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FREE FLIGHT MODEIS 

t>ummary 

An account iA presented of work done in connec­
tion with the Free l!'lip;ht Model progrumme, for models 
up to and including Number?. This includes the pur­
pose of the programme, preliminary work both theoreti­
cul and practical, u brief history of the tests, the 
relevant confi gurations und reduced test data, The 
report conclude s with some suggestions for futur e Free 
Flip;ht Model work. 
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NOTATION 

q incidence, degrees 

(3 angle of sideslip, degrees 

Se elevator deflection, degrees 

R Reynolds Number 

M Mach Number 

a speed of sound, ft/sec, 

• q free stream dynamic pressure, 
: }J:SV2, lb/sq.ft. 

p air density, slugs/cu,ft, 

h altitude, ft, 

V free stream velocity, ft./sec, 

b span, ft. 

c mean aerodynamic chord, ft, 

8 wing area, sq.ft, 

W model weight, lb, 

m model mass ; W , slur,s 
g 

g acceleration due to gravity, ft./sec. 2 

kx roll radius of gyration, ft. 

ky pitch radius of gyration, ft, 

kz yaw radius of ~yration, ft, 

Ix roll moment of inertia, m.kx2• slu~s ft,ij 

Iy pitch moment of inertia, m,ky2, slugs ft,2 
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Iz yaw moment of inertia, m.kz 2 , slugs ft. 2 

p-, = m 
pSc 

~ 2. = m 
pSb 

~ e n~l e between principal axis and body OX - axis, de~s 

A a xi a l force in direction XO, lb, 

Z norma l force in dire ction OZ, lb, 

D drag force, along wind axis, lb. 

L lift force, normal to wind uxis, lb. 

N yuwina, moment, about OZ axis, lb.ft. 

M pitching moment, about OY axis, lb.ft. 

:: D 
qS 

= L 
qS 

= N 
qSb 

Cm = M 
qSc 

; 0Cn/ f-J _) 

P pe riod of osc i llat i on , sees . 

•r~ time t o dump t o ht1 1f um plitude , sees • 

• Su bs cript .'l : 

m - free f'li. :;ht model C- 10 5 

A - fuJ.l ccalo C-1 5 

Di ugram of axes in Hof . ?fl 
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Ailll of the Free Flight Tes ts 

The original purpose of the Free Flight Model tests was to 
pr ovide dynamic stability and control data for the C-105 in the 
pitching plane, and dynamic stability data in the yawing and rolling 
pl anes. Model speed would cover most of the C-105 supersonic and 
t r ansonic speed range,- while the model, with dimensions and 
inertias to scale, would be free to move in all planes. 

Design and manufacturing difficulties in the elevator operating 
system delayed the completion of the longitudinal stability models. 
while the mechanism to produce the yawing disturbance in the 
directional stability models had yet to be proven in a crude model . 
In the meantime it was decided to go ahead with another phase of 
the programme, that of determining aircraft drag from free flight 
model tests. 

Up to this time the only experimental data available on drag 
for the C-105 was from Wind Tunnel tests, with the models, both 
.OJ and .04 scale, mounted on a "sting", There are several poss i ble 
causes of inaccuracy in tunnel measurement of drag; the effect of 
the "sting 11 , relatively low Reynolds Number of test, and the 
difficulty of making an accurate strain gauge drag balance free 
from interaction of the other components. 

A more accurate assessment of C-105 drag was possible from 
free flight tests, because of freedom from interference, much 
higher Reynolds Number and more reliable means of drag measurement. 
The effects upon aircraft drag of two "Area Rule" modifications to 
the fuselage and canopy contours, were also investigated in this 
6aries of free flight tests. 

The decision to embark on a series of free flight tests 
using C-105 models was made in the middle of 1953. A ground launch 
method was chosen, in which the model is accelerated up to flight 
speed by a booster rocket before separation of the booster, While 
in free flight, subsequent behaviour of the model is determined 
from data radioed, or telemetered, down to a ground station from 
equipment contained in the model. 

Choice of the ground launch technique was made in preference 
to other methode, such as air launch from an aircraft, or testing 
in a ballistic range. In ballistic tests, an elegantly simple 
system of obtaining early design data, a very small scale model of 
the aircraft ie fired from a large calibre gun; however, the model 
ueually carries no instrumentation, accuracy is limited and speed 
range restricted. Air launching utilizes gravity force to 
accelerate the model, so that maximum speed is usually limited. 
Even if the model ie rocket boosted, control and measurement of 
trajectory and speed is difficult. Using a ground launch, speed and 
trajectory may be carefully controlled & measured, while accurate 
t elemetry measurements are made easier. 
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This report is concerned with only the first 
seven models, the firet four being "Crude" models 
and the last three being representative or "Drag" 
models. Subsequent models were to be disturbed 
while in free flight, in the directional &nd pitch 
planes, to ascertain the stability both laterally 
and longitudinally. 

General Preliminary Work 

After an assessment of the data to be tele­
metered from the model while in fli ~pt, and the 
internal space therefore required for the ap­
propriate instrumentation and electronics, and 
also in order to obtain the greates; test Reynolds 
Number, a model scale of one-eighth full size 
was decided upon. 

Various booster motors and combinations of 
booster motors were considered, the one used being 
a "Nike" booster (JA TO .xM5) of approximately 
45,000 pounds thrust, and 150 1000 lb. eec. impulee 
(See Fig. 1) 

"Drug" eeparation of booeter rocket and model 
was decided upon in preference to the "Explosive 
Bolt" technique -as used by C.A,R.D.E. In this 
drag separation method, developed by the Pilotless 
Aircraft Reeearch Division of N.A.C,A., the greater 
drag/weight ratio or the booeter when the boost 
stage ie finiehed slows the booster more rapidly 
than the model, and the two separate owing to 
the differing decelleratione. 

Booster horizontal tail was designed to main­
tain a good etatic 1TU:1rgin of model booeter combina­
tion at all speeds. (See Ref. 58 & 63 and •rable I) 

The model booster combination was checked for 
elaetic divorP,ence (Ref. 63, 64) and for flutter 
of morel (Ref. 21) and model booetor combinution 
(Refs 16, 22). l!.:tfect's of manufacturing inac­
curaciee of model and bonster on their fli ght were 
also checkAd. (Ref. 23, 61) Reference s 15, 16, 
18-20, 24-31, 51-56 cover the desi~n cf monol and 
booster, Hnd thn 'ze ro - lenvth" launcher , to­
pet her with th, tP ts for od 1 diet rtl ,n 1mrl. er 
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simul ated a~r loads, and the measurement of model and 
booster weights and inertias. 

Data reduction techniques were investigat ed, (Ref. 
2), later to be applied to actual tests (Ref. 9). 

Free fli ght models were equipped with an FM/FM 
telemetering system utilising standard R.D.B. channel s. 
The baeic elements of the airborne eyetem are ae in 
Fig. 33 

Selection of theee elements wae made after ex­
haustive environmental tests of various types and 
makes. Transducers fell into the following electrical 
categories; Inductive, Potentiometer and Strain Gauge 
Bridge (almost entirely unbonded), and were used to 
make measurements of pressures, and linear and angular 
accelerations. 

