.494 0.0243 203
Case 3 0.601 0.0316 19.01

Range and drag performance results

The best range is obtained in case-2 when compared to the
range of baseline wing and the other cases. The range increases by

nearly 1.87 times. Similarly, the drag value lowers a lot in case-2

and the drag performance is bettered as drag power is lowered to
54.4% of baseline aircraft wing (Table 10 & 11).
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Table 10: Range performance in comparison to baseline

V, (m/s) L/D Range Ratio
Baseline (Non
perforated) 330.78 > N
Perforated 182.521 15.5 1.677 R
case 1 '
Perforated 155.378 20.3 1.869 R
case 2 '
Perforated 14155 19.01 1.59 R
case 3 '

Table 11: Drag power needed in comparison to baseline

wing.
Coefficient of Drag-Power
Ve (m/s) Drag Ratios
Conventional
wing baseline 330.78 0.021 P
(Non "
perforated)
Perforated 182.521 0.0231 0.607 P
case 1 "
Perforated 155.378 0.0243 0.544 P
case 2 !
Perforated 14155 0.0316 0.644 P
case 3 "

Discussion and Conclusion

The initial literature review looked at various aerodynamic
concepts followed by concepts of flow controland the hybrid-laminar
flow control methodology and the system’s dependence with other
interfaces. Moreover, the next step was introduction of the concept
of computational fluid dynamics and investigating the non-porous
performance of the blended wing aircraft. Thus, after 3D modeling
of the aircraft in CATIA, it was then studied in Ansys for the fluent
behavior. The 3D results were obtained at different AoA’s together
with 3D simulation of symmetric aircraft section. The aircraft was
simulated in two different conditions one at sea-level and the other
at 40,000 ft altitude. Both of these altitudes were then compared
for results with various angle of attacks. Moreover, after initial
simulations, mesh was refined and refined mesh simulations were
finally done for 2D aircraft and symmetric aircraft section. The next
step was to start with design parameters for the HLFC system. The
most important step before designing the HLFC system was based
on looking at limitations and calculating certain system-relevant
parameters. The suction power was then estimated, followed by
choosing a type of turbo-compressor and then structural design
and CAD modelling of the system in CATIA. The necessary kinds
of hoses were selected for the system with Hyper-line FX types
chosen. The performance of the system was henceforth analyzed
and the main conclusions were drawn from the fact that the HLFC
suction system reduced zero-lift drag by 31.2 percent and hence
improved aerodynamic performance substantially. Fuel weight
penalties were also calculated and hence the calculations showed
that the aircraft could save close to 5% weight if it uses such an
HLFC system. Thus, it can give better performance and range. The

analytical results were backed-up by further results found out by
CFD simulation in 2D and 3D. The simulations were carried out
on passive suction systems and hence the results showed that
aircraft surfaces with optimum perforations and adequate suction
can lower drag, improve the L/D ratio and improve hence aircraft
performance. This is backed up by flight performance calculations
which show better performance on perforated wing surfaces. There
are certain future improvements that can be made. One of them is
better structural designing from a manufacturing viewpoint. Better
spacing between stringers and much deeper structural design/CAD
can be made looking at intricate aspects. Also, further work can also
be done on the water-drain methods and thermal management of
the system. Moreover, CFD simulation could be carried out with the
turbo-compressor so as to see the actual effect of its functioning
and hence detailed designing of the turbo-compressor would have
to be done, but this is quite an extensive study.
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