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Disturbances Encountered by Aircraft during

a Carrier Landing Approach

Avaust . Leaman®
Oceanics Inc., Plainview, N. Y.

The processes involved in landing an aireraft on a carrier are extremely complex. The land-
ing deck is not a stable platform in space, but eonstantly is ehanging ils orientalion owing to
the pitching, heaving, and rolling motious of the ship. Jet aircraft response is somewhat slow
or sluggish in the landing attitude; thus, disturbances existing in the air wake along the glide
path which affect the aircraft are of considerable importance to the pilot. This study, which
was undertaken in a water tunnel, was concerned with identifying the cause and nature of the
major dynamic disturbances exisling about the glide path area, measuring the slteady-state
velocity magnitudes and directions in this area, and measuring the dynamic horizontal and
vertical velocities in this area. Major conclusions arve the following: the overhang of the
deck is the major source of the disturbances; dynamic vertical velocity fluctuations are
stronger and persist longer than horizontal velocity fluctuations; and stronger disturbances
are produced when the wind is along the landing deck than when the wind is aligned more

closely with the keel line.

Introduction

HE processes involved in landing an aireraft on a carrier

are extremely complex. One must consider aireraft ap-
proaching at speeds in excess of 100 knots with a touchdown
length in the neighborhood of several aiveraft lengths. Add
to this the fact that the carrier will be undergoing various
degrees of pitehing, heaving, and rolling, thus constantly
changing the orientation of the landing deck in space. In-
clude also the fact that the response of a jet aireraft tends to
be somewhat slow or sluggish in the landing attitude, so that
disturbanees existing in the air wake along the glide path and
affecting the aircraft are of considerable concern to the pilot
who is attempting to make a satisfactory approach and
touchdown. A touchdown that is “short” of the landing
deck is extremely hazardous to the aircraft and pilot as this
results in an encounter between the aircraft and the stern of
the vessel.  An overshoot of the arresting cables requires the
aircraft to become airborne again within several aireraft
lengths, a procedure that can be fairly hazardous where jet
alrceralt arce concerned.

It 1s the cause and nature of the disturbances affecting the
aireraft in the glide path which have been investigated and
will be described in this paper.  But, before doing so, perhaps
a paragraph or two of additional background material ap-
plicable to the aircraft landing problem might be helpful.

The Fresnel Lens Optical Landing System is one of the

systems currently employed to indicate to the aireralt pilot
whether or not his approach to a carrier in the landing process
is proper. With this system or with a similar signal system
three elements are involved: 1) ship dynamics, 2) aircraft
dynamics, and 3) pilot response. Of these three, two (air-
craft dynamiecs and pilot response) will be affected by distur-
bances in the glide path.
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Major disturbances do exist in the glide path and are col-
lectively identified by carrier based pilots as a “burble.”  The
disturbances of concern to the pilot are encountered within
thelast several seconds before touchdown; the significance of
this encounter is, normally that the pilot has only between 1
and 2 scc alter emergence from the disturbance to commit him-
self to a landing or an abort. Such decision making creates
considerable strain on the pilot, in view of the possible, seri-
ous consequences resulting from a wrong decision,

Program Objectives

The primary purpose of this program concerned an investi-
eation of the flow conditions existing in the glide path or ap-
proach area of a carrier. To satisfy this purpose, four objec-
tives, all involving model studies, were established: 1) to
observe visually and photographically the vortex formations
representing and comprising the major characteristics of the
air wake disturbances existing in the glide path area; 2) to
measure the steady-state velocity magnitudes and directions
at a number of axial stations downstream of the model, ex-
tending far enough aft to include all reported major flow
disturbances; 3) to measure the dynamic velocity fluctua-~
tions in both the axial and vertical dircetions existing in the
glide path area; and 4) to analyze and interpret the dynamic
velocity fluctuation data to permit their utilization in system
analysis computer studiest concerned with the Fresnel Lens
Optical Landing System.