The principle of operation was euch that a change 
of the quantity being measured resulted in an equivalent 
electrical shift in the traneducer causing a shift i n 
the subcarrier, (an audio frequency), This resulting 
frequency modulates the tranemitter (ueing a carrier 
frequency of 218 or 224 mc/e.) which in turn sende its 
signal via the transmitter to the ground sta tion (Refe , 
3 1 5, 6 1 and 11) 

One of the more delicate instruments, the "d. - /!:> " 
vane, to measure an~le of attack and sideelip of the 
model in flight, was an electrically modified verei on 
of the N,A,C,A. desi gn and required careful testing 
(Ref. 13), Later, an attempt wue made to measure eta t ic 
preseure with a probe, attached to the front of the 
ci. - (3 vane (Ref, 10) (See Fip;, 38) 
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Fig. 34 is an "exploded" vi ew of the model 
structure, and indicates the breakd own into sub 
components fpr ma nufacture. Model depicted i s a 
longitud inal sta bility model; drag models differ ed 
only in having fixed elevators, • 

During model construction, conoidera ble diffi­
culty was experienced in the manufacture of accurately 
profiled wings for the scale models for drag end 
stribility tes ts. Initi a l efforts to cs s t them in 
,i J.uminum alloy were unsuccessful owing to wll.rping of 
the cestings, and efforts to corre1;t the warp 
mechanically, failed, M:1chininr; the wing from cas t 
billets of maenesium alloy aiso proved unsatis­
factory, and the model wings were finally Trid Chined 
from rolled billets of mfl.gnedum alloy, As an 
interim mea sure, for model 115 a composite fabricated 
wing w8 s used, 

'l'he commut a t ed duct pressure measureme nt system 
of fig, 35, e s used on a ll the drag models, does not 
show the tra nsducers, wh i eh convert the s ensed air 
pressure into en electrical signal. 

With a power of 2 watts each, the two trans­
mitters operate on 218 m.c, and 224 m,c, carrier 
fr equencie s , and are modul a ted by audio fr bquency 
sub-carrier oscillators, which in turn t a ke their 
s i gna l s from e:;societed transducers, The coupler, 
a n impedance matching device , ellows the two tra nsmitters 
to use the one½ wave length s lot a ntenna. 

Power surply i s from s il ver per oxide-zinc 
li ghtwe ight batteries, activated by potass ium hy­
roxide s olution (Ref. 8). Output is 6 volts at 
10 amp. on the low tension portion, with e life 
of approxima t e ly 1 hour. In addition nominal 
volta ges of 102, 180,28 end reference 5 volts 
are provid ed. 

Shown in Fi e , J3 i s a block di a p,r m of the 
telemet 0ry ground s t a tion, while Fi g. /,8 sho v.-s 
th e st'ition int f>I'ior , With the model on the 
1 ·1 u nd 1er , t he "l11unch" fnayue nci c:: :; of the various 
d 'l t H cJ 1,111noUi Hre no t ed, fi nd a five point fre-
1lHrncy c· libr,,ti n " r,~co1·ded on th t p, 
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Pla ced in pack form below its location in the 
model i s the commutHted pr es s ure s ystem (Fi f, , 37). 
C( - /3 vane, ~ith static pr obe , a s in Fi g, 38, was 
maintained in the zero deflection position by a 
cylindrical jig (Fi gs 40 to 43) which also served 
as protection, This wa s removed just before firing, 

Free Flight Model Programme 

During the programme an attempt was made to keep 
up to date with des i t:;n cmnges. For the "Drag" models 
the confi guration changes may be noted from Fi gs, 29 
to 31 , which are exact transparent overlays upon 
the basic configuration of the full scale C-105 in 
Fig, 32 Crude models took the form shown in 
Fig, 27 
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MODEL DATA 

Crude representation. 
G,G, at , 25 MAC 
Approx, scale radii of gyrat i on . 
Slab wing, profiled 
fin, 'l'elemstsry on 
5 channels. 
No intake ducts. 

As for serials 1 & 2 
but with yaw 
impulse mechanism 
installed and full 
telemst sry. 

Accurate Seals model. 
C.G, at 0,25 MAC. 
Plain leading edge 
with 8% notch. 
50° conical radar nose shape, 
J-67 intakes and ducts. 
Intermediate J_75 
rear fuselage. 
Fixed control surfaces, 

Accurate scale model, 
C.G. at 0 .25 MAC. 
Drooped leading edge 
with 5% notch and 
10% extension outboard 
of notch. 
300 conical radar nose 
shape, J-75 intakes, 
ducts and rear 
fuselage. Pressure ro.kee 
in ducts. Partial area­
ruling of f us slags. 
Fixed control surfaces. 

Accurate seals modal, 
C,G, at 0,25 MAC. 
Drooped leading sdgs 
with 5% notch and 
10% extension outboard 
of notch. 30° conica l 
radar nose. 
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J-75 intakes, ducts 
and r ea r f uselage , 
Pressure ra kes in duct s . 
Speci ul area ruling. 
Fixed control surfaces. 

All models were to 1/8 th scale with the exception of 
the fins, which were made oversize to ensure model 
stability, 

The wings of models 5, 6, and 7 had 0,75% negative camber, 
as on full scale. 

Models 8 and 9 we re latera l stability models; 10 and 11 
were longitudinal stability models. These will be 
covered fully in report. P/ F.F. M./48, ( Hef. 72) 

Models 1 to 5 and 8 to 11 were fired at the Point 
Petre Hange of the Cam1dian Armament, He s earch and 
Development Est&blishment (C.,~ .R.D.E.), nec1r Picton, 
Ontario. Models 6 c1nd 7 wer e fired a t the Wallops 
Island Range of the N. A. C .. \ , Filotless Aircraft Hesea rch 
Division {P.A.R,D.), in Virginia, u.s. A. 

All the models were launched from mobile "zero - length" 
launchers, placed on a concrete firing r amp. 

At Picton t here were several kine theodolites 
dispersed around the run 13e, manually opera ted to track 
the model in flight, From the data of two or more 
kines could be obta ined the trajectory und appr ox imate 
space velocity of the model. There was also a modifi ed 
S.C.R. 584 tracking radar l ocated quite nea r to the 
firinp site, which could provide a tra j ectory of the 
model in fli r;ht. Aerodynamic data from the model wus 
telemetered to an Avro mobile ground s t a tion a nd to 
the C.A,R.D,E, gro und station, where it was r ecorded on 
mu~netic tape for later playback, 

A common time base was provided by the pulse which 
trigP,ered the Aynchronis ed kine shutter s each ,2 sec., 
these kine pulses beinP, recorded on the m.a~netic tape 
alonp, with teleme tered data, 

Meteoroli p: ical duta wu s obtained from a radiosonde 
balloon, tracked throu~h its ascent by the trackin~ raiar. 

DA TE 
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In genBral the N.A.C,A, range at Wallops Island 
was similar to that at Picton, but without the kine 
theodolites, and employing the use of doppler veloci­
meter radar to measure model speed, Trajectory was 
established from tracking radar data, and was used to 
correct the doppler velocity. As at Picton, meteoro­
logical data came from a radiosonde balloon released 
immediately after the firing and tracked by radar through 
its flight path, At Wallops, owing to an incompatible 
telemetering eystem, telemetered data was recorded only 
by the Avro ground station, 

'!'he first seven models, 

It was originally intended that the models should 
obtain speeds in the region of Mach 2, but increases 
in both model and booster weight, as the design pro­
gressed, produced a final separation !lach number or 
1.7. 

