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Low speed wind tunnel jettison tests using dynamic scale 
models have been completed for the long range fuel tank 
i nstallation on the Arrow for level flight conditious. Several 
tank configurations were checked in t wo series of te s ts. The 
full seal e Mach number range simulated was .2 to .85;: the full 
scale altitudes simulated were sea level, 20,000 feet;: and 
Lo,ooo feet. 

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

The jettison tests showed that the tanks can be jettisoned 
clear of the aircraft at all specicts and altitudes within the 
flight envelope of the tank for levfll fli ght 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 1N,_TROD1JCTION 

This report presents the r':lsults 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 Establish~ent, Ottawa. 

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

MODEL DESIGN 

The dynamic scale models used in these tests were designed 
and manufactured by Avro Aircraft Limited. The design data, 
based on dynamic similar:l.ty 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 
t.he 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 aluminnm were 
used for ballasting. 

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

2.2 DESCRIPTIGN OF MODELS 

The dimensional characteristics 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 forward 
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 
t.he aft pylon. 

The forward pin (guide pin) on the aft pylon determined 
the release angle at which the model was dropped. When the 
release slide was operated the front struts fell free and the 
model pivoted :i.bout the swivel pin. As the model pitched nose 
do,m, the euide pin moved out of its slot and allowed the swivel 
pin to come clear of the fuselage. 

For the series 1 test s the models rotated thru 7½0 from 
the init ial i.ncidence before being fully released. In series 
II, the release angle was reduced to 5°. 

The forward struts were cambered to contribute a nose down 
load :i.fter the tank was released. 
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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 3 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 B owden 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 exces sive damage. 

Two Fastax high-speed cine-cameras were u sed 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 30° from 
the perpendicular to the longitudinal axis of the Arrow model, 
and slie;htly below the level of the t ank 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 starting ~oint of the next will be 0.00833 seconds. 

At the he~inning of a t est run tne camc,ras were st,1rted 
and a llowed to run for about two seconds in ord er to reach the 
de sired film speed before the photographic lighting system was 
switched on. The release handle was pressed just after the lit'hts 
came on, and the cameras were stop·ped when the model 8 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. 

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. 

= 1.069 q 
qdial true 
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TEST PROGRA}lME 

SERIES I 
In test series 1, the tanks were released after about 

7½0 rotation from the initial position. 

Ten level flight 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, 
40,000 ft.at M= .8.5, .7, • .5. 

The basic configurati ons tested were full and empty tanks 
with the small tail (see Figure 1), set at -2° incidence to 
the aircraft datum. The be 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 
rg-te sted 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 te ~ted at the ten flight conditions out 
lined above with the aircraft at zero yaw and .5° yaw to the 
left, 
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TEST RESULTS - SERIES I 

The jet tison tests performed in this series are listed 
in the schedule of test films given in Table 3. The high speed 
te st films were studied by projecting t hem at 16 frames per 
second and also by means of a frame by f r ame analysis using 
a f i lm viewer giving about twenty times magnification. The 
results of this analysis are summarized in Table 4. 

5.1 DISCUSSION 

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

The summary in Table 4 lists three instance s for the -2° 
i ncidence, small tail full tank configuration whe re the t ail 
appeared to come very close (Runs 8,9, and 6) and possibly hit 
t he fuselage, and three cases in which the tail came close (Runs 
10,4,1). These cases occured mainly at the two lower altitudes 
simulated. Empty tank tests with the same confi guration produced 
two cases where the tail came close (Runs 11 and 20) at 40,000 ft. 

There was one run (22) for the -3° incidence small t ail 
empty tank configuration where the tail came very close , and there 
we r e two that only came close (Runs 23 and 25). 

When the test films were projected the model tail in Run s 
8,9 and 25 appeared to hit the fuselage, ie., the t ail 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 
t o have come very close to hitting the f uselage . 

Alt hough tests using t he -J0 incidence small t ail 
conf i guration were only conducted for empty tank, sea level 
conditi ons, it can be seen that if the full tank , - 2° incidence , 
small tai l configuration interferes frequently with the fu sel age, 
the full tank would also interfere using -J0 inci dence. Thus 
t he use of -J0 incidence for jettison purposes would be gener ally 
unsatisfactory. 

