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SU:-111ARY 

Low speed wind tunnel jettison tests using oynamic scale 
models have been completed for the long range fuel tank 
installation on the Arrow for level flight conditions. Several 
tank configurations were checked in two series of tests. The 
full seal e Mach number range sinruJ.ated was .2 to .85;: the full 
scale altitudes simulated were sea level, 20 1000 feet;: and 
1.i0,000 feet. 

Satisfactory jettison characteristics w0re obtained for a 
tank configuration with the "small" tail, ..;2 incidence to the 
fuselage datum, and a 5° release angle. 

The jettison tests showed that the tanks can be jettisoned 
clear of the aircraft at all sperids and altitudes within the 
flight envelope of the tan_k for level flight conditions (with dive 
brakes closed). The initial pitching moment of the tanks resulted 
in the horizontal tail of the tanks (especially empty tanks) coming 
close to interfering with the fuselage, but there were no positive 
cases of contact. The full tanks generally fell straight down below 
the aircraft except at low altitudes when the aircraft was yawed, 
when they moved outboard. The empty tanks almost always moved 

outboard as they fell below the aircraft. A flight test programme 
for tank jettison tests was proposed on the basis of the test 
results. 
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loO INTROPQCTlON 

This report presents the results of two series of jettison 
tests which were performed using .07 scale dynamic models of the 
long range fuel tank. The dynamic models were jettisoned from 
their position underneath the fuselage of the .07 scale Arrow 
model in the 6 x 10 ft. Low Speed Wind Tunnel at the National 
Aeronautical Establishment, Ottawa. 

The investigation was made to evaluate the proposed 
jettison arrangements with respect to tank-aircraft interference, 
and to determine the trajectories of tanks jettisoned from the 
aircraft for various level flight conditions. 
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2.0 MODELS 

2.1 MODEL DESIGN 

The dynamic scale models used in these tests were designed 
and manufactured by Avro Aircraft Limited. The design data, 
based on dynamic similarity at three altitudes is given in the 
Appendix to this report. 

The model configurations used in the two series_ of tests 
are listed in Table 1. The various models were designated by 
letters painted on the sides of the tanks. 

The models were constructed to scale using various , 
combinations of different woods, metals and plastics to obtain 
the desired dynamic properties. The full tank models were made 
of solid impregnated mahogany with blocks of lead for ballast, 
and had aluminum_ tail surfaces. The tank empty models were 
constructed using balsa and birch centre-sections, and formed 
acetate sheet fore- and after- bodies. The tail surfaces were 
made from birch or balsa, and pieces of lead or aluminum were 
used for ballasting. 

The actual and required inertia properties are compard in 
Table 2. 

DESCRIPTION OF MODELS 

The dimensional cha.racteristios of the tank models are 
sketched in Figure 1. One of the series II models is shown 
in Figure 2. The tank models were fitted to the bottom of the 
fuselage by means of slotted release pins on the two fqrward 
struts, and an undercut swivel pin on the aft pylon. A spring­
loaded slide located in the fuselage fitted into the slots of 
the forward pins, and the undercut part of the swivel pin 
fitted to a hole in a plate on the bottom of the fuselage above 
the aft pylon. 

The forward pin (guide pin) on the aft pylon determined 
the release angle at which the model was dropped. When the 
release Alide was opera~ed the front struts fell free and the 
model pivoted ~bout the swivel pin. As the model pitched nose 
down, the guide pin moved out of its slot and allowed the swivel 
pin to come clear of the fuselage. 

For the series l tests the models rotated thru 7½0 from 
the initial incidence before being fully released. In series 
II. the release angle was reduced to s0 • 

The forward struts were cambered to contribute a nose down 
load after the tank was released. 

DATE 

DATE 
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DESCRIPTION OF TESTS 

TUNNEL TEST ARRANGEMENT 

The .07 scale model of the Arrow I aircraft was 
mounted in the 6xl0 ft. test section by means of a tail 
strut and twin wing struts. The tank models were fitted 
underneath the fuselage of the aircraft model. The drawing 
in Figure) shows the position of the tank as tested on the 
model. 

Two photographs of the aircraft model with a tank model 
installed are given in Figure 4. The Bowden cable, which 
can be seen in these pictures, was connected to the release 
mechanism in the model fuselage and to a bicycle- type brake 
handle outside the test section. When the handle was -pressed 
the release mechanism moved free of the slotted pins and the 
model pivoted until it fell free. The models. come free as soon 
as the handle was pressed. 

A catch-screen of chicken-wire was installed across the 
test section about 10 ft. behind the aircraft model. Cushions 
of rubberized packaging material were nailed to the tunnel 
floor in an attempt to protect the models from excessive damage. 

Two Fastax high-speed cine-cameras were used to record 
each jettison test. One camera was placed on the tunnel floor 
at the entrance to the test section about 10 ft. from the 
aircraft model. The front camera was on the centre-line of the 
aircraft but was not lined up with the models when the aircraft 
model was yawed. In the series I tests the other camera was 
set up outside the test section on a line approximately J0° from 
the perpendicular to the longitudinal axis of the Arrow mddel, 
and slightly below the level of the tank models. For the series 
II tests the second camera was aligned along the perpendicular 
to the aircraft centre-line, but was inclined such that a three­
quarter view of the bottom of the fuselage at the tank was 
obtained. __ 

The film speed was set at about 750 frames per second for 
both test series. The Fastax timing unit operates from a 120 
volt, 60 cycle a.c. supply which results in 120 timing marks 
on the film per second. The time between the beginning of one 
mark and the startine point of the next will be 0.0083) seconds. 

A~ the beginning or a test run the cam~ras were started 
and allowed to run for about two seconds in order to reach the 
desired film speed before the ,photographic lighting system was 
switched on. The release handle~~lias pressed just after the lights 
ea.me on, and the cameras weire -st6riped when the models hit' the 
catch-screen. 
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The tank models were always checked for satisfactory 
wind off free fall before proceeding with a test run. Models 
that could not be made to fall satisfactorily, or that were 
too loose, were not. used. 

