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ATHODYD FIELD TEST NO, 1
This is tho first report of a series of flight studies to be
madeé. on ‘athodyds.,. ,

%These units are not. regarded -as prototypes of a coanlete
Bumblsbec, but arc designed primarily to glve data -on propulsion and
drag at supcrsonic -speeds,

SUMMRY, =- -This test involveds:

- (a) A trial éftpfoccdure for launching an athodyd by nuse
of,four'5§JHVARtrocket-motors. Speed exceeding 1500
ft/sgc*wasﬂobtained@ and launching was satisfactory in
all: respects,

v 7 ‘(b) A determination of supersonic drag for a dummy athedyd.

A drag coefficient was found to be 0.5 in reasona.lc
agreement vith expectations,

A ,‘%pcndix‘i?givés e summary of numerical data, The firing,
which took place at Island Beach, New Jersey,involved tve ronnds on
February 16 and three rounds -on February 18, £1

DESCRIPTION OF MODEL, == ‘The dummy athodydjhich will be referrcd to

the "birdh, undor test has been designated as Model 1D and comprises a.
-central body mounted in the front end -of an 8 £+, length of -6 in, stain-
loss stecl tubing, The forward -ogive of the central body has a 14
caliber radius and projects ahead of the annular intake -duct, The Tapercd
rear end of the central body is within the -duct; forming = diffuser .of

1:4 arsa ratice A constriction at the rear produces an exit area annroxi-
mately equal to that.at the intake, Four 3 in x 6 in fins are attached
externslly to the tube at the rcar, )

LAUNCHING TACILITIES, == ILaunching is accomplished with a launching
carriage¥, as vill be -clear from the photograph annearing as the
frontigpiece to this revort, The carriage is a rigid-asgembly of four
5-in ‘HVAR rocket motors (NMavy designation Nark 2 Mod: 3 Notor), closed

-at the front by non=-gtreamlined caps interconnected by 1.25-1in menifold
tubing, “The bird is placed in the centér, roceiving thrust from a plate
at the rear, against vhich it rests, Centering of the bird at the for-
vard oend of the carriage is maintained by four gmall -and easily displaced

* Dotaile of the lsunching carriage and of the bird are shovn jn AFL.
dravings G=20105=0; (this furnishes information on weights and centers
of gravity) F=20104~0, D=20096~0, D=20093-1; and drawings F=~20033-0 and
E=20039 cover the launching ramp. Copies of these drawings may be
-obtained upon reouest.,
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viooden wedges, In flight, vhen rocket burning is comnleted, the carriage
readily disengages the bird and falls behind because of grecter ‘drag.
deceleration,

The launching ramp* has an elevation of 15% and a lengih -of

30 £t. Two parallel rails in a vertical plane engage four shoes zttached

to the carriage assémbly.

INSTRUMENTATION, -~ Pig. IX shows the location of observing stations,
The following facilitles were employed to observe the flights:

L, A “racking system in vhich a1l records are takcn by
synchronously driven motion=picture cameras, GCorrela~
tion among cameras: is: secured by means of light flashes.,
Mark 51 director stands are located at Central Station
(A): and. South: Station (C). ‘Both are used for visual
tracking and carry tracking cameras. The stand at Central
Statlon a1s0 carries the dish for a Mark 26- redar located
there, Cameras record train and elevation for botn stands

' and the radar range=scope indications, This system was.
in full operation only on February 18, '

2, Tvo K=25 vidc~angle aerial cameras, Thesc vere locatpd at:
Midway Station (B), where they ‘have a side view of the
first fe- thousand: foct -of trajectory..

3.. Continuousewave radar e~uipment, On February 18 a party
from the Ballistics Resoarch Laboratory (Aberdecn Prove
4ng Ground) provided: G {continuous wave) radar ecuipe

- ment and made measurements of velocity from a nosition
‘behind the ramp at Central Station. Results and &
deserintion .of the method are givcn in refcroncc (2)s

bo Deceleration sondes:, == T*o types vere used: onc
furnished by -the Princeton Group-and onc by the TCeii
group at APL. Refercneces -(3) and (4) contain deacrlp-
tions of theso devices and rcaults -of their nerfor:ance,.

