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Abstract: The work is dedicated to numerical modeling of Kamov Ka-226 helicopter aerodynamics for isolated helicopter airframe
and helicopter airframe with coaxial main rotor. The CFD (computational fluid dynamics) method based on the URANS approach
(Unsteady Reynolds-averaged Navier-Stokes equations) based on the Ansys Fluent software has been used. The hybrid overset
mesh contained from 45 (isolated airframe) to 58 (airframe/rotor combination) million cells. The isolated helicopter airframe
aerodynamic characteristics have been investigated for various airframe configurations such as: isolated fuselage, fuselage + tail,
fuselage + tail + rotor head and fuselage + tail + rotor hub + landing gear (full configuration). The range of pitch angles from —16 to
+16° has been considered. The full airframe/rotor combination aerodynamics has been investigated for a flight speed of 30 m/s.
Comparison of calculated aerodynamic characteristics of isolated fuselage and full airframe configuration with wind tunnel (WT)
test data has showed a satisfactory match. The results of numerical modelling of helicopter airframe aerodynamics have
demonstrated specific features, such as: presence of negative lift force on the helicopters fuselage in horizontal flight and formation
of two powerful vortex bundles behind the fuselage that affecting the tail stabilizer. The results of numerical modelling of helicopter
airframe/rotor combination have allowed evaluating the effect of main rotor wake on the helicopter airframe acrodynamics. The
performed study demonstrates the wide possibilities of the URANS approach in solving the complex problems of optimizing
helicopter aerodynamics, taking into account the interference of airframe, its individual parts and main rotor.
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YuciieHHOEe MCCIe0BAHME A3POAMHAMUKYN KOMOMHAIIUY IJIAaHEePa
U COOCHOI'0 HeCylllero BUHTA BepToJiera Ha ocHOBe MeToa URANS

C.I. KOHCTaHTHHOBI, I1.B. Maxkees', A.H. [Iomos'

1 . . . .
Mockosckuii aguayuorHblil UHCMuUmMym (HayuOHAIbHbIU UCCIe008aMENbCKUL
yHusepcumem), 2. Mockea, Poccus

AnnoTtamusi: Pabora mocBsiiieHa YnCICHHOMY MOZICIMPOBAHHMIO a3POIMHAMHYECKUX XapaKTePHCTUK IUIaHepa BepTosera Kamos
Ka-226, a taxxe koMOMHAIIMH TUIAHEpa U COOCHOTO Hecyliero BuHTa. Vcnons3oBan metoq CFD (computational fluid dynamics) Ha
ocuose noaxona URANS (Unsteady Reynolds-averaged Navier-Stokes equations) ¢ mozenbto TypOystentHocTH k- SST Ha Gaze
makera Ansys Fluent. Co3maHHas Ui pelieHus MOCTABJICHHBIX 3a1ad THOpPHIHAs OBEPCETHAs pacueTHasi CeTKa coAepiKaia OT
45 MIITHOHOB (TUTaHEP) 10 58 MUJUTHOHOB (KOMOMHAIMS TUIAHEPA M HECYIIIErO BUHTA) siuceK. XapaKTepPUCTHKY IUIaHEepa BEpTOjieTa
paccuMTaHbl Ul PA3IMYHBIX KOH(UIYpalMil, TaKMX KakK H30JMpOBaHHBIA (roserspk, (rosemspk + onepenue, (Grozenspk +
OlepeHHe + KOJIOHKa aBToMaTa repekoca, (Bro3elsbk + orepeHre + KOJIOHKA aBToMara epekoca + Imaccy (TIoJIHast KOH(HTyparivs)
B JMana3oHe YIJIOB arakd IuaHepa oT —16 mo +16°. KomOuHaums ruiaHepa M HECYNIEro BHHTa pAacCUMTaHa B TOJHOM
koHpuryparmu s ckopoctu mosiera 30 m/c. CpaBHEHHE pacyeTHBIX a3POAMHAMHMYECKHX XapAaKTEPHCTHK H30JMPOBAHHOTO
(ro3ermshka M IUIaHepa BEpToJeTa B HOJIHOW KOH(MHIYpPAIMK C SKCIIEPUMEHTAIBHBIMA JJAHHBIMU TIPOIYBOK B a3pOAMHAMUYECKOH
TpyOe IOKa3aio yIOBIETBOPUTENFHOE COBII/ICHHE. Pe3yNbTaThl YHCIIEHHOTO MOJIGITPOBAHMS a3pOAMHAMIYECKHIX XapaKTePUCTHK
IUTaHEepa MPOJEMOHCTPUPOBAIH Psill OCOOCHHOCTEH: BOSHUKHOBEHHE OTPHLIATEIIFHON TOABEMHOM CHIIBI Ha (DO3EIsDKE Ha PeXKUME
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TOPU3OHTAJIBHOI'O TI0JICTa U (l)OpMPlpOBaHI/Ie 3a HUM JBYX MOIIHBIX BHXPEBLIX JKI'YTOB, OKasbIBalOIMX BJIMAHHME Ha XBOCTOBOEC
orepeHre. Pe3ysbTaThl YHCICHHOTO MOJICITMPOBAHKS a3POANHAMUYCCKIX XapaKTEPHCTUK KOMOMHAIMY 1uianepa u HB mo3Bommm
OLIEHUTb TaKKe BIMsAHHE BuUXpeBoro ciena HB Ha asponuHammyeckue XapakTEpUCTHKU IUIaHepa. BhINojgHeHHOe McciieloBaHue
JIEMOHCTPUPYET IIMPOKUE BO3MOXKHOCTU NpuMeHeHHoro noaxona URANS mist perieHust 3a/iady ONTUMU3ALUK a3POJIUHAMUKA
BEpTOJIeTa C yIeTOM HHTep(EPEHIINN €ro IUIaHepa, OTAEIBHBIX YacTel U COOCHOTO HECYINETO BUHTA.

