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ACRONYM DESCRIPTION 

DDL0 Lateral cyclic input (%) 

DDM0 Longitudinal cyclic input (%) 

DDN0 Pedal input (%) 

DDT0 Collective input (in % if pilot control, in deg for collective blade pitch angle) 

FTI Flight Test Instrumentation 

ft Feet 

ft/min  Feet per minute 

g Gravitational constant 

HOST Helicopter Overall Simulation Tool ς Airbus Helicopters flight mechanics code 

IAS / KIAS Indicated AirSpeed / IAS in kts 

kt(s) Knot(s) 

M Helicopter mass 

MGB Main Gear Box 

n Normal acceleration 

P2P Peak to peak  

PTQ50% Power corresponding to 50% of torque 

R Rotor Radius 

wƘƻ όˊύ Air density (Kg/m3) 

0́ Air density at Standard Sea-Level conditions (1.225 Kg/m3) 

RoD Rate of Descent 

RPM Rotation speed (Rev. Per Minute) 

Sigma (̀) RŜƭŀǘƛǾŜ ŀƛǊ ŘŜƴǎƛǘȅ ˊκˊ0 

T Rotor thrust 

T_manoeuvre Time at which the recovery manoeuvre is initiated 

TOP Take-Off Power 

TQ Rotor Torque 

t_vortex Time at which the pilot considered being in VRS 

T_vz0 Time at which the recovery manoeuvre is ended (vertical speed equal to 0) 

VH 
Helicopter horizontal speed (airspeed): 6 6 6  

Vi Induced velocity 

Vi0 Induced velocity in hover 

VGround Helicopter ground speed: VGround = Vair + Vwind 

Vup / Vup_GPS Helicopter vertical speed from GPS 

Vx Helicopter longitudinal speed (airspeed) 

Vy Helicopter lateral speed (airspeed) 

Vwind Wind velocity 
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VZ Helicopter vertical speed 

VRS Vortex Ring State 

W Helicopter Weight 

ZP Pressure Altitude 

ʻ κ TETA Helicopter pitch angle 

j / PHI Helicopter roll angle 

f / PSI Helicopter heading 
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1. LƴǘǊƻŘǳŎǘƛƻƴ 

1.1 Scope of the document 

This report represents the final deliverable (D-4.3) of the Helicopter Vortex-Ring-State Experimental Research 
project (EASA.2022.C11). The research was conducted by ONERA and supervised by EASA. The flight test 
campaign was performed by the Direction Générale de l'Armement - Essais en Vol (DGA-EV). This document 
adds to the VRS knowledge Report already issued in the frame of the same research project (reference [1]). 
 
The objective of this document is to describe the flight test campaign realized in the framework of this project, 
to detail the analyses performed on the flight test data (flight parameters and vibration measurements when 
available) and the investigations done on numerical VRS models. 
 
This final report is issued at completion of the entire research programme, in which all the available results of 
the study as well as conclusions and recommendations are made. In particular, for the test helicopters, this 
final report addresses the following: 

¶ VRS flight domain determination and study of the VRS characteristics and associated influencing 
parameters; 

¶ comparison of the results with available predictions obtained with analytical and simulation methods; and 

¶ evaluation of the effectiveness of the Vuichard VRS recovery manoeuvre compared to the forward recovery 
for the used helicopter types (precise definitions of both manoeuvres will be given). 

 
It is important to highlight that, despite not foreseen in the initial research tender specification, a comparison 
between the Vuichard recovery technique and the recovery technique defined by the helicopter manufacturer 
was performed in order to provide a baseline for future similar evaluations on other aircraft/rotor designs.  
 

1.2 Limits 

Flight tests remain essential to better understand all the mechanisms involved in VRS generation and the 
evaluation of recovery techniques, but VRS flight tests are very demanding in terms of instrumentation, 
competences, and costs. 
Unfortunately, the scope of the work cannot be infinite in the framework of a project, as well as the number of 
flights and helicopter types. ONERA, DGA-EV and EASA were fully aware that the analyses performed in the 
framework of this current research project would be based on a relatively low number of flights and on only 
two helicopters types with similar rotor systems. 
Besides the limited vibration measurements (three 3-axis accelerometers integrated during five of the eight 
flights), the test helicopters were not provided with any instrumentation to measure loads and strains on 
structural elements. Therefore, the effect of the VRS on the helicopter structure and parts has not been 
investigated. 
Finally, although a quite large number of test runs were nevertheless performed, a limited number of scenarios 
and flight test cases were investigated.   
 
Therefore the results of this project have to be considered with regards to these limits.  
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2. CƭƛƎƘǘ ǘŜǎǘ ŎŀƳǇŀƛƎƴǎ 

2.1 Summary 

The purposes of this study were to validate the prediction of the VRS domain by using the ONERA criteria 
detailed in reference [5] and to compare the forward recovery method (forward motion) with the recovery 
method suggested by M. Claude Vuichard (lateral motion). 

The test campaign included 4 tests flights on a Airbus Helicopters Fennec AS550-U2 (hereafter only named 
άCŜƴƴŜŎέύ, and 4 tests flights on a Airbus Helicopters Dauphin SA365N όƘŜǊŜŀŦǘŜǊ ƻƴƭȅ ƴŀƳŜŘ ά5ŀǳǇƘƛƴέύ with 
a total of 229 test points performed.  

Out of the 105 Fennec test points, a total of 80 valid runs were exploited, including 40 forward recoveries, 33 
±ǳƛŎƘŀǊŘ ǊŜŎƻǾŜǊƛŜǎΣ ŀƴŘ т άƛƴǾŜǊǎŜŘέ ±ǳƛŎƘŀǊŘ ǊŜŎƻǾŜǊƛŜǎ όǘƻǿŀǊŘ ǘƘŜ ǊƛƎƘǘ ƛƴǎǘŜŀŘ ƻŦ ǘƘŜ ƭŜŦǘύΦ  

Out of the 124 Dauphin runs, a total of 97 valid runs were exploited, including 32 forward recoveries, 58 
Vuichard recoveries, and 7 άƛƴǾŜǊǎŜŘέ ±ǳƛŎƘŀǊŘ ǊŜŎƻǾŜǊƛŜǎΦ 

The Fennec flights were performed between 21/11/2023 and 15/12/2023 with a crew of 4, with a helicopter 
weight between 1970 kg and 2150 kg.  

The Dauphin flights were performed between 20/12/2023 and 03/04/2024 with a crew of 3 to 4, with a 
helicopter weight between 3000 kg and 3465 kg. 

Hover and translation at low airspeed were achieved using the aircraft flight test instrumentation (VIMI 
system). 

The observed VRS domain matches the predicted ONERA domain. 

In the test conditions, and even when trying to standardize the VRS entries and recoveries, an important 
dispersion was observed on the height loss and recovery time for the Fennec and the Dauphin. 
For both recovery methods, a number of influencing parameters affect the performance, notably the initial 
vertical speed, the average torque applied during the recovery, and the initial horizontal speed, although their 
effects tend to be less clear on Dauphin than on Fennec due to a higher point dispersion. 
When considering these effects, performance in term of height loss and recovery time are similar between 
Vuichard and forward recoveries on both helicopters, with the exception of recoveries at the onset on Fennec 
where Vuichard recoveries show slightly better performance. 
On Fennec, the torque applied has a clear positive effect on the height loss for forward recoveries, and can be 
directly controlled by the pilot. Therefore, on Fennec helicopters it is recommended to apply all the available 
power during a forward recovery when a VRS occurs close to the ground. 
 
On both helicopters, the pilot workload was judged low to medium in forward recoveries, with pilot inputs 
mostly observed on the longitudinal cyclic after an initial action on the collective. The workload was judged 
high in Vuichard recoveries. 
On Fennec, during Vuichard recoveries, inputs were observed on both cyclic axes, on the collective while 
monitoring the power, and on the foot pedals to try to maintain heading, with a nose down parasitic effect in 
the second part of the recovery. The variations observed from one Vuichard recovery to another, even for 
similar sets of entry conditions, did not allow the pilots to usefully anticipate the required actions.  
On Dauphin, during Vuichard recoveries, after an initial and voluntary action on the lateral cyclic, on the 
collective and on the foot pedal to start the translation while maintaining the heading, the pilot had to act 
quickly on all the controls to compensate a succession of parasitic effects, while carefully monitoring the power 
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to avoid limitations exceedances. Since delaying the power increase at the end of the translation significantly 
reduces both the workload and the risk of exceeding limitations without significantly degrading the recovery 
performance, it is recommended to apply the Vuichard recovery method on a Dauphin only if a forward 
recovery is unadvisable (due to the presence of obstacles in the forward sector for example), and to delay the 
power increase after the end of the lateral translation, once the rotor is back to an horizontal position. 
 
On both helicopters, the Vuichard recoveries were also overall judged less intuitive than forward recoveries by 
the test pilots, who are trained to regain speed by moving forward in case of failure occurring in hover ς  and 
less comfortable due to the sudden attitude changes often experienced especially on the Dauphin.  
These assessments did not change with the increased familiarity with the method over the course of the test 
campaign. Additionally, in operational conditions and with normal piloting skills, there would be a risk to exceed 
the aircraft power limitations during a Vuichard recovery on both helicopters. 
 
Additional test runs would be recommended to perform a complete parametric study to confirm the list of 
influencing parameters and quantify their effect on the recoveries performance. 

2.2 Test objectives 

The two objectives of the flight test campaign were the following: 

¶ to experimentally determine as precisely as possible the flight conditions at which the VRS starts to develop 
on the defined test points; 

¶ to experimentally evaluate the effectiveness of the Vuichard recovery technique in comparison to the 
forward one. The evaluation criteria selected were the recovery performance defined in terms of height 
loss and time to recovery. While not properly considered as performance criteria, the ease of the 
manoeuvre along with the pilot workload were evaluated. 

 
These objectives were fulfilled on the 2 helicopter types used during the flight test campaign: AS550-U2 Fennec 
and SA365N Dauphin. 
The role of DGA-EV was to issue a consolidated judgement regarding the effectiveness of the Vuichard recovery 
method, taking into account basic metrics for the recovery performance ŀƴŘ ǘƘŜ άǇƛƭƻǘŀōƛƭƛǘȅέ ƻŦ ǘƘƛǎ ƳŜǘƘƻŘ 
ōȅ ŀƴ άŀǾŜǊŀƎŜ ǎƪƛƭƭŜŘ Ǉƛƭƻǘέ ŦƻǊ ŜŀŎƘ ƘŜƭƛŎƻǇǘŜǊΦ hb9w! ǘƘŜƴ analysed the test results (including this flight test 
reports, the raw data from the flight test installations, and the raw data from the additional vibration 
measurements) in order to clearly identify VRS entries and exits, and to evaluate more accurately the 
performance of each recovery manoeuvre thanks to an objective analysis of the flight parameters and all 
available data. 
Based on the Fennec and Dauphin flight test reports written by DGA-EV and the analysis of the flight test data 
by ONERA, this final report is concatenating all the flight test results. 

2.3 Description of helicopters and Flight Test Instrumentation 

2.3.1 Fennec AS550-U2 
The helicopter under test during the first part of the test campaign was a Fennec AS550-U2 (n°2803). 
The Fennec helicopter is the French military version of the civilian Ecureuil (Squirrel). 
The AS550U2 is a light-weight single engine helicopter with a Maximum Take Off Weight of 2250kg. It is fitted 
with a single ARIEL 1D1 engine. 
The helicopter is equipped with a 3-blades STARFLEX® main rotor (Main rotor diameter=10.69m) and a 
conventional twin-blades teetering tail rotor (Tail rotor diameter=1.86m). 
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2.3.2 Dauphin SA365N 
The helicopter type under test during the second part of the test campaign was a Dauphin SA365N (two 
helicopters were used: Dauphin SA365N n°6116 and Dauphin SA365N n°6111). 
The Dauphin SA365N is a medium-weight twin-engine helicopter with a Maximum Take-Off Weight of 4000kg. 
It is fitted with two ARIEL 1C engines. 
The helicopter is equipped with a 4 blades STARFLEX® main rotor (Main rotor diameter=11.93m) and a 
Fenestron® tail rotor. 
Due to the availability of the aircraft fleet, the harmonization flights and the first test flight were performed on 
Dauphin n°6116, and the three other test flights were performed on Dauphin n°6111. 
Both helicopters used were in a similar configuration, with a small difference of the empty weight (2620 kg for 
n°6116, 2495 kg for n°6111). 

2.3.3 Flight Test Instrumentation 
The prototype aircraft were equipped with a Flight Test Instrumentation (FTI) installed by DGA-EV. In addition, 
an optional vibrations measurement instrumentation was used for Fennec flights 2, 3 and 4 and for Dauphin 
flights 1 and 4). 
 
The Flight Test Instrumentations (FTI) provides a real-time display of the flight parameters, along with a 
continuous recording of the data in order to perform post-flight analyses. 
The FTI contains three major parts: the sensors, the acquisition unit (used as a concentrator), and the end-user 
interface (either the recorder and/or the real time display system). 
The following parameters are acquired either through the aircraft own instruments, or through additional FTI 
sensors: 

¶ flight controls position before and after autopilot actuators; 

¶ engine parameters: torque, power throttle and anticipator, combustion chamber input pressure, fuel 
flow; 

¶ rotor speed and engine output shaft speed, gas generator speed, combustion chamber temperature, 
attitudes and heading, radar height; 

¶ specific flight test sensors or units: outside air temperature, sideslip angle, anemometric data and 
inertial data. 

