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Abstract 

The paper deals with the validation of three 
different CFD solvers, in use at 
EUROCOPTER, on two industrial test cases: a 
medium and a large helicopter fuselage. The 
validation activity is being carried out within the 
Franco-German bi-national research project 
CHANCE [1], [2]. After a brief description of the 
three RANS flow solvers, the validation activity 
results have been reported. The validation re-
sults have been structured in two main parts. 
The first part presents a comparison between 
the CFD results and the wind tunnel measure-
ments about the isolated fuselage of the EC145 
medium weight helicopter fuselage in level flight 
conditions at medium flight speed. The multi-
block structured RANS code FLOWer and the 
unstructured RANS code TAU developed by 
DLR have been used for this analysis. This 
section documents the continuation with re-
spect to the validation activity already pre-
sented in [10]. The second part of the paper 
presents a shape effect analysis on all aerody-
namic coefficients of the isolated fuselage of a 
large transport helicopter. The effect of the 
engine cowling has been computed by CFD 
and compared with existing wind tunnel data. 
This study has been carried out by applying the 
elsA multi-block structured RANS flow solver 
developed by ONERA. 
 

 Nomenclature 

Symbols 

dC  Drag coefficient. )/( refSqD ∞=  

lC  Lift coefficient )/( refSqL ∞=  

XC  Longitudinal force coefficient 
)/( refX SqF ∞=  

YC  Side force coefficient )/( refY SqF ∞=  

ZC  Vertical force coefficient 
)/( refZ SqF ∞=  

LC  Roll moment coefficient 
)/( refrefX LSqM ⋅= ∞  

MC  Pitch moment coefficient 
)/( refrefY LSqM ⋅= ∞  

NC  Yaw moment coefficient 
)/( refrefZ LSqM ⋅= ∞  

D  Drag force [N] 

L  Lift force [N] 

refL  Reference length 

M Moment 

∞M  Free stream Mach number 

P Pressure 
∞q  Dynamic pressure 22/1 ∞∞= vρ  

Re  Reynolds number 
refS  Reference surface 

TPL  Total Pressure Losses 
∞−= TOTTOT PP /1  

u,v,w Cartesian velocity components 
X,Y,
Z 

Cartesian co-ordinates 
X pointing in nose-tail direction 
Y pointing in left-right direction 
Z pointing in vertical direct., bottom-up 

+y  walltwall yu µρ /=  being  tu  the local 
tangential velocity and y the vertical 
direction 

α Angle of attack 
β  Side slip angle 
µ Dynamic viscosity 
ρ Air density 

Acronyms 

CAD Computer Aided Design 
CFD Computational Fluid Dynamics 
LEA Linear Explicit Algebraic stress 

model 
PIV Particle Image Velocimetry 
RANS Reynolds-Averaged Navier-

Stokes 
RSM Reynolds Stress Model 
SST Shear Stress Tensor 
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 Introduction 

Helicopter fuselages are not always smooth 
streamlined bodies like airplanes usually are. 
The ability to hover makes the helicopter the 
ideal machine for rescue missions, surveillance, 
transport of people and goods to uneasily 
reachable locations, e.g. oil-extraction plat-
forms, mountains, etc. It is often required that 
the helicopter fuselage be a blunt body. A back-
door, for instance, necessary to easily and 
quickly load injured people into a rescue ma-
chine requires that the back of the fuselage has 
a steep junction with the tail boom. In order to 
optimise these peculiar shapes, aerodynamic 
simulation tools are required, which provide 
reliable results also when flow separation oc-
curs. Unsteady RANS equations have reached 
a high degree of accuracy for moderate de-
tached flows. A polar curve of a wing can be 
quite accurately computed till stall conditions. 
When massive separation occurs, the classical 
2-equations turbulence models fail and un-
steady turbulence models such as DES or LES 
are required. The objective of this paper is to 
investigate the effect of the most advanced 
RANS turbulence models, such as the 2-
equation SST model by Menter, the Reynolds 
Stress Model and others, on particularly com-
plex helicopter fuselages, such as the EC145 
depicted in Figure 1-left and the NH90 pre-
sented in Figure 1-right.  

