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RATIONAL AD7ISCSY COMMITTEE FOR AERONAUTICS 

I 
RESEARCH MEMORANDUM 

FREE-FALL MEASUREMENTS AT TRANSONIC VELOCITIES OF THE DRAC OF A 

wnc-Bonr CCBFIGORATION CONSISTING OF A k'f SWEPT-BACK WE» 

MOUNTED FORWARD OF THE MAXIMUM DIAMETER OH A 

BODY OF FINENESS RATIO IS 

By Charles V. Mathews and Jim Rogers Thompson 

SUMMARY 

The Rational Advisory Committee for Aeronautics la measuring 
drag of a series of complete airplane-lite configurations and '.hair 
various components at transonic velocities by the free-fall method. 
This report covers a test of one configuration of this series. 
The configuration was composed of a 1*5 swept-back wing of aspect 
ratio 4.1 mounted forward of the maximum diameter of a 10-inch- 
diameter body of fineness ratio la equipped with stabilizing 
tall fins. The vine had a 70-incu span and incorporated an 
HACA 65-009 airfoil section of 12-inch chord perpendicular to the 
leading edge. The body-tall fin combination was externally identical 
with a combination tested previously by this method. 

The results are presented as curves showing, the variation of 
drag coefficient with Mach number for the complete configuration 
and for each component. These results show that the drag per unit 
frontal area of the complete configuration rose abruptly from O.06 
of atmospheric pressure at a Mach number of O.O9 to O.167 of 
atmospheric pressure at a Mach number of 1.0£ and then Increased 
at a slower rate to 0.233 at a Mach number of 1.19. At Mach numbers 
in excess of unity the wing and body shared about equal portions of 
the total drag (about k2 percent each)- Tho remainder of the total 
drag (16 percent) was contributed by the stabilizing tail surfaces. 
Slightly below the veloolty of sound the wine dras rose abruptly and 
at a Mach number of 1 was double the value estimated from previous 
tests of comparable 45° swept-back airfoils mounted on cylindrical 
bodies, ao no abrupt increase in drag occurred for these previously 
tested airfoils. After the abrupt rise the winf, drat gradually 
approached values estimated from the previous tosts. The body drags 
measured in this test were higher than those measured in previous 
tests of an identical body without wings by about 15 percent at a 
Mach number of 1.05 and 8 percent at 1.1?. 
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UTIBGDOCnON 

A series of tests Is being conducted at the Langley Memorial 
Aeronautical Laboratory of the HACA in which drag measurements are 
mad» in the transonic velocity range on test shapes by the free- 
fall method. The object of these tests is to determine bodies, 
airfoils, and wing-body combinations vhioh have a minimum of drag 
at transonic velocities. Results of previous tests of bodies and 
airfoils by this method (references 1 to 3) have indicated that 
appreciable reductions in drag at transonio velocities could be 
obtained by increasing the fineness ratio of bodies of revolution 
and by using svept-back wings. However, as large interference 
effects nay occur when wings and bodies having low drag at transonio 
velocities are combined to form airplane-like configurations, tests 
of such configurations are necessary for a final evaluation of the 
effects of sweepback, fineness ratio, and other variations of 
airplane geometry. 

The present paper reports the results of a test on one of a 
series of wing-body configurations. This series consists of a 
family of wings mounted on bodies of fineness ratio 12 identical 
with the bodies whose teats were reported in reference 2. For 
this test a 1*5° swept-back wing of constant chord was mounted at 
a position forward of the maximum diameter of the body. The 
results are presented as curves showing tie variation of drag 
coefficient with Mach number for the complete configuration and 
each of its component parts. The drag coefficient for the body 
and wing are compared with results previously obtained by the 
free-fall method for an identical body without wings and for com- 
parable straight and svept-back airfoils tested on cylindrical 
bodies- 