General Approach to the Problem

Perhaps the dominant consideration in satisfying the pro-
gram objectives was that the studies should be undertaken
with a model undergoing heaving, pitching, and rolling mo-
tions, as it was believed that the wake ereated with model
motions would be different significantly in character than the
wake existing with the model stationary. Another important
consideration was the desire not only to observe easily the
downstream disturbed flow pattern, but also to identify the

1 The system analysis studies were undertaken by Systems
Technology, Inc., Hawthorne, Calif.
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source creating these flow disturbances when the model was in
motion.

Because of these two considerations, it was decided to un-
dertake these studies, which involved an investigation of air
wake disturbances, in a water tunnel. This technique is
much more reasonable than it initially appears. At full scale
wind-over-deck velocities, air acts as an incompressible fluid,
i.e., the compressibility effects are negligible.  Because the
air acts as an incompressible fluid, water, which iz an incom-
pressible fluid, can be subslituted satisfactorily.  (Con-
versely, problems involving water flow can be, and often are,
studied in low velocity air flows.b2)  Thus, water tunnel stud-
ies are as valid as air tunnel studies.  In fact, from Reynolds
number scaling considerations, water tunnel studies have an
inherent advantage over air tunnel studies because of the dif-
ference in the kinematic viscosity of the two fluids.  The wall
effects in water tunnel studies are no larger than those in air
tunnel studies.  Boundary-layer growth has a divect velation-
ship with Reynolds number; thus the same boundary layer
exists in cither an air or a water tunnel if the tests ave run af
the same Revnolds number.

Another advantage of water tunnel investigations is that
flow disturbances (vortex formations) that may cxist in any
fluid can be observed casily through the phenomenon known as
cavitation. Cavitation is defined as the formation, growth,
and collapse of vapor or gas-filled voids (bubbles); thus these
vapor bubbles permit the observation of the disturbed flow
and vortieity pattemns.

In analyzing the over-all problem it was recognized that
disturbances (other than free air turbulence) encountered by
landing aireraft must originate from portions ol the ship hull,
deck, or island.  All of these major components will produce
flow disturbances either having well established vorticity pat-
terns or with vorticity tendencies. For example, depending
upon the relative wind direction, the leading edges of the bow
and landing deck can act much as the leading edges of wings.
Thus, the “tips” (or corner edges) would shed the well-known
tip vortices commonly observed from ajreraft wing tips.  This
type of vorticity can be extremely strong and has a long life.
Figure 1 illustrates a tip vortex forming from a wing at an
attack angle (water tunnel investigation). For the problem
under consideration, the cores of the vortices essentially would
travel parallel to the wind direction.  (Some recent work by
Batchelor® discusses the strong velocity gradient that can
exist parallel to the core of a vortex of this nature.) The
leading edges of the bow and landing deck also can shed Kar-
man type vorlicity, that is, vorticity in which the core of the
vortex essentially is parallel to the edge of the shedding struc-
ture. This tvpe of shedding is shown m Fig. 2. It was casy
to postulate that this type of shedding would be intermittent
owing to the cross flow of the wind along the deck edges caused
by the pitech and heave motions of the carrier.  How correct
this postulation was will be noted later.

As the island is located on the deck parallel to the longitu-
dinal center line of the ship’s hull, it is therefore at an angle
to the landing deck. Since the relative wind is normally ori-
ented along the landing deck, the island is at an effective at-
tack angle. Because of this orientation, the island will pro-
duce disturbances associated with such a blunt structure at an

Fig. 1. Tip vortex.
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Fig. 2 Karman type vorticily.

attack angle.  Also, the hull itself, projecting as it does from
the water, will ereate an air wake aft of it.

Test Arrangement

The tests were undertaken in the Oceanies water tunnel.
This tunnel is a closed jet recireulating type having both veloe-
ity and pressure variable (see Fig. 3). The maximum fesg
seetion velocity is about 40 fps, whereas the test section pres-
sure, which can be controlled independently of the test section
velocity, covers a range from about —0.9 to 1.0 atm uxing
atmospheric reference.  The test section itsell is about 20 in.
on a side and has rounded corners.  The over-all length of
the test section ix 7 ft. There are cight viewing windows,
two on cach of the four sides; each window has a viewing area
of 10 X 30 in.