At such speeds the directional etability with the 
full ecale vertical tail could have been marginal, and 
it was decided to use a tail with 50% more area than a 
corresponding model tail based on the full scale air­
craft. ln addition, the model centre of gravity was 
located by ballasting at 25% of the mean aerodynamic 
chord to give further insurance of directional stability 
and at the same tiMe provide ample margin of longitudinal 
stability, 

In order to produce the minimum disturbance at 
separation , the model elevators were set at approximately 
the trim angle for the separating speed, (Ref, 76 ) 

The first four models were relatively "Crude" 
models, an approximate representation of the C-105 
model having a rectangular section fuselage with 
parallel sides, a const, dia, sting at the forward 
end and blunt base at the rear end, With the correct 
ahape in planform ae the original C-105, that is a 
plain leadin~ edge, the wing in section was a blunt 
double wedge with flat top and bottom, Thie was fab­
ricated from a composite core of plywood and maeonite 
sheathed with steel plates, the whole bonded together 
and rivetted , The fin of correct aerodynwnic shape, 

v.es ueed on all subsequent free fli~ht models, 
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Crude model radii of gyration were maintained 
fairly close to equivalent full scale values and with 
similar relation to each other. {See table 1). 

(a) Free Flight Model #1 

Fired on 14 December, 1954 (Ref. 1). The purpose 
of the test was to evaluate the techniques for launching, 
separation, telemetering and tracking, also the struc­
tural, dynamic and aerodynamic qualities of the booster 
model combination. (Fi~. 40) 

Being the first test in the series, there were 
many unknowns. 

The launcher mechanism operated well, while es­
timates of clearance between booster tail and launcher 
during launch were confirmed. Damage to the launcher 
from rocket blast was insignificant, but a more posi­
tive means of anchoring the launcher was found necessary. 
Also checked were freedom from elastic divergence and 
from flutter of the model booster combination, trajectory, 
durin~ boost and the amount of roll during boost from 
manufactnring inaccuracies. 

tieparation was found to be clean and rcpid, with 
separation "kicks" of no mor e than :!:lOg normal nor ;j:5g 
transverse, accelerations. This typical separation 
pattern also indicated that shielding of the telemetering 
antenna by the booster body waa not a problem and signal 
strength was more than adequate over the whole fli ght. 
The operator of kine theodolite #1, located behind the 
line of fire experienced some distraction from the booster 
during separation, while tracking radar followed the 
booster instead of the model. Subsequent booster tra­
jectory proved to be safe. 

After separation, it was intended to determine the 
trajectory from kine theodolite and tracking radar data, 
but, as noted, trackin~ radar followed the booster while 
kine operators failed to follow the model for more than 
1 second. However, this ulmost zero lift trajectory 
was observed visually and confirmed by telemetery records 
of the "splash" time, showin~ the trujectory to be safe. 
An idea was obtained of the fli ght time in the useful 
s peed ran~;e, and of the drag of this 1st. crude model. 
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In the absence of data from kine theodolites and 
and tracking radar, the model "space" velocity was ob­
tained from integration of the longitudinal accelero­
meters, allowing for the decelerating effect of gravity, 
and corrected to air velocity by allowing for wind 
velocity. After the firing a radiosonde balloon had 
been released; as it rose the ambient air temperature 
and pressure were telemetered back to the ground station. 
At the same time it was being followed automatically by 
tracking radar, to provide balloon height and wind 
velocity at this height, 

One useful feature of the "kick" at separation was 
that it provided a disturbance in pitch and yaw, and 
from the subsequent oscillations it was possible to 
measure the period and damping in pitch and yaw, on the 
recorded traces of telemetered data. 

These crude model firings served to check the 
functioning of the following accelerometers and 
instrumentation, and of telemetering to the ground station. 
They also as s isted in the choice of transducer ranges for 
future models. 
Free Flight Model #1 instrumentation. 

Boost accelerometer 
Drag accelerometer 
Transverse accelerometer 
Normal accelerometer 
Pitch angular accelerometer 
Separation indicator 

The normal accelerometer failed to operate on model #1 
but gave good data on model #2, Both C,A,R,D,E, and 
Avro ground stations obtained good records of the tele­
metered data on magnetic tape, and this was given to 
Bell Aircraft, New York, U.S.A., to reduce to aerody­
namic functions, The data was also reduced by hand at 
Avro, to check the Bell results, ( Refs, 32 &. 60) 

from the "kick" at separation was obtained the 
frequency and damping in both pitch and yaw, at the 
separation speed, and typical maximum v1;1lues of the 
mea sured funct,ions experienced by the model at separa­
tion, 
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Fired on 16 Vecember 1954, (Ref, 1) This model was 
fired to confirm the success of F.F,M, #1 in all the 
aspects under investigation, Instrumentation was asmodel 
#1. 

Before firings of both models 1 e.nd 2 kine operators 
were provided tracking practice with a~" H,V,A,R, test 
tracking vehicle (T,T.V,), fired at the same launch angle 
of the C -105 model, and atttiining approximately the same 
speed, However, the T,T,V, did not provide the same 
distraction of model and booster separating, and on model 
# 2 as on model #1, kine theodoli tea failed to track the 
model in free flight for more than 1 second, Model air 
velocity was again found by integration of drag and boost 
accelerometer readings, allowing for model inclination, 
and correcting for wind velocity, As with model #1, all 
aepects of the launch and flight checked well; all 
instruments functioned correctly and telemetery wae good, 
(Refs. 33 and 60) 

(cl Free Flight Model #3 

Fired 12 May, 1955, 
Thie was a crude model, fired with the object 

of testing the yaw impulse mechanism, To provide 
disturbances in yaw a mechaniem was designed to fire 
emall charges from a hole on either eide of the model 
nose, timed and indexed to fire once every second, 
Originally intended to produce a 10 lb,-sec. impulse, 
teete showed the charges to give approximately 7,8 lb.-eec. 
on a moment arm of tipproximtitely 4 ft, (Ref. 4) 

Aleo confirmed were the performance during launch, 
boost flight and separtition of models 1 and 2, the 
subsequent model trajectory, tind the inetrumentation and 
telemetery, 

lnetrumentation:-

Pi tot preeeure 
Boost accelerometer 
Traneveree accelerometer 
Normal accelerometer 
Drag accelerometer 
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Yaw angular accelerometer 
Roll rate 
Instrument bay temperature 
Temperature at sting 
Angle of attack ~ 
Angle of sideslip (3 

~ 

Static pressure (on probe) 
Static pressure (behind compensator cone) 

CHECKED 

As the list indicates, several new instrument 

B Y 

systems were tested on model 3. A pitot tube was 
located on an arm below the fuselage. (Positioned as 
in Fig. 28) There was considerable position error in 
this location, but had all other means of speed measure­
ment failed on later models, this pitot, with calibration, 
would have given a close approximation to the actual 
speed. Instrument bay temperature proved to be nearly 
constant over the useful portion of the model trajectory. 
Sting temperature in the region of the C( -/3 vane showed 
a rise from 50°F to 95°F, with considerable lag, as 
speed increased. 

Mention was made earlier of the ex -(3 vane i model 
#3 was the first on which this vane was used, and the 
vane appeared to function correctly. 

Failure in the drive between motor and indexing 
mechanism was the most likely reason why the yaw 
impulse mechanism fail ed to operate. Subsequent mod­
ification of this drive rectified the trouble. However, 
adequate "kick" was obtained at separation to give a 
disturbance in yaw, and readings on all instruments. 

Static pressure was measured at two positions on the 
nose probe carrying the ex -(3 vane, one of these being 
behind a cone-like compensator as used in some N.A.C.A. 
tests. Neither static pressure source was found to be 
reliable. The remaining instruments appeared to give 
good data. 

