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Abstract

This paper describes an investigation in which piloted flight simulation has been used to study the effect of
turbulent air flow on helicopter recovery to an offshore platform. A helicopter flight simulation environment has
been developed in which the unsteady air flow over a full-scale offshore platform has been modelled using
time-accurate Computational Fluid Dynamics. Real-time piloted helideck landings have been conducted in
a six-degree-of-freedom motion flight simulator where a flight dynamics model representative of a Sikorsky
SH-60B Seahawk helicopter was integrated with 30 seconds of unsteady computed air flow. A test pilot was
instructed to perform landings to the helideck of the platform for wind speeds of 20 to 50 kt. Ratings of pilot
workload and turbulence were obtained during the trial which, along with the recorded pilot control inputs
and helicopter states, were used to analyse the effect of the platform’s airwake on the helicopter and on
pilot workload. The results show that as the freestream wind speed increased, the turbulence intensity and
pilot workload also increased. The workload ratings, along with the corresponding pilot control activity and
helicopter positional accuracy, are discussed in relation to the airwake to which the helicopter was subjected.
The paper demonstrates how flight simulation with time-accurate airwakes could be used to support helicopter
operations to offshore platforms.

1 Introduction and source of the highest pilot workload during heli-
copter operations to offshore platforms was attributed
to airwake turbulence. To ensure safe operation, a set
of restrictions are defined for each offshore platform,
known as the Helicopter Limitations List, HLL, by an
agency responsible for the certification of the helideck
[4]. Entries to the HLL are specific to particular com-
binations of wind speed and direction, and either re-
strict helicopter weight, or prevent flying altogether. To
reduce the possible operational restrictions placed on
an offshore platform by the HLL, due to environmen-
tal effects such as the unsteady airwake, guidelines
are available to platform designers [5]. Furthermore,
in preparation for helicopter operations to new offshore
helidecks, or platforms with recently modified topside
structures, the Civil Aviation Authority, CAA, and Norsk
Sokkels Konkurranseposisjon, NORSOK, both require
that the helideck must be subject to appropriate wind
tunnel testing or Computational Fluid Dynamics, CFD,
analysis to establish the wind environment in which he-
licopters will be expected to operate [1,6]. While there
is a requirement to model the air flow over the flight

Helicopters are routinely employed on offshore plat-
forms to provide crew and freight transportation, equip-
ment inspection, and, in emergencies, evacuation and
search and rescue missions. While rotorcraft are ver-
satile and offer a wide range of capabilities for offshore
services, the environment in which they operate can
be challenging [1]. If flying conditions deteriorate to
a level at which the helicopter is unable to conduct
missions, operational capability of the offshore plat-
form may be reduced, leading to significant commer-
cial penalties. Pilots may have to contend with adverse
weather conditions, exhaust gas from the platform’s
gas turbines and flarestacks, low visibility and, once in
close proximity to the platform, the unsteady air flow
generated by the wind moving over and around the
platform’s structure; this turbulent air flow is known as
the ‘airwake’. Figure 1 shows the typical position of
a platform helideck in the vicinity of several large top
deck structures [2].

In a survey of pilots [3], the principal safety hazard
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deck, the type of CFD turbulence modelling is not stip-
ulated and is therefore often limited to low-cost time-
averaged analyses [7-11]. Winds passing over the
complex and non-aerodynamic geometry of offshore
platforms typically generate unsteady airwakes dom-
inated by both quasi-periodic, large-scale structures
and chaotic small-scale turbulent features which are
not well captured using time-averaged CFD analysis,
leading to more emphasis and reliance on wind tun-
nel testing [12-14]. Steady CFD-generated airflows
have been integrated with piloted flight simulation in
an attempt to analyse the effect of the airwake on pilot
workload; however, it was necessary to add synthetic
turbulence to the computed mean airwake velocities to
simulate the unsteadiness [9]. Airwake data measured
in a wind tunnel has also been integrated with piloted
flight simulation but, due to restrictions on computa-
tional memory, only the vertical velocity component of
the airwake was processed by the helicopter flight dy-
namics model [15].

Figure 1: Offshore platform helicopter operations [2].