 
EC145 NH90 

Figure 1: Medium (EC145) and large (NH90) 
helicopter fuselages 

 The RANS flow solvers 

The multi-block structured code elsA 

The elsA solver [3] is a multi-application object 
oriented aerodynamic code of which the devel-
opment started at ONERA in 1997. It is based 
on a cell-centred finite volume technique for 
structured multi-block meshes and includes a 
wide range of numerical techniques as well as 
physical models in order to simulate the flow-
field around realistic aerospace configurations 
from the low subsonic to the hypersonic regime. 
The domain of application includes fixed wing, 
rotary wing, turbo-machinery, space launcher 
and missile configurations. In the present activ-
ity, the spatial discretisation used is the stan-

dard Jameson’s second-order centred scheme 
with explicit artificial viscosity terms using sec-
ond and fourth differences. For the time integra-
tion an explicit 4-stage Runge-Kutta algorithm, 
together with implicit residual smoothing is ap-
plied. For steady-state problems, local time-
stepping and multigrid acceleration techniques 
are applied to speed-up convergence. Low-
Mach number preconditioning technique is also 
available for very low speed flows. For un-
steady applications, either the dual-time step-
ping technique or the Gear time-integration 
scheme is generally used for an implicit formu-
lation of the problem. The former allows using 
all the techniques developed for steady-state 
solutions during the internal sub-iterations, 
while the latter uses Newton sub-iterations at 
each time step to reach convergence. The im-
plicit system is solved using LU decomposition. 

The multi-block structured code FLOWer 

The FLOWer flow solver [4], [5] is the Navier-
Stokes code developed by DLR, which is being 
enhanced for rotorcraft applications within the 
frame of the Franco-German CHANCE [1], [2] 
research project supported on the German side 
by the Ministry of Economics. It solves the com-
pressible, three-dimensional unsteady Rey-
nolds-averaged Navier-Stokes equations on 
block structured meshes around bodies in arbi-
trary motion. FLOWer implements two different 
spatial discretisation schemes, based on finite 
volume formulation, where the flow variables 
are located either at the vertices or at the cell 
centres. 
The baseline method employs a central space 
discretisation with artificial viscosity and an 
explicit five stage Runge-Kutta time integration 
scheme. Local time-stepping, implicit residual 
smoothing and multigrid are used to accelerate 
convergence. Turbulence is modelled by alge-
braic or by advanced transport equation mod-
els, e.g. the 2-equation k-ω model or the 7-
equation Reynolds Stress Model [8], [9]. Low 
velocity preconditioning, deforming meshes and 
the Chimera technique are also available. 

The unstructured code TAU 

The main developments for the unstructured 
Navier-Stokes code TAU of DLR were based 
on the national CFD project MEGAFLOW [6] 
within the framework of the German aerospace 
program, which combined activities from DLR, 
German universities and aircraft industry. Other 
national, bi-national and European co-
operations have contributed to the development 
and maturity of the TAU code [7]. 
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The TAU code is an unstructured method 
based on a dual mesh approach, which is well 
suited for hybrid grids thus allowing the use of 
mixed-element meshes composed of tetrahe-
drons, prisms, hexahedrons, and/or pyramids. 
The combination of these elements is consid-
ered to allow for regular grids in the vicinity of 
walls (high boundary layer resolution) in the 
combination with the more flexible tetrahedral 
elements in the remaining computational do-
main. The dual grid is stored in an edge based 
data structure, which makes the solver inde-
pendent of the element types of the primary 
grid. In order to employ a multigrid technique 
the agglomeration approach is used to obtain 
coarse grids by fusing together the fine grid 
control volumes. For turbulent flows different 1- 
and 2-equation turbulence models are imple-
mented. 
The integration in time is done employing an 
explicit Runge-Kutta time stepping algorithm, 
which, as part of a dual time stepping ap-
proach, can also be applied to transient flows. 
In order to efficiently resolve detailed flow fea-
tures, a grid adaptation algorithm for hybrid 
meshes based on local grid refinement is avail-
able. 
Specific features of the TAU-Code are the grid 
adaptation capability and the effective use of 
parallel computers. 
 