0 A T .E 

Dec. 1 • 
DATE 

3.2 TUNNEL OPERATING CONDITIONS 

The tunnel operating conditions are given in the Appendix. 
The basic parameter for tunnel operation is the indicated 
dynamic pressure. 

~ial 
= 1.069 q 

true 
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TEST PROGRAMME 

SERIES I 

In test series 1, the tanks were released after about 
7½0 rotation from the initial position. 

Ten level night conditions with the aircraft at zero 
yaw were simulated including: 

Sea Level at M= .8.5, .7, • .5, .2, 
20,000 ft.at M= .8.5, .7, • .5, 
40 1000 ft.~t M= .85, .7, .5. 

The basic configurations tested were full and empty tanks 
with the small tail (see Figure 1), set at -2° incidence to 
the aircraft datum. The5e configurations were tested at the 
ten flight conditions. 

The empty tank configuration was also investigated for 
low speed sea leve6 conditions using -3° incidence and the 
small tail, and -2 incidence with the large tail. The large 
tail was 1.2 times the size of the small tail. 

SERIES II 

As a result of the series 1 tests, the tank models were 
rs-tested with the release occuring after rotation thru about 
5 from the initial position. 

The full and empty tanks configurations with the small 
tail and -2° incidence to the aircraft datum were used. Both 
configurations were tested at the ten night conditions out 
lined above with the aircraft at zero yaw and 5° yaw to the 
left, 

DATE 
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TEST RESULTS - SERIES I 

The jettison tests perfonned in this series are listed 
1n the schedule of test films given in Table 3. The high speed 
test films were studied by projecting them at 16 frames per 
second and also by means of a frame by frame analysis using 
a film viewer giving about twenty times magnification. The 
results of this analysis are summarized in Table 4. 

DISCUSSION 

The film analysis indicated that there were a relatively 
large number of cases in which the model tail fin appeared to 
interfere with the aircraft fuselage. 

The sunmtary in Table 4 lists three instances fqr the -2 0 

incidence, small tail full tank configuration where the tail 
appeared to come very close (Runs 8,9, and 6) and possibly hit 
the fuselage, and three cases in whic_h the • tail came close (Runs 
10,4,1). These cases occured mainly at the two lower altitudes 
simulated. Empty tank tests with the same configuration produced 
two caseswherethe tail came close (Runs 11 and 20) at 40 1 000 rt. 

There was one run (22) for the .3° incidence small tail 
empty tank configuration where the tail came very close• and there 
were two that only came close (Runs 23 and 25). 

When the test films were projected the model tail in Runs 
8,9 and 25 appeared to hit the fuselage, ie., the tail moved up 
towards the fuselage as the tank pitched nose down and appeared 
to bounce off the fuselage. Runs 10,6,1, and 22 were considered 
to have come very close to hitting the fuselage. 

Although tests using the -3° incidence small tail 
configuration were only conducted for empty tank, sea level 
conditions, it can be seen that if the full tank, -2° incidence, 
small tail configuration interferes frequently with the fuselage . 
the full tank

0
would also interrere using -3° incidence. Thus 

the use of -3 incidence for jettison purposes would __ be generally 
unsatisfactory. 

The effect of increasing the tail size is indicated by 
compar ing Runs 15 and 16 with Runs 21 and 24. Unfortunately only 
low E-peed conditions were checked but the increased tail size 
appears to have a slicht beneficial effect, on the basis of these 
few te sts. The pitching motion at very low speed remained the samQ. 
but at M-,5, _wao reduced from approximately 16° to 12°. 
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On the basis of the results of this test series it was concluded 
that the jettison of a full scale, -2° incidence, small tail tank 
configuration would be unsatisfactory, in that the tank would interfere 
with the fuselage. A recommendation was made that tests be conducted 
using the -2° incidence small tail config&ration to investigate the 
effect of reducing the release angle to 5 • 

DATE 
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TEST RESULTS - SERIES II 

The jettison tests performed in Series II are listed 
in the schedule of test films given in Table 5. The high 
speed test fiL~s were studied in the same manner as the 
Series l test films. The results of the film analysis, with 
particular emphasis on roll and yaw angles at the release, 
are summarized in Table 6. 

Discussion 

The analysis data in Table 6 lists only three runs 
where the tail of the tank model came close to interfering 
with the aircraft fuselage (Runs 4, 13, 15). These cases 
are for empty tanks with the aircraft at zero yaw (Run 4, 
20,000 feat), amd 5° yaw to the left (Run 13, sea level, 
and Run 15, 40, 000 feet) • • 

For this test series closeness to the 'fuselage was based 
on the percentage reduction in the initial tail-fuselage 
clearance estimated from the films. For the runs referred to 
above, the reduction in the initial clearance was 55% to 60~. 
When the films were projected, Run 4 was judged to have come 
close, and in Run 13, although the tail never actually hit the 
fuselage according to the frame - by - frame analysis, the 
tail appeared ,to bounce off the fuselage. In this latter case 
the model probably hesitated slightly as the swivel pin freed 
itself from the mounting plate in the aircraft model. 

In contrast with the previous0 test series. all of the full 
tank models jettisoned at either O or 5° of yaw came free 
satisfactorily, with only a moderate amount of tail movement 
to-wards the aircraft (25% average). The reduction of the 
release angle reduced the nose down attitude of the full tanks 
after release by 2° to 10° with the aircraft at zero yaw. 
Thus the tail would not tend to move to-wards the fuselage as 
much in this test series. The empty tank pitching was not 
noticeably affected by the reduction in release angle, and 
these models tended to pitch tail-up to-wards the fuselage 
more consistently than the full tanks. When the aircraft 
model was yawed, the full tank tail-up pitching reduced; 
whereas, the tail-up motion of the empty tanks increased, 
,wE:n for the few cases tested• 

This initial motion is contrasted in the Series II high­
speed film strip reproductions given in Figures 5 and 6. In 
Figure 5. the taiJ. did not. move t.o-warde the fuoclage, and ln 
Figure 6, the initial tail clearance was reduced by about 55%. 

On the basis of the dynami.c model jettison tests conducted 
in this series, the 5°rel ease Angle and the -2°incidence.b1llail 

DATE 
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tail tank configurations were adopted by the Technical 
Design Department f or the Arrow. 