The effect of increasing the tail si ze is indicated by 
comparing Runs 15 and 16 with Runs 21 and 24. Unfortuna t ely only 
l ow E-1 ,eed conditions were checked but the increased t ail s i ze 
appears to have a slieht beneficial effect, on the ba sis of thes e 
few te f;ts. The pitching motion at very l ow speed remained the same , 
but at 11=.5, was reduced from approximately 16° to 12°. 
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On the basis of the re sult s of this test series it was concluded 
that the jettison of a full sca le, -2° incidence, small tail tank 
configuration would be unsatisfactory, in that the tank would 1.nterfere 
with the fuselage. A recommendation was made that tests be conducted 

i ,g the -2° inddence small tail configuration to investigat e the 
effect of reducing the r elease angle to 5° • 
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6.o 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 films were studied in the same manner as the 
Series 1 test films. The results of the film analysis, with 
particular emphasis on roll and yaw angles at the release, 
are SUillI'larized in Table 6. 

6.1 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 fu sel a ge (Runs 4, lJ, 15). These cases 
are for empty tanks with the aircraft at zero yaw (Run 4, 
20,000 feet), amd 5° yaw to the left (Run lJ, sea lev~l, 
and Run 15 1 40 1 000 feet). 

For this test series closeness to the fuselage was based 
on the percentage r eduction 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 we r e projec t ed, Run 4 was judged to have come 
close, and in Run lJ, 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 hesita ted slightly as the swivel pin freed 
itself from the mounting plat e in the aircraft model. 

In contrast with the previous
0
test series, all of the full 

t ank models jettisoned a t either 0 or 5° of yaw came free 
sa tisf actorily, with only a moderate amount of tail movement 
to-war ds the aircraft (25% average). The reduction of the 
r el e;:ise angle reduced the nose down attitude of the full tanks 
aft er r elease by 2° to 10° with the aircraft at zero yaw. 
Thus the t ail would not tend to move to-wards the fuselage as 
much in this test seri.e s . The empty tank pitching was not 
noticeably af fected by the r eduction in release angle, and 
these model s t ended t o pit ch tail-up to-wards the fu sel age 
inore cons i stently than the full tanks. When the aircraft 
model wa s yawed, the full tank tail-up pitching reduced; 
whereas , the tail-up motion of the empty tanks incr eased , 
w 0n for the f ew ca ~;e s t ested. 

This ini.tial motion i s contrast ed in the Series II high­
~peed film strip r P.pr oduc tions e;iven in Figure s 5 and 6 . I n 
FiEure 5, the t ail di d not move to-wa rd s the fusel a p;e , ;:ind i n 
:Figure 6, the 1..ni tia l t ail clea r ance wa s r educed by about 55%. 

On the bas i s of t hf' dynaml c model jettison t e st;; con rlucted 
in thi.s se ries, the 5°r 'Pd Se nngl e and the - 2°incidence smal l 
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tail tank configurations were adopted by the Technical 
Design Department for the Arrow. 
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6.2 ~laJi...4ru(ke~ a\ Re1ea se 

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 pin. The 
maximum angles originally issued were: roll ;t 15°, yaw± 10°. 
More recently, when the problem of the desien 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± 5°, as indicated in Table 6, 

The roll and yaw angles of the tank as it pitches doi,m 
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 fli eht conditions. 

The roll angles at relea se for the full tank ( 1.1/ =0 and -5°), 
and empty tank ( l1/ = o0

), are moderate (0 to 5°); 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 moder ate (less than 3°) ; whereas 
for the full tank (sea level, '-1,l = - 5°), and empty tank 
(~ = - 5°), the yaw angle increases to 5°. 

The rolling and yawing motion of the t ank models illustrating 
mcderate conditions are shown in Figure 5, and the limit angles 
are shown in Figure 60 

6.3 Tank; - Mis sile 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 mis sile doors start to open is l¼ seconds. 
It was established from the aircraft- mis sile 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 tl-tnk would be well away before the 
mis siles were fully extended. Cases for which.the time taken 
by the t ank to drop the r equired six feet would be the least 
were analized and the results a re listed in Table 7, These 
data were used to e st ablish r equirements for time delays 
between tank and missi le j etti son sir,nals. 
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The tabulated value s 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 f or empty tank. The maxi~um values 
occured at low speed and high altitude, e . g.• M:: .5 at 40000 
f eet. 

604 Model Trajectorj,e~ 

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, 
snd 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. 