 The EC145 helicopter fuselage 

This chapter presents the results of the com-
parison between the structured code FLOWer 
and the unstructured code TAU, and the ex-
perimental data measured during the wind tun-
nel campaign carried out at EUROCOPTER 
Marignane (France) in 1997 on the BK117-C2 
helicopter model. During the wind tunnel cam-
paign, all global values, i.e. lift, drag, side force 
and the three pitch, roll and yaw moments were 
recorded at different angles of attack α and side 
slip angles β. Unfortunately at that time it was 
neither decided to instrument the fuselage 
model with pressure taps nor to perform PIV 
measurements in the field. Therefore the com-
parison in terms of local quantities on the fuse-
lage surface and in the field has been made 
only between different prediction results ob-
tained with the FLOWer and TAU flow solvers 
using different turbulence models. 
The EC145 fuselage shape is almost identical 
to the BK117-C2 model one. As shown in 
Figure 2, the two surface geometries, the 
EC145 in colour and the BK117-C2 in grey, 
differ basically in three regions: the conical 
junction between the two air inlets and the fuse-

lage cabin roof, the fuselage back and the hori-
zontal stabilisers and endplates. The engine 
cowling, tail boom, vertical fin and the rest of 
the fuselage are identical. The most significant 
differences can be indeed identified in the posi-
tion and width of the horizontal stabilisers, in 
the shape and surface extension of the end-
plates. As a consequence the contribution to 
the loads of these lifting surfaces has been 
subtracted from the wind tunnel measurements 
and from the CFD computation, i.e. the CFD 
model contains the horizontal stabiliser and 
endplate but the loads integration on these 
surfaces has been excluded in the post proc-
essing phase. It is obvious that the difference in 
the shape of the fuselage back, Figure 2, will 
have a considerable effect on the separation 
zone when comparing the flow around the 
BK117-C2 and the EC145 geometry. 
The chapter has been divided in three sections. 
The first deals with the mesh generation for 
both the structured and the unstructured solver, 
the second describes in detail the analysis of 
the CFD results and the third reports the future 
activity related to the CFD validation on the 
EC145 helicopter fuselage. 
 

Conical junction between 
fuselage and air intake

Fuselage back  

Endplate

Horizontal stabiliser

Vertical fin

Tail boom

 
Figure 2: Comparison between the EC145 heli-
copter fuselage in colour and the BK117-C2 
wind tunnel model in grey. 

Mesh generation 

The surface grid generation started from the 
CATIA v.4 surface mesh of the EC145 helicop-
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ter already available in the design department. 
The structural CAD model has been cleaned 
and simplified by completely removing main 
and tail rotor, landing gear, antennas and han-
dles. The air intakes and jet exhausts have 
been closed and all gaps between adjacent 
surface patches have been repaired. Figure 1-
left shows the aerodynamic “water tight” CATIA 
model obtained after the above mentioned ac-
tivity. The same CAD surface model has been 
used to generate the multi-block structured 
volume grid for the FLOWer code and the un-
structured hybrid one for the TAU code. 
The structured multi-block Navier-Stokes mesh 
was generated by applying the grid generator 
ICEM-Hexa [11]. The resulting mesh around 
the isolated fuselage is composed of 64 blocks, 
4.9 million nodes and allows 3 levels of multi-
grid. The topology structure is a C-O, with the 
C-structure in the longitudinal direction and the 
O-structure in the transversal one. A boundary 
layer grid has also been generated around the 
whole surfaces. Figure 3 shows the middle co-
ordinate grid plane. The C-topology structure in 
the grid longitudinal direction is visible here. 
Figure 4 shows two transversal coordinate 
planes through the engine cowling (left) and the 
stabilisers (right). The O-topology structure in 
the grid transversal direction can be identified. 
 

 
Figure 3: ICEM-Hexa structured multi-block N.-
S. mesh around the EC145 isolated fuselage: 
middle plane. 
 

Figure 4: ICEM-Hexa structured multi-block N.-
S. mesh around the EC145 isolated fuselage: 
transversal plane through the engine cowling 
(left) and stabilisers (right). 