RQll and Y~Az}gl~~.ai Release 

The roll and yaw angles at the 5° release angle given 
in Table 6 were determined from the test films to provide 
limiting angles for the design of the aft swivel

0
pin. The 

0 
maximum angles originally issued were: roll± 15, yaw± 10 • 
More recently, when the problem of the design of the fuel 
line coupling between the tank and the fuselage arose, the 
films were re-analized, and it was found that the maximum 
yaw limit was closer to± ; 0 , as indicated in Table 6. 

The roll and yaw angles of the tank as it pitches down 
can be assumed to vary linearly with pitch angle from zero 
values at the initial position to the maximum values at the 
5°release angle. It should be remembered that these limiting 
values apply for level flight conditions. 

DATE 

DATE 

The roll angles at release for the full tank ( '-1/ =O and -5°), 
and empty tank ( I.\> = o0

) • are moderate (0 to 50); whereas for 
the empty tank at 5° of yaw the roll angle increases 10° to 
15°. Similarily the yaw angles at release for the full and 
empty tanks(~= 0) are moderate (less than J0 ) ; whereas 
for the full tank (sea level, '\l = - 5°) ,

0
and empty tank 

(~ = - 5°), the yaw angle increases to 5. 

The rolling and yawing motion of the tank models illustrating 
mc,derate conditions are shown in Figure 5, and the limit angles 
are shown in Figure 6. 

6.J Tank - Missile Clearance 

The problem of Sparrow missile-long range tank interference 
when the missiles must either be fired or jettisoned while the 
tank is still in use was also investigated. 

The time taken for the missile to reach its fully extended 
position after the missile doors start to open is l¼ seconds. 
It was established from the aircraft- missile launcher geometry 
that the top of the t:mk forward pylons should be at least 
six feet below the fuselage before the missile doors started 
to open to ensure that the tank would be well away before the 
missiles were fully extended. Cases for which. the time taken 
by the tank to drop the required six feet would be the least 
were analized and tha rasu1ts are 1i~~ed in Table 7, The58 
data were used to establish requirements £or time delays 
between tank and missile jettison si~nals. 
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The tabulated values show that the tank would always 
be well clear of the aircraft before the missiles were fully 
extended. The values issued were .5 to .7 seconds for full 
tank, and .2 to .5 seconds for empty tank. The maximum values 
occured at low speed and high altitude, e.g., M= .5 at 40000 
feet. 

Model Trajectorle.§ 

At zero yaw, the full tank models fell straight down below 
the aircraft with little aft or lateral motion. The empty 
tanks tended to move outboard more than the full tanks. With 
5°of yaw the full tank models moved well outboard of the 
airplane as they fell, except for the 40,000 feet models which 
tended to remain below the aircraft as they dropped away. All 
altitude models of the empty tank moved well outboard when 
the airplane model was yawed. 

Typical trajectories are illustrated in Figures 5 and 6. 
In Figure 5, the model fell straight down below the airplane, 
~nd in Figure 6, the outboard motion with the airplane yawed 
is evident. In the front views, the models disappear from 
view at a distance about .2b to .25b below the aircraft model. 
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7o0 PROPOSED FLIGHT JETTISON TEST PROGRAMME 

(A) 

(B) 

The following basic programme was proposed for jettison 
tests of the long range fuel tank from the Arrow at 1 
(approximately) flight conditions: 

MACH SIDESLIP 
ALTITUDE ~ ANGIE JETTISON CASE 

Fyll Tank 

Sea level e) 00 After take-off, at 200 kts. 

20,000 .7 00 Full or nearly full tank 
0 jettisoned half-way along 

20,000 .7 5 climb to limiting altitude 
the -tank. 

funpt;y: Tan_~ 

fo 

0 
At the end of subsonic night Sea level .J 0 
on approach. 

40,000 .7 00 
At the end of subsonic climb 

40,000 .7 50 to limiting altitude. 

The above conditions were based on the Series II test 
results. At 20,000 feet, M=.7 simuh.ted level flight ·conditions, 
the full tanks tended to pitch tail-up to-wards the fuselage, 
and there was a moderate amount of roll before the swivel pin 
cleared the fuselage. The empty tanks showed the same effects 
at 20,000 feet and 40,000 feet for the Mach nwnber range .5 to 
.85, except tha t the Affects w-H•e slip;ht1~r wor""fl• 1'h9.t

0
is• the 

initi.::i.l rolling an~les of th~ empty t anks we:re about 10 • or 
more (especially with \V= ±. 5 ) , and the tail appeared to come 
very close to the fuselMge in a few cases. 

• 
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8.o CONCLUSIONS 

Bas ea on the ctynam ic tests of .07 scale moaels, the 
following conclusions for jettison charactPristics o:f the 
long range fuel tm k from the full scale Arrow can be made:: 

1. Satisfactory jettison characteristics were obtained for a
0 

tank config1:_1!'ation with the Sl_!lell tai. l (see Figure 1), -2 
to the fuselage datum a.nd a 5 release angle. 

2. In some isolated cases, the tests indicated that the horizontal 
tail of the tank may come close to the fuselage, although there 
were no positive instances of contact. Tail.-up motion will be 
more severe for jettisoned empty tanks than for full ten ks. 
Reductions in initial tai. 1 clearance up to the oraer of 60:t were 
observed in the tests. 

3. Jettisoned full ten ks will generally fall straight down below the 
aircraft, exsept at low altitudes with sidesltp angles of the 
order of+ 5, when the tanks will also move outboard as they fall. 
Jettisoned empty tm ks will generally move outboard as they fall 
below the aircraft. The direction of outboard motion at zero yaw 
would depend on the conditions existing when the tank is released. 

4. The tanks will jettison clear of the aircraft at all speeds and 
altitudes within the tank flight envelope lg conditions (dive 
brakes closed)• 

So The speed brake fully open configuration was not investigated 
during these jettison tests. A study of the tank-extended dive 
brake geometry showea that interference between jettisoned tanks 
a nc1 the speed brakes was probable., considering the motion of the 
tanks after release. Unless further jettison tests with the 
extended speea brake configuration are performed, it must be 
assumed that for all flight conditions within the flight envelo~ 
of the tank, interference between jettisoned tanks and fully 
extended speed brakes is possjble. Therefore the speed brakes 
must be closed before the long ra-i ge tank is jettisoned. 