A specific inertial GPS navigation system (SAGEM I5000) was also installed for the Fennec test flights. This 
equipment uses an embedded GPS receiver and internal accelerometers in order to provide hybridized and 
more accurate position, altitude and vertical speed.  
On the Dauphin, a differential GPS installation (MiraNG) was used during the flights to provide a more accurate 
position, altitude, and vertical speed. 
In addition to the sensors data, all the elaborated or derived parameters computed are also recorded. 
The detailed list of the recorded parameters is provided in Appendix. 
 
Based on the sensors of the Flight Test Instrumentation, the embedded PC can compute elaborated or derived 
parameters to enrich the real time display system supplying test pilot and/or flight test engineer screens. 
Among these parameters, two sets were particularly useful for this test campaign: VIMI NUM and VIMI GPS. 
¢ƘŜ ±LaL ǎȅǎǘŜƳ όά±ƛǘŜǎǎŜ LƴŘƛǉǳŞŜ ǇŀǊ aƻȅŜƴ LƴǘŜǊƴŜέ ƻǊ ƛƴǘŜǊƴŀƭ ƳŜŀƴ ƛƴŘƛŎŀǘŜŘ ŀƛǊǎǇŜŜŘύΣ ŀƭǎƻ ǊŜŦŜrred to 
as VLaL b¦a όŦƻǊ ά±LaL bǳƳŞǊƛǉǳŜέύΣ ǇǊƻǾƛŘŜǎ ŀƴ ŜǎǘƛƳŀǘƛƻƴ ƻŦ ǘƘŜ ƭƻƴƎƛǘǳŘƛƴŀƭ ŀƴŘ ƭŀǘŜǊŀƭ ŀƛǊǎǇŜŜŘ ōŀǎŜŘ ƻƴ 
the aircraft attitudes and on the cyclic stick position. 
The VIMI concept is described in French patent n° 74 287 086 issued on 22nd of August 1974. The objective of 
this system is to provide the pilot with a reliable airspeed estimation when the airspeed is too low for the 
anemometric sensors (below 30 kt). 
The elaboration of VIMI NUM speeds involves the following steps: 
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¶ On the ground: with the helicopter adjusted on jacks to get the rotor mast vertical, the relative 
longitudinal and lateral attitudes laws of the cyclic plate are established based on the flight controls 
positions after autopilot actuators. The attitudes of the helicopter are also measured in this position to 
get the offsets in helicopter reference frame. 

¶ In flight: 
o the attitudes of the helicopter are computed from the acceleration in the 3 axes to get rid of 

any latency or bias; 
o the absolute attitudes of the cyclic plate are computed thanks to the computed helicopter 

attitudes and the laws established on ground to convert flight controls position into relative 
cyclic plate attitudes; 

o then, the absolute cyclic plate attitudes are converted into Vx and Vy based on empiric laws 
previously established by matching the cyclic plate attitudes with the airspeed (often obtained 
through GPS speed information in an area with a known or null wind). 

 
The VIMI NUM therefore provides an accurate estimation of low airspeeds, and help the pilot to reach hover 
even without external reference points. 
The interface displayed to the pilot is shown in Figure 2-1. The pilot must align the yellow cross with the center 
of the screen to achieve hover out of ground effect (HOGE). VIMI is however not validated at EASA level for 
hovering performance definition, but is for this study deemed sufficient to insure reproductible entry 
conditions for VRS analysis. 

Ô  Figure 2-1 VIMI NUM screen 

 
 
The VIMI GPS is another system that can be used to help the pilot at low speed, but with a different working 
principle. 
It relies on the GPS data to accurately obtain the ground speed of the aircraft. The airspeed can then be 
calculated by taking into account the local wind. 
The display is similar to the one shown  in Figure 2-1, except that the speeds displayed can be either ground 
speeds or air speeds. An offset can also be entered by the Flight Test Engineer (Vx ref and Vy ref) so that the 
pilot actually achieves an horizontal translation at the required airspeed when centering the yellow cross. 
This system obviously requires a steady wind condition at the test altitude. Its advantage over the VIMI NUM 
is that the GPS remains reliable even when the aircraft attitudes are unusual, which is often the case once in 
VRS. Therefore, in this test campaign VIMI GPS was the preferred method to measure horizontal speeds during 
VRS. 
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The process during the test flights was therefore: 

¶ To estimate the wind (force and direction) by performing a level flight facing the wind. This was done 
by aligning the route and heading of the helicopter (therefore obtaining the wind direction), and 
comparing the GPS speed and the aircraft true airspeed (therefore obtaining the wind strength). These 
parameters could then be entered in the FTI to offset the local wind and display an airspeed on the 
pilot screen; 

¶ To confirm the wind estimation by performing a hover using the VIMI GPS screen. If the wind is correct, 
both VIMI GPS and VIMI NUM should be consistent (yellow cross centered, no horizontal air speed), 
and the pilot could also check that a constant position of the foot pedals resulted in a constant rotation 
speed. Otherwise, the previous step was repeated to obtain a new wind estimation. 

¶ And then to use VIMI GPS for speed measurements during the VRS test points, while periodically 
checking the wind and updating the FTI parameters if required. 

 
In addition to the Flight Test Instrumentation, specific vibration sensors were placed in the aircraft during 
Fennec flights n°2, 3 and 4 and Dauphin flights n°1 and 4 to gather vibration measurements. 
Instead of an OROS system, as originally planned, three less intrusive vibration sensors Slamstick S4-E100D40 
(made by enDAQ) were placed at the three locations described in Figure 2-2. 
 

Ô  Figure 2-2 Slamstick accelerometers location (same on both helicopters) 

 
 

These 3 positions (called T1, T2 and T3) were: 

¶ T1: under the pilot seat; 

¶ T2: on the lower rear left MGB attachment rod; 

¶ T3: on the mechanical floor next to the Center of Gravity. 
 

The Slamstick sensors were screwed on specially designed fixation supports, as shown on the Fennec in Figure 
2-3. 
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Ô  Figure 2-3 Slamstick sensor (T2) on its fixation support in the Fennec 
 

 
 
Each Slamstick S4-E100D40 sensor holds three piezoelectric accelerometers (+/- 100 g), and was configured 
with a sampling frequency of 8192 Hz. 
After the flight, the Slamsticks could simply be removed and the data collected through a USB cable. 
 
After each flight, the data collected by the FTI was converted into csv files, with the list of parameters previously 
agreed upon with ONERA, and at an extraction frequency of 10 Hz. 
These csv files were provided to ONERA and were also used by DGA-EV in order to provide the results analysis 
for the test reports. 
The flight test engineer notes were used to obtain a first estimation of the VRS times, along with the pilots 
feedback for each test run. 
The vibration data measured by the Slamstick sensors was converted to Matlab file format (.mat), and 
transmitted to ONERA. 

2.4 Test method and means 

The two objectives described previously in §2.2 focus on two different phases of the VRS. 
The first objective involves the entries, i.e. the conditions in which the helicopter can enter into a VRS and the 
observations made during such a state. 
The second objective is dealing with the exit, and the efficiency of the pilot technique used to recover from a 
VRS. 
Regarding the first objective, the focus was to refine the predicted VRS domain computed by ONERA as given 
in Figure 2-4, mainly based on DGA-EV test flights performed between 2000 and 2015 on Dauphin and Fennec 

helicopters, and where Vh is the horizontal airspeed in the helicopter reference frame ( ὠ ὠ ὠ ). The 

blue curve shows the Fennec AS550-U2 domain, the green curve shows the Dauphin SA365N domain. 

The VRS domain is divided into three main zones, as illustrated on Figure 2-5: 

¶ ¢ƘŜ άǳǇǇŜǊ ōƻǳƴŘŀǊȅέ  Č zone A; 

¶ ¢ƘŜ άƪƴŜŜέ   Č zone B; 

¶ ¢ƘŜ άƭƻǿŜǊ ōƻǳƴŘŀǊȅέ  Č zone C. 

This study included entries through the A and B boundaries. The C boundary (lower part) of the VRS domain 
ŘƻŜǎ ƴƻǘ ƳŀǘŎƘ ŀƴȅ ƻǇŜǊŀǘƛƻƴŀƭ ŎƻƴŘƛǘƛƻƴǎΣ ŀƴŘ ǿŀǎ ǘƘŜǊŜŦƻǊŜ ƴƻǘ ƛƴǾŜǎǘƛƎŀǘŜŘ ŀǎ ŀƴ άŜƴǘǊȅέ ōƻǳƴŘŀǊȅΦ 
Nevertheless, it corresponds in flight to the stabilisation of the vertical speed after VRS entries from the upper 
boundary or the knee. 
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Ô  Figure 2-4 Vortex-Ring-State prediction domain the two helicopters 

 
 

Ô  Figure 2-5 Generic Vortex-Ring-State domain with main zones 

 

2.5 Repeatability of the VRS entries 

During the harmonization flights, several parameters were noticed to have an influence on the time to enter 
VRS for similar flight conditions, such as the dynamic of the power reduction. In order to avoid the influence of 
unwanted parameters on the results, the following actions were taken to improve the repeatability of entry 
manoeuvres, and to ensure the validity of the comparisons between both recovery methods for similar entry 
conditions. 

First, two test pilots were trained to ensure they were adequately performing the Vuichard recovery 
manoeuver. They also flew harmonization flights together to calibrate their movements and avoid any 
discrepancy. They were the only evaluators involved in this test campaign. When only one of them was available 
for a flight, he was the single evaluator during the flight, and another DGA-EV pilot was present as a safety pilot. 
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{ŜŎƻƴŘƭȅΣ ǘƘŜ ŀŎǘƛƻƴ ƻƴ ǘƘŜ ŎƻƭƭŜŎǘƛǾŜ ǎǘƛŎƪ ǿŀǎ άǎǘŀƴŘŀǊŘƛȊŜŘέ ōȅ ŘŜŎǊŜŀǎƛƴƎ ǘƘŜ ǇƻǿŜǊ ǊŀǇƛŘƭȅ ǘƻ ŀ ǘƻǊǉǳŜ ƻŦ 
about 50%, and then wait a few seconds. If the aircraft did not enter VRS, the power would then be decreased 
slowly towards 20% torque. The 50% torque was chosen based on observation made during preliminary flights, 
as it was found to be slightly above the power level at which VRS was entered in the test conditions. 

¢ƻ ǾŜǊƛŦȅ ǘƘŜ άǳǇǇŜǊ ōƻǳƴŘŀǊȅέ όȊƻƴŜ !ύ ŀǎ ŘŜŦƛƴŜŘ ƛƴ Figure 2-5, the action sequence was therefore: 

¶ the initial conditions were captured : hover, or horizontal translation (in level flight). The sampling to verify 
the VRS prediction domain was done with increment of 5kt on the horizontal airspeed Vh from 0kt to +15kt; 

¶ the collective grip was reduced rapidly to the preset power (PTQ50%). Then, if needed, the power was reduced 
further until VRS started to develop (the required power level was typically lower when starting in 
translation, as opposed to starting from hover). 

¶ once in VRS (identified by the crew as described in §2.6), the chosen recovery technique was applied. 

¢ƻ ǾŜǊƛŦȅ ǘƘŜ άƪƴŜŜέ όȊone B) of the domain, the sequence was: 

¶ to establish a rate of descent Vz of around -1000ft/min and an airspeed of about 30kt ; 

¶ to reduce the power (rapidly toward PTQ50%, then more slowly) and adjust the airspeed to maintain the rate 
of descent, up to the point where the VRS starts to develop; 

¶ once in VRS (identified by the crew as described in §2.6, the chosen recovery technique was applied. 

¢ƘŜ άƭƻǿŜǊ ōƻǳƴŘŀǊȅέ όȊƻƴŜ /ύ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ǎǘŀōƛƭƛǎŀǘƛƻƴ ƻŦ ǘƘŜ ǾŜǊǘƛŎŀƭ ǎǇŜŜŘ ŀŦǘŜǊ 
VRS entǊƛŜǎ ŦǊƻƳ ǘƘŜ άǳǇǇŜǊ ōƻǳƴŘŀǊȅέ ƻǊ ǘƘŜ άƪƴŜŜέΦ 

Some test runs were performed starting from a quick-stop to evaluate dynamic entries. A quick-stop is a 
manoeuvre used to quickly reduce speed from a forward flight or a descent to a hover, starting with a flare 
(nose up) and then a deceleration( as illustrated in Figure 2-6). If the pilot allows the helicopter to descend, the 
helicopter can enter VRS. Pilots were instructed to perform quick-stops as they were trained, and if necessary 
to enter VRS by accepting a higher than usual descent rate. 

Ô  Figure 2-6 Quick-stop manoeuvre 

2.6 VRS confirmation in flight 

Tests runs were performed with either a recovery initiated at the first signs of VRS (recovery at vortex onsets, 
as recommended by Mr Vuichard), or once the VRS was established. 

Recoveries at vortex early stages (onsets): 

For the test runs with recoveries at vortex onsets, the real-time decision was based on the pilot and crew 
perceptions: change or increase of the vibration levels or noise, increase of the descent speed (and fleeting 
ŦŜŜƭƛƴƎ ƻŦ άƭƛƎƘǘƴŜǎǎέύΣ ƻǊ ŎƘŀƴƎŜ ƻŦ ǘƘŜ ŎƻƴǘǊƻƭǎΩ efficiency for example. For the entries performed in descent, 
the entry in VRS was not as noticeable, but could be identified when the pilot could not maintain the targeted 
vertical speed anymore. Although necessarily subjective, this judgment was deemed reproducible. 
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It should be noted that attempting a recovery at the vortex onsets does not guarantee that the recovery begins 
as soon as the aircraft enters the VRS domain: it only ensures that the recovery is initiated as soon as the vortex 
ƛǎ ŘŜǘŜŎǘŜŘ ōȅ ǘƘŜ ŎǊŜǿΦ 5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŜŀǊƭȅ ǎƛƎƴǎ ŀƴŘ ƻƴ ǘƘŜ ǇƛƭƻǘΩǎ ǊŜŀŎǘƛƻƴ ǘƛƳŜΣ ŀ ǊŜŎƻǾŜǊȅ άŀǘ ǘƘŜ onsetsέ 
- such as defined in the context of this report - may occur once the aircraft is well inside the VRS domain, in 
what is physically an established VRS. 