 
The CENTAUR software [12] was used to gen-
erate the hybrid unstructured Navier-Stokes 
mesh around the EC145 helicopter fuselage. 
The starting hybrid mesh is composed of 3.7 
million nodes; it has 25 prism layers around the 
surface discretised by 88715 points. Figure 4 
shows a cut through the fuselage middle plane, 
whereas Figure 6 shows a transversal cut 
through the fuselage engine cowling. 
 

 
Figure 5: CENTAUR hybrid N.-S. starting mesh 
around the EC145 isolated fuselage: middle 
plane. 
 

 
Figure 6: CENTAUR hybrid N.-S. starting mesh 
around the EC145 isolated fuselage: transver-
sal plane through the engine cowling. 
 
 
During run the TAU code offers the possibility 
of adapting the hybrid mesh according to a 
scalar quantity computed in the field around the 
fuselage. Using the Total Pressure Losses field 
as the driving scalar quantity, 2 mesh adapta-
tion cycles were made in order to better capture 
the vorticity field behind the fuselage. The final 
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adapted mesh, depicted in Figure 7, is com-
posed of 5.3 million nodes. The 25 prism layers 
were not modified. The mesh adaptation had 
the objective of refining the mesh in the wake 
region behind the fuselage and the empen-
nages.  
 

 
Figure 7: CENTAUR hybrid N.-S. final adapted 
mesh around the EC145 isolated fuselage: 
transversal plane downstream of the tail unit. 
 
The y+ calculated on the body surfaces for both 
FLOWer and TAU code have a maximum value 
of 1.0, therefore the grid is fine enough to cap-
ture the strong gradients occurring in the 
boundary layer. 
 

Analysis of results 

The section presents the comparison between 
the FLOWer and TAU prediction results, and 
the wind tunnel measurements in terms of 
global loads. As no local quantities were meas-
ured during the BK117-C2 1997 wind tunnel 
campaign, the comparison in terms of scalar 
quantities on the fuselage surface and in the 
field have been done only between the different 
numerical results. 
Two FLOWer runs for each fuselage attitude α 
(α= -18º, -12º, -6º, 0º, 6º, 12º) have been done, 
the first by using the 2-equation k-ω turbulence 
model applying the SST correction by Menter 
and the second by using the 7-equation RSM 
SSG/LRR-ω turbulence implementing the sim-
ple gradient diffusion model [8], [9]. All other 
control parameters have been kept constant. 
Two TAU runs for each fuselage attitude α (α= 
-12º, -6º, 0º, 6º) have been made, the first by 
using the 2-equation standard Wilcox k-
ω turbulence model and the second the k-
ω turbulence model but applying the SST cor-
rection by Menter. All other control parameters 
have been kept constant. In all computations 
the side slip angle was β=0º. 
 

Figure 8 shows the comparison between the 
FLOWer and TAU results and the wind tunnel 
measurements in terms of drag (top), lift (mid-
dle) and pitching moment coefficient (bottom) 
versus fuselage angle of attack α. The inci-
dence angle is negative for a fuselage nose 
down attitude. The contribution to the forces 
and moment of the horizontal stabilisers and 
endplates has been subtracted, in a post proc-
essing phase, from both wind tunnel measure-
ments and CFD results. In fact the differences 
in the shape of these components, as shown in 
Figure 2, are expected to produce considerable 
differences in the global forces and even more 
in the moments. 
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Figure 8: Drag (top), Lift (middle) and Pitching 
moment (bottom) coefficient versus fuselage 
angle of attack α=0° 
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The drag figure predicted by both FLOWer runs 
and by the TAU one applying the SST k-
ω turbulence model correlate very well with the 
wind tunnel measurements especially in the 
range of α comprised between -12° and 0° 
which is the operational region for the fuselage 
in forward flight conditions. The TAU results, 
applying the standard Wilcox k-ω model, slightly 
underestimate the drag figure. 
In the range of α comprised between -6° and 
12° all codes predict the lift figure satisfactorily. 
The highest discrepancy between computations 
and measurements occurs below α=−6°. In this 
region the wind tunnel data show an unusual 
non linear trend which contradicts previous 
wind tunnel campaigns carried out on different 
helicopters but with similar blunt fuselages. In 
previous campaigns, in fact, the lift curve did 
not present any curvature change in the range 
considered in this study. Therefore, even 
though a definite conclusion cannot be drawn, 
all CFD results might be reliable (see also [10]). 
Looking at the pitching moment figure, all 
CFD results are in a perfect agreement among 
themselves, but they show a constant under-
estimation with respect to the wind tunnel 
measurements. Furthermore none of the CFD 
results presents the flex around α=-6°. Unfortu-
nately the uncertainties related to the wind tun-
nel measurements and the discrepancies be-
tween the EC145 helicopter fuselage and the 
BK117-C2 wind tunnel model shape do not 
allow drawing a final conclusion. Nevertheless 
the fact that the FLOWer and the TAU codes 
applied on different grids, by using different 
turbulence models, present almost identical 
results highlights the necessity of a deeper 
experimental investigation of this test case. 
 
