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In this paper, wind tunnel experiments are combined with Computational Fluid Dynamics (CFD) aiming to analyze the aerodynamics of
realistic fuselage con¦gurations. A development model of the ANSAT
aircraft and an early model of the AKTAI light helicopter were employed.
Both models were tested at the subsonic wind tunnel of KNRTU-KAI
for a range of Reynolds numbers and pitch and yaw angles. The force
balance measurements were complemented by particle image velocimetry
(PIV) investigations for the cases where the experimental force measurements showed substantial unsteadiness. The CFD results were found to
be in fair agreement with the test data and revealed some §ow separation
at the rear of the fuselages. Once con¦dence on the CFD method was
established, further modi¦cations were introduced to the ANSAT-like
fuselage model to demonstrate drag reduction via small shape changes.

1

INTRODUCTION

The use of CFD for the prediction of helicopter aerodynamics is a complex task
because of the transient and three-dimensional (3D) nature of the §ow around
the main and tail rotors. Additional complexity arises due to the requirement to
model the §ow around the fuselage that in many cases behaves as a blu¨ body
with §ow separation at its rear part and around the engine exhausts, fuel tanks,
skids, etc. The §ow separation is partially responsible for an excess amount of
drag on such bodies. Further, the inherent §ow unsteadiness makes experimentation harder and calls for repeatable sets of measurements to result in data with
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Figure 1 Photograph of ANSAT heli-

Figure 2 Wind tunnel model of the

copter

ANSAT-M2 helicopter fuselage

good con¦dence intervals. The focus of the present work is the CFD prediction of
the helicopter fuselage aerodynamics. This topic has been the subject of several
investigations and a good summary is provided in [13].
A key aspect of the present work
is the use of realistic fuselages with
the main characteristics encountered
in modern designs. For this reason,
instead of idealized bodies, early development models of real helicopters
were used. In order to have a fuselage
representative of modern designs, an
approximation to the ANSAT helicopter produced by the JSC Kazan
Helicopters (Fig. 1) was ¦rst considered. A variant of this baseline fuselage referred to as ANSAT-M2 and
Figure 3 Wind tunnel model of the AKshown in Fig. 2 was the ¦rst model
TAY helicopter fuselage
considered. The ANSAT-M2 is one
of many initial designs employed during the development of the ANSAT aircraft and was used for preliminary aerodynamic studies conducted in the wind
tunnel T-1K of KNRTU. The fuselage is not the exact shape of the ANSAT
helicopter body with di¨erences concentrated near the engine housing and exhausts.
The second case considered in this paper is an early model of the AKTAI light
helicopter (Fig. 3). It is an asymmetric fuselage shape due to the requirements
to house the engine and other equipment. The aerodynamics of several early
models of the ANSAT helicopter has also been investigated and these results are
presented in [47].
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The numerical computations were performed using the in-house CFD tool
HMB (helicopter multiblock), developed at Liverpool University. The CFD grids
were constructed using the ANSYS ICEM commercial mesh generator. The
computational domains were resolved using hexahedral grids and the 3D steady
Reynolds-averaged NavierStokes (RANS) equations. The computation of the
integral and distributed loads on an isolated helicopter fuselage was the ¦rst aim
of the present investigation.

2

COMPUTATIONAL FLUID DYNAMICS
MESH GENERATION

For the CFD grids around the ANSAT-M2 and AKTAY fuselages, the
ICEM-Hexa tool has been used. The length of the ANSAT-M2 fuselage was
LF = 1.57 m, and a reference area of SF = 0.0694 m2 was used for computing
the aerodynamic coe©cients of lift and drag. The computational domain was
divided in 764 blocks. For the AKTAY wind tunnel model, the geometric parameters were LF = 1.64 m and SF = 0.1075 m2 , while the CFD grid required
1342 blocks. The grid was re¦ned near the fuselage surface (and the resulting
y + values were near 1) to resolve the laminar sublayer for better predictions of
the friction drag coe©cients.
Figure 4a presents a part of the multiblock topology of the grid as well as
the surface mesh on the ANSAT-2M fuselage. The surface grid for the AKTAY
fuselage is shown in Fig. 4b. A mesh convergence study was ¦rst conducted with
respect to the number of surface cells and their spatial distribution.
For all fuselages, the results presented in this work are nearly mesh independent for the employed Re and turbulence model.