The test arrangement consisted of a flat horizontal plate
extending across the width and Jength of the test scetion.
This plate represented the sea surface and divided the flow
passing through the test section.  The flow of water passing
over the upper portion of the plate represents air flow in the
yeal case.  This is the portion of the flow which is of interest
in this program. (The flow below the plate has no significance
in this study.)

The model, which was 33 in. long, was positioned near the
forward end of the test section and the hull passed through an
opening in the plate. This opening was just large enough to
permit the model to undergo heaving, pitching, and rolling
motions without hitting the sides of the opening. The model
was supported actually by rods extending from the piteh and
heave mechanism (located beneath the test section) through
the tunnel test seetion bottom and into the model mounting
block. Roll actuation is controlled by a separate push-pull
mechanism,  Figure 4 is a sketch of the basic model-plate-
actuation installation, whereas Fig. 5 is a sketch of the over-

Fig. 3. Sketch of tunnel.
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all test arrangement, in this case showing the installation of
instrumentation for measuring dynamic veloeity fluctuations.

Flow Visualization Studies

This portion of the investigation involved visual observa-
tion and high speed movies of the carrier model while under-
going pitching, heaving, and rolling motions. The actuation
mechanism, in conjunction with the tunnel velocity, was set at
speeds that would introduce the proper (scaled) time periods
of pitching, heaving, and rolling of the full scale vessel.
The tunnel static pressure then was reduced slowly until por-
tions of the disturbed flow about the carrier became visible
via the phenomenon of cavitation. These disturbed flow
patterns were observed with the carrier in different fixed ori-
entations and with varying rates of pitch, heave, and roll.
The disturbed flow patterns made visible by cavitation were
examined with normal illumination and the aid of a strobotac.
Using the strobotac, attempts were made to “stop” the in-
dividual disturbed flow formations.

These observations permitted a good general understanding
of the causes of the flow disturbances and the nature of the
flowfield downstream of the carrier model. The marked dif-
ferences in the disturbed flow formations when the model was
stationary and when undergoing dynamic motions were noted.
Both air and dye were emitted from various openings in the
carrier deck and island to see how the flow associated with a
particular area behaved when an observation technique other
than cavitation was used. Air and dye were also exhausted
from the smoke stack to note the behavior of the stack gases
and its mingling with the downstream flow pattern.

The flowfield then was examined with the use of high speed
movies with the carrier undergoing pitch, heave, and roll
motions again scaled to the actual carrier motions. Because
the cyclic rate of the model was quite high in order to main-
tain the proper scaling parameter, { film speeds to 4000 frames/
sec were employed.

226" 485' 764' 1040

MEASURING PLANES
SHOWING EQUIVALENT
FULL SCALE DISTANCES

Fig. 5 Over-all test arrangement.

1 The Strouhal number was employed in scaling; i.e. (wL/V)
full scale = (wL/V) model. Here « is the cyclic frequency, L is a
characteristic length, and V is the wind-over-deck velocity. In
this case, for a full scale wind-over-deck velocity of 35 knots and a
pitch period of 10 sec, the model cyclic rate was 9.6 cps with a
tunnel veloeity of 15 fps.
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The analysis of the movies was most enlightening and a
16mm sound movie has been composed using some of the high
speed film exposed during the studies. (Copies of this movie
may be obtained from the Office of Naval Research, Washing-
ton, D. C. 20360, Attention: Code 461.) With a body as
nonstreamlined as the carrier model, the cavitation technique
affords an excellent three-dimensional visualization of the
causes of the disturbed flow pattern and the downstream flow
pattern itself. The more important conclusions drawn from
a study* of the high speed movies are:

1) The form and nature of the originating disturbances and
the downstream wake field are markedly different in cases
in which carrier is fixed in orientation and the model is under-
going pitching and heaving motions.

2) Pitching and/or heaving motions not only introduce a
pronounced periodicity in the shedding action, but also in the
downstream wake. Each pitch or heave motion produces one
mass or grouping of disturbed flow and the motion appears to
increase significantly the violence of the downstream distur-
bances, in addition to introducing the periodicity. Each mass
has a general clockwise motion (resulting from the tip vor-
tices) when standing aft and looking in the direction of ship
travel.

