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DRAG MEASUR MENTS AT: TRANSONTIC SPEEDS

ON A FREELY FALLING RODY
By F. 7. Bailey, Jr., Charles W. Mathews

and Jim Rogers Thompson
SUMMARY

Direct measurements have peen nade orf the drag orf
& special test body and itg stabilizing tail surfaces
throughout free dropes from high altitudes. The data
obtained have been used to establish the relacion bhetween
the drag coefficient ang the Mach number for the body
and for the tai] surfaces over a range of Mach numbers .. -
from 0.85 to 1.18. Lo : ‘

For bodies of the form tested, tre drag per square
foot of frontal ares increaseqd abruptly from about 3 Per-
cent of atmospheric Pressure at a Mach number of 0,95 to
17 percent of atnospheric Preéasure at a Mach number of
1.00, then linearly witn Mach number to 28 nercent of
atmospheric bressure at a Msach number of approximately .
1.15. ' ' .
Some -doubt exists as to the applicability of the
tail drag results to the estimation of wing drag at tran-
scnic speeds because of the POssibility of epprecianle -
interference effects between the vertical ana the horie
4ontal surfaces and between the body and the tall sure
faces, Insofar ag they are applicable, the tail drag
results indicatea that with symmetrical 6-percent-thick
NACA lé-series wings the drag per square foot of frontal
area may be expected to increase abruptly from 4 percent
of atmospheric pressure at a Mach number of C.88 to
36 percent of atmospheric préssure st a Mach number of
1.00, then linearly with Mach number to &pproxinately
50 percent of atmospheric pressure at a Mach number of
1.15.
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INTRODUCT TON

Recent developments in radar, phototheodolite, and
radio-telemeter equipment have made it possible to ,
measure the drag of aerodynamic shapes at transonic speecs

attained in free drops from high altifudes. Teats of
the first of a series of bodies to be 'studied in this
have recently been completed. The results of these te
are presented herein as separate curves of drag coeffi-
cicent plotted against Mach number for the body ‘and for
its stabllizing tail surfaces

UJ<
LTQJ

APPARATUS AND METHOD

Test bodies.- The details of the test shape and 1ts
11 surfaces are glven in figure 1. / This parficu’a“
dy shape was selected as repwﬂﬁentutlve of dezigns
that might be expected to have comparatively low drag

tranaonic snpeeds. ‘ Since the tests were nlanned to be
rily & study of bhody drag at the highest attainable
e the tall arrangement was designed to prov ide
equate stability and have a drag that would be small
lative to the drag of the body.

C

Y
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ix hodies of this qhdpe were dropped from an

alt 1tuce of approx1watClv 35,000 feet. These bodies
were identical externally but varied in weight and method
of construction. The two heavier bodies were made of
metal, carried radio-telemeter equipment, and weighed 445
and 447 pounds The four lighter bodies were mado of

wood and carri d rno measuring instruments, telemetering
cqu;pment, or radic antecnna. The 117hter bOdLuC welghed 96,
100, 187, and 197 pounds.

leasurements.- For the telemeter-equipped vocies,

the total drag of thﬂ body and tail was obLaipeu directly
from the telemetered reading of a sensitive acce 1nrb,9uvr
that was alined with the axis of the body. The drag of
the tail surfaces was determined from telemetered measure-
ment of the longitudinal reaction between these surtfaces
and the cylindrical boom that supnorted them. The speed
of the body at any instant was obtalned both by step-by-
step 1ntcgﬁﬂtlon of the accelerations imposed on the
body and by differentiation of a time history of the

flight path as me acurud wkth rqdar aqd ynotothcndol te

CONFIDENTIAL
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equipment. Evidence that the vody did not oscillate

in yaw relative to its flight path was providag DYy
telemetered dlfferentlal pressures between orifices on
opposite sides of the body at its maximum thickness and
by telescopic observations of the body from the ground.

For the four wooden bodies without teleweuerlng
equipment, the speeds and a limited ‘amount of information
on the total drags were obtained from the radar and
phototheodolite measurements. ' -

Information on atmospheric pressures and temperatures
at the various heights was obtained from synchronized
altimeter, thermometer, radar, and phototheodclite readings
taken during the climb end descent of the airplane from
which the bodies were dropped. '

Reduction of data.- In the reduction of the data for
the telemeter-equipped bodies, the dlrectly measured
values of the drag D, the static pressure p,. the
speed V, the temperature T, and the frontal area F
were combined to produce time histories of the nondimen-
gsional ratio D/Fp and the Hach number M. Values of
the conventional drag cocfficient Cp based on frontal
arega were then obtained from these curves by substitution
in the relation

n/F ' '
c.. = D/Fp _ (
D 2
£ u

ot
v

N

where the specific-heat ratio + was taken ss 1.4. For
the tail surfacco, these values of Cp were multiplied

by the thickness ratio to convert them to drag coeffict ents
hased on plan area. The frontal and plan areas used in

the computation of the tail drag coefficients did not
include the arca within the tail extension shaft or the
area removed in rounding the tips. No allowance was

made for the effect of the wake of the body on the tail
drag. ‘

For ithe bodies without instruments, values of the

total drag at the highest Mach numherc redcned were
obtained from the relation’