Figure 9 and Figure 10 show the pressure coef-
ficient distribution on the EC145 helicopter fu-
selage obtained at α=0° respectively by the 
FLOWer flow solver, using the SST k-ω (Figure 
9-top) and the RSM (Figure 9-bottom) turbu-
lence models, and by the TAU code, using the 
standard Wilcox k-ω (Figure 10-top) and the 
SST k-ω (Figure 10-bottom) turbulence models. 
All four prediction results appear to be almost 
identical on the fuselage cabin and on the en-
gine cowling. Some differences can be seen on 
the tail boom and on the horizontal stabilisers 
and vertical fin. Here the flow is strongly influ-
enced by the wake, which detaches from the 
fuselage back region and, convected down-
stream, interacts with the helicopter tail. 
 

 
2-equation SST k-ω turbulence model 

 
7-equation RSM turbulence model 

Figure 9: FLOWer results for α=0°: Cp distribu-
tion on the EC145 isolated fuselage. 
 

 
2-equation Wilcox k-ω turbulence model 

 
2-equation SST k-ω turbulence model 

Figure 10: TAU results for α=0°: Cp distribution 
on the EC145 isolated fuselage. 
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The skin friction lines over-imposed to the pres-
sure coefficient distribution in the separation 
region on the fuselage backdoor is shown in the 
following Figure 11, as computed by FLOWer, 
and in Figure 12, as computed by TAU. Once 
again each figure shows the solutions relative 
to the two different turbulence models used. All 
CFD computations predict a large flow separa-
tion covering almost the entire backdoor area. 
The extension of the separation region is quite 
similar in all CFD computations. The skin fric-
tion patterns are different showing slightly dif-
ferent positions of the two vortices which de-
tach from the fuselage backdoor. 
 
 
 

 
2-equation SST k-ω turbulence model 

7-equation RSM turbulence model 
Figure 11: FLOWer results for α=0°: Cp distri-
bution with superimposed friction lines on the 
EC145 isolated fuselage back door region. 
 

 
2-equation Wilcox k-ω turbulence model 

 
2-equation SST k-ω turbulence model 

Figure 12: TAU results for α=0°: Cp distribution 
with superimposed friction lines on the EC145 
isolated fuselage back door region. 
 
Figure 13 and Figure 14 show the Total Pres-
sure Losses TPL on the fuselage mid-plane as 
computed by FLOWer and TAU respectively for 
a fuselage attitude of α=0°: Once again all pic-
tures are very similar. By looking at the 
FLOWer solutions of Figure 13, the SST model 
appears to be slightly more dissipative with 
respect to the RSM model in the fuselage wake 
region. The same can be said comparing the 
TAU prediction results obtained with the stan-
dard Wilcox and the SST k-ω turbulence model 
of Figure 14. Indeed similar plots of the ratio 
between the turbulent and laminar eddy viscos-
ity µT/µL show higher values in the wake region 
for the k-ω model implementing the SST correc-
tion. It is to be noted that the k-ω SST solution 
with the TAU code shows a more refined wake 
than the FLOWer solution with the same turbu-
lence model. The reason for this is the local 
grid adaptation which was performed with TAU 
and which is not available in a structured code 
like FLOWer. The refinement region was re-
stricted intentionally to the vicinity of the fuse-
lage in order to limit the computational effort. 
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This explains the sudden smearing of the wake 
in Figure 14 at about 15% fuselage length 
downstream of the tail fin. 
 