3) It is not believed that stack gases by themselves in-
fluence the flight characteristics of an aircraft. The stack
gases mingle with the disturbed flowfield originating from the
island, with this disturbance later combining with the dis-
turbed flowfield from the entire carrier. Thus, the gases
make the existing flow disturbances visible and add the psy-
chological effect of interfering with the pilot’s process of visual
orientation.

4) Disturbances originate from the island, the deck, and
the hull, but the complete elimination of the island only re-
duced the downstream disturbed flow pattern to a minor
degree.

5) It is believed that the canted deck is the major con-
tributor to the downstream disturbances. This results from
the extreme overhang of the deck in relation to the hull.

6) The orientation of the carrier, with respect to the exist-
ing natural wind, has an important influence on the path of the
disturbed flowfield after it leaves the near vicinity of the car-
rier, as the disturbances then become a part of the general
atmospheric flowfield.

Steady-State Flowfield Measurements

The magnitude and direction of the steady-state velocities
existing in and about the glide path were determined with a
directional pitot tube in planes perpendicular to the average
flow direction at five distances aft of the model corresponding
to full scale dimensions of 226, 485, 764, 1030, and 1310 ft
aft of the touchdown point on the carrier. Measurements
were made up to a maximum of 160 points per plane of in-
vestigation. These measurements were made for several car-
rier pitch orientations and wind directions. Understandably,

WIND ALONG LANDING DECK
---—- DOWN DRAFT —— UP DRAFT
300}

(FT)

200, 2°

¢
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LANDING DECK

1000 800 600 400 200 o]
DISTANCE AFT OF RAMP (FT}

Fig. 6 Plot of steady-state wind directions along a 4° glide
path.



MAY-JUNE 1966

these studies* produced a mass of data; this information was
employed by Systems Technology, Inc., in establishing in-
puts for systems analysis computer studies undertaken on the
carrier landing problem. Figure 6 shows onc of the plots
developed by Systems Technology, Inc. from the steady-state
data obtained. This plot shows clearly the mass rotation of
the flowficld as well as the arcas in the wake that have specific
downwash or upwash magnitudes.

Dynamic Velocity Measurements

Perhaps the most challenging portion of the investigation
was that of measuring the dynamic horizontal and vertical
velocity fluctuations. To do this it was neeessary to develop
a dynamic velocity sensing probe having a satisfactory re-
sponse over the range of frequencies to be investigated.
Although a number of dynamic velocity sensing devices have
been developed for use in water, here an extremely rugged in-
strument was wanted which could hold its calibration for sev-
eral weeks and show no temperamental characteristics when
subjected to the environment of a typical water tunnel. An
instrument approaching the veliability and simplicity of a
Prandtl-type pitot tube was sought.

A signifieant advantage existed in that the desired fre-
quency response range is exceptionally low when compared
with the response range desired by typical turbulence detec-
tion devices. For example, the maximum full scale » range
with pitch motion was in the neighborhood of unity; thus in
model scale the maximum frequency was about 10 cps.
For power spectra, the desired maximum full scale » value
was of the order of three, corresponding to a model scale fre-
quency of the order of 30 cps.

Because of the low frequency requirements, it was be-
lieved that a probe utilizing small commercially available
pressure transducers (Consolidated Electrodynamics Cor-
poration, type 4-312-002) could be used. Basically, the con-
cept involved a Prandtl-type pitot tube extending from a
streamlined pod, which would contain the pressure trans-
ducers. A sketch of the probe is shown in Fig. 7. Note that
the total head pressure is fed to one transducer, with the static
head pressure fed to the other.  The clectrical output from the
transducers is subtracted, one from the other, leaving a signal
that is some measure of the velocity head. The calibration
technique was rather involved, but essentially it was accom-
plished by impinging, upon the tip of the submerged probe,
jets of water traveling at known velocities and known fre-
quencies. Using this technique the instrument had a satis-
factory response up to 40 cps.

