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I.

ATHODYD FIELD TEST NO 1

This is the first-report of -a series of flight studies to be
mad6 on 'athodyds.,

These units are not regarded -as pvbtotypes of a coi leto
Bumblebee, but arc designed primarily to give data on propulsion and
drag at supersonic apeods.

SUaMRY. -- This test involved:-

.(a) A trial 6f procedure for launching an athodyd by use
of four 51t; HVAR rocket motors. Speed exceeding 1500
ft/sec was- obtained, and launching was satisfactory in
all respects.

A(b) A determination of -supersonic drag -for a dummy athodyd..
A drag coefficient was found to be 0.5 in reaiona" le
agreement -'ith expiectations.

-AT opondix fgives a summary of numerical data. The firing-

which took place at Island Beach, New Jerseyjinvolvod tvro rounds on

February 16 and three rounds on February 18, '

DESORPTION OFIODEL. -- The dummy athodyf-hich -will be referred to
the&"birdf" undor ! tost has_ been designated as 'odol lD and "compris a-
-central body mounted in the front end of an 8 ft. length of 6 in. :stain-
loss stool tubing. Tho forward ogive of the central body has. a -4
caliber radius and projects ahead of the annular intake duct. The perod
rear end of the central *body is- within the duct,_ forming a diffuser of
1:4 area ratio, A constriction at the rear produces an ex.it area aprexi-
-matoly equal to that at the intake. Four 3'In x 6 in fins are attached
externally to the tube at the roar,

LAUNCHING F'AILITIES. ---- Launching- is accomplished with a launching
carriago*,: as will be clear from the photograph -anoearing as the
frontispiece to this rer~ort. The carriage is a rigid assembly of "our
5-in RVAR rocket-motors (Navy designation Mark 2 Mod- 3 Mlotor), closed
at the front by non-streamlined caps interconnected by 1.25-in imanifold
tubing,. The bird is placed in the center, receiving thrust from a plate
a-t the roar, against which it rests. -Centering of the- bird at the for-
ward end- of the carriage is maintained by four small and easily displaced-
*'Doilof the launching carriae and of tho bird are shoin in APL

dravings G-20105-O, (this furnishes information on weights and centers
of' gravity) F-20104-0, D-20096-0, D-20093-1; -and dravings F-20038-0 and
E-20039 cover the launching ramp. Copies of these drawings -may be
obtained upon reouest,
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wooden - odges. In flight, vhen rocket burning is complieted, the carriage
readily disengages the bird and falls behind because of greater drag
deceleration.

The launching ramp* has an elevation- of 150 and a length of
30 ft. Tvzo parallel rails in a vertical plane engage four shoes attached
to the carriage assembly .

ISBTRUBENTATIO0 -- F-ig. IX shows the location of observing stations.
The follow;ing facilities were employed to observe the flights:

I. A tracking systom -in which -a-il -records -are- taken- by
- synchronously driven motion-picture cameras. Correla--

tion among cameras'- is, secured -b -eans of light Uashes.

I.ark 51 director stands are located at Central Station
(A) and South Station -(ca Both are used for visual
tracking and carry tracking cameras. The stand. at Central
Staton ,so carries the- dish for a Mark 26 radar located
thereo-. Cameras record train and elevation for both srtands
and the radar range-scope indications. This- systemi was
in full operation only on February 18.

2, To .K-25' wid-angle- aerial -cameras. These were located at
Midway Station -(B), here- they have a side Vie? of the
first fer- thousand. foot of trajectory.

3. Contiuousqrwave radar e,-uipment. On:-February 18 a psrty
-from the Ballistics Research laboratory (AbErdeen Poov-
1.ng Ground): proided- ow (continuous wave) radar eruip-
ment and made measurements of velocity ffrem a nositi6n-
-behind the ramp at Central Station. Results and a
descrintion of the method are- gi-n in reforence -(2):.