AFPAHATUB AND METHOD 

Test configuration.- The general arrangement of the configura- 
tion is shown in figure 1 and details and dimensions are given in 
figure 2.   The k*>° swept-back wing had a 70-inch span and incor- 
porated an HACA 65-009 airfoil section of 12-inoh chord per- 
pendlcular to the leading edge.    The nominal aaxieot ratio of this 
wing (based on the wing area including that within the body) was 4.1. 
The-wing was mounted on a 10-inch-diaaeter body of fineness ratio 12 
externally.identical with the bodies whose tests wore reported in 
reference 2.    The wing entered the body titrough rectangular slots 
and was attached to a force measuring balance in the body.   A wooden 
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filler block faired to the tody contour was attached to the wing 
root so that the clearance between the sides of the slot and the 
movable wing assembly was about l/3ir inch.   The wing was located 
on the body so that tiie 50-percent-chord station at the wing root 
was approximately 15 inches forward of the body maximum diameter. 
The tall boom and fin arrangement were identical with the arrange- 
ment of reference 2.   The tail fin3 passed throngu open slots 
3/8 inch wide and 6 inches long in the tail boom and were attached 
to a force measuring balance. 

Measurements.- Measurement of the desired quantities was 
accomplished as in previous tests (referoncao 1 and 3) through use 
of the NACA telemetering system and radar and phototheodolite 
equipment.    The fcllcwjfig quantities were recorded at a ground 
station by the telenelÄring system: 

(1) The forne exerted by the wing on the body as measured 
by a spring balance 

(2) The force exerted by the tail fins on the tail boom as 
measured by a spring balance 

(3) The retardation of the configuration as measured by a 
sensitive accelerometer alined with the longitudinal axis by the 
body 

(h) The   t'  •*.   pressure at an orifice located at the nose of 
the body as mei.   «d  by an aneroid cell 

The flight r"        ~Jio airplane from which the configuration was 
dropped wae •    - "i   m? to the release point through use of the 
radar and phn-    'loij •fcis equipment.   A survey of atmospheric 
conditions a.,.     -ine    c*f the test was obtained from synchronized 
records of ste        =!«JI»XO, temperature, and actual altitude during 
the descent of t.     -plane.    The direction and vulooity of the 
horizontal comp...^n   '   ttho wind in the altitude range of the test 
was determined frc     AT and phototheodolite records of tto ascent 
of a free balloon       prior to the te3t. 

Reduction of de       A<t release,  the velocity of the configura- 
tion with respect to        ground, hereafter   referred to as the 
Ground velocity, was ot   ined by differentiation of the flight path 
of the airplane up .o  th5  release point as recorded by the radar 
and phototheodolite 'equipment.    The ground velocity of the con- 
figuration throughov, the free fall was obtained by a step-by-step 
integration of the wrvot sums of the gravitational acceleration 
and the directed retax'.aticn as measured by the accelerometer. 
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Variation of altitude with tin» throughout the fall was determined 
by integration of the vertical components of the ground velocity. 
True aircpoed was obtained by a vector sunmat...on of the ground 
velocity and the horizontal wind velocity at appropriate altitudes. 

The total drag of the configuration was obtained directly by 
multiplying the retardation a! (in g units) by the weight of the 
configuration. The drag force on the wing \   was determined 
through use of the relation 

where 

\ " *w + Vl 

I^   measured reaction between body and wing, pounds 

V    weicht of movable wing assembly, pounds 

The drag of the tail fins was obtained from the some relation by 
using the reaction between the fins and the tail boom and the 
weight of the movable fin assembly. Body drag was determined by 
subtracting the wing and tall drags from the total. 

Values of drag D, static pressure p, absolute temperature T, 
and frontal araa F wore combined with the airspeed to obtain the 
Mach number M and the nondlmsiisional parameter D/Fp for the com- 
plete configuration and each of its components. Values of the con- 
ventional drag coefficient based on frontal area Cp- were obtained 

from simultaneous values of these parameters by use of the relation 

C% 
D/Fp 

where the ratio of specific heats y   was taken as l.k.    In the case 
of the wing and the tall fins, dras coefficients based on plan 
aroa Cp were obtained by multiplying CJL by the ratio of frontal 

area to plan area. The areas did not include that submerged in the 
bod;/' or tail boon. 

