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COMPARISON OF MEASURED AND CALCULATED , \
AIRCRAFT LIFT GENERATED PRESSURES

By Donnld 8. Findley
INTRODUCTION

The proposed widespreod use of very large, heavy alrcraft for commereilal
and military purposes has caused concern gbout the 1ift generated pressures
that will be produced at or near ground level due to low altitude operatiors.
Such pressures may have significant effects on objects and structures in the
immediate viclnity of airports. : :
© . Prandtl and Tietjens in reference-l have dealt with the problem of the .
transfer of the welght (1ift) of' an zireraft to the surface of the ground.
Expressions are given in reference 4 for the pressure increment due to
- alreraft 1ift es a function of digtance, where the distance is assumi to be
large compared to the dimensions of the lifting surface.

I

¢ ' Due to the lack of experimental investigations of this phenomena, ;
I opportunity was taken during a recent overflight program to use a speclaily ‘
' instrumented test range to measure the ground pressures produced for a o
range of aircraft welghts and distances. The purpose of this paper is to - ;
1 present measurements. of the ground pressures and to compare them with N PR ;

§ calculations made by the theory of reference 1. § ; 3

n
\.\‘
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ANALYTICAL STUDIES

The main concepts of the theory of referencc laond a definitlon of the
quantities involved are illustrated in figure 1. An aircraft flying at low
speed, and at a distance above the ground large compared to its dimensions,
is assumed %o generate a pressure patiern which haes rotationel symmetry with
respect to the location of the airplanc. By means of elementery alrfoil
theory, the lift generated pressure at any point below an aircraft is predicted
by the relationship °
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¥ i where - p = the incremental precsure over ambient pressu;ef o & ﬁ
J , L = the lift (or weight) of the aircraft . = REE i

i h = the altitude of the aircraft sbove thé grouﬂﬂ . é

R = Ao

. point on the ground where the pressure is ocbserved:

[

: b
the slant range distance between the aircraft®and the S z
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For the overhead pgsliticn of the nchrnft, where R =h, Lt can be seen from
¢he equation, thau/tho incremental pressures are proportional to the welght of
the aireraft and inversely proportional to the square of the dlstance between
the aircraft undéthe pdint of obSPrvatLon.

Using the above equation, rdiculations were wade of the incremental
pressure that would be produced below an wlrczaft, for various distances from
the point of observation to the airersaft -The results of these calculations
are presented as lneremental presuure: pnr unit weipht of the nlreraft as a
function eof lateral diutaUCP from uh& ground track for soeversl altitude; in
figure 2. It can be seen {rom the {igure that thﬂ calculated ineremental
pressures are relatively hipgh under the alreraft und decrense ropldly. Mith
latersal. distance for low altitudec'f On the other hand at higher altitudes,
the maximum incremental pressure values are lower and they decrease at a
markedly slower rate as & funcvlon of lateral distance., It follows .thot the
relatively high ineremental pressures assoclated with low airplone altitudes
ere eonfined to the reglon near the ground irack. o i

At a glven point on the rround, the 110t generated Lneremental pressures
will vary es a functlon of time as-the aireraft passes overhead, Based on an
assumed speed of 150 kts, the time histories of pressure per unit ailreraft .
weight assonlated with two different aliitudes are glven in figure 3. It can
be seen that pressure increments are prediesed for time spans of several
seconds, the shor4er time and the higher precsure being associnbed with the

lover altitude.

To indicate the order of magnitude of incremeiital pressure predicted for
verious combinetions of aireraft weight and altitude, the calculated data of
figure 4 are presented. . The incrementol pressures are those predicted on the
ground tiack and hence are the maximum values. For instance the meximum
incremental pressure predicted for-a 750,000 pound aircrafi-at a distance of
200 feet is about 3 psf

" For comparison with the values of 1ift menerated incremental pressures
.of*figure i some data for changes in pressures due 4o altlitde and wind
f‘vnloclty are presented in figuree 5 and . The prespure change, D) , @5 a

:, func¢1on of .altitude was taken from: refernnce 2 and Lndicates thnt a value of

i3 pgf is asuocluted with an alLlLucn Lhuugu nenr sep level ol abcut hO feet.

The pressure exerited ooon ;unctimn of wind veloelty io predicted from
the expression : ' - ' :

\t\ . . . ) T \“"" .

whérék P is/the 1mpact pres'uru, is the density of the air, V is the
‘wind Velonit y gnd. # - is the angle of ihe wind vector relative to the
impingewont surface { # 1s assumed to be $0° for the calculations of

figure 6. For instance; a preusure value of 3 psi is associated with a wind
velocity of about 30 kts. ) . L

' ORGINAL PAGE I
/4 .»  OF POOR QUAL.. ‘f*f'. 4

} S (A A S & It A et

] i e At

e e
i

e

=

0§ ¥ U 07 AR -0 £, sy B 2o R

T R LTSI

TR B st et e T e 2 15

B et o]




ST

]
.

