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Abstract: The Eurocopter EC135 (now Airbus Helicopters H135) is a twin-engine civil light 
utility helicopter produced by Airbus Helicopters (formerly known as Eurocopter). It is mainly 
used for helicopter emergency medical services then for corporate transport, law enforcement, 
offshore wind and military flight training. This publication contains the theoretical aspects and 
analyzes aerodynamically the performance of fenestron vertical tail with XFLR5 freeware. 
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Simbols and acronyms 
OEI One Engine Inoperative AEO All Engines Operative 

MTOW Maximum Takeoff Weight  HMI Human Machine Interface 
FADEC Full-Authority Digital Engine 

Controls 
TOP Takeoff-Power  

LLT Lifting Line Theory VLM Vortex Lattice Method 
AoA Angle of Attack Cl, Cm, Cn,  Moments coefficients (pitch, roll, yaw) 

 
1. INTRODUCTION 

 
The H135 is light twin-engine multi-purpose helicopter in the 3 ton class, with up to 8 

seats for pilots and passengers. The H135 delivers exceptional power reserves including 
full class 1 & class 2 performances, enhanced safety margins, best-in-class payload and 
the industry benchmark for control response and precision flying thanks to the hinge and 
bearing less main rotor system. All composite main rotor blades, with an advanced tip 
geometry design, in combination with the fenestron anti-torque system make the H135 
the quietest helicopter in its class, with certified sound levels well below the ultra-
stringent ICAO limit, (see figure 1). The H135 can be powered by either Safran 
Helicopter Engines Arrius 2B2 or Pratt & Whitney Canada PW206B3 engines - both are 
FADEC controlled and provide efficient fuel burn characteristics. These powerful and 
reliable engines, combined with the improved dynamic lifting system components, 
provide outstanding performance and vital power reserves especially in One Engine 
Inoperative (OEI) scenarios and in all flight regimes including demanding High & Hot 
conditions, [1, and 2]. 
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FIG. 1 Airbus H 135 helicopter 

 
Airbus developed new, optimized aerodynamic elements for H135 granting optimal 

mission capability. More in detail: the vertical fin is extended in its upper section to 
extend the envelope of the autopilot.  

 
Table1 Airbus H135 features, [1, 2] 

Features Value Features Value 
Fuselage geometry  10,2x2,0x3,50 m Ceiling (TOP) 4570 m 
Rotor diameter 10,4 m  (MTOW) 2,900 kg 
Max speed (2200 kg) 287 km/h Takeoff-Power (TOP) 528 KW 

 

 
 

FIG. 2 H 135 external dimensions, [1] 
 

2. HELICOPTER VERTICAL STABILIZER 
 

The primary role is providing stability in yaw, while the stability in yaw is provided 
by the tail rotor, the vertical stabilizer can: alleviate the rotor thrust therefore reducing the 
power; replace the tail rotor in case of failure. The counter clockwise sense of rotation of 
the main rotor results in a clockwise torque acting on the main gear box and the fuselage. 

Thus in hover or in flight with low forward speed the H/C nose tends to turn to the 
right. To counteract this movement the tail rotor thrust has to keep the H/C nose straight 
by creating a force on the tail boom to the right with the airflow from right to left. 

With higher forward speeds flying straight and level, the power demand to the tail 
rotor decreases significantly due to the aerodynamic shape of the vertical fin and the 
angle between endplates and the flight direction. The rear structure is the aft section of the 
fuselage. It stabilizes the helicopter in flight by means of the vertical fin with the 
integrated Fenestron tail rotor and provides the lever arm on which the thrust of the tail 
rotor counteracts the torque of the main rotor system. The rear structure of the H135 
consists of the following assemblies: tail boom, horizontal stabilizer, vertical fin with 
fenestron structure, see figure 3 and 4, [3]. 
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FIG.3 Fenestron concept FIG.4 Tail Unit 

 
Fenestron Vertical Fin 
The vertical fin together with the integral Fenestron structure forms a unit. The upper 

region of the vertical fin has an aerodynamic function, while the Fenestron structure 
below it encloses the tail rotor system. The yaw control of the helicopter is made possible 
by the Fenestron, see Fig. 4. 