Figure 4 Surface mesh and multiblock topology for the ANSAT-2M fuselage (a) and
surface mesh on the AKTAY model (b)

23

PROGRESS IN FLIGHT PHYSICS

3

PREDICTION OF AERODYNAMIC FORCE
COEFFICIENTS

The open test section (of a 2.25-meter diameter) closed circuit, low speed, wind
tunnel T-1K of KNRTU-KAI is equipped with a six-component Prandtl balance.
Eight-times measurements were conducted to reduce random experimental errors
(system errors, mounting of model, model manufacturing errors, etc.) and for
plotting error bars around the obtained results.
The standard kω turbulence model was used for computations due to its
popularity within the CFD [8,9]. The CFD validation was conducted at Reynolds
number of Re = 3,2 · 106 and at a free-stream Mach number of M∞ = 0.1. These
conditions correspond to the experimental investigations. Figure 5a presents
the CFD predictions of the lift and drag coe©cients for the ANSAT-M2 model
in comparison with the wind tunnel experiment data. The error bars shown
on the graphs correspond to the experimental con¦dence intervals. Figure 5b
presents the corresponding CD for the AKTAY model. Figures 5a and 5b suggest

Figure 5 Experimental (1) and CFD (2) lift and drag coe©cients vs. pitch angle for
the ANSAT-M2 (a) and AKTAY (b) models
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a good agreement between CFD and experimental results for the lift and drag
coe©cients in the considered range of pitch angles. For all models, the drag
coe©cient values are overpredicted in comparison with the experimental data
unlike the underpredicted lift coe©cient data. The level of agreement with the
experiments is satisfactory for a simple RANS model used for computations.

4

DISTRIBUTED FLOW PARAMETERS

The integrated loads are complemented by comparisons of distributed §ow parameters that allow for a better understanding of the in§uence of the fuselage
geometry on the §ow structure. For postprocessing of the CFD results, the
TECPLOT360 commercial visualization tool was used.
4.1

Experimental and Computational Fluid Dynamics
Predicted Vector Fields Comparison

Figures 6a and 6b present a comparison of experimental and CFD-predicted
vector ¦elds for ANSAT-M2 and AKTAY models.
The experimental vector ¦eld was obtained using a two-dimensional (2D)
PIV system. Figure 6 suggests a good qualitative agreement between CFD and
experiments for the considered range of pitch angles. Both CFD and wind tunnel
tests revealed a §ow separation area although the extend of separation is di¨erent
between the two models.
4.2

Velocity Fields

Figure 7 presents velocity distributions around the mid-plane of the fuselage,
and shows the evolution of the separated §ow regions with the pitch angle.
For the ANSAT-M2 model, increasing the pitch angle leads to growth of
the separation area at rear part of fuselage, but it does not cause the same
growth in the drag force (see also Fig. 5a). Moreover, according to the CFD
and experimental data, the drag coe©cient is monotonically decreasing with the
pitch angle. For the AKTAY fuselage, the drag coe©cient has approximately
constant values within the considered range of pitch angles. Figure 8 presents
the velocity ¦elds at a horizontal plane under the tail boom of the ANSAT-M2
and AKTAY fuselages.
At α = 8◦ , a separation area centered in the considered section is located
at the symmetry plane of ANSAT-M2 fuselage (see Fig. 8b). For α = −8◦ ,
Fig. 8a reveals the presence of two separation cores near the horizontal plane.
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Figure 6 The PIV (left column) and CFD (right column) velocity vector ¦elds at the
mid plane of the ANSAT-M2 (a) and AKTAY (b) fuselages for α = 0◦ . Comparison
around the rear fuselage part is shown