Data analysis after the flight could not be used to confirm the VRS, except to simply check that the vertical rate 
of descent was inside the predicted VRS domain.  

As this will be explained later in §3.1, ONERA re-evaluated the test cases performed at VRS onsets and 
considered flight test parameters instead of pilot judgement to proceed to the analyses. 

Recoveries from an established vortex: 

For the test runs with recoveries from an established vortex, the real-time analysis from the crew could be 
confirmed with an evaluation of the effect of short power increase. Indeed, in VRS an increase of power has a 
limited effect on the vertical speed, whereas in normal conditions the same increase of power will significantly 
reduce the vertical speed. This effect was studied during the Dauphin harmonisation flight. Based on this result 
and on both helicopters, the VRS was confirmed post-flight if the effect of the collective increase on the vertical 
speed was negligible (in practice, lower than about 500 ft/min), as shown on both Figure 2-7 and Figure 2-8 for 
example.  

Ô  Figure 2-7 VRS confirmation during Fennec flight 

 

Ô  Figure 2-8 VRS confirmation during Dauphin flight 

 

Otherwise, when the effect was significant, as shown in Figure 2.-9 for example, the test point was invalidated. 
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Ô  Figure 2-9 Invalid run due to the unconfirmed VRS during a Fennec flight 

 
 

2.7 General description of the recovery manoeuvres 

Based on reference [2], the two main recovery techniques can be described as follow: 

έForwardέ ǊŜŎƻǾŜǊȅ ǘŜŎƘƴƛǉǳŜΥ  

¶ Reduce collective  

¶ Ease cyclic forward to adopt a nose down attitude  

¶ Maintain heading by using the pedals  

¶ When the airspeed is above translational lift, increase collective to maximum continuous power to 
climb 

ά±ǳƛŎƘŀǊŘέ ǊŜŎƻǾŜǊȅ ǘŜŎƘƴƛǉǳŜΥ  

¶ Raise collective to use all the available power;  

¶ Simultaneously, apply lateral cyclic in the direction of the tail rotor thrust (for CCW rotor-system escape 
to the right and for CW rotor-system escape to the left); 

¶ Simultaneously, maintain heading by using the pedals, i.e. apply crossed pedal input corresponding to 
anti-torque rotor thrust; 

¶ Once the descend is stopped, ease cyclic forward to regain airspeed. 

But, as a useful element of context regarding the forward recovery, Airbus Helicopters currently recommends 
a recovery by checking power, and if residual power is available, increase the collective and apply forward cyclic 
pitch to accelerate. Once the airspeed is above 20-30kt  and the RoD is managed, adjust the cyclic and collective 
pitches to establish the desired attitude, airspeed and altitude (as described in SIN-3123-S-00, reference [3]).  

In addition, during the first harmonization and test flights, it was noticed that height loss during a VRS recovery 
appeared to be correlated with the torque applied during the manoeuver (as confirmed by the results in §4.2.2). 
The higher the torque applied, the smaller the height loss. It was thus agreed to perform the forward recovery 
by increasing the collective toward an optimal power level (about 70% of torque on both aircraft) to reduce 
the height loss without exceeding the engines limitations. This level of 70% of torque was applied at the 
initiation of the recovery manoeuvre. 
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Thus, the άforwardέ recovery technique that was applied during the flights can be described as follow: 

¶ Ease cyclic forward to adopt a nose down attitude and simultaneously increase the collective to 70% 
of torque 

¶ Maintain heading by using the pedals  

¶ When the airspeed is above translational lift, increase collective to maximum continuous power to 
climb 

¢ƘŜ ά±ǳƛŎƘŀǊŘέ ǊŜŎƻǾŜǊȅ ǘŜŎƘƴƛǉǳŜ that was applied during the flights was similar to the previous description 
and based on reference [2]. 

2.8 Repeatability of recovery manoeuvres 

As a mean of standardisation, the following parameters were defined for both recovery techniques: 

¶ The Vuichard recoveries were performed ς as recommended by Mr Vuichard ς by using the available 
power, that is to say the higher power that could be applied without exceeding the aircraft limitations, 
while simultaneously using the cyclic stick ǘƻ ǊŜŀŎƘ ŀ Ǌƻƭƭ ŀƴƎƭŜ ƻŦ Ґ-20° (toward the left) maintained for 
one second and the foot pedals to maintain the heading. After about one second, the roll angle was brought 
back to zero. Since a parasitic nose-down motion resulted in a tendency to increase the forward speed 
during the last part of the recovery, some test points were performed trying to fight this parasitic effect 
and to come back to hover as soon as possible, and others by accepting this forward speed and focusing on 
recovering a positive vertical speed; 

¶ The inversed Vuichard recoveries were performed similarly to the Vuichard recoveries, but with an exit on 
ǘƘŜ άǿǊƻƴƎ ǎƛŘŜέ ŀǘ ŀ Ǌƻƭƭ ŀƴƎƭŜ ҐҌнлϲΣ ƛΦŜΦ ǘƻǿŀǊŘ the right for the Fennec and Dauphin. This idea was to 
assess the consequences of either a mistake by the pilot, or of the impossibility to perform a Vuichard 
recovery toward the left, due to an obstacle for example;  

¶ The forward recoveries were performed using an optimal power setting, balancing between the positive 
effect of power on recovery performance, and the workload typically associated to watching the aircraft 
limitations at higher power settings. For both helicopters, this optimum was found at a target of about 70% 
of torque. In addition, in order to gain forward speed, an optimum of -15° of pitch down angle was found. 

2.9 Test runs procedure 

Due to the limited number of flight hours allotted to this campaign, and to avoid losing too much time outside 
the VRS domain, the following procedure was followed to optimise the completion of both objectives and to 
ensure a good repeatability of the pilot actions in both entries and exits of VRS: 

- the approach conditions were stabilised with the low airspeed indications at predefined value in stabilised 
flight path (either in level flight or in descent depending on the test points); 

- the pilot then reduced the power to PTQ50%. If VRS was not entered during the next few seconds, the pilot 
could then reduce the power further. This ensured a good repeatability of the collective stick actions 
leading to VRS entries. The test runs from a dynamic entry such as a quick-stop were the exception to this 
rule: the pilot was free to manage the power level to reproduce as realistically as possible the expected 
trajectory. 

- then, once in VRS: 

¶ for the runs with an exit at the VRS onsets, the pilot immediately started the recovery 
procedure (forward or Vuichard);  



 

VRS - D-4.3 Final report 
 

PAGE 20 

 

¶ for the runs with an exit from an established VRS, the pilot first applied an increase of power 
to check the effect on the vertical speed (which should be negligible if in VRS), reduced the 
power back to its initial level, and then started the recovery procedure. 

- finally, two criteria were used to evaluate the exit from the VRS: 

¶ the announcement from the pilot that he had regained control of the aircraft and was out of 
VRS; 

¶ the time at which the vertical speed came back to a positive value. 

All tests were performed above a safety altitude of 3000 ft, below which a forward recovery procedure would 
be initiated if still in VRS. 

The take-off weight and centre of gravity were similar for each flight, which were performed with the same 
configuration, fuel on board, and crew size. The reduced weight (Massκˋ ǿƘŜǊŜ ˋ ƛǎ ǘƘŜ ǊŜƭŀǘƛǾŜ ŀƛǊ ŘŜƴǎƛǘȅ ˊκˊ0) 
was maintained as constant as possible for the entries into VRS. 

2.10 Test runs distribution 

On a total of 229 runs performed during the eight flights, 177 runs were finally validated. 146 recoveries were 
performed in a fully developed VRS and 31 at VRS onsets. Following figures provide the flight test runs 
distribution.  

Ô  Figure 2-10 Flight test runs distribution 
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3. ±ƻǊǘŜȄπwƛƴƎπ{ǘŀǘŜ ǇƘŜƴƻƳŜƴƻƴ 

3.1 VRS domains 

3.1.1 Fennec 
The VRS Domain observed after the Fennec test campaign is shown in Figure 3-1. 
For each validated test run, the vertical speed and the horizontal speed (all obtained from the GPS-inertial 
hybridisation) were extracted at the time the pilot announced he was in VRS (t_vortex). 

Ô  Figure 3-1 Fennec VRS domain based on pilot perception 

 
 
When overlaid with ONERA predicted VRS domain (red curve), a good consistency is observed between the 
predicted VRS domain and the actual test points. 
It should be noted that for the runs realised at the VRS onsets, no verification could be done to confirm the VRS 
(neither in real-time or post-flight), therefore there is a lower confidence of actually being in VRS during these 
runs and prudence is recommended in their exploitation. 
The points observed at speed higher than 15 kt were obtained either in descent, or during a quick-stop 
manoeuvre, with rapidly changing speeds, and are therefore very sensitive to the timing of the pilot 
announcement. 
A first look at the figure shows that the vertical speeds at the time VRS were detected are higher on average 
for the runs with a planned exit at the VRS onsets, compared to the runs with a planned exit in established VRS. 
In theory the choice onsets/established should only affect the time άt_maneuverέ at which the recovery is initiated 
(and indirectly the corresponding rate of descent, expected to be higher when a longer time is spent in VRS). It 
should not however affect the time at which the VRS is detected, nor the rate of descent at this time. 
Two reasons can explain this observation: 
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¶ After the first flight, runs in established VRS were systematically performed before the runs at VRS 
onsets, for a given set of entry conditions, precisely to help the crew identify the VRS signs. Therefore, 
the VRS signs were better recognised or easier to notice during the latter runs; 

¶ Also, as runs in established VRS were less time sensitive, the pilot could take more time to make sure 
he was in VRS before announcing it.  

 
Two facts can be observed when comparing with VRS estimated domain in Figure 3-1: 

¶ The VRS were detected ς or more precisely announced ς often once well inside the VRS domain. This 
can be explained by the strong changes on the vertical speed when entering VRS: a few seconds taken 
by the pilot to make sure he recognises the signs of VRS quickly result in an additional -1000 ft/min in 
vertical speed (on a related note, the vertical speed plotted can change significantly based on the timing 
of the pilot announcement. Another test method would be required to better estimate the vertical 
speed of the VRS domain upper boundary, see below); 

¶ ¢ƻ ŀǾƻƛŘ ŀƴȅ ŎƻƴŦǳǎƛƻƴΣ Ǉƻƛƴǘǎ άŀǘ ǘƘŜ ±w{ onsetsέ ŀǊŜ ǘƻ ōŜ ǳƴŘŜǊǎǘƻƻŘ όƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘƛǎ ǊŜǇƻǊǘύ 
as recoveries performed as soon as the VRS is detected, but not necessarily as soon as the VRS domain 
is ŜƴǘŜǊŜŘΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ŀ ǊŜŎƻǾŜǊȅ άŀǘ ǘƘŜ onsetsέ Ŏŀƴ actually be performed from a well-
established VRS when considering the airflow around the helicopter. 

 
The analysis of the data collected has been performed by ONERA and is presented hereafter. 

As indicated previously, the DGA-EV determined the VRS boundaries through pilots feedback and their ability 
to recognise the phenomenon. In the following figures, upper boundary (blue plots) were determined thanks 
to the analysis of several flight parameters such as the vertical acceleration, pilot controls, a specific data 
processing of the altitude or more specifically for the Fennec, the analysis of the sideslip measurement device 
positioned just above the windscreen. These analyses were based on an empirical approach, in which each 
flight test run was processed separately. The numerical gradient of the pressure altitude ZP was computed. 
Thus, gradient (ZP) returns the one-dimensional numerical gradient of the pressure altitude recorded vector. 
The output ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ҜZPκҜx, which are the differences in the x (άhorizontalέ) direction. The spacing 
between points is assumed to be 1. As an example, considering the n-th sample of ZP, then : 

 

 

In addition, the standard deviations of the accelerations and the sideslip angle were calculated over a sliding 
window of 0.5s. The estimation of the VRS entry was then based on an overall analysis of these parameters and 
different criteria were considered: 

¶ Increase of the standard deviation of the acceleration or/and; 

¶ Increase of the standard deviation of the sideslip angle or/and; 

¶ A pressure altitude gradient lower than -3 ft ; 

The value of -3ft for the pressure altitude gradient criterion was empirically determined. 

Regarding the level of the standard deviations on all parameters, no specific thresholds or absolute values were 
considered but a large and rapid increase compared to the beginning of the run. Not all of these criteria had to 
be met to establish a VRS entry. In some cases, it was impossible to determine the VRS entry thanks to these 
analyses and the pilot announcement in flight was thus retained. 

Regarding the lower boundary (green plots), it was determined through the analysis of the vertical speed and 
the green plots in the figures correspond to a stabilisation of the descent rate. In many cases, the recovery 
manoeuvres were initiated before this stabilisation, leading to the impossibility to determine the lower VRS 
domain boundary in these conditions. Figure 3-2 shows the Fennec VRS domain. The first upper-left graph 
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represents the domain in terms of horizontal speed Vh and vertical speed Vz. The upper-right graph shows this 
domain in terms of longitudinal speed (Vx) with respect to the vertical speed Vz. The lower graph finally shows 
the VRS domain in terms of lateral speed Vy and the vertical speed Vz. Blue points are corresponding to 
estimated VRS entries, the green points the lower boundary (as previously shown in Figure 2-5) corresponding 
to the stabilisation of the vertical speed. 

