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CONMTDA RACA PM No. L6Il16a

NATIONAL AmmanE1 COyCTEK r AERoNAuflOS

YTARH T WORAIh

FIflT TESDS TO DFID22C TE EFFECT OF I.Tfl OF

A CONICAL 1fnMh~I2L cuI TEE DI'.A& OF A4

BlUM BODY AT SURMlSONIO,1 SPEMD

Bly Sidney R. Alexander a3du Ellis Enutz

Flicht teste have boon crwduatod. to determine the affoct of
longthai' a collical iddhield on tho dna, of a bluff body moving
at Dluertioic upeode. A compariaon is ad. bjetwen. restate thus
obt.aitned (for a 3-Inch vindshiol4) and thij reoultc of previous
draG teste of body-wintaliold comblactiona (for vIndshinids of U,
l-ln,;h, and 10-inch lonrth) . The teat reaulta afiuwod that tfto
effect of Inrnroaind the 1ca~th off ai conical Aindohield mounted
ahead of a bluff bodV- moviniF at a3uparanitdc apeeds is to decronse
the drapv, that tho oi'fact 1n Lrtoatont for short uindrhiclda; ndt
that the eftect increaan ith Mach nmbser. Feaultasaloe chewed
thaqt a coric'l 4,-ndshield of rc~l,_1.velY Ilsll dlmcixoiona ran
appruchubly increa se the effecti-te finonoan ratio of a bluff body
at auperconic bpoada.

In view of' practicnl conniderrtionn. cuch 10 provision of
a)doquate viaibility for a pil1t or mn iutmrtio tfrjot-nookine'
dovico, the Linnrley Pilotless AirnxrZt hwvazroh Divirion Is
conductinu an ir:rzuetiunT~oi to doton'd.n( Jr; no V1.rcbjy the drag
of r, bltmt-noao body at iauporeunic speeds riay be roduc &( to a

value cenparable with tint of' a pcIntqd-nazro body.

U..9 oxtonninn of thev curfice oh cenlcoJ. irt*.ndahiold. Tha. a3
ZL~1l cat.eo1 point mih'lit priuc 1!btntly tito U ace

a.1 Ionl,, pointed noze but litre tlu evz idmtugcS of' I roved.
Virilbility a.nd rudnced otructurtl ;,oigilt.
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2 itNFh! &TIAL NACA R No. L6J16a

In ozler to determine the magnitude of the effects of a conical
windshield, the supersonic flight investigation of reference 1 woo
continued and the results are presented herein. Rioference 1
deterndod the reduction In drag effected by a l-ih conical
n ondshle nel of 22r 2"t included nose anglo placed 0.0 Inches ehead
of the almost hemispherical nose of a fin--tabilzed body of
5-inch diameter. The effect of Increasing the length of the wind-
shield to 3 inches Is g eve In the vroeent paper. As in reference ,
the drag of the 3-inch windshielf th boy ofthat of a pointed
nose of fineness ratio 35 formed by fairing a median curve between a
con& and a circular arc tangent to the 5-inch-dameoter body.

BODIES AND TES

Boip.- A photograph of the blunt-none teat body oquippa&O with
thu conical vindshlol& 3 inches long is givurA, as figure I. This
body was obtained by modifying thAe body of tho dixionsiona given In
figure 2(b). The sharp nose was replaced by a spherical surface

which faired tangentially into the rear part of the sharp nose as
shown in figure 2(o). The 3-inch conical vindshield was mountedon a boom &as hovn irk fIg re 3(b) so that Vie apex of the wind-
shield coincided with the position of the apex of the original
sharp nose. The included angle of the windshield, 220 20', was
approximtoly equal to the included angle of the original sharp
nose.

The l-inch-vindshiold body of reference 1 as derived in the
same manner as the 3-inch-windshield body, and differed only in
length of the windshield and in d1amoter of the supporting boom.
The 1-inch windshiold is shown in ficgue 2(a) and in greater detail
in figvre 3(a). The comparable sharp-nose and blunt-nose bodies of
reference 1 are the shapes shown in figures 2(b) and 2(c),
respectively.

All the teat bodies were propelled by 3.?5-inch-diameter M4k. 7
aircraft rocket motors enclocod within the bodies. At a proinition
tomporature of 690 F, thu rocket motors provided approximately
2200 pounds of thrust for appro~ximately 0.87 second.

Toast.- The body with the 3-inch conical windshield as well as
the bodies in reference 1, wore lunchd at gn elovation angle of
75( to the horizontal. Because of the irgo elevation angle and
the short duration of burning of the rocket motor, the trajectory
of the bodies during their supersonic coasting flight (after the
propellant %-s exponded) was approximatoly a atrnight line. The
flighb valocity was moenured durinc this ot'sting period by moans
of a CV Doppler radar set (ArrftrS-5) located at the point of launching.

CONTi MNTIAL



NACA Rm No. LW16a CONFIEnTAL 3

RESUTS AND ISCUSSION

The variation of velocity with time for the test body with the
3-inch conical windshield, as measured with the radar unit, is
presented in figure 4. The amount of scatter of the experimental
points, although greater than usual, still peimits satisfactory
reduction of the data. The maxtum velocity reached by the test
body was 1672 -feet per second, which corresponds to a Mach number
of 1.49. The part of the Velocity curve 'during which coasting
flight was attained (after the end of burning) was graphically
differentiated to obtain the deceleration. The product of the
deceleration and the known mass of the test body gve the forward-
acting inertia force. This product was equated to the sum of the
drag and the known weight of the body. The values of the drag
thus obtained are presented in figure 5 as a function of the flight
velocity. Although the scatter of the velocity-time curve has
been greatly magnified by its differentiation, the drag curve is
satisfactorily determined. An almost linear variation of drag
with velocity is evidenced between the limite of 1100 and 1500
feet per second.