 
Figure 13: FLOWer results for α=0°: TPL distri-
bution on the fuselage mid-plane of the EC145 
helicopter. 
 

 
Figure 14: TAU results for α=0°: TPL distribu-
tion on the fuselage mid-plane of the EC145 
helicopter. 
 
Figure 15, Figure 16 and Figure 17 show the 
comparison of all CFD results in terms of pres-
sure coefficient distribution respectively on the 
fuselage midsection Y=0, on the horizontal 2D 
cut through the fuselage cabin just above its 
nose at Z=280 [mm] (see Figure 18 for the posi-
tion of the horizontal cut) and on the midsection 
of the right horizontal stabiliser. The qualitative 
good correlation between the CFD results al-
ready mentioned by comparing Figure 9 with 
Figure 10 is quantitatively confirmed here: on 
the fuselage cabin the four numerical solutions 
are practically identical (see Figure 15). Some 
slight differences are encountered on the tail 
fin, whereas the biggest differences are en-
countered on the fuselage back door (see 
Figure 16) and on the horizontal stabilisers (see 
Figure 17). The differences between the four 
prediction results on the horizontal stabilisers 
do not reflect in a discrepancy between the 
global forces and moments in Figure 8 be-
cause, as mentioned before, the contribution of 

these components has been subtracted from 
the total values in a post processing phase. 
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Figure 15: Comparison of results for α=0°: Cp 
distribution on the mid-section (y=0) of the 
EC145 isolated fuselage. 
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Figure 16: Comparison of results for α=0°: Cp 
distribution on the horizontal section 
Z=280[mm] through the EC145 isolated fuse-
lage cabin. 
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Figure 17: Comparison of results for α=0°: Cp 
distribution on the mid-section of the right hori-
zontal stabiliser of the EC145 isolated fuselage. 
 

Future activity 

In order to answer the questions still open 
about the EC145 validation activity, 
EUROCOPTER DEUTSCHLAND decided to 
perform new wind tunnel measurements on the 
BK117-C2 model of Figure 18.  

 
Figure 18: BK117-C2 model to be tested in the 
Technische Universität München. 
 
The new wind tunnel campaign will be carried 
out during the 2nd half of 2005 at the Technical 
University of Munich. Subsequently new 
meshes will be generated around the BK117-
C2 model and new CFD computations will be 
run. The meshes shall now model also the wind 
tunnel sting and floor. The model will be instru-
mented with 83 static pressure ports. Further-
more three PIV windows will be located behind 
the fuselage in order to visualise the wake shed 
by the fuselage cabin. Visualisation of the tran-
sition region on the fuselage nose and of the 
separation region on the fuselage backdoor has 
also been planned. The new data base will be 
used at ECD to validate the challenging indus-
trial test case in the DESider (Detached Eddy 
Simulation for industrial aerodynamics) project 
partly financed by the E.U. within the 6th 

Framework Program. Here unsteady turbulence 
models such as DES, LES hybrid RANS-LES 
and embedded LES will be validated both on 
simple but very well documented test cases 
and more complex ones of industrial relevance. 
 
 

 The large transport helicopter fuselage 

The section presents the comparison between 
the elsA code prediction results and some wind 
tunnel measurements available at 
EUROCOPTER. The validation test case is the 
NH90 model measured in the LST wind tunnel 
of DNW. The contribution of the engine cowling 
to the drag, lift and side force coefficients has 
been computed by elsA and compared with the 
wind tunnel measurements. In order to compute 
the cowling fairing effect on the isolated fuse-
lage two shapes have been considered: a ref-
erence one with smooth fuselage and sponsons 
(see Figure 19-top) and a second one including 
also one of the cowling fairings available for the 
wind tunnel tests (see Figure 19-bottom). The 
difference between the global loads acting on 
the two models gives the cowling fairing contri-
bution to the loads. The fuselage shape was 
simplified by removing the vertical fin and the 
horizontal stabiliser.  
 

