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RESEARCR MPMGRANDRM

_FLIGHT TESTS T0 DETERMING THZ EFFECT OF LENGTH OF
A CONTCAL WINDEITELD ON THE DFAG OF A
BLUFF BODY AT SUPERSONIC SPEEDS
By Sidney R. Alexander and Fllis Kutz

SUMMARY

Flisht tests have buon crnducted to detormine the effoct of
longtii-of a coniles) windshield on thoe draz of a LXulff body movinzg
et superuonic upscds. A comporison is made between resultc thus
obtatned (for a 3-inch windshield) and tho resulte of previous
drag tests of boly-windaliicld combinrtions (for windehields of U,
1-inch, and 10-jach lencth). The test resultc shiuwed that tho
effent of ircroasing tho length of a conlcal windehleld mounted
ahcad of & Lluff Lody moving at ocupsreonic rpeeds 1s to decrease
the dray that the erfect is reatest for short windrchields; and
that the efrect increaser witii Much muther. Resulto also ghowed
that o coric~l windshield of rcl-tively samell dimensione can
appreciubly increcse the offectivo finvnoas ratio of e bluff body
at supersconic opeods.

INTRODUCTICH

In view of practical conaldsrrtions. cuvch 2o provision of
adoguate vioibility lfor 2 pilot or on nutomntic trr:pt~pooking
dovice, the Lanrley Pilotloes Airarwft Kuoesrch Divieion ls
conductin;, an investigntion to detornlac meas wiireby tho drag
of & bdlunt-noao body -t svupcrscnic speuds iy be reducsi to 2
valuo ccmparable with thit of o pointed-nase Lody.

Theorotical congiderctions indicate that, 1o & conical wind-
ehisld is placud chond of a blunt-nosec bedy at surersonic cpocds,
£t low-velocity wke bohind the conical windahileld will exp nd
and thug causo tho oxtornsl flow to follow tho contouwr forued by
Lho extenni~n or the surfuce of thce conicul windshicld. Thus, 8
sm.1l ceaical point might preduncs ovbstuntinlly tho somo offoct
asm g lonz pointed nosu but hove the sdvenbapes of lmrroved
visibility und reduced structursl wolght.
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2 CONFIDENTIAL NACA RM No. L6716a

In order to determine the magnitude of the effects of a conical
windshield, the supersonic flight investlgatlon of refoeronce 1 wao *
continued and the results ave presented herein. Roference 1
determined the reduction in drag effectod by a l-inch conical
vindshield of 220 22* included nose angle placod 8.0k inches ehead ;
of the almost hemisphorical noge of a fin-ntabilized body of !
S5-inch diametor. The offect of increasing the leagth of the wind- :
shield to 3 inches is given in the prosent pepor. As in reference 1,
tho drag of the 3-inch windshield 1s compared with that of a pointed
nose of fineness ratio 3.5 formed dy falring a median curve bebwoen a
cone and a circular arc tangent to the 5-inch-diameter bedy.

BODIES AND TESIS

Bodles.= A photogreph of the blunt-nose test body oquipped with
tho conicel windshield 3 inches long is given as fisure 1. This
body waa obtained by modifying the body of thou dimonsjons given in
figuro 2(b). Tho sharp nosa wag replaced by a aphorical surface
which faired tangentially into tho reer part of the sharp nose as
shown in figure 2{c). Tho 3-inch conical windshield was mounted
on a2 boom as shown in figure 3(b) so that the apex of tho wind~
shiold coincided with the position of the spox of the orliginal ’ .
sharp nose. The included angleo of the windehield, 220 20°, was
approximatoly equal to the included angle of the ariginal shorp
NoBe. t

The l-inch-windghleld body of referenco 1 was derived In the
same mannsr as tho 3-inch-windshield body, and diffored only in
length of tho windshiold snd in dfamotor of the supporting boam.
The l-inch windshield is shown in Tigwe 2(a) and in greater detail
in figure 3(a). The comparable slarp-nose snd blunt-noge bodies of !
roference 1 are the shapes shown in fizures 2(b) and 2(c),
rospoctively.

[P

All the test bodfcs wore prepelled by 3.25-~inch-dizmeter Mk. 7
ajrcraft rocket motors oncloscd witinln the bodlos. + a preignition
tomporature of €92 F, tho rockot motors provided approximately ;
2200 pounds of thrust for approximetely 0.87 sescond. p

Togto.- The body with the 3-inch conical windshiecld as woll as
tho bodice in roforence 1, were luunched at gn olovation angle of
75° to tho horizontanl. Bocouss of the larze elevetion angle wnd
the short dwration of dburning of the rocket motor, tho trajoctory
of the bodics dwring thoir supersonic coasting flight {aftor the
propullant was exponded) was approximntely & otraight line. The .
flight voloclty wus meesured during this cocusting poriod by means ;
of a ¢4 Dopplor radar set {ANAITS-5) located &t the point of launching.
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NACA BM No. 16316a : CONFITENTIAL 3
RESULTS AND DISCUSSION