COWFIDENTIAL
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W | .wel zht of body, pounds “:

h height of body above ground at.ti%e t, fset

oy ~acceleration of gravity <32._2 ft/'s,‘ec2>

R gas constant for air <l716 ft-lﬁ/slug/03>

RESULTS AND DISCUS STON

Time histories of the pertinent measured and computed
quantities for the two bodies equipped with radio
telemeters are given in figures 2 and 3. The differentiale-
pressure data are not included in these figures because

‘examination of the records showed no oscillations and

confirmed the statements of ground observers that all
bodies remainecd steady throughout the drops.

4 check on the over-all accuracy of the test results
ls provided by the comparison in f¢vure 4 of the v€“001uv
altitude data ocbtalined from the radar and phototneodoli
eau*nm@nt with similar data obtained from step-by-siep
integration of t;e telemetered accelerations imposzd on
the body. : ' :

ime 1“i=~1:o"'l, for the bodies without instruments
ven in figures 5 and 6, The apparent fluctuations
.ocity in the records for the 96-, 187-, and 197-pound
] resulted primarily from the inability of the
operator to keep the axls of the phototheodolite sguip-
ment pointed continuously at the body. The photogzraphs
that normally permit correction for these small errcrs in
pointing were not obtained during the drops of these
particular bodies. The velocity fluctuations that

appear in figure 4(b) during the last part of the drop

cf the 445-pound “ody (bedy 3) have =z similar explanation.

The ﬁrecisimh with which the time derivative of

Mach numoer dlM/dt  was established for the bedies
without instruments generally was not sufficient to

COHFIDENTTAL
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warrant use of equation (2) and the. . time histor o
determine the varistion of tata¢'dﬁa& wztn Mach number
throughout each drdép.. There are .periods in sach drop,
however, during whlch'the Mach number appears to remzin
approx1mately constant for a sufficient length of time

to warrant calculations of the total drag at these kach
numoers. Although the drag VQIUPU’Cdlbu1thF in this
manner are not expected to be so pﬁ901ce as those obtained
from the telemetered accelerations, these drag values

‘do provide an independent check on the order of magriitude
of the drag rise. These drag velues have been calculated
and the corresponding values of the ratio DI/Fp have

been plotted in figure 7 for comparison with a curve
representing an average of the values obtained for the

two telemeter- equipped bodies. ' ‘

The body and tall drag dats from the tests of the
bodles with Instruments are summarized in figure 8, in
which average values of D/Fp and Cp for the twe bbdiy
and for their tall surfaces are plotted ageinst Mach nam«~“
ber. The deviation of the curve of Cp against ¥ for
gach of the two bodies from the average curve shown isg -
nc more than 0.01 in . Cp or D/Fp and no more than 0.005
in Mach number. Because of the interest in the relative
drag of wings and bodies, the coelficlents bassd on
frontal area for the tail surfaces have been plotted to
the same scale as the body coefficients. ..In the exami-
nation and use of these curves, it should he kept in mind
that, because of the smaller forces Invelved, the error
In the values of the tail coefficients may be a1~roxi
mately five times as great as in the body coefr’
or about 0.003 in the tall drag coefiiclent baseuuon
rlan area.

The data swmmarlzed in figure 8 show that, for
bedies of the form tecsted,  the drag per square 1'oot of
frontal area increased abruptly from about 3 percent cf
atmospheric preesure at a lach number of 0.95 te 17 percent
of atmospheric pressure at a Mach number of 1.00, then
linearly with Mach number to 28 percent of atmoupheric
pressure at & llach number of approxinmately 1.15. :

Some doubt exists as to the applicability of the
tail drag resulits to the estimation of wing drap at
Eransonic speeds because of the possibility of cppre-
clable intsrference effects between the VCPETaﬁ_ and the
horizontal surfaces and bhet tween the body and the tail
surfaces. Inscfar as they arc applicable, the i

Co WPIU TAL



— 88

CONFIDENTIAL

€0

18 -

—— -
Lr;\“"ﬁ‘

—— T

il

]

TAIL  SECTION

£%

Figure 1, - General arr
(A1l a4

test body,

L_‘ et = P - =T = =
L ) / ‘(h'
b 2/ CENTER-OF-GRAVITY LOCATION
—— 30 ORIFICE LOCATION ( Four EQUALLY SPACED)
BODY COORDINATE S
X Y X y BoDY |WEIGHT| TEsT VNSTRUMENTATION
0.000 |24.000 |487¢ B) DATE
0.277 127000 | £97/ / 447 V29/45 |  TELEMETER
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