For this model the data was reduced at Bell Air­
craft from the Avro tape recording. Due to pressure of 
work & malfunction of the yaw mechanism no further work 
was done on this model test. 

Kine theodolites tracked reliably over les s than 
7 sees. of flight . Radar failed to track the model. 

D A TE 
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DATE 



AIRCRAFT: 

,~~" REPO RT N o __ ...,P---1-/_.E .... ' ,w1FCJ1u..f.._.! ,---1-/_,,4u?c_ ___ _ 
-~-·• .~ AVR 0 AIRC R AFT L I M /TEO 

MALTON ONTARIO 

TECHNICAL DEPARTMENT 

(d) Fr ee Flight Mod el #4 

Fired 14 June, 1955 
The yaw Impulse mechanism wus modified to overcome 

t he trouble encountered on model 3, and tested on model 
4, whi ch was instrumented as model 3 but without any tem­
perat ure or pressure measurement, (Refs. 7 und 35). 

This time the yaw impulse mechanism functioned 
pe rfectly, providing sideslip angles of up to;k2° within 
the first 20 sees. of fli gh t. '!'here was only u slight 
di s turbance in pitch at each impulse, sufficiently small 
to ignore the effect of pitching motion upon the general 
equa tions of motion, and yet adequate to provide a me asure 
of the frequency in pitch. 

1 

All instrumentation and telemetery functioned correctly , 
including the (X - ~ vane. (Ref. 35) 

Kine theodolites, a s sisted by the puffs of smoke 
from the yaw impulse cha nges, f ollowed the model for about 
23 s ees. Trucking ra dar performa nce wa s a ga in inadequate. 

Model · speed was obtained from the kine theodolite 
da ta , correct ed for wind velocity a s determi ned from 
radi osonde balloon. 

Preliminary vulues were obt cl ined for stubility in 
s ideslip (Cn/:i )· (See Figur e 26 ) • 

Due to some inaccuracies in the reduction of the 
pr evious model (model # 5) data at Bel l, data reduction 
wa s performed at C.A.R.D.E., Valqa rt i er , P. Q., by Avro 
per sonnel using C. A.R.D. E. equi pment. 

All inst r umentation und t el emetery functioned well. 
Some idea was obta ined of t he effect of yaw impuls es on 
the tra jectory of the model, and the estimat ed peak values 
of s id eslip (Ref. 4); peak vulues of t rans ver se a ccel era­
t i on und yuw ane,ulnr nccel er ut ion were also a s sessed , 
and i t was conf irmed thut there wus very little di sturbunce 
in pitch fro m t he yuv1 i mpu l ses . 'l'he effect of thi s d11mp ed 
yuwing motion on drt1g Wu3 negligi bl e. 
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(e) Free Flight Model #5 

Fired 14 May, 1955 (Ref. ?) (Fig, 41) 
An accurate 1/Sth scale model of the C-105, this 

model incorporated all the design features which had 
been finalised at the time of model construction (See 
Fig, 29). Basically, this had a 3-~ thick wing with 
a "notch" on the leading edge at the transport joint, 
8% of local chord. There were no leading edge ex­
tensions nor "droop", nor was there any "area rule" 
applied to the fuselage. Intakes were as designed to 
take the J-67, rear end was modified as for J-?5, The 
radome had a nose angle of 50°, 

The main purpose of the test was to determine from 
velocity dato and telemetered data the supersonic dra g 
coefficient of the C-105. 

Also unknown was the stability of the model abov e 
M = 1,2. The test confirmed estimates of trajectory, 
separation forces and the steady roll due to manufa cturing 
inaccuracies. 

Instrumentation was a s f oll ows : 

Boost accelerometer 
Drag " 
Normal " 
Transverse " 
Pi tot pressure 
Static pressure 
Angle of attack ~ 
Angle of sideslip (~ 
:;,eparation 
Static "Buzz" 
Base pressure 
Pitot "Rake" at duct exit, 

In addition there were two subcarrier channels 
each commutated to give data from 12 pressure points 
around and in thB ducts, totalling 24 pressure points. 
Up to thut time this wa s the ~reatest amount of ins­
trumentation even to have been put in a free fli~bt 
rocket model. 

Kine theodolite s ~UVB trajectory data over the 
first 6 s ees. of trajectory, after this there was only 
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one kine operator followin~ the model, 

Trackinp; radar locked on at 13 sees. with the 
"boresight" camera corrections, and tracked the model 
for the remainder of the fliP-,ht, This left the tra­
jectory between 5 and 13 sees. to be interpolated. 

Kine theodolite data was read from the films, 
corrected for collirnation and trackin,i; error, and 
with each kine givinP. a "skew" line in apace, the model 
was assumed to be at a point from which the sum of the 
squares of perpendiculars to the skew lines was a 
minimum. Kine cameras were synchronised with a master 
timing unit to take pictures ut 5 frames per sec, 
Utilisin~ an l.B.M, digital computer, the model tra­
jectory was obtained, in rectungular coordinate form, 
also the model velocity, which was based on space dis­
tance travelled in .2 sec. intervals. To assist tracking 
the model urnl to give contrast on the film, the model was 
pointed duy?\low red, 

Meteorolo'3".ical datu was obta ined as before, by 
releasing u radiosonde balloon immediately after the 
firing. 

Bell Aircraft reduction of the Avro tupe was 
found to differ considerably from C,A.R,D.E. tape 
reduction by Avro personnel at Valqartier, P,Q., 
Subsequent checking at Avro showed that there was 
neP,liuible difference between the two t apes , After 
considerable hand checkinP, , the da ta from Avro reduc­
tion was used in all further unalyses, 

ln the absence of any velocity data from kine 
theodolites after 5 sees., the kine separation velocit y 
was used as a basis, and subseque nt model space velocity, 
obtained by intev,rutinr, lonr,itudinal accelerometer 
readinp;s , corrected for gruvity component. Wind velocity 
was a further correction to give final a ir velocit y. 
Drar. accelerometer and normal accelerometer r eadi n,o;s 
were combined vectoriully to r ive the true dra ~ alono; 
a wind uxis. Several corrections were rwde to this drug 
value to allow for differences between confi f!:u ration, and 
conditions of mod el a nd full s cale. {See Appendix A) 
.F'or correction of duct muss fl ow to full scu l e the com­
mututed pitot and stut ic pr essures in the Bft purt of 
both du c t s were used . Presence of rupidly 
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fluctuating pressures in the intakes was to bade­
tected by the static "buzz" pressure poi nt. 

A check on the speed was obtained from the pitot 
pressure ~-n combinatiofi with radiosode static pressure. 

Approximate value of Model~ were obtained 
'/3 

(Fig. 26) but it was tmpossible to measure damping. 
The model experienced a mo,lPreta steady state roll, and, 
due to separation kick, had also periodic roll, 
yaw and pitch, this motion being divergent for the 
high ranea of Mach No. (Fig. 4) It appeared from later 
analysis that this was dua to inertia coupling, as 
mean C( was 1.6° just after separation, and 1. 30 47' 
so that the principal nxis was tilted down at approxi­
mately 2.1°. On the full scale C-105 with tha e.g. at 
.2994~ ~ • 1° 42.5• or with the e.g. at .25~ as on the 
model ~ ~ 1°, so that this unstable condition would not 
have occurred on the full scale aircraft at the same~. 