The variation of velocity with time for the test body with the
3-inch conical windshield, os measured with tke radar unit, is
presented in figure &. Tho amount of scatter of the experimental
points, although greater than usuael, still permits satisfactory
reduction of the data. The maximur velocily reached by the test
body was 1672 faet por 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
differentinted to obtain the deceleration. The product of the
deceleration and the known mass of the tes{ body gave the forward-
acting inertia force. Thls product was equated to the esum of the
drag and the known weight of the body. The values of the drag
thus cbtained are presented in figure 5-as a function of the flight
veloclty. 4Although the scatter of the velcclty-time curve hag
been greetly wagnified by its differentiation, the drag curve is
satisractorily determined. An almost linsar variation of drag
with velocity 1s evidenced betweon the limits of 1100 and 1500
feet per second.

From the faired curve of drag against velocity given in
figure 5, the drag cosfficlent or the toet body with a 3-inch
windshield has been computed ani is presented in figure 6 as
& function of the Mach number. For comparison, the drag-coefficient
' curvea for the body with a l-inch windshisld end the dlunt-nose
and sharp-nose bodles of reference 1 are included. The drag
coefficlents were based on body frontal.area exclusive of the fina
(0.1364 sq ft) and include the drag of the fins. The figure shows
that the drag-coefficient curve for the 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.k, :
regpectively.

As an indication of the consistency of the drag-coefficient
curves obtalned by the testing tochnique employed, the variation
of drag coefficient with Mach number, evaluated Tor five identical
sharp-nose test bodiea, ia presented in figure 7. The scatter of :
the points is approximately 13 percent relative to the mean faired 4
curve, which varies approximately 2 percent from that presented in
. reference 1. Of the five test bodles (fig. 7), test bodiea A and B
wors fired at iaentical atmcsphoric conditions and test bodies
C and D were I'ired at identical atmosphuric conditions. The scatter
¢an be attributed to slight inaccuraciss in model fabrication, test
method, and reduction of the evxperimental date .
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4 CONFIDENTTAL NACA RM No. 7L6Jléa

Figure 8, a cross plot of figure 6, shows curves of percentage
drag decrament ageinst windghield length. The percentags drag

noae body effected by the use of a conical windshield. The sharp-~
nose test body of reference 1 has been aggumed to be the result of
increasing the length of the windshield to 10 inches since 1t is
evident that an increase in length of the conical windshield to the -
puint at which 1t becames tangent to the blunt nose would result

in decressing the drag to approximately the value obtained with the
actual sharp nose tested. Although the sharp nose is not of coniecal
shape, actually having been derived by taking the mean curve betwsen
& conical and circular-arc profile, little discrepancy in asro-
dynanic cheractéristics should result fram the' differsnce as is

-indicated in reference 2, and the resulting values are believed to be

¢’ the proper order of magnitude. Conaequently, the points at

3 inohea and 10 inches have beon comnected by dashed lines. For
the Mach number of 1.1, the 0, l-inch and 3-inch points have alsgo
been connected by a dashed line to indicate that ths decrements are
3mall enough to fall within the precision of tho tests. The curves
Show that the short-lsngth windshields (3 in. and less) are most
effoctive per unit length in decreaging the drag of the blunt-noss
88 18 indicated by the curve for the 3-inch windshield, which 1a .
61 percent as erfsctive a8 the 10-inch windshield at & Mach number
of 1.b. Also, the offoctivenesa of the sindshield increases with
Mach mmber, the effectiveneas being approximsiely 11 percent
8reater at a Mach number of 1.4 than at a Mack numter of 1.1,

For a given windshield langth, the decrement in drsg coefficient

CONCLUSIONS

Flight tegts of the effectivensss of conical windshields of
various length with g 020 20" included angle in reducing the drag
of a S*inch-diamster, blunt-nose body et Mach numbers of 1.1 to
1.4, when the apex of the windshiolds is located 8.04 inches ahead
of the body, lead to the following conclusiong:

1. A conicul windshiola iz effective in reducing tho dreg of
a blunt body. .

2. The decrease in drag coefficlent effocted by the windshields
becanes greater, and the decrement rer inch of windshield lengtih
becomes loss, with increasing length of windshield.
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NACA RM No. L&N6a CONFIDENTIAL 5

3. For an increase in Mach number the reduction in drag
coefficient resulting from the use of a conical windshield increases;

the increase 1s greatest at the low Mach mmbers.

4. T™ho magnlitude of the decreases in drvag coefficlent -of &
blunt body at Mach numbers of 1.}, 1.2, and 1.4, respectively,
effscted by a l-inch conical windshield were sbout O, &, and
6 percent; by & 3-inch conical windshield, about 4, 11, and 15 percent;

and by a 10-inch conical windshield, the limiting conditicn which
made the windshield continuocus with the body proper, about 1k, .23,

and 27 percent.

Lanéley Mamorial Aeronautical Laboratory
National Advisory Cormitiee for Aeronauticas
Langley Field, Va.
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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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