5. Other insiruments, == kiﬁdados were used: -at South.
‘and Far South (D): Stations “to-obtain bearings of
splashes, Stomfatch tlmes of flight wore also taken, -

Pﬁoparatlone for this tests vrere made under severe time
iimite+ions, Althoigh advouatc dala verc sccurcd, the full technicel
possihelities of the observing technimues were not. in gcnora] vealizeds

The deta vhich vere actually gecured and used aré listed in 8 wondix IT.
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III,

LAUNCHING.. ~« The: overall performance of the launching ramp and

‘carriage was uniform and entirely satisfactory, Flight of the -carriage

assembly vas. stable, and .separation occurred promptly and reproducibly,

The moet detalled record’ of the: early £light of the -carriage
vas securcd from the CW radar-data, The Aberdeen, group, which made an
analysis of these data, furnished & ‘yery large number of noints from
which the velocity-time curve in Fig, T was: derived by smoothing, The

‘CW reeord vias. abnormally disturbed and discontinuous for rcasons not

now knovne As a result, the individual determinations of velocity vero

‘based on counts usually -of not more than 10 or 20 Doppler cycles, These

yiclded some obviously spurious points, but in the main blocked out a

smooth -curve with about. 3¢ ‘scatter, Excopt.for the -divergence shoim in

curve‘h -of F_g. I, no diffcorences groater than the oxperimental uncertain-
ties apneared betwoen rounds, The peak veloeity .of 1530 ft/soc wa
unfortunately -one of the. loast well dofined points on the curve, but

« this maximum agrees woll with: prediction (refercnce (5)).

Fig, IT shows acccleration during burning, derived from the CW
velocities, Tho very carly portion of ‘the: velocity curve (below 300

ft/soc) was not observed, nor was the instant of firing recorded on the

CW- rocord, To fix-a timc origin the carly aeceleration was as: uncd

constant, and: - the veloelty curve extrapolated lineraly to zero.

‘The -only irrogularity ‘noted in thd¢ lsunchings was on round

#3, in which the ‘four rocket motors broke apart in flight, The break=up,
which was obgerved visually .and in ‘the 12=in. tracking-camers at -Contral

Station, occurrcd: after separation from the ‘bird, vhich shovied normal

flight, Figs. V and VI, which show .observed motion . of ‘the four narts,
suggest: that .onc motor dropped off somewhat before 3 scconds, and’ that
tho r omaining three sevarated jJust after 3 seconds, -Curve b of Fige I
shows abnormal flight of this carriage botween 1,5 and 3 soconds,

SUPERSONIC DRAG. =- Tt wes-mot found nossible to distinguish.separate

velocities for bird and carriagc in the CH radar rccord, The descending
portions: of curvos a and b of Fig, I are ascribed to the:carriage both

‘bocause 1t 1s: the ncarer and lsrger target -and becausc -of the high

indieatod drag, Fig. IIT shows deceleration ‘of t-he carriage -aftoer the

complotion -of burning for tho tvio normal rounds rceordeds :Corresponding

drag and doccleration coeffieients: appear in Appendix I.,‘

:A record of .supcrsonic flight of the bird ‘has becn: derived:
from the widewangle photographs from: tho X=25 cameras, sho"inﬁ relative
positions -of bird end earriage with considereble precisions These datay.
taken in combination with the CW record for the carriage, givc o reason=
ably woll~dofined -doccleration for: the: bird for its first 0,7 sccond of
froo flight. Tig, IV IV shows: a1l photographed scparationss all five
rounds arc reprosontod. ‘The -points conform well to & single curvey
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indicating a very satisfactory uniformity in the soparation process,
Heasvroment of the photographs yiclded scparation as a function of

range only, since no timing dovice was in operation in connection with
these cameras, For the reclation betveen slent range and time, a numeri~
cal intogration was made of curve g of Fig, I. This apncars in Fig, VII,
and 1s the basis of the time scalo shovn in Fig, IV, No specicl trcate-
ment was carricd through for round #3,

Curve C of Fig, I was then plotted to fulfill the folloving
conditions:

(1) Scparation begins at 1,15 scc, when common velocity is
1526 ft/scc.

