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ABSTRACT

In experiments on a B-25 at Minneapolis under carefully controlled
conditions of flight, the application of a free electrical charge to the
airplane, approximately equivalent te 100,000 volts impressed thereon, had
a less than 1% influence on the total drag. It is concluded that an
electric field has no appreciable effeet on the drag coefficient.
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INFLUENCE OF ELECTRIC FIELD ON AERODYWAMIC DRAG COEFFICIENT

INTRODUCTION

1, This study was specially authorized by the Direcctor of the
Naval Resecarch Laboratory,

STATEIENT OF THE PROBLEM

2 The object of the investigation was to test, in flight, if an
clectric field on a metallic airplanc would modify in an anpreciable
manncr the drag on the airplanc airfoils,

KNOWN FACTS BEARING ON THE PROBLEM

3. It is a well known fact that the drag cocfficient for a sample
airfoil can not be cxactly calculated from physical data such as the
density of air and its viscosity. In a discussion of the subject matter,
with compctent acrodynamicists, it was suggested that an clectric field
acting at the surfacc of thc wing might selectively attract ions to the
surfacc and thercby modify the streamline flow or possibly denosit dis-
turbing momentum in such a way that the resistance of the wing was increascd.
It is casy to meke calculations of the latter hypothesis and the effect
turns out to be small. No way is known for cstimating the influcnce of
bombarding ions upon the thin turbulent layer of skin adjaccnt to the
airfoil and a crucial experiment scomed to be indicated.

4. Operations of the airplanc assigned to the precipitation
static work at Minncapolis have shown that the flight of an airplanc
through cven very light snow somctimes results in the conversion of the
forward mechanical cnergy of the airplanc into clectrical cnergy approxi-
mating 400 watts. This gencration of clectrical cnergy from the motion
of the airplanc through thc snow nccessarily constitutes a drag on its
motion and its cffcctive drag cocfficicnt will be slightly incrcascd,

5. In a rccent series of papers by H. B. Baraksn #, 3t is
suggested that electrification of an airplane might play an important
part in accelerating or reducing airplane icing under certain conditions.
Without passing judgments on to the merits or weaknesses of Barakan's
contentions, it does seem of interest to consider rather critically the
influences of an electric field superimposed upon a wing section in
modifying its drag coefficient.

6. At first sight it might be supposed that the influence of
electric field on drag and upon icing could be determined from wind

tunnel measuremente. HJowever, it is well established that the ionigza-
tion distribution in the earth's atmosphere is always severely

* One of the Possible Causes of Airplane Icing
H. B. Barakan, Leningred Institute of Meteorclogy
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modified inside a cavity having conducting walls. In view of this fact,
it is highly improbable that wind tunnel measurements on the subject
problem would be a sufficiently close approximetion to actual conditions
in flight.

7. Measurements conducted by the Naval Research Laberatory on
the U.S5.5. Los Angeles and similar measurements made by the Germans
have shown that lighter-than-air craft built up electrical potentials
of the order of 1500 volts. This voltapge and its associated free electri-
cal charge is small, indeed, compared to the electriec charge acquired
by an aircraft flying through precipitation-static conditions. For
example, in certein measurements this laboratory has observed potentials
up to 400,000 volts on a B=2/ flying in very dry snow in the Alcszan
areas. In view of these facts and because the reporting group had
special facilities available, it was decided to make an actual determi-
nation in flight of the drag coefficient of an airplane wing both with
and without a superimposed electric field.