Karouessle ciioBa: metox URANS, mmanep BepTosieTa, COOCHBII HECYIHiA BUHT, a3POANHAMUIECKUE XapaKTEPHCTHKH.

Jas uurupoBanusi: Koncrantunos C.I'., Makees [1.B., [llomo A.W. YncieHHOe McCieI0BaHNE adpOJMHAMUKA KOMOMHAITMN
IIaHepa ¥ COOCHOTO Hecyllero BuHTa Beprosiera Ha ocHoBe Metoria URANS // Hay4unbiii BectHuk MI'TY T'A. 2026. T. 29, Ne 2.
C. 106-120. DOLI: 10.26467/2079-0619-2026-29-2-106-120

Introduction HMB (Helicopter Multi-Block), a specialized
test task ROBIN (Rotor Body Interaction) from
NASA (isolated fuselage with main rotor) and a
task within the GOAHEAD project (Generation
of Advanced Helicopter Experimental Aerody-
namic Database for CFD code validation) are
solved. In [3] an original approach based on the
VTM (Vorticity Transport Method) method has
been used to solve the ROBIN test. In [4] on the
basis of the CFD solver proposed by the authors,
together with the ROBIN test, the complete con-
figuration of the UH-60 helicopter airframe, in-
cluding the main and tail rotors have been con-
sidered. In [5] have used the FUN3D CFD pack-
age (URANS approach) and the CHARM CFD
package (vortex method) to study the interaction
of the fuselage and rotor. In the article by [6], an
EC-135 helicopter (fuselage + rotor head + tail +
main and tail rotors) has been modeled on the
basis of the FLOWer CFD package (URANS
approach). The work focuses on the study of the
influence of the main rotor hub fairing on the
aerodynamics of the helicopter. In [7], an origi-
nal vortex method is used to solve test problems
for a combination of fuselage and rotor. In the
article by [8] based on the CFD package Star-

The aerodynamics of the helicopter airframe
significantly affects its flight performance.
Therefore, the choice of the optimal configura-
tion of the airframe, taking into account the in-
terference between its individual elements, as
well as the main rotor, is an important task.