4. Deceleration sondes. -- To - types vere -used-: one

Vft&rniihed by -the Princeton Group and one 'by the TC-M
group at APL. -References (3) and (4) contain descrip-
tions -of thse: devices and -results of their nerfor!,Lnco.

5. Othe insiruments. -- Alidados -were used at-South

and Far -South (D)- Stations- toobtain bearings of
-splashes. Stopwatch -times -of Elight vere also ten,

Preparations- for this tests rere made under severe t:ime
±iinit&+ions, Althouh ad~oouatue data iv=rc- s - the -- -, ....... -

- - po:ib-Cities of the observing techninues were not in general roalized.
The data rhich were actually secured and used ar6 listed in A licndix II.
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LAUNCHING. -- The. overall performance of the launching ramp &nd-
carriage- was uniform and entirely satisfactory, Flight of the carriage
assembly vwao stable, and separatlon occurred promptly and reproducibly.

wa The most detailed recoid' of the, early flight of the -carriago
rao w securod from the GW radar-data. The Aberdeen, group, thich made an
analysis of these data, furnished a very largo number of noints from
v'ihich- the velocity-time: curve in Fig. I was derived by smoothing. The
OCW reeord vias abnormally- disturbed and discontinuous for reasons not
novikno-"n. As a result, the individual determinations of velocity v'ero
-! based on counts usually of :not more than 10 or-20 Doppler cycles, These
yielded some obviously spurious points, but in the main blocked out a
smooth curve with about 3% scatter, Except-for the -divorgonce shotm-in
curve -of Fig. I, no differences greater than the -experimental uncertain-
ties apoared between rounds, The peak velocity -of 1530 ft/sec was
unfortunately one of the loast well defined points on the curve, but

* this maximum agrees well with prediction (reference (5)).

Fig. II shows acceleration during burning, derived from the OW
velocities. The very early portion of the- velocity qurve (below 3001
_ ft/soc)- was not observed, nor was the instant -of -firing recorded on the
OW record, To fix-a tiioorigin the early acceloration was as&.umed

: 3 -constant, and- the velocity curve e xtrapolated liioraly to zero.
#3, in Tho ,only irrogularity noted in the- launchings was on round

i#3c which the four- rocket motors broke apart in: flighty The break-up,
whieh-was observed visually and in -the- 12-in tracking-camera at Central
Station, occurrod-after separation from the bird-, which showed normal
-j flight. Figs. V and VI, which show observed motion of the four tarts,
-suggest that one motor dropped off somewhat before 3 seconds, and that

° the'r maining three setarated just after 3 Seconds. -Curve b of 'Fig. I
shows abnormal f-light of ths carriage between 1,5 and- 3 seconds

SUPERS'ONIC DRAG. It was not found n osSiblo -to distinguish Separate
velocities for-bird and carriage in the OW radar record. The descending

! portions of curvesa and b ofFig. I ascribed to the carriage both
b ecause it is the- nearer and larger- target and-because -of 'the high

41 indicatod- drag. Fig. I ! shovs deceleration of thocarriage after the
j completion of burning -for tho tvo normal rounds rocorded., -Corresponding
-9 drag and deceleration coefficients appea in Appendix I4,

-A record of suorsonic flight of the bird has -beon derived
- from the wiodo-angle- photographs from the K-25 cameras, sho-',ing relative

positions of bird - nd- carriago with considcrbo procision. --hesedata,

taken in- combination with the CW record for the carriage give a reason-
ably -woll-dofined doceleration for the- bird for its first 0.7V Socod- of
free flight. Fig- IV shows all photographed separations- all five
rounds are reprosentod. The points conform ell -to a single curve,
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IV.

indicating a very satisfactory uniformity in the separation procoss.
Measurement of the photographs yielded separation as a function of
range only) since no timing device was in operation in connection rith
those cameras. For the relation betyeon slant range and time, a numori-
cal integration vas made of curve a of Fig. I. This appears in Fig. VII)
and is the basis of the time scale shovn in Fig. IV. No ipociel treat-
mont was carried through for round Y#3.