Figure 19: NH90 fuselage model with (bottom) 
and without (top) the engine cowling. 
 
The Navier-Stokes grid around both helicopter 
models is composed of one hundred coincident 
structured blocks and of a total cell number of 
2.6 millions. The first cell size on the fuselage 
wall allows obtaining a y+ of 0.8, the grid spac-
ing on the proximity of the walls is fine enough 
to correctly model the boundary layer. The tur-
bulence model used for all RANS computations 
is the Wilcox 2-equation k-ω model with the 
SST correction by Menter. Preconditioning was 
also used to accelerate convergence. 
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A sweep on the incidence and on the sideslip 
angle has been performed for angles varying in 
the range between -6 and +6 degrees. The 
contribution of the engine cowling to the aero-
dynamic coefficients as predicted by the elsA 
code has then been compared with the corre-
sponding measured quantities. The aerody-
namic coefficients corresponding to the 6 axis 
of the wind tunnel balance have been consid-
ered for all incidence and sideslip angles. 
Figure 20 shows the contribution of the cowling 
fairing to the drag versus incidence angle. Both 
elsA predictions and wind tunnel measure-
ments have been plot. The uncertainty on the 
wind tunnel measurements has been indicated 
through error bars superimposed to the wind 
tunnel measurement mean values. The elsA 
results correlate well with the wind tunnel 
measurements, lying inside the error bars or 
very close to them. 
 
Figure 21 shows the comparison between the 
elsA results and the wind tunnel measurements 
in terms of the pitching moment versus inci-
dence angle, whereas Figure 22 shows the 
same comparison in terms of the yawing mo-
ment versus sideslip angle. Also for the mo-
ment figures, which are normally more difficult 
to predict than the global forces, the engine 
cowling contribution, as predicted by the elsA 
code, compare very well with the wind tunnel 
measurements.  
 
 

 
Figure 20: Contribution of the engine cowling of 
the NH90 model scale to the drag versus inci-
dence angle. 
 

 
Figure 21: Contribution of the engine cowling of 
the NH90 model on the pitching moment versus 
incidence angle. 
 
 

 
Figure 22: Contribution of the engine cowling of 
the NH90 model to the yawing moment versus 
sideslip angle. 
 
 

 Conclusions & Outlook 

The paper presented the validation of the multi-
block structured RANS flow solvers FLOWer 
and elsA and the unstructured RANS flow 
solver TAU on isolated fuselage test cases. The 
isolated EC145 helicopter fuselage was chosen 
to validate the codes FLOWer and TAU devel-
oped by DLR. The challenge related to this test 
case is to demonstrate the capability of the 
CFD tools to predict the large separation region 
on the backdoor of the fuselage correctly. Two 
different turbulence models have been used for 
both FLOWer (k-ω SST and RSM) and TAU (k-
ω Wilcox and k-ω SST) computations. All nu-
merical results show an excellent agreement 
among themselves and a fairly good agreement 
with the wind tunnel measurements used for 
this validation. The uncertainties related to the 
wind tunnel data and the lack of local meas-
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urements, such as pressure on the surface or 
velocity in the field, pushed EUROCOPTER to 
plan a new wind tunnel campaign on the 
BK117-C2 model. During this wind tunnel cam-
paign the model will be instrumented with 83 
pressure ports, PIV measurements will be car-
ried out and the laminar-turbulent transition and 
the separation regions will be visualised. 
The elsA software developed by ONERA was 
validated against wind tunnel data available at 
EUROCOPTER. The validation test case is the 
NH90 model measured in the LST wind tunnel 
of DNW. The contribution of the engine cowling 
to the drag and to the pitch and yaw moments 
has been computed by elsA and compared with 
the wind tunnel measurements. These calcula-
tions show the ability of the elsA code to predict 
drag and moment for complex 3D helicopter 
fuselage shape. 
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