6. The outflows unoerueath the 1·uselage will create rolling and 
yawing motions of the tanks as they pitch down to the release 
angle. The maximum roll and yaw angles at tl3e 5° release angle 
will be of the orc1er of + 15°of roll m d + 5 of yaw for level 
flight conditions. The maximum anr,les occured for empty tanks 
jettisoned with the aircraft yawed 5° • . 

7 • Af;suming that th<~ mechanical rele ase mechanism on the models 
reasonably simulated the full seal e d esi1m, tha j ce, ttis.on t.eota 
.i howea tnat thA initial tank motions will not cause the tank to 
jam in thn release !'Tlec:hanism ancJ fail to releasp,. 

DATE 

DATE 
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DESIG?l AND TEST DATA FCR MODEL JETTISONING TESTS 

};bdel Scale: Jm = .07 ~fs 

E::,:.~gn &nd Tes t Data 

I ECUIVl\LlllT t EQUIVAIEl'IT FUIJ., SCAIE TUfHiEL TU1~1iEL AlRPLANE 1m~EL I SEAT 
f ALTI'XmE ~ T.A.S. T.A.S. DYNAMIC .FRESSORE AljGIE OF 1'i'EIGHT MODEL 

4dial ATTACK WEIGHT Empty Full 
ft. m.p.h. f.p.s. p.s.f. degrees lbs. l bs. lbs. 

S.L. .2 l.52 59 4.4 I 12.8 .106 I 1.451 .021 

I J8O 147.5 27.6 I .5 2.3 

I .7 533 207 54.4 1.3 

I I .85 647 251 80.0 .9 I I 
2. 7261 I 20,000 .5 I 353.5 1J7.2 2J.9 5.4 .200 .039 

I .7 494 192 ,46.8 2.6 I 
I I 

I .85 600 233 68.9 1.8 I 
I 

40,000 I .5 331 128.6 21.0 13.7 .435 5.930 .004 

I .7 J/:,4 180 41.1 6.7 
I 

I .85 
t 

563 218 60.4 4.4 
I 
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u1qiut1~ i frH. 

W .. ;f 'ff(!) .IE~J,~- Pi~0_D~!S/44 ~~ AVNO AIRCRAFT LIMITED "''Uly t,, ~ ~- ---'-----

TECHNICAL DEPARTMENT (Aircraft) SHEET NolMstr,iJ4b ______ _ 

AIRCRAFT: 

... 
PREPARED BY DATE 

c-105 t-__ G_. K_._Di_m_o_ck ___ ~June 1956 
CHECKED BY 

Design and Test Data: (Continued) - -
Model radii et gyration= .07 full scale values. 
Model C.G. to be in the sama position as tor the tull scale body. 
Models to be geometrically similar to full scale bodies except for 
small details. 
Model time interval• along a trajectory will be= J"E tull seal~ 
values. 
Seat model ejection velocity= 21.2 t.p.s. at all altitudes. 

,HC11'E: 

(l) Model weights were based on the following full scale weights: 

Tanlc - empt,. 
Tanlc - full 
Ejection Seat 
Pilot 

s .310 lbs. 
I J.2)5 
t 60. 
I 2JJ 

(2) Sent model ejection velocity based on full scale ejection velocity 
of so r.p.s. 

(3) Airplane angle of attack taken as angle to trim at T.A.S. (level 
flight w!th C.G. at .Jl c). 

(4) qtrue = •936 qdial 

DATE 
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UM/TEO Tables AVRO AIRCRAFT 
SHEET No. MALTON ONTARIO 

~ 
/138 

TECHNICAL DEPARTMENT 
PREPARED BY DATE 

AIRCRAFT: 

G-l( • n1 mo~" lno~. 195?. . . 
C-105 

CHECKED BY DATE UNCLA.:;.:; ir lt:.0 i I'"' "➔ CLASSlF!t ' u t 

TA B LE s . 

. 

2 
-



':--, •i,': .. ' ' 
~ - LIM/TEI)~ d n~~·.., ·,.<,1u;y A~"··; No. p iWind Tunnel /J 38 All« AVRO AIRCRAFT e,; 

MAL:TON • ONTARIO 

TECHNICAL DEPARTMENT • 
PREPARED BY 

AIRCRAFT: 

CF-105 CHECKED BY 

EMPTY 

A,B,C, 
G 
H 

EMPTY 

TABLE 1 

TANK MODEL CONFIGURATIONS AND DESIGNATIONS 

FUIJ.. -

rou. -
D 
E 
F 

INITD\L mcIDmCE 
w,r.t. 

AIRCRAFT DATUM 

SIMULATED ALTITUDE 

Sea Level 
20,000 
40,000 

Large tail size= 1.2x small tail size 

TEST SERIES I 

Configurations used: A to H inclusive 

TAIL SIZE 

Small 
Small 
Large 

Release after rotation through 7½
0 

trom initial attitude. 

TEST SERIES I I 

Configurations used: A to F inclusive 

Release atter rotation through 5° trom initial attitude. 