(2) Scporation at 1,75 sec is 63 ft. This fixes the arce
lying to thé left of the ordinate 1,75 and betr:cen
curves 3 and ¢ of Fig. I,

(3) Dececleration varics as velocity souarcd,

The curve determined by thesc conditions correswonds t- an
initial deecleration of the bird of 5,2 "g", or to a drag cocfficicnt of
0,49, This must be regarded as uncertain by at least 10% or 15%.

A maximum decoleration of about 6 "g!" was indicated by thc most
successful of the threc Princcton sondes (rcfercnce 3). The one APL
sonde record (refercnce 4), covering a very brief time interval just at
the cnd of burning showed a rising deccleration; and at the end of the
roecord the valuc was 6 "g" and annarently still rising., This egrecment
among the two sondes and curve ¢ of Tig., I, is satisfrctory, considering
tho quality of tho measurcments, The value 0,5 is thercfore submitted
as the drag cocfficient of the bird, with an cstimated probablc error of

15%.

This result is in satisfactory agreement with existing datog
from which the following calculation has been made:

Nose drag (reference 6)eeescecsesssss0416
Baso drag (3/4 of value in ref,. 6,
allowing for duct cxit arca).s.......0,135
Skin drag, using cocfficicnt 0025
(rcf, 7) referred to lateral arca,...0,212

Totel, referrced to frontel srca,.0,51
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OVERALL TRAJFECTORY, =~ Figs. VII and VIII show tho flight of round 5

and renresent the best trajectory data sccured, 411 data from other
rounds arc, however, in substantial agrooment, The Mark 26 rader record
1s poor photographically, Evidently, gs rcad, it contains a systematie
orror and rofors to the launching carringe rather than to the bird.
Tracking data from South and Centrel Stations worc combined by tricngula-
tion. The South Station camora record on the bird was fairly comnlete,
but that from Central covored only the first 4 scconds and the final
splashes, Leveling of the tvo tracking stends was not adequately completed
at the time of the test, and conseruently tho recorded clevations rcouired
cmpirical corrcetions of the order of 10, Hence, thoe tresjectory is not
do?eiminod w'th high accuracy, but is probably known well within 5% at all
points, ,

Fig., IX shovs thc positions of splashes, marking points of fall
for both the bird and the carriange, The uxtreme disporsion in flight
of the bird is about 4 10 azimuth and 4 500 £t in range, The carricges
also fcll pretty well together, cxcept for #3, which broke apart,

The obscrved range of 5000 yd for the bird is in at least
rough agreement with the determined supersonic drag cocfficient 0,5,
Inspecction of ranges for Army howitzer projcetiles of bellistic cocfficients
Lidy 2,1, and 1,9 (rclative to the G2 rotsrdation funetion) led to 2 rough
estimate of 1,2 as the ballistic cocfficient corresponding to the renge
of the bird, For comparison, a ballistic coefficicnt 1,11 corresnonds
to the drag cocfficient 0,5,

Velocity clong the trajectory is -indicated by Figl.VIII, The
aceuracy, howover, is 1limited ond permits not morc than onc deccleration
to be statod as an averape for the subsonic reglon, This is closc to one
gt and londs to avorage drag cocfficiont of 0.4 for the velocity rcgion
betreen 950 £t/see and 540 £i/scc, the cstimated striking velocity,
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APPENDIX I

Numerical Summery

Test woo conducted at Island Beach, N J, on February 16 and 18, 1945,

Round 1 at 5:16 P.M, (2/16) containing Princeton sonde,
Round 2 at 6336 P.M, (2/16) containing APL sonde.
Round 3 at 3:50 P.M, (2/18) containing APL sondc.
Round 4 at 4:26 P.M, (2/18) conteining Princcton sondc.
Round 5 at 5:00 P.M, (2/18) cont~ining Princcton sondc.