Solving such problems requires complex and
expensive experimental studies, especially if it is
necessary to model the aerodynamic characteris-
tics of the helicopter airframe with main rotor. In
this regard, the possibility of numerical model-
ing of the aerodynamic characteristics of an iso-
lated helicopter airframe, as well as a helicopter
airframe, taking into account the induced effects
of main rotor, is of interest. Potentially, such an
approach can significantly complement the re-
sults of experimental studies and reduce their
costs. The current level of supercomputer tech-
nologies and numerical modeling methods has
led to the possibility of practical implementation
of such tasks. As a result, in the last two dec-
ades, a number of research papers has been pub-
lished on the aerodynamic characteristics of hel-
icopter fuselages (airframes) including the main .
and tail rotors influence, based on various nu- ~ CCM* (URANS approach), the aerodynamic
merical methods. characteristics of an isolated fuselage have been

Thus, in paper [1] three different CFD pack- investigated. In the work by [9], the CFD pack—
ages are used: OVERFLOW 2.0, elsA and age FLUENT has been used to analyze the inter-
FUN3D. In all three cases, the RANS (Reyn- fer'ence of the fuselage and the main rotqr, also
olds-averaged Navier-Stokes equations) ap-  USing the URANS approach. In the article by
proach is used. The aerodynamic characteristics [10], the 1nt§rference of the rotor a}nd the fuse-
of the Dauphin helicopter (fuselage + tail) in an lag§ of a hehgqpter has been investigated on the
isolated formulation are considered, as well as basis of an original unsteady panel/vortex model.
taking into account the influence of the main ro- In [11], CFD/ CSD (computational structural dY'
tor (active disk model). In the work by [2], on namics) studies have been performed for the Si-
the basis of the original CFD package korsky X-2 ABC (Advanced Blade Concept)
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Fig. 1. Models of isolated fuselage (a) and full airframe (b)

technology demonstrator helicopter (fuselage +
tail + coaxial rotor). The PRASADUM CSD
package and the CREATE-AV CFD package,
which includes the OVERFLOW CFD package
(URANS approach), have been used. In [12] the
effect of the main rotor on the tail boom of a hel-
icopter based on the CFD package HMB (Heli-
copter Multi-Block) using the URANS approach
was investigated. The work by [13] uses the
original CFD package to simulate the test of
main rotor and fuselage (cylinder body) interfer-
ence from GIT (Georgia Institute of Technolo-
gy). In [14], two CFD packages are used to
model the aecrodynamics of an isolated fuselage:
PUMA and FLUENT. [15] in their article also
use two different CFD packages with the
URANS  approach: STAR-CCM+  and
CREATETM-AV. The aerodynamics of the fu-
selage and rotor combination and their interac-
tion with the tail are simulated. In [16] based on
the CFD approach, the aeroacoustics problem for
a combination of a coaxial rotor and a fuselage is
considered. One of the newest works in the field
under consideration is the article [17], which ex-
amines the interference of the body and propel-
lers of an unmanned quadcopter. Another work
by [18, 19] is devoted to the study of interfer-
ence between the main and tail rotors of a single-
rotor helicopter (taking into account the fuse-
lage). Both of these works also use the URANS
approach.

Thus, nowadays modern CFD methods of
numerical modeling are widely used to solve
various problems related to the aerodynamics of
the helicopter fuselage/rotors combinations. The
URANS approach, which combines relatively
moderate requirements for computing resources,
vast opportunities for aerodynamic analysis, and
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sufficient accuracy of the results obtained, has
now become the most widespread. At the same
time, most of the works published on this topic
consider an isolated fuselage and focus on the
validation of various CFD codes. Works consid-
ering the combination of helicopter rotors and
full airframe, including the fuselage, tail, rotor
hub, landing gear and other elements are still
quite rare.

In the presented work, two tasks are solved
on the basis of the Ansys Fluent CFD package
and the URANS approach. The first is the study
of the aerodynamic characteristics of the isolated
airframe of the Ka-226 helicopter (in various
configurations) in a wide range of angles of at-
tack. The second is modeling the aerodynamics
of a combination of helicopter airframe and co-
axial main rotor in forward flight.

Research methods and methodology

The calculation of the aerodynamic charac-
teristics of the Ka-226 helicopter airframe
(fig. 1) [20] has been carried out for pitch angles
a from —16 to +16° with an interval Aa = 4° for
two Reynolds numbers. The Reynolds number
Re = 7.2 - 10° corresponds to the conditions of
the experiment conducted for the model of
Ka-226 airframe in WT and is described in pa-
per [19]. The Reynolds number Re = 1.7 - 10 is
a full-scale and corresponds to the forward flight
mode of a helicopter with a speed of V =30 m/s.
The Reynolds number was calculated for the
length of the fuselage LF = 6.62 m.