DATE 

DATE 



BY DATE 
AIRCRAFT: 

C-105 
UNCL SSIFJED 

G 
CHECKED BY DATE 

TABLE -2 

DffiAMIC PROPERTIES OF MODELS 

1.0 Tank Full llodel s 

SIMULATED REQ.UIRED ACTUAL % 
ALTITUDE PROPERTY VALUE VALUE ERROR 

See. Level Weight W 1.451 lb. 2 1.451 lb. 2 
Roll Inertia Ixx • 7614 lb.in. .7775 lb.in • 2.1 
Pitch Inertia Iyy 25.141 25.358 
Yaw Inertia Izz 25.141 25.347 

20,000 w 2.726 2.726 
lxx 1.428 1.267 -11.3 
lyy 47.170 47.992 
Izz 47.170 47.981 

40,000 w 5.930 5.930 
lxx 3.114 3.348 7.5 
lyy 102.83 105.84 2.9 
lzz 102.83 105.85 a.9 

2.0 Tank Empty Models 

Sea Level w .106 .106 
lxx .0989 .1096 10.e 
lyy 2.546 2.559 
lzz 20546 2.550 

ro,ooo w .200 .200 
Ixx .1856 .1394 -24.9 
Iyy 4.777 4.791 
Izz 4.777 4.790 

40.000 w 04:35 .435 
1:a .4046 .1785 - 5.6 
lyy 10.413 10.301 
lzz· 10.413 10.340 



AIRCRAFT: 

AHROW 

1.0 

2.0 

G.K. Dimock 

LH◄ CLASS1F ED / ~~Di~ CLA.SSlFlE 
CHECKED BY 

TABLE 3 

107 SCALE TANK JETTISON TESTS - SERIES I 

SCHEDULE OF TEST FILMS 

In the complete film of these tests, the test films .will 
appear in the same order as the film numbers given below. The 
Avro reference number £or the Arrow tank jettison film, Series 
I is 8-7? 

TANK FULL 

1.1 Configuration; _zo Incidence. Small Tail 

Simulated Full Scale 
Film No, Altitude Mach No, 

7 Sea Level .20 
8 .so 
9 .70 

10 .85 

6 20,000 .so 
5 .70 
4 .85 

3 40,000 .so 
2 .70 
1 .85 

TANK EMPTY 

2.1 Qonfh:;nratioo • -20 Incidence. Small Tail 

15 Sea Level .20 
16 . .so 
17 .70 
18 .8,5 

1.3 20,000 .so 
14 .70 
19 .85 

11 40,000 • .50 
12 .?O 
20 .85 

DATE 

. 



E«:: AVRO AIRCRAFT 

' ' i f,)-1,,if.,~t:. ' • ',' 
~.lfJ~7PJ#,J\. ~~~·:.\ , REPORT No.~P,1.-;/Wu.i.un~,~1 ..... 'l'..uJ1'1.!Uunec.J.1-j/w'1~ju;;h.__ __ 

LIM/TE/J No1t, . 
MALTON • ONTARIO If T NO. __ ___....,_ ______ _ 

AIRCRAFT: 

TE CH NI CAL . DE PA RT ME NT f-----="""frrt11-F.--:-, ---.------
J(E o BY DATE 

G.K. Dimock 
ARR& CHECKED BY DATE 

2.2 Qanf1 ~ 1ra+1 an .30 Incidence, Sroall Tail 

Simulated Full Scale 
Fi].m No, Altitude Mach No, 

22 Sea Level .20 
23 .so 
25 .70 

2.3 Aonf1 fDJrat1 on _zo Incidence, Large Tail 

21 Sea Level .20 
24 .so 



RUN 
NO. ALT M rf' 

8 S.L. .5 2.3 

9 .7 1.3 

10 .85 .9 

6 20000 .5 5.4 

5 ,7 2.6 

4 ,85 1.8 

3 40000 .5 13.7 

'UB!E 4 (a) - SUMMARY OF FilM ANAl,'!SIS~ - SERIES_ I 

1'.,EST CONDITIONS• Tank Fu]), - 2° incidence, small tail - Aircraft at zer<> yaw 

INTERFERENCE 
INITIAL -ROLL INITIAL YAW WITH AIRCRAFT - REMARKS 

R slightly (4!5°) R Tail appeared to come Tank pitched thru approx. 23° nose d_own 
very close to fuselage (.from initial position) at release :1-.ank 

fell strair!ht down below the A/C. 
R slightly R, 45° Tail came very close Pitched nose down 21. 0 • fell straight 

down below the A/C. 
R slightly R, 45° Tail came close Fi tched nose down 20°, fell below A/ C, 

mnved to riuht sliE!'htl.v. ·-
R very slightly R, very slightly Tail came very close Pitched nose down 22v, fell straight 

down below Ale,. 
R slightly R slightly None Little pitching just below A/C, nose 

eventually pitched down 15°. tank fell 
straiP'ht down bell"\IJ AIC. 

R None Tail came close Pitched nose down 220, fell straight 
C' 

dnt.m below Ale. 
None None None Model. pitched to horizontal, then nosed 

~ ~ .. (" 

-~.£. ,, ,C.,-
,... ~ 
:5; 

~ : 
~ .:.·, 

rlrn.m , no. fell straii;:,-ht drn.m below A.f.!b.. ..,_, 
2 

1. 

.7 6.7 R R slightly None Pitched nose down 17° • fell straight ,;:: 

down belnv AIC. • • ~ 
.85 4.4 R R slightl.y Tail.. came. close Pitched nose down 20°, fell straight S.: > 

- down below Ale. 
R = to the right 
L = to the left 
!imJ_ The initial. roll and yaw angles were estimated for the period in which the model.s .fell --~ tank body diameter 

below the aircraft fuselage. These angles are approximate and ~ serve to inclicate rates of angular rotation. 

The trajectory descriptiops given in the remarks cover the model. motion"-.25b of the .tuselage. 
within 

UNCLASSIFI ED / NON CLASSlfl E 
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RUN 
NO. 

1.5 

16 

17 

18 

,13 

14 

19 

ll 

12 

20 

KLT M cf 

S.L. .2 12.8 

.5 2.3 

. • 7 l.J 

.85 • 9 

20000 • 5 .5.4 

.7 2.6 

.85 1.8 

40000 .5 13.7 
-

.7 6.7 

.as 4.4 

R = t.o the right 
L = t.o the left 

TABLE: 4 {b) - SUMMARY OF FILM ANALYSIS - SERIE~S~ I 

TEST CONDITIONS; Tank Empty, - 2° incidence I small tail - Aircraft at zero yaw 

INTERFERENt.;.1!; 
INITIAL ROLL INITIAL Yf.W WITH AIRCRAFT 

L slightly R, 45° None, tail moved 
towards A c. 

L initially, then R, 4.5° None, 
111ntion stabilized 
L very slightly, then R None, tail moved 

_.. +,_ R +-.,~.....1c, Jt/c 

R slightly None• tail moved · 
towards A/c • 

R slightly None, tail moved 
+.rn.r~rds A /c . 