RESULTS AND DISCUSSION 

A time history of the important measured and computed quantities 
obtained from thiB test la given in figure 3. Thd altitude variation 
Bhown was computed from the accel6ron»ter data.    The total vertical 
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distance of the fall as obtained from these data agrees with the 
release altitude obtained from the radar and phototheodolite 
tracking records within 20 feet. Although the estimated accuracy of 
the telemetered accelerations was to.01 g units, this excellent 
agreement indicates that these accelerations and hence the total 
drag of the configuration were probably determined with better 
accuracy than estimated. In previous tests the ground velocity 
computed from the accelerometer data has been compared with the 
ground velocity computed from the flight path of the test body 
throughout the free fall as determined from radar and photo theodolite 
tracking records. Although these tracking records were not obtained 
for the present test, the previous tests have shown good agreement 
between the two methods for determining ground velocity. The two 
Mach number variations shown in figure 3 were determined from two 
independent sets of measurements. The solid curve was computed 
from the airspeed and temperature data and is believed to be 
accurate within to.01 in Mash r.unJjer. Tha daskad curve of Itesh 
number was computed from telemetered records of total pressure 
and the static pressure determined from the survey of the atmosphere. 
The estimated accuracy of the total-pressure measurements was 
+£> percent of the full-scale value, which would give a corres- 
ponding Mach number error of +0.05 at M = 1.0 and *0.015 at M = 1.2. 
The data obtained, however, indicate that t'ao  accuracy of the total- 
pressure measurement was somewhat better than estimated. 

The results of this test are ^resented in figures k  to 7 »• 
curves showing the variations of the pprameter D/Fp and the drag 
coefficients for the complete configuration and its individual 
components. The drag forces were measured throughout the fall 
to within +7 pounds for the complete configuration, +3I pounds 

for the wing, and £l£ pounds for the tall. Since the static 

pressure Increased during the drop, however, the accuracy with which 
the parameter D/Fp was determined also Increased throughout the 
fall (or with Increase in Mach number) • At a given Mach number CD 
and D/Fp have the same accuracy when these accuracy values are 
expressed as a fraction of the existing magnitude of C^ and D/Fp 
at that Mach number, except that the drag coefficients hnve a small 
additional uncertainty due to the possible error in Mach number (+0.01). 
The estimated accuracy for these drag parameters for several Mach 
numbers is presented in the following table' 
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Mach 
number 

0.8 1.0 1.2 

Drag • 
parameter 

D/Pp CDp CD D/Fp CDF CD D/FP CDp CD 

Total 
Wing 
Tall 
Body 

i-, -   i 

0.011 
.012 
.032 
•031* 

0.028 
.029 
.073 
.078 

0.0018 
.0044 

0.007 
.009 
.023 
.024 

0.017 
.016 
.044 
.037 

0.0010 
.0026 

0.003 
.004 
.010 
.010 

0.007 
.008 
.019 
.013 

0.0005 
.0011 

The variations of   Dyfcp   and drag coefficient based on total 
frontal area for the complete configuration are given in figure 4. 
The drag per unit frontal area rose from O.06 of atmospheric pressure 
at a Mach number of O.89 to O.I67 of atmospheric pressure at a 
Mach number of 1.02 and then Increased at a slower rate at O.233 
it   Xs 1.19.    When these data, are transformed to drag coefficients 
the curve shows the usual abrupt rise starting at, a Mach number 
of O.89 whioh resulted in the drag coofficiunt increasing slightly 
more than two time a at.   M - 1.02.    The drag coefficiant increased 
slightly over the remainder of the Mach number range-    The cross 
hatching on figure 4 shows how the total drag of the configuration 
was divided among the components.    At Mach numbers In excess of 1.0 
tho body and wine shared about equu.1 portions of the total drag, 
or about 42 percent each.    The i-onaining drag (about 16 percent.) 
was that due to the tall. 