For calculations, a hybrid mesh has been cre-
ated, consisting of separate zones united by an
overset interface, containing about 45 million
cells (fig. 2). The calculation area has had a cy-
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Fig. 3. The structure of computational mesh in the plane of symmetry of the helicopter

lindrical shape. The boundaries of the design ar-
ea have been located at a distance of 15L¢ (here
Lr is the length of the fuselage) on the side and
in front of the helicopter airframe, with the ex-
ception of the output boundary, which has been
distant by 25Lg. The surface mesh of the air-
frame and its elements was constructed in such a
way that the first mesh node has been located in
the region of the viscous velocity profile Y + <1
(fig. 3). Preliminary studies of mesh conver-
gence have shown that the quality of the calcu-
lated mesh and the mesh resolution are sufficient
to solve the task.

Numerical modelling has been carried out in
an unsteady formulation and covered changes in
the flow parameters over time. In the calcula-
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tions there has been used the finite volume
method based on the URANS approach (Un-
steady  Reynolds-Averaged  Navier-Strokes
Equations) with a k-o SST turbulence model.
The parameters of the initial turbulence have
been selected based on the conditions of the av-
erage intensity of the developed turbulent flow.
The value of the relative turbulent viscosity has
been assumed to be 5. The value of the turbulent
intensity has been assumed to be 1%.

The aerodynamic characteristics of the air-
frame, taking into account the effect of the in-
duced flow from the coaxial main rotor of the
Ka-226 helicopter, have been calculated for the
forward flight speed V =30 m/s (Re = 1.7 - 10)
and pitch angle a = 1.3°. The coaxial main rotor
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Fig. 4. Model of airframe/rotor combination (a) and structure of the computational mesh in the plane of symmetry (b)

a

b

Fig. 5. The structures of the mesh in the cross section (a) and the surface mesh (b) of the rotor blade

has had the following parameters: radius of the
rotor R = 6.62 m; rotor solidity ¢ = 0.075; rotor
blade tip speed ®wR =198.3 m/s; blade twist
06X = —8.35°; blade chord ¢ = 0.26 m; number of
blades N, =2 x 3.

For the calculations, the basic helicopter air-
frame mesh has been used. The zones of the ro-
tor blades have been added to this mesh. Total
meshes have been combined using an overset
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interface (fig. 4 and fig. 5). The final calculated
mesh eventually contained about 58 million cells
and has been constructed at the surface of the
blades in such a way that the first node of the
mesh has been in the region of the viscous veloc-
ity profile Y + < 1. Preliminary studies of mesh
convergence have shown that the quality of the
calculated mesh and the mesh resolution are suf-
ficient to solve the task.
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Fig. 6. Calculated and experimental dependencies of the drag Cp, lift C
and pitch moment Cy coefficients for isolated fuselage (a) and full airframe (b)

The numerical modelling for helicopter air-
frame/rotor combination has been carried out in
the same formulation and with the same envi-
ronmental conditions and properties as for the
isolated helicopter airframe studying.

Upper and lower rotor collective and cyclic
pitch laws have been corresponded to the flight
of Ka-226 helicopter with forward flight speed
V = 30 m/s. These rotor control laws have been
determined in preliminary studies using the free
wake model developed at MAIL. The free wake
model is described in the work [21] dedicated to
numerical simulation of an isolated Ka-226 co-
axial main rotor aerodynamics. The upper and
lower rotors have been balanced in torque. The
rotor blades have been modeled to be absolutely
rigid for bending and twisting.

Results and Discussion

Figure 6 shows calculated dependencies of
the lift force C;, drag force Cp and pitching
moment Cy coefficients on the angle of attack a
and on the Reynolds number Re for isolated fu-
selage (fig. 6, a) and full airframe (fig. 6, b) of
the helicopter. Aerodynamic coefficients are rel-
ative to the area of fuselage cross-section
SM =3.44 m’. Comparison of calculated and
experimental [19] data showed satisfactory coin-
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cidence. Analysis of calculated results of heli-
copter airframe with landing gear and main rotor
hub in comparison with an isolated helicopter
fuselage showed the influence of the local Re
number on the aerodynamic characteristics of the
helicopter airframe elements. This effect is im-
portant to take into account when conducting
experimental studies. Also, the diagrams in the
Figure 6 show that helicopter airframe has a
negative lifting force in forward flight, that re-
quires an additional power to compensate it.