8. A joint Army-Navy precipitation static investigation has been
set up under the techniecal guidence of the Naval Research Laboratory

and a research group has been established at Minneanolis, Minnesota,

to investigate problems conneeted with atmospheric electricity and flight.
The Minneapolis Groun now has a B-25 medium bomber and a Vega Ventura
bomber that are fully equinped with 21l tymes of electrostatic measuring
devices necessary to evaluate the electrical condition of the airplene

in flight. In addition to measuring equipment, the B-25 is equipped

with an artificial charging device that is capsble of apnlying potentials
to the plane, in flight, up to about 200,000 volts. Either sign of
charge may be applied at will and the voltage adjusted to any predeter-
mined value. Details of the artificial charger and pictures showing
method of installation and eircuits for it are given in NRL Report

No. 0-2243, dated 23 February 1644, being the Third Partial Report on

the Precipitation-Static Problem. Because the electric field or voltage
on the airplane can be quickly end immediately changed and controlled,

it is evident that a direct comparison cen be made of the performance

of the airplane wing section in flipght; first, with the airplane un-
charged and immediately thereafter in a highly charged condition,

9. On May 8, 1944, a check run was made with the B-25 to secure
a comparison of performance between a charged and an uncharged airplane.
Weather conditions were stable but with a broken eloud layer. At 9,000
feet, which was chosen as the operating altitude, the zir was solid ex-
cept for a very occasional thermal of moderate intensity, The tempera-
ture was -3° C and the averasge indicated air speed 188 milewper-hour,
A sensitive altimeter was installed where the pilot could easily see it
and he was instructed to fly the airplane at a constant level. The
pilot was experienced in this type of work and was disconnected from the
interphone system so therc could be no suvbjective connection between
his piloting and any instructions that might be passed over the interphone,
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The pilet estimated that he flew the plane at a constant altitude subject
to an error of I' 15 feet. Available to the observer in charge of air
operations was a sensitive airspeed meter, produced by the Pionecer In-
strument Cempany, and lmown as the type F1. A single division on this
airspeed meter corresponds teo 1 mile-per-hour covered a space of about
1/16-inch. It is estimated that a change in air spced of 1 mile-per-
hour could be ecasily measurcd. Operating under steady conditions an
artificial electric charge was put on the airplane. This free charge
was adjusted so that it raised the electric field on the belly of the
plane to about 200 volts per em, This is estimated to be equivalent

to a voltage on the nlane of something less them 150,000 volts. The
charge nlaced on the planc was negative, corresponding te the charge
usually acquired by an aireraft in flight. Arrangements were made so
that the artificial charge could be applied or suddenly removed. Simul-
tancously, the airspced of the sensitive airspeed metor was recorded.

A cyclical application of the charge and discharge resulted in a set

of data as given in Table 1.

10. It may be seen from the data of Table 1 that the influcnec of
the cleetric charge on the plane was less than the fluctuations of
airspced that normally cxist during stablec flight conditions. It is diffi-
cult to assign definite valuecs to the cxperiment,; but from the data it
seems safc to conclude that a very strong clectric ficld averaging per-
haps 100 volts per cm over the cntire wing surfacc had less than a 1%
influence on the drag coefficicnt of the B-25's airfoils., If there were
any spccial reason for morc detailed data, it is possiblc to determine
the distribution of the cleetric field over the airplanc wing with the
clectric ficld on the belly of the ship adjusted to the employed 200
volts per cm,

DECLASSIFIED



-
y A 3 Py i
: 4 o L —
ol ‘_.'I_.(. ; N;
A e
Freiy = '\_.,L I
,‘¢ /{:’1(».-__; ,‘-. NN :‘P;—I; ol
Jown i fAA) LG Ayt
l“.’! — i{L, f - LY F P R

P 3
A""‘-\i Lv:

o
<

o
5 f‘“"‘

\. !\*
0 \O

"N..'Q‘ "--.\_
O OO

e N

s |
N

Sy 0000 o

j A
&

e
;:\ Sk
, \\%
7 e "’/
0 i <
7;9/: -
T 1
f £ =
& B
&) /
sl \
/
o
o

--.“N' 3

W
\O O \o On

e
0o Ony
Qo n

LEAST COUNT PIONEER I SENSITIVE: - 5
AIRSFPEED ME TER. = //\/,w FER HOUR.

TKDE F .Z

DECLASS; ..