 
3. AERODYNAMIC ANALYSIS 

 
3.1. Freeware XFLR5 
Aerodynamic analyzes were performed with the XFLR5 freeware tool. XFLR5 is an 

analysis tool for airfoils, wings and planes operating at low Reynolds Numbers. It 
includes: XFoil's direct and inverse analysis capabilities; wing design and analysis 
capabilities based on the Lifting Line Theory (LLT), on the Vortex Lattice Method 
(VLM), and on 3D Panel Method, [4, 5, 6 and 8]. 

 
3.2. Helicopter design H135 
2D geometry.  
For helicopter design I used tree airfoils: NACA 0012, NACA 0021 and NACA 2411, 

(see Fig.5), [4, 5 and 7].  
 

 
FIG.5 Direct Foil Design 

 
The case study includes a comparative analysis of the aerodynamic aspects of the 

H135 fuselage without the influence of the lifting rotors. We have travelled a series of 
stages with XFLR5, as follows: a similar geometric configuration of the H135 helicopter 
in a 1:10 scale was considered, (see Fig. 6). 
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FIG.6 Airbus H135 XFLR5 design 

 
For the design of the fuselage we have activated Wing and Plane Design, in Body and 

then in Define a New Body, from which we entered the spatial coordinates for each Frame 
Positions on the OX axis. Each Frame Positions has as spatial coordinates the OY and 
OZ axes from where we changed their positions through the Current Frame Definition 
window, see figure 7. On the OX axis we have defined the length of the helicopter at a 
scale of 1:10. On the OY and OZ axis we define the helicopter's maximum width and 
height and shape. 

 

 
FIG.7 Body Design 

 
Coupling the fuselage with the tail 
We have introduced the elevator and fin where which we have modified by defining 

the desired dimensions (see figure 8) and positioning them by modifying values 
coordinate on axis, to could couple them with the fuselage. The working time for Airbus 
H135 design in xflr5 was 30 hours. 

 

  

FIG. 8 Elevator and fin design 
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3.3. Aerodynamic analysis 
Aerodynamic analyzes considered the initial conditions outlined in Table 6. 
 

Table 6. Initial conditions 
Parameter Value Parameter Value 

Speed 10 m/s Inertial values no 
Air density 1.225 kg/cm3 Viscosity 1.5e-05 m2/s 
Max. iterations 200 Method 3D/VLM 
Alpha Precision 0.0100 Polar constant speed 
AoA interval -150÷ 150, ∆=10 Relax. factor 20 

 
The analysis has two cases on two different geometries of different vertical tail and 

different twists, for the analysis conditions of the tables 6, the selected numerical data 
refer to Cl, Cm, Cn, and Cy, see Table 7. 

 
Table7. Analysis cases 

NACA0021 / NACA0012 NACA2411 
Twist 0o Twist 7o Twist 0o Twist 7o 

 
4. THE RESULTS 

 
4.1. Vertical fin analysis with NACA2411. 
According to figure 9 the pitch coefficient (Cm) variation for the two values of twist, 

has a similar slope is used for all incidence (see also Annex 1), the absolute difference for 
a zero incidence being 0.11 (-12.48 vs. -12.59), the twist of 7o having an influence on the 
pitch coefficient, especially with the increase in speed. In figure 10, it is observed that an 
increase in the absolute value of the rolling coefficient (Cl) with the increase of the twist 
is expected, for a zero incidence (AoA) we have a difference of approximately 0.50. 