In order to prevent cross flows (flows from directions other
than that in which a measurement of the velocity fluctua-
tions were desired) from affecting the sensed velocity fluctu-
ations, the tip of the probe was shielded. A 90° shield was
used to measure the vertical velocity fluctuations. A photo-
eraph of the probe is shown in Fig. 8. On the probe proper is
the head employed for measuring vertical velocity perturba-
tions, whereas above this is the head used for measuring axial
perturbations. The shield used during axial measurcments is
above the basic axial unit.

I INCH TRANSDUCERS

HEAD FOR VERTICAL
MEASUREMENTS

DETAIL: TUBES & SHIELD FOR
HORIZONTAL MEASUREMENTS

Fig. 7 Sketch of probe.
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Fig. 8 Final probe showing heads and shields.

TFor dynamic measurements the probe was positioned at
glide path angles of 3°, 4° and 5°, with measurements taken
along the centerline of the elide path and at distances equiva-
lent to 47 ft (full scale) port and starboard of the glide path
centerline. Thus a matrix of nine measuring points was
formed at each downstream measuring station. These meas-
uring stations were the same as those ecmployed for the steady-
state velocity measurements.

The output from the probe was passed through an ap-
propriate filter and that output fed to a strip chart recorder.
Simultancously, a signal was fed to the recorder showing the
pitch orientation of the model. In this way, phase relation-
ships between the signal and the carrier position could be
established. The data obtained at cach point in space for
various model pitch frequencies and wind directions were then
converted into transfer function amplitudes and phases, for
the horizontal and vertical velocity fluctuations rclative to
the ship pitch angle. Power spectra obtained with no carrier
motions (at the same positions) for vertical and horizontal
velocity fluctuation measurements were also evaluated.

An indication of the nature of the data obtained during the
investigations is presented in Figs. 9 and 10.  Figure 9 illus-
trates the vertical pitch amplitude and phase transfer fune-
tions for the position 990 ft aft of the carrier along the center-
line of the 3°, 4°, and 5° glide paths. In this figure, w is the
vertical velocity perturbation value, V is the free stream wind
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Fig. 9 Vertical velocity-pitch transfer functions 990 ft aft
of ramp, wind along C, of landing deck.
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Fig. 10 Velocity fluctuations; 10-sec pitch period wind
along C, of landing deck.

velocity, 8 is the piteh angle (radians), and w is the pitch fre-
quency in radians per second. There is some difference in the
amplitude function with glide path angle but the phase fune-
tion shows little change with the glide path variations in-
vestigated. Figure 10 presents the actual magnitude of the
horizontal and vertical velocity fluctuations as a percentage
of the oncoming flow encountered along the 3°, 4°, or 5°
elide path for a specific test condition.

The dynamic velocity measurements® tended to reinforce
the general conclusions deduced from the flow visualization
and steady-state flow studies.* The major conclusions were:
1) wvertical velocity fluctuations are larger considerably
than horizontal velocity flucutations; 2) the magnitude
of the velocity flucutations for the horizontal and vertical
measurements tended to increase as the position in space
moved from starboard to port of the glide path center line;
3) the magnitude of the horizontal and vertical velocity
fluctuating values decreased as one proceeds downstream from
the carricr; and 4)  the magnitude of the velocity fluctua-~
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tions decreases as the relative wind orientation changes from
the center line of the landing deck toward the center line
of the ship.

Summary

This investigation proved the practicability of studying
both the steady-state and dynamic air wake conditions ex-
isting aft of a carrier model in a water tunnel. The use of the
water tunnel afforded an excellent means of visualizing the
dynamic disturbed flowfield through the phenomenon of
cavitation. The use of existing instrumentation ecoupled
with that specially designed for dynamic measurements per-
mitted the determination of both the steady-state flowfield
characteristics and the dynamic horizontal and vertical veloc-
ity fluctuations existing in and about the glide path area used
by aircraft approaching a carrier for landing. The signifi-
cance of this series of investigations was that a better physical
understanding of the air wake now exists and, in addition,
actual disturbance values now are available for use in sim-
ulator studies or other dynamic analyses.
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