Figure 7 shows calculated dependencies be-
tween the lift force C;, drag force Cp and pitch-
ing moment C), coefficients and the angle of at-
tack o for different airframe configurations. Co-
efficients pitching moment CM was calculated
for the center of weights of the helicopter. Sepa-
rately, data are given for 4 configurations: isolat-
ed fuselage, fuselage + tail, fuselage + tail + ro-
tor hub, fuselage + tail + rotor hub + landing
gear. These graphs allow estimating the contri-
bution of various elements of the airframe to the
resulting full aerodynamic characteristics.

An important advantage of modern numerical
methods is the ability to determine not only total,
but also distributed aerodynamic characteristics,
such as pressure distribution over the surface. In
addition, they make it possible to analyze in de-
tail the flow and the wake structure behind the
object.
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Fig. 8. Distribution of the pressure coefficient (a) over the surface and visualization
of the flow around isolated helicopter fuselage using streamlines (b)

Figure 8 shows the distribution of the pres-
sure coefficient ¢, over the surface of isolated
helicopter fuselage and flow visualization. It can
be seen, that the airframe flow is accompanied
by the formation of two vortex bundles falling
from the back of fuselage into the area of the
helicopter’s tail. These vortices will have a sig-
nificant induced effect on the vertical and hori-
zontal stabilizers. Therefore, at the stage of de-
veloping the layout of the helicopter, the tail
must be positioned taking into account the flow
structure around the helicopter. To improve the
airframe aerodynamics in this case the different
shapes of the back of fuselage may be consid-
ered.
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An important advantage of modern numerical
methods is the ability to determine not only total,
but also distributed aerodynamic characteristics,
such as pressure distribution over the surface. In
addition, they make it possible to analyze in de-
tail the flow and the wake structure behind the
object.

Figure 9 shows the velocity V (fig. 9, a) and
vorticity o (fig. 9, b) fields in the longitudinal
section of computational mesh for isolated fuse-
lage. Figure 10 shows the velocity (fig. 10, a)
and vorticity (fig. 10, b) fields for full helicop-
ters airframe with tail, landing gear and rotor
hub. Pitch angles of —8 and 4 degrees are pre-
sented in Figures 9 and 10. These results give a
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Fig. 10. Velocity fields (a) and vorticity contours (b) of full airframe: Re = 7.2 - 10°

qualitative representation of the flow around the
helicopters airframe. It can be seen that the tail is
in a disturbed flow formed due to the flow
around the rotor hub and back of fuselage
(fig. 10). Also, there are clearly visible areas of
full flow braking and areas of flow disturbance
leading to an increase in the overall helicopters
drag (fig. 9 and fig.10).

Figure 11 shows the field of total velocity V
and vorticity o in the longitudinal section of the
computational domain. The figures clearly show
the vorticity regions corresponding to the loca-
tions of the tip and root vortex filaments, which,
downstream of the rotor, are smeared due to dif-
fusion, forming a continuous vorticity region.

Figure 12 shows the flow patterns around the
helicopter airframe and the combination of the
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helicopter airframe with the main rotor in the
longitudinal section of the computational do-
main. It can be seen that the flow pattern around
the tail empennage, which is located in the in-
duced flow of the main rotor, differs significant-
ly from the flow pattern around the airframe
without the main rotor.

Figure 12 shows that the influence of the
main rotor is reflected in the aerodynamic char-
acteristics of the airframe. Specifically, the in-
fluence of the main rotor slightly reduces the
drag of the airframe and increases the negative
lift on the fuselage.