While a large dispersion of the points can be observed, especially for the lower VRS boundary, the domain is 
comparable to the one determined by the DGA-EV. The observed VRS domains match the predicted ONERA 
domain presented in red, even if the maximum descent rates reached in flight seem a bit higher than the 
predicted ones. As shown on the second graph, while some points corresponding to the lower boundary were 
reached at higher descent rates and negative longitudinal speeds, the VRS domain seems symmetrical with 
respect to the longitudinal speed. This is also the case regarding the VRS boundaries with respect to the lateral 
speed as shown in the lower graph. Additional flights should be performed with lateral speeds to investigate 
the VRS domain at lateral speeds between 10 kts to 20 kts and see if  the boundaries are comparable to those 
observed with longitudinal speeds. In this analysis, the fact that the points could be performed at VRS onsets 
or established VRS is not considered.  

Ô  Figure 3-2 Fennec VRS domain based on post-flight processing and analysis 
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3.1.2 Dauphin 
The first Dauphin flight was performed on Dauphin D6116, all the next ones on Dauphin D6111. 
As described in §2.3.3, two type of low speeds measurements were available : 

- VIMI NUM : which is based on the cyclic position (through a complex calibration process) and gives the 
speed of the H/C in the air mass (which is what we want) BUT is not reliable in a VRS or with unusual 
H/C attitudes; 

- VIMI GPS : which calculates the airspeed by subtracting the local wind to the GPS speed. It is reliable 
even during VRS, although it is relies on the wind being laminar and stable. It was the preferred method 
for speed measurements in VRS. 

During the first flight, and during the calibration of the VIMI GPS, discrepancies between the VIMI GPS 
calculated horizontal speed and the VIMI NUM (and the external red string) were observed : basically the VIMI 
GPS was giving a non negligible airspeed while the helicopter was clearly in hover. After several attempts, it 
was decided to use the VIMI NUM, which is reliable to set the initial entry conditions, but not once descending 
to enter VRS. 
This problem was not observed in the following flights on the Dauphin D6111, where VIMI NUM and GPS were 
consistent. 
This is why flight n°1 was excluded when trying to assess the effect of the horizontal speed on the recovery 
performance. This is also why the the VRS Domain observed after the Dauphin test flights and shown in Figure 
3-3 ŘƻŜǎƴΩǘ ƛƴǘŜƎǊŀǘŜ ŦƭƛƎƘǘ ƴϲм ŘŀǘŀΦ 
 
For each validated test run, the vertical speed and the horizontal speed were extracted at the time the pilot 
announced he was in VRS (άt_vortexέ). 
It should be noted that for the runs performed at the VRS onsets, no verification could be done to confirm the 
VRS (neither in real-time or post-flight), therefore there is a lower confidence of actually being in VRS during 
these runs and prudence is recommended in their exploitation. 
The points observed at speed higher than 15 kt were obtained either in descent, or during a quick-stop 
manoeuvre, with rapidly changing speeds, and are therefore very sensitive to the timing of the pilot 
announcement. 
A first look at the figure shows that the rates of descent at the time VRS were detected are generally lower on 
average for the runs with a planned exit at the VRS onsets, compared to the runs with a planned exit in 
established VRS. 
In theory the choice onsets/established should only affect the time άt_maneuverέ at which the recovery is initiated 
(and indirectly the corresponding rate of descent, expected to be higher when a longer time is spent in VRS). It 
should not however affect the time at which the VRS is detected, nor the rate of descent at this time. A similar 
observation was made following the Fennec flights. 
Two reasons can explain this observation:  

¶ After the first flight, runs in established VRS were systematically performed before the runs at VRS 
onsets, for a given set of entry conditions, precisely to help the crew identify the VRS signs. Therefore, 
the VRS signs were better recognised or easier to notice during the latter runs; 

¶ Also, as runs in established VRS were less time sensitive, the pilot could take more time to make sure 
he was in VRS before announcing it. 
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Ô  Figure 3-3 Dauphin VRS domain based on pilot perception 

 
 
When overlaid with ONERA predicted VRS domain (red curve), a good consistency is observed between the 
ONERA predicted VRS domain and the actual test points. The only outlier is Run 9.2 of flight n°3, which was 
achieved from a descent and with an unusual combination of a rearward speed (-14kt) and lateral speed (18 
kt) at the time of the announcement. 
Two facts can be observed from this figure: 

¶ The VRS were detected ς or more precisely announced ς often once well inside the VRS domain. This 
can be explained by the strong changes on the vertical speed when entering VRS: a few seconds taken 
by the pilot to make sure he recognizes the signs of VRS quickly result in an additional -1000 ft/min in 
vertical speed (on a related note, the vertical speed plotted can change significantly based on the timing 
of the pilot announcement. Another test method would be required to better estimate the vertical 
speed of the VRS domain upper boundary, see below);  

¶ ¢ƻ ŀǾƻƛŘ ŀƴȅ ŎƻƴŦǳǎƛƻƴΣ Ǉƻƛƴǘǎ άŀǘ ǘƘŜ ±w{ onsetsέ ŀǊŜ ǘƻ ōŜ ǳƴŘŜǊǎǘƻƻŘ όƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘƛǎ ǊŜǇƻǊǘύ 
as recoveries performed as soon as the VRS is detected, but not necessarily as soon as the VRS domain 
is entered.  

¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ŀ ǊŜŎƻǾŜǊȅ άŀǘ ǘƘŜ onsetsέ Ŏŀƴ actually be performed from a well-established VRS when 
considering the airflow around the helicopter. 
As explained previously, ONERA analysed the flight data and the Dauphin VRS domain is shown in Figure 3-4. 
The first upper-left graph represents the domain in terms of horizontal speed Vh and vertical speed Vz. The 
upper-right graph shows this domain in terms of longitudinal speed (Vx) with respect to the vertical speed Vz. 
The lower graph finally shows the VRS domain in terms of lateral speed Vy and the vertical speed Vz. 
As observed on the Fennec, the VRS domain seems relatively symmetrical with respect to the longitudinal or 
lateral speeds. Here again, additional test cases could be done to gather more data with higher lateral speeds. 
Compared to the ONERA predicted domain, the maximum horizontal speeds are lower in flight. This can be 
explained by the limited number of such test cases performed in flight on this helicopter and the difficulties to 
deteǊƳƛƴŜ ǘƘŜ ±w{ ŘƻƳŀƛƴ ƛƴ ǘƘŜǎŜ ŎƻƴŘƛǘƛƻƴǎΦ DŜƴŜǊŀƭƭȅΣ ǘƘŜ άƪƴŜŜέ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ǘƘǊƻǳƎƘ ŘŜŎŜƭŜǊŀǘŜŘ ŦƭƛƎƘǘǎΣ 
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but no case of this type has ever been flown during this campaign. Some runs were performed at -10 kts and 
10 kts, and as for lateral speeds, additional flights could be done to investigate forward speeds between 10 kts 
and 25 kts. 

Ô  Figure 3-4 Dauphin VRS domain based on post-flight processing and analysis 

 
 

 
Based on different criteria, VRS domains are a bit different between DGA-EV and ONERA. This does not mean 
that one is better than the other, but it simply shows the influence of the selected criteria to define a VRS 
domain. This will be further seen when taking into account the increase of vibrations to determine VRS entries 
and exists.  
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3.2 Influencing parameters 

3.2.1 Collective pitch versus Vertical speed 
As already observed in previous flight test campaigns and discussed in reference [1], the relation between level 
of collective and vertical speed is modified in VRS.  

Ô  Figure 3-5 Collective pitch versus vertical speed on Fennec ς Forward recovery, established VRS 

 

Ô  Figure 3-6 Collective pitch versus vertical speed on Dauphin ς Forward recovery, established VRS 

 
 
In Figure 3-5, the blue points are taken from the first Fennec flight performed in the framework of this project 
ŀƴŘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ƭŜǾŜƭ ƻŦ ŎƻƭƭŜŎǘƛǾŜ ǇƭƻǘǘŜŘ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ǾŜǊǘƛŎŀƭ ǎǇŜŜŘ ƛƴ άǎǘŀōƛƭƛǎŜŘέ ŎƻƴŘƛǘƛƻƴǎΦ 
Actually, these points are plotted when during a run, and function of time, the variation of the vertical speed is 
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lower than 75 ft/min, the collective variation is lower than 1%, and for forward speeds between -5kts and +5kts. 
Figure 3-6 is showing the level of collective pitch plotted with respeŎǘ ǘƻ ǘƘŜ ǾŜǊǘƛŎŀƭ ǎǇŜŜŘ ƛƴ άǎǘŀōƛƭƛǎŜŘέ 
conditions during forward recoveries in established VRS on the Dauphin. 
On both helicopters, and more specifically on the Fennec, it can be seen that below -1000 ft /min down to -
3000 ft/min, the collective/Vz curve is no more monotonous and several very different descent rates can be 
reached with the same level of collective.    
On the Fennec, in climb and vertical descent down to -500 ft/min, a dispersion exits but the average 
collective/Vz curve is relatively monotonous. This is also the case for descent rates higher than -3000 ft/min.   
On the Dauphin, a larger dispersion is observed.  
Nevertheless, considered as a criterion, this characteristic could be also used as the Vz drop, to define the VRS 
domain of a helicopter.  

3.3 Vibration analyses 

3.3.1 Vibration measurements 
In order to synchronise the three different Slamstick sensors with the FTI time base, an action of the ground 
technician on the helicopter tail was done before the engine(s) start. As seen on Figure 3-7, This action resulted 
on a noticeable acceleration peak (here at 20 s), which was used during post-processing to synchronise the 
recordings. 

Ô  Figure 3-7 Synchronization of the slamstick sensors  

 

3.3.2 Vibration analysis 
Figure  3-8 represents the spectrogram established on the data taken from all axes of the three accelerometers 
during flight 3 (run 1) of the Fennec and corresponding to an established VRS. A spectrogram is a visual 
representation of the spectrum of frequencies as it varies with time. As shown on the graphs, a common format 
is a graph with two geometric dimensions: one axis represents time, and the other axis represents frequency; 
a third dimension indicating the amplitude (i.e. energy) of a particular frequency at a particular time is 
represented by the intensity or colour of each point in the image. In these cases, spectrograms are calculated 
from the time signal using the Fast Fourier transform. 



 

VRS - D-4.3 Final report 
 

PAGE 29 

 

As the acquisition frequency of the accelerometers was 8192Hz, the graph shows the frequencies contained in 
the signal up to 4096 Hz.  
During this run, the pilot detected the VRS at 30 s. Based on post-flight analysis, ONERA considered the VRS 
entry at 22.9 s. The recovery manoeuvre started at 34 s and a null vertical speed was reached at 41.5 s. 
From Figure 3-8, it can be seen that the vibration spectra is changed for low, but also for high frequencies. 
Rotor harmonics and energy are dissipated into a larger bandwidth signal.  
 
The graphs shown in Figure 3-9 are focussing on the Fennec main rotor blade passing frequency equal to: 
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Considering the changes in the frequency spectra, and the energy dissipation around the main rotor blade 
passing frequency, vibrations due to VRS set-up are visible at around 25 s. It can be seen that the vibration 
spectra returned to normal at 42, corresponding to the VRS exit. 
 

Ô  Figure 3-8 Time-frequency plots  
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Ô  Figure 3-9 Example of time-frequency plots ς focus on main rotor frequency 

 
 
A vibration analysis has been carried out, by applying a Hilbert transform to the accelerometer data to extend 
the real signal into the complex domain. A Fast Fourier Transform (FFT) is then applied to the signal obtained 
by Hilbert transform. Then, the signal obtained by FFT is filtered from minus 5Hz to plus 5Hz around the 
fundamental frequency of the main rotor. The filtered signal is reconstituted by applying an inverse Fourier 
transform and producing a spectrogram on the reconstructed signal and removing the negative frequency part 
of the spectrum. The standard deviation of the amplitude of the spectrogram is calculated over a sliding window 
of predefined duration. If the calculated standard deviation is greater/lower than predefined thresholds, a 
detection signal is generated enabling the determination of VRS entry/exit. 
 
Hereafter, examples are given to show the capability of the data processing to detect variation in a signal.  
A sinusoidal signal is generated for 10 s, on which a normally distributed white noise is added. On the left graphs 
of Figure 3-10, the frequency of the signal is set to 19.5 Hz from 0 s to 3.3 s, set to 20.5 Hz from 3.3 s to 6.6 s, 
and finally set again to 19.5 Hz from 6.6 s to 10s. While being impossible to see on the raw signal, the signal 
processing used is able to detect the time at which the changes in the frequency occur (see the average 
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Standard Deviation). On the right graphs of the Figure 3-10, the amplitude of the signal is changed from 1 to 
1.15 between 3.3 s and 6.6 s. Here again, the change is almost impossible to perceive on the raw signal but the 
change of the amplitude is well capture on the second plot. 