The ANSAT-M2 geometry is more streamlined in comparison to the AKTAY
model. For the AKTAY model, the topology of the separated area is the same
for α = −8◦ and 8◦ . For this reason, the drag coe©cient value for α = −8◦ is
close to the drag coe©cient for α = 8◦ . This behavior was expected for a body
26
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Figure 7 The CFD predictions of mid-plane velocity for the ANSAT-M2 (left column)
and AKTAY (right column) fuselages at α = −8◦ (a), 0◦ (b), and 8◦ (c)

shaped like the AKTAY that has always separated the §ow near the fuselage
junction with the tail-boom.
4.3

Further Flow Visualization

Isosurfaces corresponding to velocity magnitude of V = 0.2V∞ are used for visualization where V∞ is the free-stream velocity. For areas without §ow separation,
27
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Figure 8 The CFD prediction of horizontal plane velocity for the ANSAT-M2 (left
column) and AKTAY (right column) fuselages at α = −8◦ (a) and 8◦ (b)

the isosurfaces of V = const are close to the fuselage surface and the geometry of
the isosurfaces corresponds to the fuselage geometry. In the separation zones, the
isosurfaces detach from the fuselage surface and this shows the §ow separation
zones. Figure 9 presents the isosurfaces for di¨erent pitch angles.
Figure 9 shows the di¨erent character of the separation areas for the streamlined (ANSAT-M2) and the blu¨ (AKTAY) fuselages. In general, the shape of
the isosurfaces corresponds to the §ow ¦elds presented in Fig. 8.
For the ANSAT-M2 model, there are two areas of separation with di¨erent
character of development with respect to the pitch angle. Both areas of separation are located symmetrically to the fuselage mid-plane. This separation region
is maximized for negative pitch angles and it maintains the same structure with
two contra-rotating vortices. The intensity of the separation is maximum for
a negative pitch angle of −8◦ and monotonically decreases with respect to the
pitch angle. A di¨erent separated §ow region with a single core of separation is
located at the back of the fuselage, near the tail boom junction. The intensity
of this separated §ow region is maximum for a positive pitch angle of 8◦ . At
28
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Figure 9 Isosurfaces corresponding to V = 0.2V∞ for the ANSAT-M2 (left column)
and the AKTAY (right column) fuselages for α = −8◦ (a); 0◦ (b); and 8◦ (c)

a pitch of −8◦ , this separation region almost disappears. The §ow structure for
the AKTAY model is di¨erent because of the blu¨ rear fuselage. For the AKTAY
model, the §ow at the rear part of fuselage has a more unsteady character and
is less sensitive to the pitch angle.
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Figure 10

Stream functions for ANSAT-M2 (left column) and AKTAY (right column) fuselages for α = −8◦ (a), 0◦ (b), and 8◦ (c)
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4.4

Flow Stream Lines

Figure 10 shows the stream lines on the ZY plane that is normal to the freestream velocity vector. For the ANSAT-M2 model, the location of vortices at
the rear part of fuselage shows two cores of separation present at −8◦ . At 0◦
and 8◦ of pitch, the §ow is more attached. The §ow structure at the rear part of
AKTAY fuselage appears to be separated regardless of the pitch angle and the
size of the separated §ow region is independent of the pitch angle.

5

CONCLUDING REMARKS AND FUTURE WORK

The §ows around the simpli¦ed ANSAT and AKTAY helicopter fuselages were
analyzed. The experimental values of drag and lift coe©cients were compared
with CFD data with good agreement. The structure of the separated §ow region
at the rear of both fuselages was also analyzed at di¨erent pitch angles. It is
shown that for the streamlined shape of the ANSAT-M2 model, the §ow at rear
part of fuselage has two main separation regions. This is not the case for the
AKTAY where the §ow separation covers a single large area, and is present
regardless of the pitch angle. In the future, the e¨ect of the helicopter rotor on
the fuselage drag will be considered along with further investigations to design
the rear fuselage for drag reduction in an optimal way.
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