Subsequent theoretical investigation into model 
dynamics usine estimated derivatives in the Boeing 
Analog Computer with 5 degrees of freedom (incidence, 
pitch, sideslip, roll and yaw), showed no such di­
vergence, but with slight modificat ion of the deriva­
tives a divergent motion very similar to that ex­
perienced in frea flight was revealed. Subsequent 
r1ilsing of the principal axis to Yj " l"fjo gave a 
d,m1ped reponsa on the analog computer. This was 
Vflrified on model f/8 , in which ~ wa s made 1 ° 5_0.• 
by addition of ballast. 

Re-evaluation of Picton P.awa 

After the first five Fraa Fli ght Models had been 
fired it wa s decided that the Picton r a nge was in­
adaquata to provide the test coverage of tha order 
required in C-105 firings, and arrangements were roods 
to fire the naxt two model s in the U.S.A., whila 
improvements could be made at Picton. 

1ha S.c.R. 584 Tracking Radar at Picton wa s t oo 
close (200 yds,) to "lock-on" to the model prior to 
lH 1mch v,han uuing a baacon in the model. The 
inc orporation of a delay circuit into the beaco.n to 
artificially increas e th e modal to tracking rada r 
di s t unce by an additiorml 1000 yds. 

DATE 
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contributed to erratic triggering of the beacon trans­
mitter, Several type s and locations of beacon were tried 
in experiments to i mprove r adar tracking and reliability. 
One of the main difficulties was that when "skin" tracking, 
the signal reflection from the booster dwarfed that from 
the model just after separation, with consequent difficulty 
in tracking the right target, With the beacon, model 
reflected signal was adequately strong but the beacon 
antenna could be shielded from the ground station by the 
large booster, and in addition was subject to breakage, 
White Sands (Ref. 12) recommended a radar to firing site 
distance of some three miles, to ensure lock-on at fire, 

Tracking of the model by kine theodolites had been 
poor, and it had been recommended during a meeting be­
tween Avro and C,A.R,D,E, personnel at Picton (Ref, 65) 
that certain modifications should be made to the kine's 
and accessories and that investigatory tests be carried 
out to improve contrast of model image on the film, Larger 
binoculars were tried and a better developing process was 
adopted, Tests were made with various filters using black 
and white film and a yellow "dayglow" model, Colour film 
was also used, Better correlation between kine time base 
and telemetery and tracking radar time base was also 
provided, 

Concerning telemetery, a five point calibration on 
each subcarrier channel prior to and immediately after 
flight was to be made on all future tests, and the voice 
"count down" to be recorded on a separate channel. This 
"count down" had been one of the main causes of trouble 
that Bell had experienced in reducing model 5 data, the 
voice recordings overiding the "speedlock" or reference 
frequency. 

During 1956, several T,T,V, 1 s were fired to 
provide tracking practice for kine operators, 

On January Jlst and February 1st T,T,V, 1 s were 
fired using a smoke trail, Tracking was ~oor and 
developing poor. 

February 16th, tracking wa s much better. There 
was poor film definition, over exposure, dirty crunera 
register e:nd oftel'I -no pr1.nt of scale rea'di'ng. 

DATE 
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March 21st: for this T.T.V. test the doppler 
V,elocimeter Radar was now functioning. However the 
Doppler tracked for only 2 sees. and kine tracking 
results were fair. 

April 30th: this was a T.T.V, simulating sepa­
ration as for the C-105 model, though the speed was 
too slow to be truly representative of the C-105 
model, Kine tracking was good, doppler gave data 
from 2 sees, to 14 sees., while tracking radar was 
fair, The beacon antenna polarisation hampered 
radar tracking, and in addition the boresight film 
was poor. 

June 6th: A T,T,V. with separation and a more 
representative speed. Fair to good tracking by 2 or 
3 kines up to 15 sees., though the scale readings 
were often not clear and there was evidence of a 
dirty camera register. Doppler gave velocity data 
from 2 sees. to 15 sees., and tracking radar locked 
on with poor and intermittent boresight film, from 
8 sees, to "splash". 

The tests of April 30th and June 6th (Refs. 42 
and 43) showed a considerable improvement in the 
measurement of model trajectory and speed. C,A,R,D.E, 
modified their claim for trocking radar performance, 
estimating it would begin at 10 sees., and it 
appeared that at least two kines would track it up 
to 10 sees., ensuring a trajectory record. Velocity 
from kine theodolites and tracking radar would be 
used only as a chec~ of the velocity from doppler 
velocimeter redar. These velocities have been com­
pared in Ref. 42. & Fi~ . 6 

The Hemaininp; Drug Models. 

Ii'ree Flight Model #6 ( Fi l" , 42) 

With the same booster system, a drag model was 
made incorporatinr: the latest ae rodynamic modi1'1ca­
tions, such as 5% notch, 10% extensions , leading 
ed~e "droop", 30° conical rudome und area rule over 
the armamen t bay. 

Model 6 was fired at the N.A.C.h. stetion, 
Wa llops Is land , Virgini a U. S.A. on Muy 9th 19 56 . 

1? 
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Te lemetered data wa s recorded as before. The line of 
fire being out to seu, there were no kine theodolites. 
Trajectory data was obtuined from an s.c.R. 584 modif ied ) 

~·,pe radar which skin tracked· the model continuously 
from 1 sec. after launch, on automatic mode except for 
the period of separation, when an experienced operator 
who was monitoring the oscilli$6ope display controlled 
the rudar manually. 'l'racking correct ions ,no:rmi.J. l :, s1:1pp l i ed 
by two bo:resight cameras, one of 40" focal length and 
one of 80", were not available, f rom any early stage 
in the flight. 

Velocity wus obtained from doppler radar, corrected 
for trajectory and wind velocity, from .9 sees. to 
20 sees. 

Instrumentation wa s as follows: 

Separation signal 
Boo s t accelerometer 
Drag " 
Norma l " 
Transverse " 
Angle of attack C( 
Angle of sidealip /3 
Pitot pressure 
Static pressure (from probe on Q - (3 vane) 
Base pressure 
Roll rate 
::;tatic buzz 
Full rake pr essure 
lnstrument bay t emp . 
Commut at ed duc t pres sures 

On this model the C( - (3 vane mounted on the 
sting was modified to include a probe to measure the 
static pressure. The assembly was balanced to with­
in .1 ins. oza. However, trouble was experienced in 
recording Q, although f3. seemed good. While trans­
verse acceleration and (!l correlated fairly well, 
normal accelerution and C( ahcmed marked disagreement. 

Ltiter teats showed that the C( trace error was 
entirely due to t he modifications to the C( - (3 vane, 
but this was not imme~iately appa rent. In the mean­
while it was assumed that the static probe would be 
fitted to t he prototyPe aircraft, and the position 
error wua determined over the complete teat Mach 
range (See Fi g. 25 ) 
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Because of the erroneous CX - (:> vane and the unstable 
osc illations the test results were unsuitable for stabi­
lity analysis but adequate for drag calculations. Drag 
was ae termined as for model #5 with similar corrections. 