R slightly None 

R None, tail moved 
towards Ale. 

L intt:ially then Tail came close 
reversed t.n R 
R R None, tail moved 

towards A/C. 

L very rapidly, 45° L, 45° Came close. model 
rolled and .fin 
came close to 
.fuselage 

b =wingspan. 

REMARKS 

Model pitched to horizontal, moved 
outboard to the ri!!.ht as it f'ell-
Pitched nose down 16° • moved outboard 
(R) as it fell below A/C. 
Pitched nose down 18°, moved outboard 
(R) as it fell below AIC. 

Pitched nose down 1.5°moved outboard 
(R) past wing strut position (. 2b fron 
centre line) as it fell. 

¥itched nose dow-n 14°, moved outboard 
(R) =ist wine: strut nositfon. 

Pitched nose down 13° moved outboard 
(R to .2b) as it fell below Ale. 
Pitched nose down 14° moved outboard ~ 

(R to .2b) as it fell below A/C. I 
-, ~ 

Pitched to horizontal, moved ou:t.boa~~ ~ '. (R to .2b). - ..._.,);~·,.I 

Pitched nose down 17° • moved outboaetf 
., .. J 

~ : 
(R to .2b) ~' ~ 

. SS-
Pitched nose down 12° • eventual~ 

,__ 

rolled thru. 180° as it .fell st~ght 
down below A/C. ~ 

.~ --.-,.~ 
"U 

rl 
;J.[ 

!i 
UN CLASS! f t1 D I NON CLASSlfi 

& 



RUN 
NO. U.T M <:f 

22 :i.L. .2 12.8 

23 ,5 2.3 

~5 ,? 1.3 

21 .L. 1.2 12.8 

24 .5 2.3 

R = to the right 
L = to the left 

TABLE 4 (c) - SUMMARY OF FILM ~ANAI.YSI~ ~ SE:RlES I 

tEST CQNDJTJOOS· Tank &up+~,. 3° incidence, small tail - Aircraft at zero yaw 

INITIAL ROLL 

L\45° 

L slightly 

R 

L 

None 

J.l'fl'.l!;l{l:t"I•: H'" n, • "• 

INITIAL YAW WI-TH AIRCRAFT REMARKS 

R Tail came very 
close to fusela~e 

Pitched to horizontal, nose S',rung 
outboard (R) as it fell below A/C. 

R slightly Tail came close Pitched nose down 12°, fell straigh 
d&wn below Ale. 

L slightly Tail. came close Pitched nose down 16°, fell with 
initially, then as model rolled nose pitched down and yawed to R, 
R up towards A/C. but model did not move outboard 

verv much. 

TABLE 4_,Cg2 

cidence, , large tail AircraJ't at 

R None, tail moved Pitched to horizontal, moved 
towards AC sli .tl outboa.I,d. (R) as it fell, 

R None Pitched nose down 12°, moved 
:tbQard (R to .2b· 

b = wing spaD 

UNCLAS:~i: IFD / t-;,:N CLASJ1F1£ 

_IN.!..,, 

~.:.:-:~· . 

~:..s· ~-r~ 
~ ~ 
----.;;~: 

~~1:, 

Bf 
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GU~-~~I WJ. 

~g: Al/RO AIRCR A FT LIM/TEO 
MAL.TON • ONTARIO 

TECHNICAL DEPARTMENT 

REPORT~!f(JJ/._'~d TunneJ /138 

SHEET No. _ _ _ _:s;::...1_Fl.._.t _____ _ 

AIRCRAFT: 

MillQ}i 

PREPARED BY 

G.K. Dimock 
CHECKED BY 

TABLE ,2 

.QZ_~~A,LE TANK JETTISON TESTS - SERIES II 

SCHSDULE OF TEST FILMS 

In the complete film of these tests the test films will 
appear in the same order as the film numbers given below. 
The Avro reference number for the Arrow tank jettison film, 
Series II is 12-49 

Configuration:: - 2° Incidenc~all Tail Iielea_§e after 5° 

1.0 TANK FULL 

1.1 AlJ:._cra.ft at zero yaw (\lJ = o0
) 

1.2 

SIMULATED 
FILM NO. ALTITUDE 

JO Sea Level 
7 

26 

Jl (Front camera removed) 
8 

9 
27 
10 

11 
28 
12 

~<a!:t ;)l/;lWf;lCJ 

17 
23 
18 

19 
24 
zz 

20 
25 
21 

20,000 

40,000 

50 to port ('¥ = ~ 

Sea Level 

20,000 

40,000 

FULL SCALE 
MACH NO. 

.2 

.5 

.7 

.7 

.85 

• .5 
.. 7 
.85 

• .5 
.7 
.8.5 

• .5 
.? 
.85 

DATE 

Nov. 1956. 
DATE 

-

' 



AIRCRAFT: 

~« Al/RO AIR CRAFT LIM/TEO 
MALTON • ON TARI O 

TECHNICAL DEPARTMENT 

~ 

2.0 TANK EMPTY 

- ... 

G.K. Dirnock 
CHECKED B Y 

2.1 Aircraft at zero yaw (~ - 0) 

SIMULATED FULL SCALE 

FILM NO. ALTITUDE MACH NO., 

l Sea Level .5 
2 .85 

J 20,000 • .5 
4 .8.5 

5 - 40,000 .s 
29 .7 
6 .-as 

2.2 Aircraft ·yawed 5° to port ( U/ = -5°) 

13 Sea Level .50 
14 20.000 .50 
1.5 40,000 • .50 
16 .85 

....... 

Nov. 1qc;6..__ 
DATE 

-



TABLE 6 (a) - SUMMARY OF FILM ANALYSIS - SERIES II 

TEST CONDITIONS; Tank Full, Aircraft at zero yaw 

RUN 
NO. ALT M 

JO s.1. .2 

7 .5 

26 .7 

8 .85 

9 20000 .s 
27 - .7 

10 .85 
1 

11 40000 .5 

28 .7 

1..2 .85 

R = to the right 
L = to the left 

.LN.CrIALa. 
cf :ij.OLL YAW 

12.8 0 9 

2.3 0 1<l..2 

1.3 0 <1.2 

.9 0 l.! 