Atmospheric Conditions (at Laokchurst, N, J.):

FOb. 16’ 4:30 P.M. Tcmpo A«QOF, Rel., Rum, 39%, Bar, 29086"0
Feb, 18, 4:30 P,M, Temp. 31°F, Rel, Hum, 42%, Bar, 30.07",

Weightss
BirdQQQOQOOJoQQO’oo.OQAto..ooboauov-oto.oﬁ. 55 le.
Launching carriage after burninge..e.......290 lbs,
Propellante..veesss Creres trsesesanas cveeee 36 1lbs,
Total asscmbly ot launching........... veos okl 1bs,

H
Dimensions ¢

Bird Carriage
Overall length g 4110v
Transverse 6,14% dicmeter  18.5Y bedwecen leunching rails
Number of fins 4 8 5
Totel fin arca 72 in? - 540 in,

Launching (based on CW data, rounds 3 to 5):

“~—fiaximum veloeity 1530 ft/sce £ 6% « 3% was reached at 1,1 sce,
Maximum azceleration....50 "g"

Average geceleration....43 tg"
Scparation between bird and carriage complete at 1.15 sce,

!

Duration of supersenic flight (mecasured from e ! of burning 2t 1,1 sce.)s

Bird.., .vieevinninnn. veo. 4 sce (cstimoted),
Cerriage, varicd,.l,1 sce {(mox.) to ,7 scc,

P .ﬁggn,gnra-ﬁa.w,y—.ﬂ-g- - e cdanmem o e cwmime o aemmae - -




Drog of Bird:
Veloelty range, ft/sce, 1526 to 1420 950 to 540
Drog Cocfficient,
(force/zroa x i-yvz) S o+ 15% o
Doeocleration Coofficient,

(docolcration/vz), ft, -1 x 105, 7 o4 6
Drag of Carriago:
Veloeity, ft/sce, 1450 1300 1100 900
Mach number 1.33 1.19 1.01 825
Deccleration, "gv 18,7 13.8 79 643
Drag force, lbs, 5420 4000 2290 330

Drag coefficicent rceforred to

133" seaere ares, circume

seribing four motor tubes, 1,62 1,49 1.19 1,42
Dceeleration coefficient,

ft.~1 x 105, corrected to

59°F, 14,7 psi, 26,9 2448 19,8 23 4
Tre jectories:
Round Bird Carringe
Rangos ) ft 1 bt 10,000
2 had 9’ 575
3 15,320 3,050
4 16,415 95435
5 15 ’430 9’ 580 &nd
10,310,

Deflections from mean line of flight of bird, which lics 32031!
cast of.southward dircetion of rocds

Round Bird Garriage
1 - 10351 L
2 .- 10t L
3 - scattered
A 50t L 1025t L
5 50t R 30t R




1ii
Round Bird Carricage
Flight Times,
SCCy 3 - 14
4 20,2 17.8
5 18,5 173,

184

Q?ngu_oroximzﬁc,o data for bird, round #5:

Maximum ordinatoe 1320 ft,

At horizontal range~ 9000 ft,
and timo < 9 sce,
Anglo of fall 24,459
Striking velocity 540 ft/sce,
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APPENDIX IX
Cheek List of Ficld Datu

Round 1 2 3 4 5
Central tracking,
Flight - - b b b

0
o]

Splashos - - b

South tracking

Flight - - c b a

Splashes - - c ¢ a

K=25 cameras a a a a a
Rader

CW - - a a a

Mark 26 - - ¢ b b

Deecloration sondes ¢ c c b b

Alldade bearings on _ _
splashes a a a a a

Stopwatch times of
flight - b b b b
o =~ indicntca data on vhich chief reliance was placed,

b = indicates less complcte or less accurate data, uscd chicfly for
confirmation.,

¢ = indicates no uscful record,

ﬁpukmw" bom— M aac e Lo c=2 0L Saambane e R A ot A i AR
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ABSTRAGY
The launching of an athodyd called "BIRD® Model 1D, with four S-insh HVAR rocket motors
1s described. The speed exceeded 1500 ft/sec and the drag coefficien: was found' to be 0.5.
The rocket was lsunched with the carriage from a 30-ft ramp of 15° el:vation. One motor
dropped off before 3 sec and the remaining three just after 5 sec. 'The total weight was
441 1b, The duration of supersonic flight measured from end of burning at 1.1 sec was
estimated as 4 sec for the "BIRD" and 1.1 to 7 sec for the carriage.
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