Curve C of Fig. I was then plotted to fulfill the folloring
conditions:

(1) Separation begins at 1.15 sec, vhon common velocity is
1526 ft/sec.

(2) Separation at 1.75 sec is 63 ft. This fixes the areo,
lying to th6 loft of the ordinate 1.75 and betoan
curves a and a of Fig. I.

(3) Deceleration varies as velocity souarod,

The curve determined by those conditions corresponds t an
initial deceleration of the bird of 5.2 "g", or to a drag coefficient of
0.49. This must be regarded as uncor .in by at least le0 or 15,,

A maximum deceleration of about 6 "g1t vas indicated by the most
successful of the three Princeton sondes (rcfurencc 3). The one APL
sondo record (reference 4), covering a vcry brief time interval just at
the end of burning showed n rising deceleration; and at the end of the
record the value was 6 "g" and annarontly still rising. This agrecmcnt
among the tro sondes and curve c of Fig. I) is satisfrctory. considering
the quality of tho measuremnts. The value 0.5 is therefore submitted
as the drag coefficient of the bird, with an estimated probable error of
15%.

This result is in satisfactory agreement vith exis C ti atn
from :hich the following calculation has boon made:

Nose drag (reference 6) ............. 0.16

Base drag (3/4 of value in ref. 6,
allowing for duct exit area)......... 0.135

Skin drag, using coofficicnt.0025
(ref. 7) referred to lateral area....0.212

Totl, referrod to frontal area..O.51

A - " -
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V.

OVERALL TRAJECTORY. -- Figs. VII and VIII show the flight of round 5
and ronrosent the best trajectory data secured. All data from other
rounds are, however, in substantial agrocmonte The ihrk 26 radar record
is poor photographically. Evidently, as read, it contains a systematic
error and refers to the launching carriage rather than to the bird.
Tracking data from South and Central Stations were combined by tri,:ngula-
tion. The South Station caniora record on the bird was fairly comnrloto
but that from Central covered only the first 4 seconds and the final
splashes. Leveling of the tvo tracking stands was not adequately completed
at the time of the test, and conseouently the recorded elevations rocuirod
empirical corrections of the order of 10. Hence, the trajectory is not
determined Wv.th high accuracy, but is probably knowm well within 5% at all
points.

Fig. IX sho-,s the positions of splashes, marking points of fall
for both the bird and the carriage, The uxtreme dispersion in flight
of the bird Is about _+ 10 azimuth and : 500 ft in range. The carriages
also fell pretty well togothor, except for #3, which broke apart.

The observed range of 5000 yd for the bird is in at least
rough agreement vith the determined supersonic drag coefficient 0.5.
Inspection of ranges for Army howitzer projectiles of ballistic cocfficients
4.4p 2.1, and 1.9 (relativeo to the G2 retardation function) led to , rough
estimate of 1.2 as the ballistic coefficient corresponding to the rrnge
of the bird. For comparison, a ba2.listic coefficient 1.11 coroc.3oonds
to the drag coefficient 0.5,.

Velocity along the trajectory is -indicated by Fig.VIII. The
accuracy, however, is limited and permits not more than one deceleration
to be stated as an average for the subsonic region. This ii close to one
Og" and loads to average drag coefficient of 0.4 for the velocity region
beti-een 950 ft/sec and 540 ft/sec, the estimated striking velocity.

' A
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APPENDIX I

Numorical Sunrmary

Tot vnc conducted at Island Beach, N. J. on February 16 %nd 18, 1945.

Round 1 at 5:16 P.M. (2/16) containing Princeton sonde,
Round 2 at 6:36 P.M. (2/16) containing APL sonde.
Round 3 at 3:50 P.M. (2/18) containing APL sonde.
Round 4 at 4:26 P.M. (2/18) containing Princeton sonde.
Round 5 at 5:00 P.M. (2/18) contrining Princeton sonde.