Figure 13 shows visualization of the structure
of the helicopter vortex wake using isosurfaces
(for ® = 25 s "). The presented pictures demon-
strate the well-known features of the main rotor
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a b

Fig. 11. Velocity fields (a) and vorticity contours (b) of airframe/rotor combination
at forward flight: V=30 m/s; a =1.3°; Re=7,2 - 10°

Fig. 12. Vorticity contours of isolated airframe (a) and airframe/rotor combination (b)
at forward flight: V=30 m/s; a =1.3°; Re=7.2 10°

side view

rear view

top view

Fig. 13. Visualization of the structure of the vortex wake using isosurfaces (o =25 s ")

vortex wake at forward flight [22]. Blade-vortex Figure 14 shows the diagrams of the vertical
interactions and structures of the right and left component of induced velocity V, (fig. 14, a)
super vortices formed behind the main rotor are plotted along the lines lying in the plane of rota-
clearly visible here. There is also a visible wake tion of the lower rotor at a distance of
behind the fuselage and the tail. Also, Figure 13 X/R=-0.5; -1.0 and —1.5 (fig. 14, b). Here is a
clearly shows the regions of interaction between pattern characteristic of the main rotor wake in
the blades and the tip and root vortices. forward flight mode. There is a downward in-
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Fig. 14. Plots (a) of the vertical component of the induced velocity V, calculated along the lines (b) lying in the plane of
rotation (plane “A”) of the lower rotor
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Fig. 15. The dependencies of the thrust (a) and torque (b) coefficients of the coaxial
main rotor for one revolution at the forward flight (V =30 m/s)

duced flow between the right and left super vor- Conclusion
tices (fig. 13). At the right and left edges, the

induced flow is directed upwards. Numerical simulation of aerodynamic cha-

Figure 15 shows the dependencies of the co- 1o teristics of Kamov Ka-226 helicopter for var-
axial main rotor thrust coefficients CT  jq,¢ configurations at forward flight with speed
(fig. 15,a) and the torque coefficients CQ  ,¢v = 30 m/s has been performed. An isolated

(fig. 15, b) constructed for one revolution of the helicopter airframe in the range of pitch angles
rotor. The coefficients for the lower and upper 15 416 degrees and combination of airframe

rotors and their sum are given separately. It can with coaxial main rotor for pitch angle 1.3 de-
be seen that the thrust and torque of the coaxial gree have been considered.

main rotor pulsate over time, due to the aerody- The URANS method with the k- SST tur-

namic interference of the upper and lower  pjence model based on the Ansys Fluent soft-

screws. This feature of coaxial rotor is noted in a ware package has been used. The developed un-

number of works [21, 23, 24]. From the Fig-  gioyred overset computational mesh which

ure 15, 5 it also follows that the torque of the . htained from 45 to 58 million cells and has
lower and upper rotors is balanced. provided high quality of the results obtained.

Comparison of the calculated helicopter air-

frame aerodynamic characteristics with experi-

mental data has shown a good qualitative and

quantitative coincidence. That confirms the reli-
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ability and sufficient accuracy of the applied cal-
culation method and mesh.

As a result of numerical modelling, the influ-
ence of the local Reynolds number on the aero-
dynamic characteristics of such elements of the
helicopter airframe as landing gear and main ro-
tor hub has been identified. It is shown that in
the forward flight mode, powerful vortex bun-
dles are formed behind the fuselage affecting the
helicopter tail, which has to be taken into con-
sideration while choosing the tail unit parame-
ters. It is also established that the helicopter air-
frame has a negative lifting force in forward
flight modes, which requires additional power
costs. One of the ways to overcome this effect is
to optimize the shape of the fuselage back.

For the airframe/rotor combination a model-
ling of the forward flight, taking into account
helicopter balancing, has been carried out. Flow
patterns and aerodynamic characteristics have
been calculated and analyzed. The main features
associated with the operation of the main rotor in
forward flight have been demonstrated. For-
mation of the left and right super vortices behind
the rotor has been shown. Pulsations of thrust
and torque coefficients due to interference be-
tween the upper and lower rotors have been ob-
tained. The influence of the main rotor on the
helicopter airframe has been analyzed. It has
been found the decrease of airframe drag
in 10%, increase of negative lift force on the air-
frame in 23% and increase of pitch moment
in 50 %.

The results presented in this paper can make
a significant contribution to the experience of
using numerical modeling methods in solving
the problem of calculating the aerodynamic
characteristics of a full helicopter airframe with
coaxial main rotor.
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