Observed in this test was the very high rute of 
roll associated with the unstable oscillations in the 
yaw plane. The derivative en was estimated (Fig. 25) 

(l 

and is discussed later, 

Althou~h velocity from doppler radar was used 
for test analysis, it was compared with velocity 
from inlep,rated longitudinal accelerations, from 
pitot and probe static pressures and from pitot and 
radiosonde static pressures. (See Fig, 13) 

On the pre-firing ground check, one commutated 
duct pressure was found inoperative, but in any 
event was duplicated, During boost the cover plate 
for the booster igniter came adrift, but caused no 
other damage and did not affect tracking radar, 

(,,:) Free F]1,,.ht Model H; 7 

Fired at Wallops Island, Vir~inia, May 15th 1955, 
(Ref. 51) (Figs. 43, 44, 45) 

This embodied all the aerodynamic modifications 
of model #5, with in addition more complete area rule 
affection the forward upper part of the fuselage, 

Instrumentation was as in model #5. Base pressure 
did not function, and stati~ "buzz" pressure gave a 
poor trace, Roll rate was even more violent, being 
approximately± 300 degrees per second about a mean 
steady roll, at s eparation. 

As on model 5, the static pressure from the 0( - (3 
vane probe wa s calibrated with static press from 
radiosonde balloon over a ranr,e of Mach No. 

Model velocity from the four sources were com­
pared as on mouel 5. (Fir,. 14) 
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With the principal axis tilted down at 17 = 3o 3' 
model 7 was affected by inertia coupling , as were 
models 5 and 6; so that a divergent oscillotion was 
aP,ain obtained. The Q - (J vane malfunctioned in~ 
in a manner similar to the model 6 test, Due to the 
inertia couplin~ effects these re sult s were unsuit-
able for much stability analysis but wore adequa te for 
dru g analysis which was performed as on model 5 ( .lt'i e: , 24) 

Tracking radar performance was better than that 
on model 6, the boresight cameras providine tracking 
corrections for all the useful part of the flight, 
Doppler performance was similar to tha t on model 6; 
however in the course of the radiosond e balloon ascent, 
a sharp wind reversal was noted, ( "Eclanann l:ipiral ") , 
(l:iee lig , 3J which would indicate that wind in that 
region was probably changing with time, causing model 
velocity to be less accurate in the region of 3000 feet 
altitude, 

DA TE 

DAT E 
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Hesults. 

Booster motors performed within the limits ex­
pected, compared for boosters of models 1 and 2 in 
Fig. 1. Typical model trujectory and meteorological 
conditions of test are given in .l!'igs. 2 and 3, while 
typical traces of telemetered data are reproduced in 
Figs. 4 and 5 covering a Mach No. rbnge of approxi­
mately 1. 7>11>1. 15. The presence of "inertia coupling" 
is apparent from .l.<'ie• 4, from the shape of the normal 
acceleration and sideslip traces. Angle of attack 
data was not g,ood on models 5 and? due to the addition 
of a small th1n probe on the front of the U - f.; vane 
body, to measure static pressure. On later modele this was 
rectified. However, the sideslip trace remained good, 
and the probe gave a fairly accurate record of the 
pressu1•e as cbn be eeen from the calibration curve on 
Fig. 25. ~ome idea of the overall accuracy of tele-
metered data can be gained from the repeatability of 
these probe static curves, althou~ft there are several 
other factors contribntinP, to the scatter; measure-
ment of speed, meusurement of ra diosonde static pressure 
which ie the paraneter, time variation of pressure 
between the two types of measurement, and dissimilarity 
of the probes. It is estimated that overall tele­
metering accuracy after reduction is within 1% of 
instrument full scble reading. 

With the exception of model #3, which was not 
reduced, the model Mach numbers for the first seven 
models are given on ~'i p:s. ? to 12, dynamic pressure, 
(½pV2), on ~·i ge. 15 to 20. Maximum Mach number 
attbinod ie approximately l,?. Separation occupiee 
a very short but finite interval of time just after 
peak M is reached, after which the model instruments 
give a true picture of air forces on the model. 
Value s of M and q for models 1 and 2 have only a 
limited accurucy; as kine-theodolites failed to track 
the model and ostimuted trajectory WbS used. 

Where modal velocity from Doppler Velocimeter 
Radar WbS bVbilable, the model Mach numbers obtained 
from f our ctifferent s ources hbve bc: en comparod. Mach 
No. could bo co~puted from: 
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( 1) Doppler Radar, allowing for model trajectory, 
air velocity and temperature 

(11) Kine theodo~ite readings, allowing for air 
veloc1 ty and temperature 

(111) Integrated drug acceleration, allowing for 
air veloc 1 ty and temperature and altitude . 

(iv) The ratio of pit~t pressure to probe static 
pressure 

(v) The ratio of pitot pressure to radiosonde static 
pressure 

(vi) In an approximate form, from tracking radar, 
allowing for air velocity and tempert1ture. 
Here the model space distance travelled must 
be measured over a large interval of time, say 
2 sees,, to gl.ve reasonable accuracy. 

For models 6 and?, Mach No, from &ources (1) (111) 
(iv) and (v) have been compared on Figs. 13 and 14, 

To indicate the order of accuracy of speed measure­
ment by kine theodolites, model space velocity for a 
Test Trackin~ Vehicle (D,T,T.V. #2) has been compared 
on Fip;, 6 with that from do pnler radar, 

On models 4 and 5, kine theodolites were used to 
determine model speed, in conjunction with intep,rated 
accelerometer readinP,s, while on models 1 and 2 only 
accelerometer readinp,s were available to compute speed, 
For models 6 and?, model speed wus based on doppler 
radar. 

The accelerometers, beine located very near to 
the model centre of gravity, gave true measurements 
of the air loads on the model, Then drag, 

D u A cos 0( - Z sin C( and CD = .E.. 
'l'3 

This total model drae is plotted on Figs, 22, 23, 24 
for models 5, 6, and?, alon~ with the drag corrected 
to apply to full scale C-105 airframe, computed by 
Avro Aerodynamic Performance Section, (See Appendix 
"A"). Drag of models 1 and 2, shown on Fig, 21 is of 
limited accuracy because of the uncertainty of speed 
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and the absence of an an~le of atta ck measuremen t. 

Th e ratios of mod el and full s cale radii of 
gyration compa red in Table I are practically the 
same in all three planes. 

The period of oscillation is approximately 
proportional to J t-4- and k. 

or: Period of Model 
Period of C-105 at same V and h 

Ratio of periods in roll = .29 
Hatio of periods in pitch = .31 
Ratio of periods in yaw = . 30 

The three rat ios ure very similar , thus providing 
a 11;ood me&sure of dynamic simila rit y. 

A siMple method of 
of the derivatives en , ,., 

determining preliminary va lu es 
&nd Gr.le;( fro m test results is 

to assume s in~le degr ee of freedom motion. Then: 

Cn/o 
'L 

l z = 4 1, 

p2 5?. 3qSb ( 1 ) 

c,llc( = -I v 
[ 

4-r:- 2 + .480 l 
5?. 3qSc p2 ( Trt ) 2 (2) 

Althou r,h it was not int ended to determine Stc1b1lity 
d&ta from t he first seven mode l s , i t is intere stinc to 
compare the ti ;Jproximate vt.lue of Cn/3 from mod els 4, 5, 

6 and? with that obtained by a ri~orous method from 
lt.t er yu.w stability models 8 and 9 . (Fo r compl ete ana lysis 
of model s 8 and 9 see Refs. ?2&?3) 

Because of tt.o s ]bb win11, section, crude mod els 
1 to 4 were nnt 9uitubl e for UJproxim&te c1nc1 l ysis of 
ctAC(; nor wer e mod el s 5 , 6, and ? , due to the "i-nerti<1 

coup line " which caused divergent oscilla tions for 
pa rt of the fli,.,)1t. 