While the number of studies into the effect of tur-
bulent airwakes on helicopters operating to offshore
platforms is limited, there have been many studies into
helicopters operating to naval ships, such as frigates,
destroyers and aircraft carriers [16—18]. These studies
have shown that unsteady computation of the airwake
is essential for high-fidelity flight simulation [19]. In this
paper, time accurate CFD method Delayed Detached
Eddy Simulation, DDES, was used to generate the air-
wake of a typical semi-submersible offshore platform
at one wind heading. The effect of the airwake on
pilot workload during helicopter recovery to the plat-
form’s helideck was analysed by integrating the three-
component unsteady velocities of the airwake with a
helicopter flight dynamics model within a simulated en-
vironment in which a piloted flight trial was conducted
at different wind speeds. This paper describes the de-
velopment of the simulation environment and presents
some of the results from the piloted flight trials.

2 The Offshore Platform

A three-dimensional model of the offshore platform
used in this study was created to represent a typical
semi-submersible. Shown in Figure 2, the CAD model
is characterised by a large clad drilling derrick located
at the centre of the platform, which is supported by six
legs. (The two submerged supporting pontoons were
not included as they are beneath the water surface).
The helideck is positioned off the corner of the plat-
form and there are a number of characteristic features
on the platform such as cranes, gas turbine exhaust
stacks and structural modules. The platform is 83 m
wide, 117 m long with the top of the clad derrick reach-
ing a height, H, of 100 m above sea level. The height
of the helideck above the sea surface is 36 m.

Figure 2: CAD Model of Offshore Platform.

It is evident from the geometry of the offshore plat-
form in Figure 2, that when the wind direction is such
that the helideck is in the lee of the drilling derrick,
the air flow over and around the helideck will be tur-
bulent due to separation of the flow from the large
upstream superstructures, particularly the clad der-
rick. Winds approaching the rig which put the helideck
downstream of the derrick are therefore more likely to
present a challenging environment in which the heli-
copter pilot must operate during take-off and landing
(launch and recovery). To assess the effect of the dis-
turbed air flow on the helicopter and on pilot workload,
the airwake was computed with the rectangular geom-
etry of the platform positioned at 45° to the oncoming
wind, U, with the helideck downstream of the derrick.

2.1 Time-accurate CFD Method

To adequately model the offshore platform’s airwake
for piloted flight simulation, particularly in terms of he-
licopter handling qualities and pilot workload, a time-
accurate CFD approach is required [19]. The irregu-
lar time-varying velocities in the computed airwake will



then be applied to the aircraft flight dynamics model
in the simulation to create the unsteady loads on the
aircraft, which the pilot will experience.

DDES is a time-accurate CFD method suitable for
modelling unsteady flow dominated by both quasi-
periodic large-scale structures and chaotic small-scale
turbulent features typical of bluff body geometries [20].
Similar computational methods have been previously
used to model ship airwakes for aircraft flight simu-
lation and have been validated against experimental
measurements for both frigates [21] and aircraft carri-
ers [22]. DDES uses a hybrid approach to turbulence
modelling where Large Eddy Simulation, LES, is used
away from the surfaces of the platform to directly re-
solve the larger-scale turbulent structures, while un-
steady Reynolds-averaged Navier—Stokes, URANS,
is applied closer to the surface [23]. The DDES air-
wake analysis was carried out using ANSYS Fluent
with a Shear Stress Transport k—! based turbulence
model and third order accuracy momentum discretiza-
tion. This hybrid method of computation is particularly
suited to airwake modelling of the offshore platform as
in regions of interest, such as over the helideck, the tur-
bulent features of the flow are explicitly resolved with
a reduction in computational time required compared
with ‘pure’ LES. Also, when compared with a ‘pure’
URANS approach, DDES produces less dissipation of
turbulent kinetic energy in the flow shed from the bluff
superstructure. To adequately resolve the turbulent
length scales within the airwake over the helideck us-
ing LES, and to reduce artificial dissipation, it is nec-
essary for the mesh size in the CFD region of interest,
or ‘focus region’, to be sufficiently refined. Grid gen-
eration over the helideck was therefore carefully con-
trolled to maintain a sufficiently dense mesh.

The offshore platform model, Figure 2, was placed
in a rectangular domain 15 H long, 9 H wide and
5 H high. The cell size at the surface of the off-
shore platform was set at 0.35 m. Twelve prism lay-
ers were applied on the non-slip surfaces. Using a
non-dimensionalised first layer height y* of 30 and a
growth ratio of 1.2, the height of the next layer was cal-
culated using the exponential prism growth law. The
resulting total unstructured mesh size, including the
more dense focus region over the flight deck, was
about 50 million cells. At the inlet to the CFD domain,
a velocity profile was applied to represent an oceanic
atmospheric boundary layer, ABL, using Equation 1,
where U,¢f is the reference windspeed measured at a
known height above sea-level, z,¢¢, and z; is the sea-
surface roughness length-scale which can be taken
as 0.001 m for oceanic conditions, according to Gar-
ratt [24].
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Each surface of the offshore platform was modelled