EXPERIMENTAL STUDIES:

Pest Conditions

For direct comparison with the caleulations, measurements were made of
the 1ift genersted pressure fields of two different aireraft during a recent
overfiight program ot the NASA Wellops Station, Virginia. The test silte,

_which is appr&ximately 30 feet asbove sea level, 1s generally flat with some

““wooded areas. The measwrement locatlién was in a large open paved arvea, os
shown in the sketch of figure ‘7, with the nearest buildings, trees, and other
large objects at least 100 feet away. Tlight tests were made in toe second
and third weeks in November 1907, during which time the weather was generally
fair. Strong winds, however, did occur on one day, and the adverse effects v
wind on the meacurements are noted.

The two aireraft used during the tests are illustrated in rigure 8(a)
and (b). Airplene A was o large four-englne turbofan-powered military transport
operated by the Alr Force. iﬁirplunc B was o large four-engine tirbojet-
powered clvilian transport operated by the Federal Aviation Administration.
The scheduled airecraft ground track pessed about 140 feet north of the
measurement site in a west to east direction. The alrcraft were tracked by
radar for all {lights. Pertinent Information about the_operating.qpnditions
and the positiong of the alircraflt ore given in Table I. " '

. Instrumentation__

A microphone system similar to that presented in fipgure 9 was used. It
has a usesble frequency range of zero Hz to 10 Mz, and maximum sound pressure
level capsbility of 140 aB. The system consisted of & speclally modified -
eondenger microphone, an M tuning unit and an amplifier. To monitor and
examine the signals, an oscilloscope and a graphic level recorder were uoed.
All data sipgnals, an IRIG time code sipgnal, and a volee description of the
tests were recorded on an FM tape recorder. . ' ' -

RESULTS AND DISCUSSION

- >
Tt

The results of the tests ore presented in flgures 10 through 12.
Figure 10(a) and (h) contains exemple pressure time history data for twe
different frequency ranges for o Lyplenl flyover of airplane A. Figure 10(a)
relates to the conventional noise frequencies (10 - 10,000 HMz) whevcas the data
of figure 10(b) relate to the lift-generated pressures which are slowly
varying (non-oscillating) in nature and ore represented by that part of the
spectrum near zero frequency (for convenience O - 5 Hz). It can be seen that
the high-frequency pressures. increase in amplitude gradually to a peak value

- yhich occurs after'thE'ﬂircfaft has passed overhead., The 1ift pressure trace
on the other hand reachés a peak volue near the time that the aircraft is
clousest to the measwring station. It ean be seen that the 1ift pressure irace
is generally similar in nature Lo the calceulated traces of figurc 3.
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Measured pressure data obtulned from records such as Lpn finwe 10(b) are
plotted in figuwre 11 for three different Iipht conditions o' alrplanc B,
Chown olso on the figure are caleulpted curves tor the sonw fllght conditious
for direct comparison. It can be seen that the measured and coleulsted dato

ore in general agreement. It should be noled, however, thnat the calculnted

maximum values (corresponding to the chortest slant range) cxcced the measured
meximum values in each case. An additionol finding ls thet smell negntlve
pressure values are measured after the alrerafi hos passedl by, whereas the
theory predicts only positive volues., 'The precence of these small nepotive

pressures has been confirmed even though the meabnrement nceiracy mmy be P

degraded becouse of the response of the measurcment syotim Lo atmospherie
pressure digturbances which are of the same order of mognitude. 'These owell
negative pressures may he associated with near-fleld Lijccts not rweounted

I'nr by the theory of refercnce 1.

The data ol figure 12 arc simllar In nature to ihésce ol Iigure 11 but
for alrplane A and for somewhat different flight condlllons, as ligted In
Table I. Adirplone A was heavier bthan airplone B and hence thy maximua
Aincremental pressures were somewhat higher thon those of figwre 11 for roughly

< the namc operating conditions. The spread of the dota polntu is beiieved due

to the gusty winds of 7 to 14 kts which were observed at the mlgrophone
location. Gusty winds have associated with them preBsure variu&ﬁons which are
superposed on the  lift pressures, .and it ls semetimes dii ficult to ceparate
them. Thus, the data of figure 12 are not believed to be oo ncewrate as those
of fipure 11 because of the mdverse weather conditions.

}

CONCLUSTONS

Adrcraft 1lift generated pressures were calculated using elamuntary _
oirfoil theory, and these values were compared with ground level measurcements
made during an overflight program.  The predlcted and the mcos uxea values were

in relatively good apreement.

Az an indication of the order of wagnitude of the presswres Luvolved, a
750,C00~pound alrplanc at o dislance of 200 feet would produce ab incremental |
pressure due to Lift of about 3 usl, This presswe change would rowshly
correspond cither to a change in altitude near sen Jevel of B0 fect or Lhe

impect prescure of a 30-kt wind.

3
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Figure 2. - Calculated incremental pressures per unit aircraft
weight as a function of lateral distance from the
ground track for altitudes of 0 ft., 100 ft.,

200 ft., 500 ft., and 1000 ft.
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Figure 3. - Caleculated incremental pressures per unit aircraft weight as
function of time. Data are for a point on the ground track
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FIGURE 5. - PRESSURE FXERTED BY TIE WIND AS A FUNCTION OF VELOCITY.
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Incremental pressure, psf
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Figure 11,- Calculated and measured incremental pressure time histories
for three different missions of aircraft B,
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Fiyure 12,- Calculated and measured incremental pressure time
histories for three different missions of aircraft A,
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