 

  

  
FIG.9  Cm vs AoA FIG.10  Cl vs AoA 

  
FIG.11 Cn vs AoA FIG.12  Cy vs AoA 
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The yaw coefficient (Cn) highlighted in Fig. 11 increases in absolute value with 
increasing speed indicating the great influence on lateral movement/yaw by a difference 
of 5 times greater (approximately 2.5) considered at zero incidence, coefficient of lateral 
force Cy see figure 12, with the same increase. 

 
4.2. Vertical fin analysis with NACA 0021 and NACA 0012. 
According to figure 13, the variation of the pitch coefficient (Cm) for the two twist 

values has a similar slope over the all incidence (see also Annex 2), the absolute 
difference for a zero incidence being 0.07 (-12.50 vs. -12.57), the twist of 7o having an 
influence on the pitch coefficient, especially with the increase of the velocity.  

In Fig.14, it is observed that an increase of the absolute value of the rolling coefficient 
(Cl) with the increase of the twist, for a zero incidence we have a difference of about 0.60 

 

  

  
FIG.13 Cm vs AoA FIG.14 Cl vs AoA 

 

  
FIG.15 Cn vs AoA FIG.16 Cy vs AoA 

 
The yaw coefficient (Cn) highlighted in figure 15 increases in absolute value with 

increasing speed, highlighting the great influence on lateral / yaw movement by a 
difference of 5 times greater (approximately 2.5) considered at zero incidence, 
influencing obviously the coefficient of the loop force Cy see figure 16, with the same 
sense of growth. 

 
CONCLUSIONS 

 
Design efforts to optimize the tails of modern helicopters have specific approaches 

based on the aerodynamic concept chosen to cancel the gyroscopic torque of the bearing 
rotor.  
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Although the analysis of the presented paper did not take into account the functioning 
of fenestron and was limited only to the influence of the geometrical characteristics of the 
vertical tail by using an open source aerodynamic analysis code (XFLR5), it was possible 
to highlight the degree of influence of the selected 2D geometries with a high degree to 
trust the results.  

The results can be used successfully in the pre-dimensioning and general optimization 
steps and then be taken over in CFD commercial tools for refined optimizations. 

The article can be used in the educational field to conceptualize the aerodynamic 
phenomena that arise due to geometrical changes. 

 
REFERENCES 

 
[1] Eurocopter, EC 135 Technical data, 135.02.101.01E, available at https://www.hdf.fr/public 

/PDF/EC_135_PDF.pdf; 
[2] https://www.airbus.com/helicopters/civil-helicopters/light-twin/h135.html, accessed at 10.04.2019; 
[3] Airbus, General Description - Rear Structure Rear Structure, SDS EC135 P1P2T1T2,  

https://keycopter.airbushelicopters.com /ORION/desktop/?cid=22447, accessed at 10.04.2019; 
[4] Drela M., Yungren H., Guidelines for XFLR5 v6.03 (Analysis of foils and wings operating at low 

Reynolds numbers), 2011, available at http://sourceforge.net/projects/xflr5/files, accessed at 
14.04.2019; 

[5] Guidelines for XFLR5 v6.03, 2011, 71 p. available at http://www.xflr5.com/xflr5.htm; 
[6] Prisacariu V., Analysis of UAVs flight characteristics, vol. 38, nr. 3/2018, p.29-36, Review of the Air 

Force Academy, ISSN 1842-9238; e-ISSN 2069-4733, DOI: 10.19062/1842-9238.2018.16.3.4; 
[7] http://airfoiltools.com, accessed at 24.04.2019; 
[8] Prisacariu V., Simionescu L., Flight performance analysis for UAVs. MFD NIMBUS, Scientific research 

and education in the Air Force – AFASES 2018, ISSN, ISSN-L : 2247-3173, p.225-232, DOI : 
10.19062/2247-3173. 

 
ANNEXES 

 
Annex 1. Vertical fin analysis with NACA2411 
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Annex 2. Vertical fin analysis with NACA 0021 and NACA 0012 
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