From 1ir. 26A , which c ives var ia tion of th~ meun 
l:teyno lil s Number du ri nf" the to c;te , it muy be seen thut 
11t M: l.G0 the model H = 44 x ]06 , 18 C2qt1i vulent t o 
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tha t of the full scale C-105 a t approximately 56,000'. 
By comparison, the mea n Rat M = 1,6 during the Wind 
Tunnel tests at La ngley was 2.69 x 106. This illus­
trates the realistic order of Reynolds number the free 
fli ght tests can provide. 

The "inertia coupling" referred to in the motions 
of models 5, 6, and? was caused by the principal axis 
being depressed on the models. { 1 = 3° 23.8' mean), 

more than on the C-105 ( ~ = 10 42.5') mainly due to 

the oversize fin on the models, This coupling is 
present as one of the destabilising terms in the equa­
tions of motion, such that any rolling acceleration , 
produces a yawing acceleration. This yawing accelera­
tion would produce sideslj.p which in turn would cause 
a rolling acceleration. Under certain circumstances, 
that is with principal axis depressed sufficiently, 
the model motion could become divergent, which is what 
happened on models 5, 6, and?, 

Analog computer studies were made, (?l) with 
five degrees of freedo m usi ng typical model wei ght, 
inertias, geometry, fli r,ht conditions, and estimated 
aerodynamic properties. lt was found that although 
stable motion was produced from these inputs, slight 
variation of the aerodynamic derivatives, within the 
likely accuracy of estimation, caused divergent motion 
similar to that obtuined during the free fli ght model 
teats. Reduction of the principal axis angle ~o 1~0 
again produced stable motion on the analog. bubae­
quent models 8, 9, 10 and 11 were therefo r e ball t ed 
and equipment re-located to give a va lue of Y/ cl s e 

to 1½0 , or approximately C-105 val ue, with the result 
that the motions of these models were well damped 
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Conclusions, and ~ug~estions for 

Future Free Fl1r:ht Wo rk. 

In all, the tes ts were r emarkably successful. 
The first two "Crude" models eva lm1ted the test sys­
tem as a whole , and while on the third "crude " model 
the yaw impulse mechanism failed to operate, this 
malfunction was r emed ied on the fourth model, on which 
a larf"!}amount of t e le me tery was test ed, 

'l'he three "Dre1g " models provided all the da t a 
required to evaluute supe rsonic a irframe drar, , and 
in addition served as u prelimim:ry 1rnd lllliinly quali­
tative assessment of the C-105 dynamic stability. 

Drur, was sli ~h tly h1 ~her than previously esti­
mated, 'l'he benefit from the two t ypes of "Area Rule" 
modifications to t he fus el age contours, along with 
other sli gh t confi e urat ion chunge s may be seen between 
Fig. 22 and J<'i gs , 23 , 24 . 

The first sevtln firin ~,s were achieved wi th 100% 
successful launch, bo ost, separation and mode l free 
fli ght, a r eco rd which corpa r es very f a vourably wi th 
thut of a ny other free fli ght programme , 

J<'rom t he subsequent test of models 8 and 9 it 
wus found th1:1t th e disturb1:1nces in pitch und y1:1w from 
the diverr,ent motion of model s 6 cuu sed only s li aht 
increase in dra g, Howe ver , in future fr ee f li i::;h t 
tests the effect on dru g of such motion may be nore 
pronounced , mak in r; it al 1 the more i mpor t unt to 
eliminute such instability, usin~ tool s such as the 
ana]o~ computer or the ba lli stic ran~e. 

'!'he present series of drup; mod Hl test s provid ed 
the supersonic mode l drag with reasona ble accuracy , 
which was the requir eme nt, To obtain r ood transonic 
and subsonic drug it is essent i 1:1 l to have u pitot­
stutic pick up in a posit ion of und isturbed f low on 
t he mode l, for us modHl speed decrea s es th e percent­
ll 8D of Lho true air speod which th e ra t ho~ unc er t ain 
wind velocity r cprosa nt s, i nc~euses , und ono has to 
roly on pitot-stat ic tube for tru e mode l a irspaud , 
Thero sho uld u l so be un additionu l lon •~itudinal ac ­
celerometer un I ti ll uddi ton11l pi to t prtJJsure tr..i ns ­
duc ur, to c.:iv.er tl l~w v .... l u, Jo t' pi t o t pres,,u 'L, 11nd 
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drag acceleration at the low airspeeds. More com­
plete recommendations will be mti.de in Reference 72 
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APPF:llDIX ' !.' 

Dras corrections a pplied to the 

Dreg Free Flieht Model results to make 

the r.1 more representat ive of CF-105 

Detuils of calculutions involved may be found 
in Ref. 70. 

1. Base dr&g correction is required because the 
edges of model duct exit were mnde more blunt 
than C-105, to trunsmit the loa ds during boost. 

2. Momentum drag correction is requiretl since Avro 
cherges momentum drug egainst enr,ine thrust. 

3. Induced dra~ correction. 

4. Allowance is mude for the difference between 
model and aircraft exit flow from the nozzle 
(Ref. 69 used) 

5. Spillur,e dra ~ correction is required since Avro 
cherP,es Spille~e dra~ egeinst enP,ine thrust. 

6. On the model there was an additiona l end out 
of scule ventral pitot tube. 

7. The models contained un out of sca le pressure 
r uke located in the duc t exit. ( Ref s 67, 68, 
us ed). 

8. 

9. 

10 . 

ll. 

The fixed elevator settinr: of the models requires 
u trim dru g correction. 

Model fin i s l u r ,~er than C-105. (See r'if" s , 30 to32) 

Corr ecti on for c:( - /1, vono insta ll a tion 

Fu sf'l t-.,;e contour di. ff c r cncos, whor e uppli cuble. 
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Instantaneous Drag Values 

Due to the oscillatory nature of conditions 
during the flight of the free fli ght rocket models, 
the resulting test data shows a certain scatter in 
values. In processing this data scatter is eliminated 
by drawing a mean curve through a series of test 
points, 

At M = 1.5 the instantaneous data was used to 
determine an instantaneous drag coefficient. Since 
this data did not lie exactly on the averaged ourves 
a slight difference results between instantaneous 
corrected CiltJIN and the average value at M: 1,5, as 

shown on Figs. 22 to 24 

A typical instantaneous dra~ value, on F.F,M. 
#5 at M : l. 5, is listed in Table II, 
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1 P/F, F , M,/1 Firing of F.F. M, 1 & 2 (Januury 55) 

2 P/lt',r',N., /4 Dat!i reduction techniques (June 55) 

3 P/F.F. M,/5 Time lags of pressure systems 
(Februury 55) 

4 P/lt'.F,l1! ./6 Yew disturbunce calcul!i tions, 
(February 55) 

5 P/F.F,M,/7 PAL 1-2 Accelerometer (Ma rch 55) 

6 P/F,F,M,/11 Operliting ch!i ract eristics of PAL 1-2 
liccelerometer. (July 55} 

7 P/F.F.M./12 Firing of F.F. M. 3, 5 & 4 (July 55 ) 

8 P/F.F, M. / 13 Battery actiV!i tion. Visit to Ea~e 
Pi cher (July 55) 

9 P/F.F,M,/14 Datli reduction of F,F.M. 5 (July 55 ) 

10 P/F. F , M. / 15 Static probe modificli tion to a - 0 
vune (September 55) 

11 P/F, F,U./16 Repe!i tlibility and temperature tests 
on vuriou s types of press ure truns ­
ducers (Octob er 55) 

12 I'/F.F.111./17 Visit to White Sunds provin~ g r ounds 
and Hesde l Enr, ineering Co. with r es­
pect to Doppl er Rudli r (No vember 55) 