Ô  Figure 3-10 Examples of signal processing  

 
 
In the following Figure 3-11 the signal corresponding to the vertical axis of the Slamstick sensor placed under 
the pilot seat is analysed. A vertical descent was performed the collective pitch being decreased at 20 s. The 
pilot considered he was in VRS at 30 s. 
The upper graph is the raw signal, the second one represents the mean amplitude and the third the averaged 
standard deviation. Green lines are corresponding to recovery manoeuvre start and end (Vz=0).  
On the third graph, the red and green lines are corresponding to the VRS entry and exit thresholds during the 
manoeuvre.  
The red circles represent the determined VRS entry and exit based on the data processing (i.e. when the 
calculated standard deviation is greater (entry)/lower(exit) than these thresholds).  
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Ô  Figure 3-11 Example of a vibration analysis during a VRS on Fennec (Flight 3 run 1 ς Established VRS, 
Forward recovery performed)  

 

3.3.3 VRS Domains based on vibration analysis 
As detailed previously, vibration measurements were analysed and can provide an estimation of the VRS entry 
and exit (red circles plotted in previous Figure 3-11). 
Figure  3-12 and Figure 3-13 represent the VRS domains obtained thanks to this vibration analysis on both 
Fennec and Dauphin helicopters. 
In addition to the VRS entries (blue circles) and VRS exit (green circles), which are here characterised by the 
start and end of the vibrations, the maximum level of vibration is also plotted. The red circles correspond to 
the maximum average standard deviation computed, and the black circles correspond to the maximum peak 
to peak (i.e. the difference between the highest and the lowest values in raw signal) measured during the run.  
The VRS domains based on the vibration increase are different from the ones shown previously. It can be seen 
that the vibration increase corresponds ǘƻ ǘƘŜ άƴƻǊƳŀƭέ ±w{ ŘƻƳŀƛƴΣ ǿƘƛƭŜ ǘƘŜ ŜƴŘ ƻŦ ǾƛōǊŀǘƛƻƴǎ ƎŜƴŜǊŀƭƭȅ 
occurs later during the manoeuvre, when the helicopter is already out of the VRS (for higher forward speeds 
and positive vertical speeds). The maximum level of vibration seems to occur outside the VRS domain and 
during the recovery manoeuvre. This clearly shows that depending on the criteria taken into account to define 
the VRS domain, it can be different from one to another.  
 



 

VRS - D-4.3 Final report 
 

PAGE 33 

 

Ô  Figure 3-12 Fennec VRS domain based on vibration increase 

 
 

Ô  Figure 3-13 Dauphin VRS domain based on vibration increase 

 

In addition, the maximum level of vibration may be experienced differently depending on the procedure 
followed during the runs. As indicated before, the recovery manoeuvres were performed as soon as the pilots 
considered they were in VRS. This is why it is difficult to estimate if the level of vibration is due to the VRS by 
itself, or the recovery manoeuvre.  
A specific analysis has been done on the accelerometer data placed under the pilot seat. A shown in Figure 3-
14, three stages of the runs have been considered. The first one (in green and noted as (1)) corresponding to 
ǘƘŜ ƛƴƛǘƛŀǘƛƻƴ ƻŦ ǘƘŜ ǊǳƴΣ ƛƴ ǎǘŀōƛƭƛǎŜŘ ƻǊ ŀǘ ƭŜŀǎǘ άƴƻǊƳŀƭέ ŦƭƛƎƘǘ ŎƻƴŘƛǘƛƻƴǎ and used as the reference. The second 
one (in orange and noted (2)), being the initiation of the VRS, between the VRS detection performed by the 
previously detailed algorithm and the start of the recovery manoeuvre. The third stage (in red, noted (3)) only 
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considering the vibrations during the recovery manoeuvre (from the start of the manoeuvre to a null vertical 
speed). 
As before, two parameters were analysed during these three stages: the average maximum peak to peak (noted 
P2P in the tables) measured in the raw signal, and the average maximum standard deviation (noted STD in the 
tables) processed (three coloured circles in Figure 3-14). The three axes of the accelerometer were analysed. 
In addition, two ratios provide the increase of level of vibration on the vertical axis (Z) during the VRS start (2) 
and recovery manoeuvre (3) compared to the initial flight conditions (1). Results are given in table 3-1 for the 
Fennec, table 3-2 for the Dauphin. 

Ô  Figure 3-14 Vibration analysis at different stages of the run 

 

Table 3-1 Vibration VRS ς Fennec 

Recovery 
method - 

Conditions 

P2P 
X 

(1) 

P2P 
Y 

(1) 

P2P 
Z 

(1) 

P2P 
X 

(2) 

P2P 
Y 

(2) 

P2P 
Z 

(2) 

P2P 
X 

(3) 

P2P 
Y 

(3) 

P2P 
Z 

(3) 

Ratio 
Z 

3/ 1 

Ratio 
Z 

2/1 
Forward - 

Established 
1.377 0.697 1.142 1.355 1.591 2.115 1.692 1.511 2.124 1.859 1.851 

Vuichard - 
Established 

0.972 0.664 1.109 1.368 1.65 1.903 2.054 1.687 2.77 2.496 1.715 

Forward - 
Onsets 

1.434 0.851 1.373 1.406 0.938 1.343 1.483 1.644 2.285 1.663 0.977 

Vuichard - 
Onsets 

1.283 0.71 1.121 1.338 0.781 1.361 1.361 1.376 2.158 1.925 1.213 

Inversed 
Vuichard 

0.791 0.466 0.772 0.889 0.75 1.256 1.247 0.955 1.771 2.29 1.625 

 
Recovery 
method - 

Conditions 

STD 
X 

(1) 

STD 
Y 

(1) 

STD 
Z 

(1) 

STD 
X 

(2) 

STD 
Y 

(2) 

STD 
Z 

(2) 

STD 
X 

(3) 

STD 
Y 

(3) 

STD 
Z 

(3) 

Ratio 
Z 

3/1 

Ratio 
Z 

2/1 
Forward - 

Established 
0.013 0.009 0.016 0.041 0.023 0.065 0.058 0.034 0.082 4.935 3.927 

Vuichard - 
Established 

0.013 0.009 0.016 0.037 0.02 0.061 0.06 0.03 0.103 6.269 3.705 

Forward - 
Onsets 

0.015 0.01 0.025 0.02 0.009 0.025 0.056 0.034 0.099 3.874 0.998 

Vuichard - 
Onsets 

0.012 0.008 0.013 0.012 0.007 0.019 0.046 0.023 0.074 5.326 1.390 

Inversed 
Vuichard 

0.011 0.007 0.01 0.03 0.019 0.057 0.067 0.035 0.079 4.749 3.466 
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Table 3-2 Vibration VRS ς Dauphin 

Recovery 
method - 

Conditions 

P2P 
X 

(1) 

P2P 
Y 

(1) 

P2P 
Z 

(1) 

P2P 
X 

(2) 

P2P 
Y 

(2) 

P2P 
Z 

(2) 

P2P 
X 

(3) 

P2P 
Y 

(3) 

P2P 
Z 

(3) 

Ratio 
Z 

3/1 

Ratio 
Z 

2/1 
Forward - 

Established 
0.584 0.596 0.896 0.725 0.765 1.3 1.184 1.225 2.185 2.436 1.450 

Vuichard - 
Established 

0.732 0.756 1.147 0.759 0.759 1.307 1.32 1.108 2.187 1.905 1.139 

Forward - 
Onsets 

0.714 0.62 1.249 0.781 0.701 1.446 1.3 1.18 2.858 2.288 1.157 

Vuichard - 
Onsets 

0.59 0.598 0.991 0.556 0.556 0.912 1.247 1.15 2.493 2.514 0.92 

 
Recovery 
method - 

Conditions 

STD 
X 

(1) 

STD 
Y 

(1) 

STD 
Z 

(1) 

STD 
X 

(2) 

STD 
Y 

(2) 

STD 
Z 

(2) 

STD 
X 

(3) 

STD 
Y 

(3) 

STD 
Z 

(3) 

Ratio 
Z 

3/1 

Ratio 
Z 

2/1 
Forward - 

Established 
0.008 0.004 0.013 0.019 0.011 0.037 0.032 0.021 0.064 4.62 2.687 

Vuichard - 
Established 

0.01 0.006 0.01 0.016 0.01 0.029 0.029 0.02 0.062 3.62 1.71 

Forward - 
Onsets 

0.007 0.004 0.02 0.015 0.007 0.027 0.029 0.023 0.044 2.073 1.27 

Vuichard - 
Onsets 

0.007 0.004 0.01 0.005 0.003 0.01 0.026 0.015 0.063 3.898 0.625 

 
On both helicopters, the vertical axis (Z) is the most subject to vibrations in any conditions. For all recovery 
manoeuvres and conditions (onsets or established), the higher ratio is the one corresponding to the recovery 
manoeuvre. The ratio corresponding to the early stage of the VRS phenomenon is always lower. Comparing 
recovery conditions, ratios are always higher during established VRS than at VRS onsets.  
Two conclusions can thus be drawn: The increase of vibration takes time to reach its maximum value, and the 
recovery manoeuvre is also contributing to the increase of vibrations. 
On Fennec, ratios are slightly higher during Vuichard recoveries while this trend is not so clear on the Dauphin.  

Table 3-3 Vibration VRS ς Dauphin 

Recovery method - Conditions Average vibration duration 
(s) 

Dauphin 

Average vibration duration 
(s) 

Fennec 
Forward - Established 10.7 20.3 

Vuichard - Established 17.4 17.0 

Forward - Onsets 11.5 15.0 

Vuichard - Onsets 5.4 5.7 

Inversed Vuichard  13.9 
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Table 3-3 shows the duration of the vibrations depending on the recovery manoeuvre and conditions. 
Considering Vuichard manoeuvres, these durations are comparable between Dauphin and Fennec, while they 
are quite different when considering forward manoeuvres. For instance, the average vibration duration during 
forward procedure is 10.76 s on the Dauphin, 20.39 s on the Fennec. The average vibration duration is also very 
limited during Vuichard recovery at VRS onsets, while comparable to the others during inversed Vuichard 
manoeuvre (only measured on the Fennec). 
 
In addition to the previous vibration study, a power spectral density analysis has been done. This Power Spectral 
Density (PSD) analysis has been performed on the signal recorded from the vertical axis accelerometer placed 
under the pilot seat, providing the measure of signal's power content versus frequency. 
Power Spectral Density refers to the magnitude square of the Discrete-Time Fourier Transform (DTFT) of an 
autocorrelation function, which provides information about the distribution of power with respect to frequency 
in a signal. 

As a reminder, the blade pass frequency is the rotor speed (W) multiplied by the number of blades (b): 

BPF = bW 

Harmonics are integer multiples of the blade pass frequency: kbW 

BPF = 1st harmonic; 2nd harmonic = kbW with k=2; etc. 
For the Fennec helicopter, with a nominal main rotor speed of 390 RPM, the BPF is equal to 19.5Hz. 
For the Dauphin helicopter, with a nominal main rotor speed of 350 RPM, the BPF is equal to 23.33Hz. For the 
Fenestron rotor, equipped with 13 blades and turning at 4706 RPM, the BPF is equal to 1019.63 Hz. 
 
Figure  3-15 shows the PSD performed at three different moments of the run. The blue curve corresponds to a 
PSD done on the first 4 s of the run (reference), the red curve to the moment at which the VRS is detected by 
the previous algorithm, and the green curve corresponds to the moment at which the maximum peak to peak 
value is determined on the raw signal.  
  

Ô  Figure 3-15 Example of power spectral density analysis ς Dauphin flight 4 ς run 1 
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In this example, the maximum of power occurs at the frequency of 1083 Hz in the first graph, corresponding to 
the Fenestron rotor. At VRS detection and later during the VRS (red and green curves), the maximum power is 
observed on the main rotor BPF and 2nd harmonic.  
The following figures are showing the results of the PSD during the three stages of the different manoeuvres. 
The plots represent the frequencies where the maximum of power is measured. 
In Figure 3-16, Figure 3-18 and Figure 3-20 during the 2nd and 3rd stage, the 1st and 2nd harmonic of the main 
rotor are the most powerful. Interestingly, a frequency of 639.6 Hz was outlined by the PSD analysis at the 
beginning of the run on the FennecΦ ¢Ƙƛǎ ŦǊŜǉǳŜƴŎȅ ŘƻŜǎƴΩǘ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǘƘŜ Ƴŀƛƴ ǊƻǘƻǊ ƴƻǊ ǘƘŜ ǘŀƛƭ ǊƻǘƻǊΦ And 
while close to the frŜŜ ǘǳǊōƛƴŜ ŦǊŜǉǳŜƴŎȅΣ ƛǘ ŘƻŜǎƴΩǘ ŜȄactly correspond to it. Additional investigations will be 
done to determine the source of this frequency. 

 

Ô  Figure 3-16 Predominant frequencies during forward recoveries in established VRS- Fennec 
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Ô  Figure 3-17 Predominant frequencies during forward recoveries in established VRS- Dauphin 

 
Ô  Figure 3-18 Predominant frequencies during Vuichard recoveries in established VRS - Fennec 
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Ô  Figure 3-19 Predominant frequencies during Vuichard recoveries in established VRS - Dauphin 

 
Ô  Figure 3-20 Predominant frequencies during forward recoveries in VRS onsets - Fennec 

 
 



 

VRS - D-4.3 Final report 
 

PAGE 40 

 

Ô  Figure 3-21 Predominant frequencies during forward recoveries in VRS onsets - Dauphin 

 
Ô  Figure 3-22 Predominant frequencies during Vuichard recoveries in VRS onsets - Fennec 
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Ô  Figure 3-23 Predominant frequencies during Vuichard recoveries in VRS onsets - Dauphin 

 

3.4 Pilot feedbacks 

Regarding the workload in established VRS, and for both recovery methods, the type of run (at the onsets or 
from an established VRS) had an unforeseen effect: maintaining the helicopter in VRS for the time required to 
confirm the vortex is straining for the pilots, and effectively tires them before the actual recovery even begins. 
Due to the attitude changes in VRS, the starting recovery position also varies in an established VRS, which adds 
another difficulty. 
This explains why recoveries at the onsets were judged on average easier than recoveries in established vortex. 
For information, starting the recovery at the theoretical border of the VRS domain (i.e. at a fixed Vz around -
1000 ft/min) without waiting to perceive the signs of VRS was attempted in two Dauphin runs (Runs 6.6 and 
6.7) and did not improve things further.  
What matters therefore seems to be how ready the pilot is at the beginning of the recovery, and not how 
established the vortex is. To further this, spending more than a few seconds in VRS once it has been perceived 
by the crew is not representative of real life, where a pilot would not actively try to stay in VRS on purpose.  
Therefore the need to confirm the VRS is opposed to the realism of the test points. 
This reinforces the interest of developing an objective way to confirm the VRS (whether in real-time or in post 
analysis), such as the solution studied by ONERA and based on vibration measurements. 
Alternatively, if a further analysis confirms that there are no significant performance differences between 
ǊŜŎƻǾŜǊƛŜǎ άŀǘ ǘƘŜ onsetsέ ǾŜǊǎǳǎ άƛƴ ŜǎǘŀōƭƛǎƘŜŘ ±w{έ ƻƴŎŜ ǘƘŜ effect of the initial Vz is taken into account, it 
may be pertinent to perform future studies only with recoveries at the onsets, without confirmation of the VRS. 