5.4 0 <1...2 

2.6 4 1.3 

1.8 0 <1...2 

13.7 0 <1.2 

6.7 <l.5 <l.2 

4.4 1..5 1.2 

WI · t'H I 1\1 .,o UJ.' .f ~-w Af 9H J.L'HJ:o!U' .l!,tu!,N v .I!, 
ROLL YAW 'WITH AIRCRAFT REMARKS - ' 

None R slightly None, tail moved Model pitched to hor;izontal, fell straight do,m 
awav from fnselae:e below Ale. 

None R slightly None, tail moved b Model pitched thru approx. 22° nose down (from 
towards A/C (32i) initial position) at release. Fell straight dovrr 

'hA1,.. .... T AIC in ~=•-ror'I _ ?f\0 nose down attitude • 
R 45° R,45° None (14%) Pitched nose down 18°, moved slightly outboard • (R) as it fell. 
R 90° R-,.45° None (4316) Pitched nose down 18v • moved slightly outbcard 

(R) as it fell. 
R slightly R slightly None (20%) Pitched nose down 13u • fell straight down below 

Ale. 
L initially R None (32%) Pitched nose down 16°, slight .outboard moti.on. 
thPn R 
R slightly R slightly None (38%) Pitched nose down 15°, fell straight do.-m below 

AIC. 
L slightl.y None None, tail moved Pitched to horizontal, fell straight down below c-:, 

dt,wn Ale. c:::, 
R slightly ~ slightly Pitched nose down 1.4v, fell straight down below 

!~ Ale_ 
L _~tly R sllghtl.y Pitched nose down 1.2u, fell. straight dov."n below if.; 

AIC. • -
• b = wing span 

a Initial roll and yaw angles were measured to within± 1° at the point where the af"t swivel pin 

~~ 
~ 
~ 

just cleared the fuselage • ~ l 
ie., at 1' rel.ease angle. • 

b 'I, figure gives approximate reduction 1n initial tail- .fuselage clearance. 

Note; The roll and yaw angles given for the distance covered by- the .tilm (within .2b to .2.5b below .fuselage) are 
• approximate and onl.y serve ~o indicate rates of angular rotation. The trajectory descriptions given in the 

rema:rks cover the )!lodel motions within .2.5b of the .fuselage. 

UNCLASSIFIED / WirJ r: u\SSI FIE 

r~cn !; 
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ttUN 
w. ALT M ~ 

17 S.L. .5 2.3 

2) .7 l.J 

n.a .85 .9 

19 20000 .5 5.4 

24 
I 

.7 2.6 

22 I ~ .as 1.8 
\i 

20 40000 .5 n.3.7 

~5 .7 

21 .85 
~ 

R = to the right 
L = to the left 

6.7 

4.4 

INITIAL 
ROLL YAW 

5.5 .5 

6.5 2.8 

4.5 1.7 

2.5 1.7 

3 • .5 1.9 

1.5 2.0 

<1.5 <1.2 

0 <-1.2 

0 4.2 

TABLE 6 (b) - SUMMARY OF FILM ANALYSIS - SERIES II 

TEST CONDITIONS: Tank Full L Aircraf't yawed 5° lef't 

WITHIN .2b OF FUSELA~ 
ROLL YAW 

L 45<> I ., L>45° 

L)90° L> 45° 

~90° L '> 45° 

L<90° L< 45° 

L,45° L,45° 

L 90° 
') L >45° 

L slightly L slightly 

L slightly L<45° 

L 450 • L,45° 

INTERFERENCE 
WITH AIRCRAFT 

None, tail moved 
towards A/C. (9i) 

None, tail moved 
awav from fusela,ze 

None (20~) 

None (%) 

None, tail moved 
awav fron fuselaf;!'.e 

' . 
~ 

REMARKS 

Pitched nose down thru 12° approx., moved outboarc 
(L)i to wing strut position (.2b from centre line) 
as it fe11. 
Pitched nose down 15°, moved outboard (L to .2b) 
as it fell below Ale. 
Pitched nose down 12°, moved outboard (L to .2b) 
as it fell-
Pitched nose down 14°, moved outboard (L) a:3 it 
fell. 
Pitched nose down 12°, moved outboard (L) as it 
fe11. 
Pitched nose down 12°, moved outboard (L to .2b) 
as it fell. 
Model fell as it pitched to horizontal, fel]. 
almost straiP-ht drn.m below AIC. 
Model fell as it pitched nose down lJv, fell 
almost straill'bt down below Ale. 
Model fell below A/C. before it pitched nose 
down qO_ 

, ,.,_.,: 
r=,: 

~
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FIN GEOMETRY 

SMALL LARGE 

A 5.50 4.82 

B . 88 1. 21 

C 1. 28 1. 40 

STA. 0 

_LIZ.4Z"-

t 39' 

l.17 11 DIA. 

AFT PYLON 

TANK INCIDENCE 

-20 _30 

A . 638 .493 

B .617 . 504 

STA. 5 .94 

GUIDE PIN HEIGHT 

-----A----

1 
STA. 15.21 STA. 1_8. 80 

5° DROP ANGLE 

. 051 B 

0 
7 ½ DROP ANGLE 

. 065 TAIL FIN 

AIRCRAFT STA. 41. 38 

GUIDE PIN 

STA. I 3. 49 ST A. 18. 80 

- • 50 II 

FUSELAGE 

PROFILE 

GAP 

~D A -~~ 
_,_. --7 ' -· -------

C.G. FULL STA. 8. 64 9. 26 C. G. EMPTY 

FIG. 1 . 07 SCALE LONG RANGE TANK G_EOMETRY 
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STA. 0 

~ ,1/, 

--- ,/'~,/, 
______ L_ / - .....-.,L~--___j -~ 

r--~~-----1 

I 
I 

STA. 27. 89 

--, 

I 
I 

ST A. 41. 38 (REF.) 

FIG. 3 ARROW . 07 SCALE LONG RANGE TANK INSTALLATION 
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HUf< INITIAL 
NO. ALT M cf ROLL YAW 

1 s.1. .5 2.3 6.5 2.2 . 