The variations with Mach number of   D/Pp   and drag coefficients 
for the 45° swept-back wing as tested on this configuration are 
presented in figure 5.   The drug per unit frontal area rose abruptly 
from O.061 of atmospheric pressure at a Mach number of 0.95 
to 0.147 atmospheric prossure at   M B 1.0   and then Increased more 
slowly to 0.257 at   M • I.19.    The wing drag coefficients showed 
a small increase with Mach number in the region between   M = 0.9 
and   M • 0.95   and then increased abruptly tu a value at   M = 1.0 
slightly less than three tines the value« at   M = 0.9.    Further 
increase in Mach number resulted in a siaall increase in the wing 
drag coefficient to a value slightly greater tlian three times the 
low-speed value at the highest investigated velocity.    The abrupt 
rise In drag for Lhis swept-back wing, which occurrod near the speed 
of sound, will be discussed later in this paper when the present 
results are compared with the results of previous tests of 45° swept- 
back airfoils by the Garas method. 

Figure 6 shows the variations with Mach number of   D/B>    and 
drag coefficients for the tail fins.    The drag por unit frontal area 
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increased abruptly from 0.074 of atmospheric pressure at a Mach 
number of 0.9 to O.385 atmospheric pressure at   M> O.97   and then 
increased almost linearly to 0.519 of atmospheric pressure at 
H * 1.19.   The abrupt rise in drag coefficients for the tall fins 
peaked at   H s 0.97   and then ehoved a slight decrease with further 
Increase In Mach number.   Similar data Eire presented in figure 6 
for an identical tail arrangement which was mounted on the body 
of fineness ratio 6 without wings (reference 1).   Generally the 
data of reference 1 end the present data are in good agreement, 
particularly ac to the Mach number range over which the abrupt 
rise in drag took place and as to the magnitudes of drag in the 
highest portion of the investigated speed ran^e.   The discrepancies 
in the variations of the drag near   M = 1.0   cannot result entirely 
from Inaccuracies of measurement but are evidently caused to some 
extent by the differences in the flow field about the tall resulting 
from differences in the geometry of the two test configurationa. 
It may be expected that the difference in the two tail drags would 
follow mainly from differences in the veloclvj- and eize of the 
wake behind the body, especially if the local static preasuns in 
the vicinity of the tall fins has returned to the free-stream 
value. 

The variations of the body drag parameters with Mach number 
as measured on this configuration, which are presented in figure 7, 
aliow an abrupt rise in drag beginning at a Mach number of 0.975- 
The drag per unit of frontal area increased to a value of O.1A5 of 
atmospheric preasure at   M = 1.02 and then increased more slowly to 
a value of 0.175 at   M = 1.19.   The dra^ coefficient based on body 
frontal area peaked at   M s 1.02 and showed a slight decrease 
throughout the remainder of the Investigated speed range.    The 
cause of the irregular variation of drag with Mach number at 
Mach numbers in excess of 1 has not beon definitely determined 
but possibly results from interference effesto between wing and 
body.    Tills condition la expected to be clarified in subsequent 
tests.   An abrupt decrease in body drag is indicated between 
M • 0.95   and   M • 0.975   where the abrupt drae rise occurred on 
the swept-back wing.   It will be necessary to investigate this 
drag decrease further, however, since the   percent error in the 
magnitude of the body drag parameters at Mach numbers leas than 
unity may be rather large.   Comparable data for the body whose 
test vac reported in reference «2 are also presented in figure 7- 
This body was identical with the body of the present test and had 
the sane tail fin arrangement; however, the body of reference 2 was 
tested without wings,   rir.ee data on the call drag were not obtained 
for the tests of refersuce 2, the tail drags determined from the 
present teats were used to obtain the drag of the body previously 
tested.   Because the drag rise on the till occurs before the drag 
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rise on the tody, the values of tall drag are of the sane order as 
the body drag at Mach numbers slightly bolow the body drag rise. 
At these Mach numbers somewhat different tail drag variations due 
to differences in the flow field about the tail for the two tests 
could therefore have an appreciable effect on the body drag data 
as computed by subtracting the tail drag from the drag of the body- 
tail combination.    For this reason, body drags computed from the data 
of reference 2 by this method are not presented in the range where 
the body drags are of the same order as the tail drags.    Comparison 
of the body drags presented In figure 7 Indicates that mounting the 
Bvept-back wing on the body had a detrimental el'feot on the body 
drag, for with this addition, the drag riso of the body took place 
at a slightly lowar   Much number and higher drags appear to exist 
at Mach numbers above the drag rise (about; 15 percent higher at 
M • 1.05   to 6 percent at   M • 1.15)• 