 

VRS - D-4.3 Final report 
 

PAGE 42 

 

3.5  Conclusions on Vortex-Ring-State phenomenon 

The eight flights performed during the project enabled to determine the VRS domain of the Fennec and Dauphin 
helicopters. These domains are comparable to those already determined in previous flight test campaigns. As 
shown in Figure 3-1, Figure 3-2, Figure 3-3 and Figure 3-4, a good consistency is observed between the ONERA 
predicted VRS domains and the actual test points. 
Nevertheless, VRS domain boundaries can be different depending on the criteria used, such as pilot feedback, 
post-flight analysis of flight parameters or vibration level increase.  
Thus, the ONERA model is very well suited when considering the Vz drop as the major criterion for VRS domain 
determination.  
Pilots feedback remains a good indicator, as based on several parameters such as the observation of the Vz 
drop and associated change of the vertical acceleration, or a change in the vibration level. But the analysis of 
flight data generally shows that the pilot detection occurs a few seconds after the effective Vz drop initiation. 
Regarding the vibration level increase, it is highly dependent on the way the helicopter enters VRS and, while 
being a symptom of the generation of vortex rings around the rotor, it doesn't always imply a άǊŜŀƭέ VRS entry 
(causing a large Vz drop) 
 
Specific analyses showed an increase of the level of vibration at the early stage of the phenomenon, and this 
characteristic can be used to estimate the VRS entry and exit. Once in VRS, energy is concentrated on the two 
first main rotor harmonics, while the maximum of energy can be observed on other frequencies outside the 
VRS domain. Contrary to what was expected, the maximum of vibration is reached during the recovery 
manoeuvres. It is almost impossible to determine if this maximum of vibration is due to the VRS or the recovery 
manoeuvre, and vibration investigations could be further done by changing the procedure followed in flight. 
Thus, in order to have a better estimation of the level of vibration inside the VRS domain, recovery manoeuvres 
should be initiated later, with a longer time in a fully developed VRS. But this is not an easy task, and maintaining 
the helicopter in VRS is straining for the pilots. 
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4. wŜŎƻǾŜǊȅ ǘŜŎƘƴƛǉǳŜǎ ŜǾŀƭǳŀǘƛƻƴ 

4.1 Recovery performance 

4.1.1 Performance criteria 
In order to objectively evaluate the recovery techniques, two major criteria were defined: 

¶ Height loss: Difference between the altitude at which the recovery manoeuvre started and the 
altitude reached when the helicopter recovered a null/positive vertical speed.  

¶ Recovery time: Time duration between the time at which the recovery manoeuvre started and the 
time at which the helicopter recovered a null/positive vertical speed. 

 
For both recovery techniques, the pilot workload was evaluated with a method inspired from the NASA-TLX 
scale, and adjusted for the purpose of this evaluation. After each recovery, the pilots were asked to evaluate 
for each control axis (cyclic longitudinal, cyclic lateral, foot controls, and collective) their workload, and the 
frequency, amplitude and effort of their actions. The scale used had a 5 level range : very low, low, medium, 
high, very high. After each flight, these evaluations were reviewed and confirmed during the debriefing, and 
then checked against the control position inputs recorded by the flight test installation.  
 
Additional analyses were performed on controls (calculation of the standard deviation) to assess the pilot 
activity on controls during the recovery manoeuvre.  
While not strictly speaking considered as performance criteria, these parameters can bring additional 
information to explain the observed performance. 

4.1.2 Fennec helicopter 
A summary of the recovery performance observed during the Fennec test campaign is shown in Figure 4-1.  

Ô  Figure 4-1 Fennec recovery performance 
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The test runs are sorted based on the recovery method (Forward / Vuichard / Inversed Vuichard and 
Onsets/Established). 
Here, and later in the document, it has to be noted that the points corresponding to the VRS onsets have been 
re-evaluated by ONERA thanks to the post-flight analysis of the flight parameters. Instead of being based on a 
subjective pilot judgment, VRS are classed as onsets when the recovery manoeuvre is initiated in the vicinity of 
the determined upper boundary of the VRS domain. 
The height loss appears to be proportional to the recovery time, which was expected since the height loss is 
the integration of the vertical speed over the recovery time. In the test conditions, a first analysis shows no 
significant performance differences between the forward and Vuichard recoveries compared to the natural 
point dispersion. This observation also includes the inversed Vuichard recoveries, which is surprising since they 
were expected to lead to worsen performance, as the lateral motion goes against the tail rotor thrust. 
As shown in table 4-1, on average, and without counting for any influencing parameter, the recovery 
performance with the Vuichard method appears to be slightly better during established VRS, with a mean time 
to recover of 9.23s (instead of 9.55s for the forward method, i.e. -0.32s or a 3.35% difference, which is of same 
order of magnitude than the expected uncertainty on the recovery time and therefore not significant), and a 
mean height loss of 199 ft (instead of 221 ft, i.e. -22 ft or a 9.95% difference).  
The performance of Vuichard recovery is better when performed at VRS onsets, with a mean height loss of 82 
ft (instead of 168 ft, i.e. -86 ft or a 51.19% difference). 
However, the Vuichard recoveries were generally performed with a higher average torque. When limiting the 
comparison to a similar range of average torque during the recovery, the performance of both methods 
becomes similar, as shown in chapter 3.2. 
The recoveries performed at VRS onsets instead of fully established VRS show better performance, as being 
initiated at lower rates of descent. 

Table 4-1 Average VRS recovery performance ς Fennec 

Recovery 
method - 

Conditions 

Average 
Height 
loss (ft) 

Max. 
Height 
loss (ft) 

Min. 
Height 
loss (ft) 

Average 
Recovery 
time (s) 

Average 
Vz upper 

limit 
(ft/min)  

Average 
Vz lower 

limit 
(ft/min)  

Average 
Torque 

(%) 

N° of 
runs 

Forward - 
Established 

-221 -376 -108 9.5 -1212 -2186 58.3 34 

Vuichard - 
Established 

-199 -338 -84 9.2 -1134 -2598 68.1 26 

Forward - 
Onsets 

-168 -306 -78 9.3 -716 -- 66.1 6 

Vuichard - 
Onsets 

-82 -106 -66 6.5 -537 -- 61.7 6 

Inversed 
Vuichard - 
Established 

-155 -180 -118 7.5 -1104 -2484 70.0 7 

Forward - 
Deceleration 

-218 -280 -132 8.8 -1575 -3016 57.4 7 

Vuichard - 
Deceleration 

-290 -324 -240 12.0 -1382 -3176 64.3 4 

 
Figure  4-2 is showing the average loss of height with respect to the average recovery time during all 
manoeuvres and conditions. Errorbars are representing the standard deviations of the two parameters. As this 
can be seen, for recovery at the VRS onset, the Vuichard manoeuvre shows better performance than the 
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forward one in terms of both time of recovery/height loss and standard deviations. The same is not valid for 
recoveries from established VRS, where the average value are comparable and the standard deviations are 
higher for both techniques. Inversed Vuichard recovery performance (for both metrics) is surprisingly better 
ǘƘŀƴ ǘƘŜ άƴƻƳƛƴŀƭ ±ǳƛŎƘŀǊŘέ in established VRS.  Large errorbars can be observed for recoveries from 
established VRS, highlighting a very large dispersion of the points as shown in Table 4-1. This is not true for 
inversed Vuichard manoeuvres, but this is certainly due to the very limited number of test cases.  

Ô  Figure 4-2 Fennec average recovery performance 

 

4.1.1 Dauphin helicopter 
A summary of the recovery performance observed during the Dauphin test campaign is shown in Figure 4-3.  

Ô  Figure 4-3 Dauphin recovery performance 
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The height loss appears to be proportional to the recovery time, which was expected since the height loss is 
the integration of the vertical speed over the recovery time. In the test conditions, a first analysis of the 
performance results shows: 

¶ no significant height loss differences between the forward and Vuichard recoveries, compared to the 
natural point dispersion; 

¶ a slightly higher loss of height (-256 ft against -227 ft), as well as a slightly longer average time of 
recovery for the Vuichard method in fully developed VRS (11.6 s) compared to the forward method 
(8.53 s), which is partly explained by the time needed to recover a positive Vz after exiting the VRS and 
trying to come back to hover, due to the limited available power on the Dauphin. 

As seen on the Fennec, the performance of the 7 inversed Vuichard test runs were better for both metrics, 
despite a lower applied torque during the recovery, as shown in Table 4-2. While the sample size is small, this 
result is interesting and consistent with the pilot feedback which indicated a seemingly easier and more fluid 
ƛƴǾŜǊǎŜŘ ±ǳƛŎƘŀǊŘ ǊŜŎƻǾŜǊȅΣ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ άƴƻǊƳŀƭέ ±ǳƛŎƘŀǊŘ ǊŜŎƻǾŜǊȅΦ 

Table 4-2 Average VRS recovery performance ς Dauphin 

Recovery 
method - 

Conditions 

Average
Height 
loss (ft) 

Max. 
Height 
loss (ft) 

Min. 
Height 
loss (ft) 

Average 
Recovery 
time (s) 

Average
Vz 

upper 
limit 

(ft/min)  

Average 
Vz lower 

limit 
(ft/min)  

Average 
Torque 

(%) 

N° of 
runs 

Forward - 
Established 

-227 -494 -68 8.5 -928 -2287 58.3 30 

Vuichard - 
Established 

-256 -529 -98 11.6 -921 -1981 65.2 42 

Forward - 
Onsets 

-247 -277 -216 10.9 -1051 -- 58.9 2 

Vuichard - 
Onsets 

-179 -300 -67 10.8 -582 -- 66.1 16 

Inversed 
Vuichard - 
Established 

-157 -233 -88 8.2 -903 -2241 55.9 7 

 
Figure 4-4 is showing the average loss of height with respect to the average recovery time during all 
manoeuvres and conditions. Errorbars are representing the standard deviations of the two parameters. 
Contrary to what was observed on the Fennec, the recovery performance in established VRS with the forward 
method appear to be slightly better, although a very large dispersion of the points as shown in Table 4-2 and 
characterised here by large errorbars has to be considered. However, for the recoveries at the onset the 
performance are better for Vuichard recoveries than for forward ones (result to be mitigated by the very limited 
number of runs performed with the forward method in these flight conditions). Here again, the inversed 
Vuichard technique shows good performance. 
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Ô  Figure 4-4 Dauphin average recovery performance 

 

4.1.2 Performance summary 
To summarize, without taking into account the effect of influencing parameters: 
- On Fennec, Vuichard recoveries show better performance than forward recoveries when performed at the 
early stages of VRS, while the difference between both methods is small when performed in established VRS; 
- On Dauphin, Vuichard recoveries also show better performance than forward recoveries when performed at 
the onset of VRS (although there are only two forward recoveries at the onset, so the average is not statistically 
significant), but show worse performance when performed in established VRS. 
Besides the effect of influencing parameters, which is studied in the following chapter, a likely explanation of 
the relatively inferior performance of Vuichard recoveries when performed in established VRS is that the margin 
of power (used to the reduce the rate of descent) is lower in hover than in forward translation. This effect is 
more noticeable when the recovery is initiated at a higher rate of descent, increasing both the height loss and 
the recovery time. 

4.2 Influencing parameters 

The analysis of the results found that several parameters can influence the VRS recovery and explain the 
dispersion observed: 

¶ the vertical speed at the initiation of the vortex recovery (t_manoeuvre); 

¶ the average torque applied during the recovery (between t_manoeuvre and t_Vz0); 

¶ the attitudes during the recovery (either the pitch for forward recoveries, or the roll angle for Vuichard 
recoveries); 

¶ the entry conditions (and in particular the forward and lateral horizontal speeds). 

4.2.1 Effect of vertical speed 

4.2.1.1 Effect of vertical speed on the height loss 

The vertical speed at the onset of the recovery was found to be one of the most important influencing 
parameter on the height loss, as shown in the following Figure 4-5 (Fennec) and Figure 4-6 (Dauphin) where 
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the left graphs represent the forward manoeuvre results, the right graphs showing the Vuichard manoeuvre 
results. 
The higher the initial rate of descent, the higher the height loss on average, with a significant dispersion. This 
is logical since the momentum to neutralise increases with the speed. 
On average, the recoveries at VRS onsets tend to occur at lower initial vertical speeds, and therefore induce 
smaller height losses, which was expected.  