13 P/ 1'' ,r'. M./18 'rhe a.- (-'> vane (November 55 ) 

14 P/ F. F.U, / 19 Doppl er r !idar, r ecording und dotli r e-
duction (December 55) 

15 P/LF.M, / 20 l,!ome nt of lnertia t est procedur es . 
(Jlinua ry 56) 

16 P/lfo dt:J l s /? C-105 fr ecl fli ght model (Junuu ry !:J3 ) 
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34 P/F.F.M./8 Fli~ht data, F.F.M. 3 (June 55) 

35 P/F.F.M./9 " " F.F.M. 4 (June 55) 

36 P/F.F.M./10 Fli p;ht data, 1st drag model F.F • .M. 5 
(June 55) 

3? P/F.F.M./22 Rawinsonde, tracking and doppler 
F.F.M. 6 (June 56) 

38 P/F.F.M./24 Rawinsonde, tracking and doppler F.F.M. ? (June 6 ) 

39 P/F,F.M./Z3 Reduced telemetery data F.F.M. 6 
(June 56) 

40 P/F,F,M,/25 Reduced telemetery data F,F,M, ? 
(June 56) 

41 P/F.F.?ei./26 Data from kine theodolites l!',F,M, 4 
&. 5 (August 55) 

42 P/F,F, M./2? D.T.V, #1 & D,T,V. #2 fired at Picton, 
Data reduction (July 56) 

43 P/F.F.M./28 Evaluation of r ange with D.T.V. #1 &. 
D,T.V. #2 (July 56) 

44 P/F.F,M./31 Flight dat a and data reduction F.F.M. 6 
(November 56) 

45 P/F.F.M./32 Fli ~ht data and data reduction F.F.M, ? 
(November 56) 

46 P/F.F.M./33 Flight data and data reduction F,F,M. 8 
(November 56) 

4? P/F.F.M./34 Flight data and data reduction F.F.M. 9 
(November 56) 

48 P/F.F,M./35 Fli ~ht datu and data reduction F.F,!>I. 10 
(November 55) 

49 P/F.F,M,/36 ~'li ght datu and datt1 reduction F,F',M, 11 
(Novembe r 56) 

50 P/F.~.M./3? Kine t heodolite survey dat t1 and reneral 
kine data reduction (N ovembor 56 ) 
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51 P/F.F.M./21 Summury of firi nr:s of F. F.M.' s 
6 & 7. (June 56 ) 

52 P/Models/41 Free Flight Model moments of inertia. 
Preliminary report of theory, corrections 
and procedure. (December 54) 

53 P/Models/42 Crude model moments of inertia based 
on swing tests (January 55) 

54 P/Model s/43 Tests to check and prove system and 
method used for ·swinging F,1'',M, 's 
(January 55) 

55 P/Models/49 Weights, C,G,s and moments of inertia 
for drag models. (March 55) 

56 P/Models/50 Estillllites of weights, C,G.s and moments 
of inertia of further F.F.M,'s (May 55) 

57 P/ Control/45 Longitudinal dynamic response of C-105 
F.F.M. due to elevator deflection 
(July 53) 

58 P/St ab/44 Lateral stability of model booster com­
bination (March 54) 

59 P/Stab/51 F.F.M. trajectory after separation, 
elevators checked at 2°, launch at 
45°. (July 54) 

60 P/Stab/63 Preliminary data reduction and compari­
son with theory F.F,M, l & 2 (January 53) 

61 P/Stub/64 Lateral stability and traj~ctory, F.F.M. 
& "Terrier" booster (July 54) 

62 P/Stab/113 Calculation or lateral derivatives and 

63 P/Stab/29 

dynamic stability of F.F,M. 6 & com­
parison with tests. (June 56) 

Determinution of downwash and lon~i-

32 

tudinal stability, F.F.Models, (August 53) 

64 P/Models/24 lnvestip;ation of lonr;itudinal stability, 
F,F,Models, (March 54) 
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65 Minutes of Kine Theodolite meeting at C. A.R.D,E, 
Range, Picton, on June 14th 1955. 

66 7-0400-44 issue 3, C-105 Mk I Wei ght summary and 
C.G, position (Ma rch 57) 

67 R,Ae,S, Data Sheets - Aerodynamics 

68 Aerodynamic Drhg - Hoerner, 

69 N,A,C,A, RM,E54,J,26 

70 

71 

P/Aero Data/66 Drag of Free Flight Models. 

P/Stab/128 Some dynamic stability studies of 
free fli ~ht models, 

33 

72 P/F,F'.M,/48 Summbrv of F,F,M, tests and results, 
(F,F,M:'s 8 to 11) (Estimated September 57) 

73 P/F.F. M./57 Free fli ~ht st a bility model results, 
(July 57) 

74 P/Stab/128 Some dynamic stability studies of 
C-105 F.F. M.'s (December 56) 

75 P/Stab/132 Dynamic equations relative to 
bo dy axes, (Januhry 57) 

76 P /Models/24 Lon~itudinul investi r,ation of free 
fli ght models, (Mt1 rch 54) 
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TABLE I 

Model Weic;hts and Inertias 

Wt. Ix Iy Iz ~ C,G. 

F.F,M. #1 463 12.63 73,53 83.86 20 50.19' • 25 
#2 456 12.60 72,24 82.53 20 45.43' .25 
#3 472 13.37 78.9 88. 23 20 27,15' .25 
#4 474 13.45 78.5 88.75 20 15. 5' .25 
#5 465 11.72 70.1 79.37 30 47.331 .25 
#6 482 11.79 73. 25 81.30 30 21.15' . 25 

F.F.M. #7 484 11.90 72.02 79.97 30 3' .25 

Mean values of F.F.M.'s 5, 6 and 7 at e.g. of 25% MAC 

kxm :: .895' w • 477 lb. 

kYm :: 2. 2041 

kzm :: 2.330 1 W/S = 24.9 

= 3o 23.8' 

Corresponding C-105 values, 55,000 lb. wt. (and 1,522 lb. 
ballast) at e.g. of 29.94~ MAC. 

W :: 55,000 lb. 1/8 kx = .825' 
A 

1/8 kyA = 1.8831 

1/8 kzA = 2.030' w/s : 44.9 

= 10 42.5 1 

8. kXm/ • 1.084 
kxA 

8. kv / 
m kyA 

• 1.170 

8. k2m/ = 1.147 
kz 

A 

and Rati o of win~ loading (W~S)model:: 
(W S)C-105 

.555 
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Approx. Estimated Static MarP,in of Model and Booster (ins.) 

S..ibsoni c 

k -1personi c 

Longitudinal 

18 

22 

Lateral 

43 

50 
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TABLE II 

F,F,M, #5 

Instantaneous Corrected Drag, M: 1,5 

Measured CD 

Corrections 

Momentum Loss 
Base Drag 

.02?8 at M ~ 1,5 

Pressure Rake (Exit) 
Shock Losses (Exit) 
Elevator Angle 
Fuselage Contour Difference 
Larger Fin 
Spillage Drag 
Pitot Tube 
CX - Vane 

Total 

•• CD corrected ,. 

,00125 
,00063 
,00006 
,00050 
,00150 
,00085 
,00035 

-.00021 
,00024 
.00020 

,00538 

,0224 
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