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

Fob. 16, 4:30 P.M. Temp. 49oF, Rol. Hum. 39%, Bar. 29.86".
Fob. 18, 4:30 P.M. Tomp. 31F, Rol. Hum. 42%, Bar. 30.07".

Weights:

Bird ........................ 55 lbs.
Launching carriage after burning........... 290 lbs.
Propellant ............... ................. 96 lbs.
Total assembly at launching ................ 441 lbs.

Dimensions:

Bird Carriage

Overall length 9:711 4110"
Transverse 6.1411 diameter 18.511 betweon leunching rails
Number of fins 4 8
Total fin area 72 in. 2  540 in. 2

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

--Maximum velocity 1530 ft/soc / 6% - 3% was reached at 1.1 see.
Maximum aceleration .... 50 "g"
Average acceloration .... 43 "g"
Separation between bird and carriage complete at 1.15 sec.

Duration of supersonic flight (measured from o,,' of burning at 1.1 see.):

Bird .................. 4 sec (estimated).
Ccrriage, vnricd..l.l sec (max.) to .7 sec.

- ~ ~ ~ ~ ~ ~ .... ..... ......c- ~~ ~-- -
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Drag of Bird:

Velocity rango. ft/soc, 1526 to 1420 950 to 540

Drag Coefficient,

(forco/aroa x iiV 2) .5 t 15% .4

Deceleration Coefficient,

(deceleration/V2 ), ft. -I x 105, 7.4 6

Drdg of Carriage:

Volocity, ft/soc, 1450 1300 1100 900
Mach number 1.33 1.19 1.01 .825
Deceleration, "gt? 18.7 13.8 7,9 6.3
Drag forcej lbs. 5420 4000 2290 l30
Drag coefficient referred to

13 .tl srtizjre area, circum,-
scribing four motor tubes, 1,62 1.49 149 1,42

Deceleration coefficientp
ft."1 x 105, corrected to
590F, 14.7 psi, 26.9 24.8 19.8 23.4

Trajoctorios:
Round Bird Carriage

Ranges, ft 1 10,000
2 9,575
3 15,320 3,050
4 16,415 9,435
5 15,430 9,580 and

10,310.

Deflections from moan line of flight of bird, which lies 320311
east of.southward direction of rood:

Round Bird Cnrriage

1 1035?. L
2 - lt L
3 scattered
4 50' L 1025? L
5 5O R 30' R
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Round Bird Carric o
Flight Timos,

s00, 3 - 14
4 20.2 17.8
5 18.5 17.3,

18.4

0pproximato dato for bird, round #5:

MAximum ordinato 1320 ft,
At horizontal rango- 9000 ft.
and timo 9 soc.
Anglo of fall 24.50
Striking volocity 540 ft/soc.
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APPENDIX II

Chock List of Field Dati

Round 1 2 3 4 5

Central. tracking,

Flight - b b b

Splashes -b a a

South tracking

Flight - c b a

Splashes c c a

K-25 cameras a a a a a

Radar

CW - a a a

MArk 26 - - c b b

Deceleration sondes c c C b b

Alida-dc benrings on
splashes a a a a a

Stopwatch times of
flight - b b b b

a - indiento data on which chief reliance was placed.

b indicates less complete or loss accurate data, used chiefly for
confirmation.

c - indicates no useful record.
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lbe launching of an athodyd called "BIRD• llode1 lD, '111 th four 5-in--m HVAR rocket motors 

is described, The speed exceeded 1500 ft/sec and the drag coefficien·• was found· to be 0,5, 
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441 lb. The duration of supersonic flight measured from end of burni>l(; at 1.1 sec nas 

estiz:lated as 4 sec for the "BIRD" and 1.1 to 7 sec for the carriage. 
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