(1) U = Urer

as a zero-slip wall. The sides and top of the rectangu-
lar domain were set as symmetry walls and the outlet
was set as a pressure outlet. The sea-surface of the
domain was set as a slip wall, thereby allowing the pre-
scribed ABL to be maintained throughout the domain.
The reference wind speed, Uy, was set to a value of
40 kt (20.6 m/s) at a reference height, z,ef, Of 44 m
above the sea surface, which is close to the height of
the main rotor during hover above the flight deck. Fig-
ure 3 shows the computed airwake with the derrick at
a 45° angle, to the oncoming wind direction, which is
in the x-y plane. The airwake is shown as contours of
u-velocity normalised by U, and the vertical plane is
through the centre of the drilling derrick. Also included
in Figure 3 is the ABL velocity profile applied to the inlet
of the domain and the location of z,¢ shown as a hori-
zontalred line. An initial steady solution was computed
using RANS. The solver was then switched to DDES
and allowed to run for a settling period of 20 seconds
before 30 seconds of unsteady data were recorded.
The total solution was computed over 5 days on 128
parallel nodes.
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Figure 3: Contours of normalised u-velocity in a plane
through the centre of the main derrick, including the
ABL inlet profile.
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Figure 4 shows the vortical structures in the CFD-
generated airwake, illustrated using the Q-criterion
vortex identification method [25], as iso-surfaces of
vorticity coloured by instantaneous streamwise u-
velocity. It can be seen that the helideck in the lee
of the derrick is immersed in highly turbulent air flow.

Figure 5 shows contours of mean velocity magni-
tude, normalised by U,ef, in a horizontal plane 20 ft
above the helideck, which is approximately the height
of the helicopter centre of gravity when the main ro-
tor is at about 25 ft above the deck. The outline of
the helideck is also shown in Figure 5, with the landing
spot at it’s centre. A large region of separated flow, or
wake, is observed in the lee of the drilling derrick with
a reduction in the velocity magnitude over the helideck
varying between 20% and 70% of the freestream ve-



u-velocity (normalised) z
(T L | v I X
-0.5 0 0.5 1.5

1

Figure 4: Airwake over the offshore platform presented
as instantaneous isosurfaces of Q-criterion coloured
by normalised u-velocity.

locity. Velocity differentials of this magnitude can cre-
ate significant aerodynamic forces and moments on
the aircraft, particularly when the helicopter is over the
helideck during launch and recovery.
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Figure 5: Contours of mean velocity magnitude in a
vertical plane 20 ft above the helideck.

Figure 6 shows contours of instantaneous velocity
magnitude, normalised by Uf, again in a horizon-
tal plane 20 ft above the helideck. The instantaneous
image of the flow in this plane highlights the spatial
variation of velocity in the region over the helideck. At
this particular instant in time, a region of high velocity
flow of approximately 110% of the freestream veloc-

ity magnitude is observed at the edge of the helideck,
showing that the velocity differentials that can lead to
aerodynamic forces and moments on the aircraft will
be transient and will add to the pilot’'s workload when
attempting to control the aircraft.
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Figure 6: Contours of instantaneous velocity magni-
tude in a vertical plane 20 ft above the helideck.

Figure 7 shows contours of turbulence intensity in a
horizontal plane 20 ft above the helideck. Turbulence
intensity, T;, is defined as the Root Mean Square,
RMS, of the turbulent velocity fluctuations divided by
the freestream flow velocity, i.e. not the local velocity,
and is calculated using Equation 2, where u’, v/, w’ are
the fluctuations in the three velocity components u, v,
w.
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Figure 13 shows that in this wind condition, the plat-
form structure, particularly the lower section of the der-
rick, generates a large turbulent wake; the red areas,
with turbulence of about 25% are the unsteady shear
layers formed by the air flow separating from the verti-
cal edges of the structure. The air flow above the he-
lideck can be seen to have about two-thirds of its area
exposed to air with a turbulence intensity of about 10%
with the remainder of the deck in an air flow with a tur-
bulence intensity of about 25%. These turbulence lev-
els, and the uneven distribution, will again induce un-
steady aerodynamic loads on the aircraft and, to add
to the complexity, the distinct turbulent areas will them-
selves be moving around in the unsteady flow. These
high values and spatial variations of turbulence inten-
sity over the helideck can be expected to challenge the
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