Ô  Figure 4-5 Effect of initial Vz on height loss on Fennec 

 
Ô  Figure 4-6 Effect of initial Vz on height loss on Dauphin 

 
On Fennec, Vuichard recoveries were on average initiated with a lower initial rate of descent than forward 
recoveries, but this is a purely random phenomenon, which would be expected to disappear if the number of 
test points were increased, and is independent of the test method: the planned method of recovery should not 
have an influence on the time at which the recovery is initiated. This uncontrolled difference in the entry 
parameters could partly explains the slight apparent advantage of the Vuichard recoveries in term of height 
loss. 
Once considering the effect of the initial Vz, there is no clear difference on the height loss tendency between 
both recovery methods. The important dispersion observed is more pronounced on Dauphin (Figure 4-6) for 
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Vuichard recoveries. This could be explained by the varying difficulty of the Vuichard maneuver on Dauphin 
experienced by the pilots (see §4.4.2), with an indirect effect on height loss. 
Surprisingly, for inversed Vuichard recoveries the height loss is lower than what could be expected based on 
the vertical speed. On Dauphin this could be explained by the reduced workload experienced, but this 
phenomenon is not explained on Fennec.  
If, on average, the Vuichard recoveries at VRS onsets on the Dauphin occurred at lower initial rates of descent, 
this was not the case for the only two forward method runs at VRS onsets for which performance is worse.  

4.2.1.2 Effect of vertical speed on the recovery time 

Interestingly, opposite to the effect on the height loss, there is no clear effect of the initial vertical speed on 
the recovery time.  
On Fennec, as shown in Figure 4-7,  there is no clear effect of the initial vertical speed on the recovery time, 
while it can be seen that recoveries performed at onsets (at lower descent rates) lead to lower recovery time. 

Ô  Figure 4-7 Effect of initial Vz on recovery time on Fennec 

 
 
On Dauphin (see Figure 4-8), the effect is clearer and appears more linear for forward recoveries (increase of 
about 2s over 1500 ft/min), but seems more random for Vuichard recoveries. Again, this latter observation 
could be explained by the varying difficulty of the Vuichard maneuver on Dauphin (see §4.4.2). 

Ô  Figure 4-8 Effect of initial Vz on recovery time on Dauphin. 
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4.2.2 Effect of torque 
The power applied during recoveries is expressed here through the torque, as it was the first limitation reached 
in most test runs. Torque is defined hereafter as the one measured at the torque indicator. It is expressed in 
percent, with 100% corresponding to the Take-Off Power (TOP) for both helicopters. For the Dauphin, this is 
the sum of the two engine torques. 

4.2.2.1 Effect of torque on the height loss on Fennec 

For forward manoeuvres, a higher average torque applied during the recovery manoeuvre clearly reduces the 
height loss, as shown in Figure 4-9  (left graph).  
Indeed, at an average torque of around 50%, the height loss is between -230 and -375 ft, while for average 
torques higher than 70% it is globally between -100 and -250 ft. 
For Vuichard recoveries however (right graph), the effect is not as clear due to the strong dispersion observed, 
and to the narrower range of average torque observed. 
The average torque applied during Vuichard recoveries (in established VRS and at onsets) was 67% (and 70.% 
during inversed Vuichard recoveries), while, in the same flight cases, the average torque applied during forward 
recoveries was 59.5 %. 
It should be noted that applying too much torque has severe adverse effects on the pilot workload, as it makes 
it more likely to exceed the aircraft limitations or reach a control limit of authority, as explained later. Thus, it 
is not advisable to systematically aim for the maximum available power: a balance must be found between 
performance and pilot workload. 
It is also important to note that the workload associated to forward recoveries performed at high torque (60-
80%), while higher than at average torque, is still significantly lower than the workload associated to Vuichard 
recoveries performed at similar power. The main reason is because there is still only one axis to control 
(longitudinal cyclic) besides the power level. 
 

Ô  Figure 4-9 Effect of applied power on height loss on Fennec 

 
 

Interestingly, if the comparison is limited to high torque values (>60%) in order to offset the effect of this 
influence parameter, in established VRS the average height loss becomes similar for forward and Vuichard 
recoveries, while at the onset Vuichard recoveries still show a lower height loss. Therefore removing the 
contribution of the torque seems to reduce the apparent better performance of the Vuichard recoveries 
without completely removing the difference observed for recoveries at the onset of VRS. 
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For forward recoveries, on a Fennec helicopter, the height loss is reduced by the power applied during the 
recovery. Therefore, when a VRS occurs close to the ground, it is recommended to apply all the power available 
during the recovery. 

4.2.2.2 Effect of torque on the height loss on the Dauphin 

On Dauphin, for forward recoveries, a higher average torque applied during the recovery manoeuvre reduces 
the height loss despite a strong point dispersion, as shown on Figure 4-10 (left graph). It can be seen that for 
average torques lower than 55%, the height losses are always greater (in absolute value) than 250 ft. For higher 
average torques up to 70%, a large dispersion of the points is observed, with height losses comprised between 
-80 ft to -420 ft. Only three points are above 70% of torque, with height losses around -100ft. 
For Vuichard recoveries on Dauphin (right graph), the effect of torque is not that simple to identify due to the 
large dispersion of the points. 

¶ First, the range of usable torque does not allow large changes; 

¶ Furthermore, increase of applied torque ŎƻƳŜǎ ǿƛǘƘ ƘǳƎŜ ǎƛŘŜ ŜŦŦŜŎǘǎ ƛƴŎǊŜŀǎƛƴƎ ǇƛƭƻǘǎΩ ǿƻǊƪƭƻŀŘ ŀƴŘ 
point dispersion. 

Indeed, it was found that reducing ς or even better, delaying ς the power applied during the recovery reduced 
the parasitic effects and the pilot workload without degrading the recovery performance (see §4.4.2.6). Trying 
to go back to hover also has a negative effect on the performance, as the parasitic effects (and the pilot 
workload) are higher than when accepting the forward motion, and as recovering a positive Vz takes longer 
due to a lower power margin. 
Applying too much torque has severe adverse effects on the pilot workload (even more than on the Fennec), 
as it makes it more likely to exceed the aircraft limitations, to encounter strong parasitic effects on the yaw and 
pitch axis, or to reach a control limit of authority. Thus, it is not advisable to systematically aim for the maximum 
available power (at least not at the beginning of the recovery). 
 

Ô  Figure 4-10 Effect of applied power on height loss on Dauphin (All recoveries) 

 
 
The average torque applied during Vuichard recoveries was 62% (as the Vuichard method calls for the use of 
all available power), while the average torque applied during forward recoveries was 58%. 
A closer study has been done to distinguish the effect of forward speed at recovery initiation and the reduced 
mass on global performance of both recoveries. Figure 4-11 shows the results for Vuichard recoveries, Figure 
4-12 for forward recoveries, on Dauphin.  
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¶ For Vuichard recoveries, ǘƘŜǊŜΩǎ ƴƻ ŎƭŜŀǊ ŜŦŦŜŎǘ ƻŦ ǘƘŜ ƛƴƛǘƛŀƭ ŦƻǊǿŀǊŘ ǎǇŜŜŘΣ while it can be observed 
that higher reduced masses have a negative impact on the height loss. 

¶ For forward manoeuvres, it seems that better performance is obtained with higher initial forward 
speeds, which can be explained by the vicinity of the VRS domain boundary in these conditions as this 
will be further detailed in §4.3.2. The reduced masses have no clear effect.  

Ô  Figure 4-11 Effect of applied power on height loss on Dauphin (Vuichard recoveries) 

 
 

Ô  Figure 4-12 Effect of applied power on height loss on Dauphin (Forward recoveries) 

 
 

4.2.2.3 Effect of torque on the recovery time on Fennec 

On Fennec, the effect of the average torque applied on the recovery time is shown in Figure 4-13. 
For forward recoveries (left graph), there seems to be a slight decrease of the recovery time when more torque 
is applied, between 8s to 15s at an average torque of 50% and between 7s to 11s at an average torque of 70%. 
The effect of the average torque on the recovery time seems however more random for Vuichard recoveries 
(left graph). This could be due the smaller range of observed torque for Vuichard recoveries (few points at low 
or medium power, where the recovery time could be expected to increase), and to the detrimental effect of 
higher torques on the handling of the aircraft. 
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Ô  Figure 4-13 Effect of applied power on recovery time on Fennec 

 
 
As for the height loss, if the comparison is limited to high torques (>60%), the average recovery time becomes 
8.6s for forward recoveries, and 9.4s for Vuichard recoveries, with more dispersion for Vuichard recoveries.  

4.2.2.4 Effect of torque on the recovery time on Dauphin 

On the Dauphin, for forward recoveries (left graph), while a large dispersion is observed for average torque 
between 55% and 65%, there seems to be a very small decrease of the recovery time when more torque is 
applied (see Figure 4-14). 
The effect of the average torque on the recovery time seems also more random for Vuichard recoveries (right 
graph). Most of the points are corresponding to high torques (between 60% and 80%) where helicopter 
handling is more difficult.   
 

Ô  Figure 4-14 Effect of applied power on recovery time on Dauphin 
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4.2.3 Effect of the pitch angle on the performance 
The pitch angle is the main pilot controlled variable during a forward recovery, along with the applied power. 
After the first test flight, the optimal target was set for both helicopters at a pitch variation ɲ̒ Ґ-20° (equivalent 
to an absolute pitch between -15° and -20°) as a compromise between recovery performance and pilot 
workload.  
 

Ô  Figure 4-15 Definition of the absolute minimum pitch angle and pitch angle variation  

 

4.2.3.1 Effect of absolute minimum pitch angle on the height loss on Fennec 

The effect of the absolute minimum pitch angle (as illustrated in Figure 4-15) reached during the forward 
recovery manoeuvre on the height loss is shown in Figure 4-16. 
 

Ô  Figure 4-16 Effect of absolute minimum pitch angle on height loss on Fennec (Forward recoveries) 
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Ô  Figure 4-17 Effect of absolute minimum pitch angle on height loss on Fennec ς (Vuichard recoveries) 

 
Considering forward manoeuvres, between -15° and -25° of absolute minimum pitch, the large dispersion 
ŘƻŜǎƴΩǘ ŀƭƭƻǿ ǘƻ ǎŜŜ ŀƴȅ ǎǇŜŎƛŦƛŎ ǘǊŜƴŘΦ .ǳǘ ƻƴŜ Ŏŀƴ ƻōǎŜǊǾŜ ǘƘŀǘ ōŜǘǿŜŜƴ -25° and -30°, the height losses are 
slightly reduced and comprised between -140ft and -266ft. For lower absolute minimum pitch angle (lower 
than -30°), the 4 corresponding points show height losses between -232ft and -376ft. This could shows that the 
optimal absolute pitch angle is between -25° and -30°. For higher angles (from -15° to -25°), the pitch angle 
would not be sufficient to sufficiently increase the forward speed and the height loss would be influenced by 
other parameters. For lower pitch angles (lower than -30°), the resulting vertical speed would have a negative 
impact, leading to higher height losses. Nevertheless, this conclusion has to be mitigated by the small sample 
of points at low pitch angle (lower than -25°). 
Interestingly, a clearer trend of the increase of the height loss with the increase of the absolute pitch angle can 
be seen for Vuichard recoveries, which in theory should be performed without action on the helicopter pitch, 
as shown in Figure 4-17. 

4.2.3.2 Effect of absolute minimum of pitch angle on the height loss on Dauphin 

Ô  Figure 4-18 Effect of absolute minimum pitch angle on height loss on Dauphin (Forward recoveries) 
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The effect of the absolute minimum pitch angle reached during the recovery manoeuvre on the height loss is 
shown in Figure 4-18. 
Due to the strong dispersion, the tendency is unclear and would have to be confirmed through a parametric 
study. No real tendency can be either observed for Vuichard recoveries (see Figure 4-19). 

Ô  Figure 4-19 Effect of absolute minimum pitch angle on height loss on Dauphin ς (Vuichard recoveries) 

 

4.2.3.3 Effect of absolute minimum pitch angle on the recovery time on both helicopters 

For both helicopters, the effect of the absolute minimum pitch angle on the recovery time seems relatively 
random, as shown in Figure 4-20 and Figure 4-21,  where no clear tendency is noticeable. Nevertheless, as 
described before, it can be observed that on the Fennec, for pitch between -25° and -30°, the dispersion is 
relatively lower with lowest recovery time. This is not true for Dauphin where lowest recovery time are around 
-15° of pitch. 

Ô  Figure 4-20 Effect of absolute minimum pitch angle on recovery time on Fennec (Forward recoveries) 
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Ô  Figure 4-21 Effect of absolute minimum pitch angle on recovery time on Dauphin (Forward recoveries) 

 
 

4.2.3.4 Effect of the variation of the pitch angle on the height loss on both helicopters 

An interesting result appears when considering the effect of the pitch angle variation during the recovery (or 
5Ŝƭǘŀ ǇƛǘŎƘ ŀƴƎƭŜ ɲʻΣ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǇƛǘŎƘ ŀƴƎƭŜ ŀǘ ǘƘŜ ǊŜŎƻǾŜǊȅ ǎǘŀǊǘΣ ŀƴŘ ǘƘŜ ƳƛƴƛƳǳƳ 
pitch angle reached during the recovery, as illustrated in Figure 4-15) instead of the absolute minimum pitch. 
 

Ô  Figure 4-22 Effect of the variation of the pitch angle on height loss  on Fennec (Forward recoveries) 
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While no clear tendency is noticeable on the Fennec during forward recoveries (Figure 4-22), the effect on the 
height loss of the pitch angle variation during the recovery is clearly visible on the Dauphin as shown in Figure 
4-23.  