From the faired curve of drag against velocity given in
figure 5, the drag coefficient of the test body with a 3-inch
windshield has been computed a-.. is presented in figure 6 as
a function of the Mach niMber. For comparison, the drag-coefficient
curves for the bodjy with a 1-inch windshield and the blunt-nose
and sharp-nose bodies of reference 1 are included. The drag
coefficients were based on body frontal, area exclusive of the fins
(0.1364 eq ft) and include the drag of the fins. The figure shows
that the drag-coefficient curve for thc test body with the 3-inch
windshield intersects the curve for the blunt-nose body of reference 1
at a Mach number of 1 .05 and is 96, 89, and 85 percent of the blunt-
nose drag coefficient at Mach numbers of 1.1, 1.2, and 1.4,
respectively.

As -an indication of the consistency of the drag-coefficient
curves obtained by the testing tochnique employed, the variation
of drag coefficient with Mach number, evaluated for five identical
sharp-nose test bodies, is presented in figure 7. The scatter of
the points is approximately ±3 percent relative to the mean faired
curve, which varies approximately 2 percent from that presented in
reference 1. Of the five test bodies (fig. 7), teat bodies A and B
were fired at iaentical atMcepheric conditions and test bodies
C and. D were fired at identical atmospheric conditions. The scattercan be attributed to slight inaccuractas in model fabrication, test

method, and reduction of the experimental data.

CONFIfTIAL
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Figure 8, a cross plot of figure 6, shows curves of percentagedrag decrement against windshield length. The percentage dragdecrement Is the precentage reduction of the drag of the blunt-nose body effected by the use of a conical windshield. The shArp-nose test body of reference 1 bhas been assumed to be the result ofincreasing the length of the windshield to 10 inches since it isevident that an increase in length of the conical windshield to thuPoint at which it becomes tangent to the blunt nose would resultin decresilr4 the drag to approzimately the value obtained with theactual sharp nose tested. Although the sharp nose is not of conicalshape, actually having been derived by taking the mean curve betweena conical and circular-arc profile, little discrepancy In aero-
dynamic characteristics should result from the difference as isindicated In reference P, and the resulting values are believed to becf the proper order of magnitude. Consequently, the points at3 inches and 10 inches have been connected by dashed lines. Forthe Mach number of .1-., the 0, 1-inch and 3-inch points have also
been connected by a dashed line to indicate that the decrements areMall enough to fall within the precision of the tests. The curvesshow that the short-length windshields (3 in . and less) are nosteffective per unit length in decreasing the drag of the blunt-noseas is Indicated by the carve for the 3-inch windshield, which is 361 percent as effective as the lO-Inch windshield at a Mach numberof i.,. .lso, the effectiveness of the wIndshield increases withMach number, the effectiveness being approximacly 11 percentgreater at a MKah number of 1.4 than at a Mach number of i.i.For a givon windshield length, the decrement in drag coefficientresulting from an increase in Mach number decreases as the Mach
number increases.

CONCLUSIONS

Flight tests of the effectiveness or conical windshields ofvarious length with a ,o 20' included angle in reducing the dragof a 5-inch-dxnote., blunt-nose body at Mach numbers of 1.1 to1.4, when the apux of the Windshields is located 8.04 inches aheadof the body, lead to the following conclusions:

I. A conical windshield Is effective in reducing the drag ofa blunt, body.

2. The decrease in drag coefficient efftected by the windshieldsbecomes greater, and the decrement per inch of windshield lengthbecomes loss, with increasing length of Irindehield.

CONFIDENTIAL
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3" For an Increase in Mach number the reduction in drag
coefficient resulting from the uze of a conical windshield increases;
the i crease Is geatest at the low Mach numbers.

4. The magnitude of the decreases in drag coefficient of a
blunt body at Mach numbers of 1., 1.2, and 1.4, reepectively,
effected by a 1-inch conical windshield were about 0, 4, and
6 percent) by a 3-inch conical windshield, about 4, 11, and 15 percent;
and by a 10-inch conical windshield, the limiting condition which
made the windshield cantinuouts with the body proper, about 14, 23,
and 27 percent.

Lungley Memorial Aeronautical Laboratoy
National Advisory Comnittee for Aeronautics

Langley Field, Va.

I. Alexander, Sidney R. Pesn'ltp of Tert to Determine the Effect
* of a Conulal Windf.hiold on the Drag of a Bluff Body at Suer onic

Speeds. NACA PM N'o. LMKO8a, 19h6.

12. Ferrn, Antonio: Suporsoric -Tunnel Tests of Projectiles in Gejrinay
and Italy. WACA ACR No. L5R08, 1945.
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Figure 1.- General view of test body.
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Fig. 5 NACA RM No. L6jl6a
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ABSTRACT:

An investigation was made to determine means of reducing drag of blunt
nose bodies to values comparable to those of pointed nose bodies by vary-
ing length of conical windshield. Increasing length of conical windshield
mounted ahead of bluff body, moving at supersonic speeds, decreases
drag. Effect is greatest for short windshields and increases with Mach
number. Conical windshield of small dimensions can increase effective
fineness ratio at supersonic speeds.
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