2 
I 

.85 .9 1.5 3 •. c 
~ 

3 20000 .5 5.4 5.5 1.~ 

4 l .85 1.8 3.5 1.~ 

5 40000 .5 13.7 5 1., 

29 I 6.7 2 1 •• 
I 

.7 

6 i .85 4.4 J 1.~ 
~ 

13 I S.L . • 5 2.3 14.5 4.2 

14 20000 .5 5.4 · a 4.S 

15 40000 .5 1J.7 8 4.2 

16 .85 4.4 14 \ 4.2 

' 
R = to the right 

• L = to the left 

/ 

TAHU: 6 (c) - SUMMARY OF FILM ANAIXSIST- SERIES II 

TES'l' CONDITIONS: Tank Empty, Aircraft at zero yaw 

WITHIN .2b OF FUSELAGE INTERFERENCE 
ROLL YAW WITH AIRCRAFT REMARKS 

L slighUy R slightly None, tail moved Pitched nose down thru 12° approx. , moved outb oard 
... -.~-is A /c (1?<t' (R) as it fell. 

R sUghUy R>45° None (J2%) Pitched nose d~wri 15°, nose swung outboard (R to .2b 
as it fell. 

L initially R>45° None (20%) Pitched nose down 15u, nose swung outboard (R to .2b 
then R as it fe]).. 
slie:ht1v 

R-<450 Tail came close Pitched nose down 18°, fell almost straight d own 
to fuselae:e (60~) below AIC. • 

R'>45° None (43%) Pitched to horizontal, moved outboard (R to . 2b) as f 

it fe~ll. ~· , 
R slightly R 45° None Model fell straight down below A/C. as it pitchea • i 

., 
I 

---- rl-•- ,t:O. 

R 45° ) 
R>450 None (43i) Pitched nose down 16°, nose swung outboard (R to .2b 

as i_ t f-ell. 

'T'RS'T' C ilTl•m~- 'l', .... lrEmntv. •Hrcl"aftv">T.T<>A .:;0 1eft 
'l'.1\13.LE_ ~ 

R initially 11,,4.5° 
then to L 

I 
R initially 
then L 4'5° 
R initially 
then L 
--~r11_v 

Tail came close 
to fuselae:e(c;c;() 
None (32%) 

Tail came close 
(60() 

None (43i) 

b = wing span 

Pitched nose down 17°, model nose hit L wing .strut. 

Pitched nose down 12°, model nose moved past L wing 
strut before hittini:r it-
Pitched nose dovm 16°, model nose moved past 
L wini:r strut before hitt;nu it. 

C;· 
e; _ , 

Pitched nose down 14° model nose moved past 
L wing strut before hitting it. 

i 
~ ~..: -

# ~ 
"''i t-3 
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~ H.e_ . e 
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UNCLASSlflED / NON CLASSIFIE 



EK' AVR0 AIRCRAFT LIM/TEO 
MALTON ONTARIO 

TECHNICAL DEPARTMENT 
AIRCRAFT: 

P R E P A R E O B Y -.1 J / f/t A T E 

ARROW UNC -Lj SSIFIED _I . . • • . 

, fvON CLASS/FIE 

ti.K. · bim&6k Dec •. , 1957. 

TABLE 7 

TIME TO DROP DATA 

RUN FILM SPEED SEC./FRJJ1F. FRAMES TIME TO DROP .· 
No· • .. ~ M ~ FRAMES/SEC, fULL SCALE TO DROP SEC. FULL SC A,.\,,E - -

.. T.ANK FULL , , 

' 
·, · 

JO S.L. .z ,12~8 0 720 .00525 l09 .57 
l ~ •• . 

9 . 20000 .,5 5.4 0 780 .0048.5 111 .54 . 
v., ·· 

11 40000 .5 13.7 0 720 .00.52.5 124 .65 
0 ' 

20:"' 40000 .5 13.? 780 .o~, ll.8 .57 ,·•.,; 

-5 t ·, 
: . 1· •• 

, ,-£ .... 

' ; ~-: . . 

TANK EMPTY 
l·, j 

13 s.t. .5 2.J -50 7.50 .00.504 42 .21 : 

J -20000 • .5 5.4 0 720 .00525 67 .35 r· 

5 40000 .5 lJ.7 0 760 .0050 106 .53 

Time to drop= Time for top of tank forward pylons 
to drop 6 ft. below the aircraft fuselage. 



FIG. 2 LONG RANGE TANK MODEL 

UNCLASSIFI ED / NON CLASSIFI E. 
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FIG. 4 JETTISON TEST ARRANGEMENT IN 
THE 6 1 X 10' LOW SPEED WIN9J~~~D 1 NON CLA3SlFlE 
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CONFlOENTlA L 

,m ,,.,..,, ,,.,,,,. I A ,UJ!C~~~ja~r 

un-10,-1 

BULKHEAD AT STN. 35.5 

NOSE CAP 

MAY/57 

\ 
,r;,-

FORWARD PYLONS 

STRUTS- \} . ~,-, ~ 

FILLER CAP 

STRUT END PICKUP FITTING 

REAR PYLON AND FAIRING 

BULKHEAD AT STN. 217.052 

BULKHEAD AT SiN. 195.0 

~ STATION 163. JOINT 

BULKHEAID AT STN. 140. 
~ 

STATION 113.75 

STATION 89.591 
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FIG. 2.10 DROP TANK - GENERAL ARRANGEMENT 
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FIG. 6 (b) SIDE VIEW RUN NO . 13 - SEA LEVEL, M = . 50, o<= 2 . 3° 
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FIG. 6 (a) FRONT VIEW RUN NO. 13 - SEA LEVEL, M = . 5G, oL = 2. 3° 
TANK EMPTY,~ = -5° -··:·\ ~. 
FILM SPEED 69 G FRAMES PER SECOND. 
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FIG. 5 (a) FRONT VIEW RUN NO. 12 - 4 '- , 00v FT., M =. 85, o<= 4. 4° 
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FILM SPEED 7 C;C FRAMES PER SECOND. 
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