Ô  Figure 4-23 Effect of the variation of the pitch angle on height loss on Dauphin (Forward recoveries) 

 
LƴŘŜŜŘΣ ƻƴ ǘƘŜ 5ŀǳǇƘƛƴΣ ǘƘŜǊŜ ǎŜŜƳ ǘƻ ōŜ ŀ ŎƭŜŀǊ ǘŜƴŘŜƴŎȅ ƻŦ ɲʻ ǘƻ ƛƴŎǊŜŀǎŜ ōƻǘƘ ǘƘŜ ƘŜƛƎƘǘ ƭƻǎǎ όCƛƎǳǊŜ п-22) 
as well as on the recovery time (see next Figure 4-23) where there is an unusually low dispersion of the results, 
ŜȄŎŜǇǘ ŦƻǊ ŀ ǎƛƴƎƭŜ ƻǳǘƭƛŜǊ όɲʻҐ-15.41°, Height loss = -494ft) corresponding to run n°3.1 of Flight n°1, which was 
performed at an extremely low average torque of 21%.  
These results seem to be partly explained by the favorable effect of starting the recovery manoeuvre from a 
nose-down attitude, as shown in Figure 4-24, therefore they should not lead to the conclusion that pushing the 
nose down is counter-productive. Additional test points would be useful to better discriminate the effect of the 
initial pitch and of the pitch variations from those of the other influence parameters. 

Ô  Figure 4-24 Effect of the pitch value at recovery start on height loss on Dauphin (Forward recoveries) 

 

4.2.3.5 Effect of the variation of the pitch angle on the recovery time on the Dauphin 

As already outlined, on the Dauphin, the visible effect of the variation of the pitch angle on height loss is also 
observed on the recovery time as see on Figure 4-25. 
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Ô  Figure 4-25 Effect of the variation of the pitch angle on recovery time on Dauphin (Forward recoveries) 

 

4.2.4 Effect of the variation of roll angle on the performance (Vuichard recoveries) 
The roll angle is one of the main initial pilot controlled variable during a Vuichard recovery. To perform this 
ƳŀƴƻŜǳǾǊŜΣ ŀ ǘŀǊƎŜǘ ƻŦ  Ґ -20° is recommended, maintained during approximately 1s. 

4.2.4.1 Effect of roll angle on the height loss on Fennec 

Ô  Figure 4-26 Effect of roll angle on height loss on Fennec (Vuichard recoveries) 

 
 
The effect of the roll angle on the height loss for Vuichard recoveries on Fennec is shown in Figure 4-26.  
Despite the important dispersion, there seems to be, on average, a decrease of the height loss with the increase 
of the roll angle in established VRS (left graph).  
¢ƘŜ Ǌǳƴǎ ǇŜǊŦƻǊƳŜŘ ŀǘ ±w{ ƻƴǎŜǘǎ ŀƴŘ ǘƘŜ άƛƴǾŜǊǎŜŘ ±ǳƛŎƘŀǊŘέ ǊŜŎƻǾŜǊƛŜǎ ǎƘƻǿ ƴƻ ǘŜƴŘŜƴŎȅΦ 
As for the pitch angle in forward recoveries, it is possible that the effect of the roll angle is partly hidden by the 
effects of the initial vertical speed and of the torque. 
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4.2.4.2 Effect of roll angle on the height loss on Dauphin 

Ô  Figure 4-27 Effect of roll angle on height loss on Dauphin (Vuichard recoveries) 

 
The effect on the Dauphin of the roll angle on the height loss during Vuichard recoveries is shown in Figure 4-
27. 
Pilots commented that the Vuichard recoveries seemed easier with roll angles of about -30° (instead of -20° as 
recommended), however the effect on the height loss is unclear due to the important dispersion. At the very 
least there appears to be no significant increase of the height loss when applying a roll angle higher than 20° in 
absolute value. ¢ƘŜǊŜ ŀǊŜ ƴƻǘ ŜƴƻǳƎƘ Ǌǳƴǎ ƻŦ άƛƴǾŜǊǎŜŘ ±ǳƛŎƘŀǊŘέ ǊŜŎƻǾŜǊƛŜǎ ǘƻ ƻōǎŜǊǾŜ ŀ ŎƭŜŀǊ ǘŜƴŘŜƴŎȅ 
(although a slight better performance is observed at high roll angles for this small sample). 

4.2.4.3 Effect of roll angle on the recovery time on both helicopters 

The effect of the roll angle on the recovery time seems random for both helicopters, the points dispersion being 
higher than any tendency, as shown in Figure 4-28 (Fennec) and Figure 4-29 (Dauphin). 
 

Ô  Figure 4-28 Effect of roll angle on recovery time on Fennec (Vuichard recoveries) 
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Ô  Figure 4-29 Effect of roll angle on recovery time on Dauphin (Vuichard recoveries) 

 

4.2.5 Effect of the forward speed variation during Vuichard recoveries on both 
helicopters 

While this manoeuvre is supposed to be purely lateral, it was very difficult for the pilots to avoid any increase 
of the forward speed.  
Figure 4-30shows, for all Vuichard recoveries, the effect of the variation of forward speed on height loss (left 
graph) and on the recovery time (right graph) on the Dauphin helicopter. 
It can be seen that the variations are not limited to low values, and can reach 65 kts.  
Interestingly, these variations are much more limited during inversed Vuichard recoveries. The same variations 
can be observed in established or at VRS onsets. Globally, it seems that an increase of the forward speed 
variation lead to higher loss of height and longer recovery time. This could be correlated to higher pitch down 
attitudes, which lead to a performance deterioration. The same observations were made on Fennec data. 

Ô  Figure 4-30 Effect of the forward speed variation on performance on Dauphin (Vuichard recoveries) 
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4.2.6 Effect of the helicopter mass  
The helicopter mass is expected to have the same type of influence as the vertical speed (as both are factors of 
the initial kinetic velocity), albeit with a less visible effect since its range of variation is relatively smaller (about 
10% of the average mass on the Fennec, 15% on the Dauphin).  
Thus, the influence of the mass on height loss and recovery time was analysed but no clear effect was noted. 
¢Ƙƛǎ Ŏŀƴ ōŜ ŜȄǇƭŀƛƴŜŘ ōȅ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ ǊŜŘǳŎŜŘ ǿŜƛƎƘǘ όaκˋ ǿƘŜǊŜ ˋ ƛǎ ǘƘŜ ǊŜƭŀǘƛǾŜ ŀƛǊ ŘŜƴǎƛǘȅ ˊκˊ0) was 
maintained as constant as possible for the entries into VRS.  
 

4.2.7 Summary of the influencing parameters  

4.2.7.1 Effect of vertical speed 

On both aircrafts the observed height loss increases with the initial rate of descent, with an almost linear 
tendency but with an important dispersion. This seems to explain the better performance of recoveries at the 
onset of VRS, which occur at lower rates of descent. When taking this effect into account, the performance of 
Vuichard recovery are still better for recoveries at the onset on Fennec, but are worse on recoveries on Dauphin 
even at the onset.  
The recovery time seems less predictable, with a slight increase of the rate of descent only for forward 
recoveries on Dauphin, but a more random distribution in the other cases.  
The relative performance of Vuichard and forward recoveries are similar as for height loss, with an advantage 
for Vuichard recoveries at the onset on Fennec.  
As mentioned in §4.1, the expected degradation of performance for inversed Vuichard recoveries was not 
observed. On the contrary, height loss and recovery time are better than what could be expected based on the 
initial Vz. 
 

4.2.7.2 Effect of torque 

The main effects of the average torque during recoveries are similar for both helicopters. 
For forward recoveries, a higher average applied torque during the recovery manoeuvre clearly reduces the 
height loss, with a smaller reduction of the recovery time.  
For Vuichard recovery, the effect of the average torque on the performance is less straightforward, possibly 
because of the detrimental effects of a higher torque (notably, more important parasitic effects and pilot 
workload). 
When restricting the comparison to a similar range of average torque applied during recoveries : 

¶ The height losses for both methods are similar for recoveries from established VRS (with more 
dispersion for Vuichard recoveries on Dauphin), and slightly better for Vuichard recoveries from the 
onset of VRS; 

¶ The recovery time is similar on Fennec for recoveries from established VRS, while it is slightly better for 
Vuichard for recoveries from the onset of VRS. However on Dauphin the recovery time is clearly lower 
for forward recoveries than for Vuichard recoveries : this is likely because of the limited margin of 
power in hover which increases the time needed to neutralize the rate of descent. 

 
Note: To deepen this first analysis, it could be interesting to investigate separately the influence of the average 
torque applied during the first few seconds of the Vuichard recovery (where it is expected to have a detrimental 
effect on the workload and parasitic motions) from its influence after the aircraft is horizontal again (where the 
torque is expected to reduce the time taken to reach a positive vertical speed). 
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4.2.7.3 Effect of the pitch angle on the performance  

To summarise, in forward recoveries, the effect of the absolute minimum pitch angle: 
- is undetermined on Dauphin ; 
- The recovery time shows no clear tendency for both helicopters; 
- For the Fennec, it  seems that an absolute minimum pitch angle between -25° and -30° is optimal. 

It is possible that the effect of the pitch angle is partly masked by the effects of the initial vertical speed and of 
the torque.  
However, ƻƴ 5ŀǳǇƘƛƴ ǘƘŜ ǾŀǊƛŀǘƛƻƴ ƻŦ ǘƘŜ ǇƛǘŎƘ ŀƴƎƭŜ ɲʻ όōŜǘǿŜŜƴ ǘƘŜ ǊŜŎƻǾŜǊȅ ǎǘŀǊǘ ŀƴŘ ǘƘŜ ƳƛƴƛƳǳƳ ǇƛǘŎƘ 
angle reached during the recovery) seems correlated to both the height loss and the recovery time, which 
could be worth a further investigation. 
It could also be interesting to consider the effect of the average pitch angle during the recovery rather than 
only the minimal value reached. 

4.2.7.4 Effect of the variation of roll angle on the performance  

The roll angle achieved during a Vuichard recovery appears to have a small positive effect on the height loss on 
Fennec, while the effect is undetermined on Dauphin. 
For both helicopters, the effect of the roll angle on the recovery time is unclear. 
At the very least, there appears to be no detrimental effect on performance of a roll angle higher than 20°, 
which is a useful information since found the recoveries seemed easier when performed with a roll angle closer 
to 30°. 

4.2.7.5 Effect of the forward speed variation during Vuichard recoveries  

On both helicopters, it seems that an increase of the forward speed variation lead to higher loss of height and 
longer recovery time. This could be correlated to higher pitch down attitudes, which lead to a performance 
deterioration. 

4.2.7.6 Effect of the helicopter mass  

The influence of the mass on height loss and recovery time was analysed but no clear effect could be noted. 

4.3 Entry conditions 

4.3.1 Exits at VRS onsets / established VRS 
Vortex recoveries at the onsets were expected to happen at lower vertical speed (in absolute value) and with 
better performance. For the Fennec, quantitatively, the initial vertical speed was -626 ft/min on average for 
exits at the VRS onsets, versus -1173 ft/min for established VRS. 
As shown in Table 4-3 for the Fennec, the recovery performance were indeed better in terms of height loss and 
average recovery time.  

Table 4-3 Fennec performance in onsets/established VRS  

Conditions Recovery Average 
Vz 

upper 
limit 

(ft/min)  

Vz upper 
limit 

(ft/min)  

Average 
Height loss 

(ft) 

Height 
loss (ft) 

Average 
Recovery 
time (s) 

Recovery 
time (s) 

Onsets Forward 
-626 

-716 
125 

-168 
7.9 

9.3 

Onsets Vuichard -537 -82 6.5 

Established Forward 
-1173 

-1212 
210 

-221 
9.3 

9.5 

Established Vuichard -1134 -199 9.2 
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For the Dauphin, as shown in Table 4-4, the recovery performance were better regarding the height loss but 
worse for the recovery time. 

Table 4-4 Dauphin performance in onsets/established VRS  

Conditions Recovery Average 
Vz 

upper 
limit 

(ft/min)  

Vz upper 
limit 

(ft/min)  

Average 
Height loss 

(ft) 

Height 
loss (ft) 

Average 
Recovery 
time (s) 

Recovery 
time (s) 

Onsets Forward 
-816 

-1051 
213 

-246 
10.8 

10.9 

Onsets Vuichard -582 -179 10.8 

Established Forward 
-924 

-928 
241 

-227 
10.0 

8.5 

Established Vuichard -921 -256 11.6 

 
The improvement regarding height loss when exits are performed at VRS onsets can be at least partly explained 
by the direct influence of the initial vertical speed. But it could also be due to a less turbulent (or at least 
different) airflow around the rotor, as exits at the VRS onsets were in general judged slightly easier by the pilots. 

4.3.2 Influence of the horizontal speed 

4.3.2.1 Influence of the initial horizontal speed on height loss on both helicopters 

The effect of the initial forward horizontal speed (i.e. at recovery start) on the height loss seems overall positive 
for both helicopters, although there is an important dispersion of the points, as shown in Figure 4-31 (Fennec) 
and Figure 4-32 (Dauphin). 
This was expected for forward recoveries, as with a forward speed the helicopter begins the recovery closer to 
the VRS domain boundary, but interestingly it appears to remain true for Vuichard and inversed Vuichard 
recoveries. 

Ô  Figure 4-31 Effect of initial Vx on height loss on Fennec (All recoveries) 
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Ô  Figure 4-32 Effect of initial Vx on height loss on Dauphin (All recoveries) 

 
In Figure 4-33 and Figure 4-34 the effect of Vx on height loss is presented during only forward recoveries on 
the Fennec and the Dauphin.  
Thus, it can be seen that higher values of the initial longitudinal speed Vx tend to reduce the loss of height on 
both helicopters. There are not enough points at negative forward speeds to clearly assess whether a negative 
Vx has an adverse effect on the height loss (which would be expected for forward recoveries, as the helicopter 
will a have to cross a wider portion of the VRS domain before recovering). 

Ô  Figure 4-33 Effect of initial Vx on height loss on Fennec (Forward recoveries) 

 




































































