Results of tests by the free-fall method of the present wing 
and a group of rectangular and U50 swept-back airfoils of constant 
chord which were mounted on cylindrical  uesl bodies are sunmarized 
in figure 8.   All of the airfoils for which data are presented had 
HACA 65-OO9 sections of constant chord perpendicular '-o the leading 
edgo.    The abrupt dra»-; ri3e which occurred near the speed of sound 
for the present 1+5° swept-back wing did not occur for the other 
45° swept-back airfoils previously tested.   Prior to the drag rise, 
howevar,  the drag obtained for the present wing was in good agree- 
ment with that obtained from trie other tests.    As a result of this 
drag rise the drag of the present wing was roughly double thn value 
estimated from the previous resxilts at   M a 1.0 and 1.25 the value 
estimated at   M = 1.1;}.    The drag at Mach numbers in excess of 
unity wa3, however, only about 40 percent, of the drag of comparable 
rectangular airfoils.   All airfoil drag data presented in figure 8 
for the previous tests were obtained from measurements on airfoils 
mountad noar the roar of long cylindrical bodies, while the present 
wing was mounted forward of the maximum diameter of a body which 
tapered toward the front and the rear.    The existence of an abrupt 
drag rise for the present swept-back wln£ which did not occur for 
the comparable swept-back wings previously tested indicates the 
transonic drag cf swept-back wlnfes may be critically dependent 
upon either the position of the wing on the body or the shape of 
the body at the wing-body Juncture.    In addition, the airfoils 
tested on cylindrical bodies entered the bodiea through open 
rectangular slots and the unknown effect of these Blots on the 
results obtained may alter the effect herein presented.   Further 
investigation of the effect of such slots on the drag of swept- 
back wingo will therefore be necessary. 
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CONCLUDING REMARKS 

The drag of a wiiw-body configuration has teen measured at 
transonic velocities by the free-fall method.    This configuration 
consisted of a k5° svept-back wing mounted forward of the maximum 
diameter of a body of finenesa ratio 12 which had been tested 
previously without wingB. 

Hie results show «hat the drag per unit frontal area of this 
configuration rose abruptly fron G.QoO of atmospheric pressure at 
a Mach number of O.89 to O.167 of atmospheric pressure at a Mach 
number of 1.02 and then increased at a slower rate to 0.233 at 
a Mach number of 1.19.   At Mach nuWbsrs in excess of unity the 
wing and body of the configuration shared about equal portions of 
the total drag (about ks percent each).    The remaining drag was 
contributed by the stabilizing tail surfaces. 

Near the speed of sound the drag of the tented wing rose 
abruptly to double the value estimated from previous tests of 
!t-5° swept-back airfoils which wero mounted on cylindrical bodies. 
After this abrupt rise the drag approacaed the values estimated 
from the previous tesos.    This condition would indicate that in 
the transonic region the drag of swept-back winge Is critically 
dependent upon tha position of the wine on the body and/or the shape 
of the body, particularly at the winis-body Juncture.    The body 
drar-j obtained from this test -were higher than tliobo measured in 
previous tests uf an identical body without wings by about 15 per- 
cent at 1 Mach number of 1.05 and B percent at 1.15.    These results 
show that unfavorable interference effects exist for the tested 
wing-boJor configuration; the drag of the swept-back wing was 
considerably increased in the presence of the body and the drag 
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pf the body appeared to be somewhat Increased In the presence of 
the wing. 

Langley Memorial Aeronautical Laboratory 
Eatioral Advisory Committee for Aeronautics 

Lan^ley Field, Va. 
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Figure 3.-   Time history of free fall of wing-body configuration. 
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without wings taken from reference 2. 
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