DATE 

Dec. 1957. 
DATE 



• 

~~ - /IVl,'O AIRCRAFT L IM/TEO 

P /'rii ad Tw10eJ /J '3B 

MA LTON ONTAR I O 

TECHNICAL DEPARTMENT 
PREP DATE 

AIRCRAFT: 

AhROW 
GoK• Dimock Dec . 1 

DATE CHECKED BY 

70 0 PROPOSED FLIGHT JETTISON TEST PROGRAMME 

(A) 

(B) 

The following basic programme wa s proposed for jettison 
tests of the long range fuel t a nk from the Arrow at 1 
(approximately) flight conditions: 

MACH SIDESLIP 
ALTITUDE -1!.Q.s. ANGLE ~ETTISON CASE 

Full Tan}s 

Sea level • 3 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 . t a nk • 

~Tan~ 

fo 

0 
At the end of Sea level .3 0 subsonic night 
on approach. 

40,000 .7 00 
At the end of ~~bsonic climb 

40,000 .7 5° to limiting altitude. 

The above conditions were based on the Serie s II test 
results. At 20,000 feet, M"'•7 s imuhted level fUght conditions, 
the full tanks tended to pitch t a il-up to-wardrJ Lh0 fuselc1ge, 
and there was a moderate amount of roll before the swivel pin 
cle,,red the fuselage. The empty tanks sh01-1ed the same effects 
at 20,000 feet a nd I.J0 ,000 feet for the l'iach numbe r ranr,e .5 to 
.85, except that t he e f fe<" ts w r·e slir,ht1v wor"A. 1'1,-,t

0
is • the 

initil'll rolling anr-'.les of t116 empty t"nks w,•rP '1.bou1 10 , or 
more (especially with '4l - ,:t: 5 ) , '1.nd the tail Bppeared t o come 
very close to the fusel ge i n a few ca:oes . 
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13 . 0 CONCLUSIONS 

Based on the dynamic tests of .07 scale mooels, the 
following conclusions for jettison charactPristics of the 
long range fuel tm k from the full scale Arrow can be made: 

1. Satisfactory jettison characteristics were obtained for a
0 

tank confimi.ration with the sm5ll tai 1 (see Figure 1), -2 
to the fuselage datum and a 5 release angle. 

2 0 In some isolated cases, the tests indicated that the horizontal 
tail of the tank may come close to the fuselage, al though there 
were no positive instances of contact. Tail-up motion will be 
more severe for jettisoned empty tanks than for full tm ks. 
Reductions in initial tai 1 clearance up to the order of 60:t were 
observed in the tests. 

Jett-tsoned full tai ks will generally fall strair,ht down below the 
aircraft, exiept at low altitudes with sideslip angles of the 
order of + 5 , when the tanks will also move outboard as they fall. 
Jettisoned empty tm ks will gern,rally move outboaro as they fall 
below the aircraft. The direction of outboard motion at zero yaw 
would depend on the conditions existing when the tank is rele ased. 

L. The tanks will jettison clear of the aircraft at all speects and 
altitudes within the tank flir,ht envelope 1 g conditions (dive 
brakes closed). 

5o The speed brake fully open configuration was not investigated 
during these jettison tests .. A study o.f the tank-extended dive 
brake geometry showed that interference between jettisoned tanks 
a ncl the speed brakes was probable, considerinr, the motion o.f the 
tanks after release. Unless further ,iettison tests with the 
extended speed brake configuration are performe d, it must be 
at,sumed that for all flight cond itions within the rlivht envelo p-; 
of the tank, interference be twc,en jettisoned tanks and fu lly 
extended spepd brakes is possjble. Therefore the speed brakes 
nn1st be closed before the long nn ge tank is jettisoned. 

6. The outflows unaerueath the fu se lage will create rolling and 
yawing motions of the tanks as they pitch down to the release 
angle. The maximum roll and yaw angles at tt,e 5° relPase an~le 
,,ill be of the orcJer of + 15°of roll m d + 5 of yaw for level 
flight conditions. ThP max imum anglPs occured for empty tanks 
jettisoned with the aircraft yawed 5° o 

7. At,suminr, that th,, mechanical release mechanism on the models 
reasonably simulated the full sccile desir,n, the ;J8ttis.on tests 
s howed that thn initial tank motious wi.11 not caus P. the tank to 
;jarn in thr rPlPar.e mechani s rn ancl fa1 l to relr>RSP . 

DATE 

DATE 
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DESIGN AND TEST Df,TA FCR MODEL JETTISONTim TESTS n 
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I '"'~un·1-. ~-;1 1 E~UIVAlEii'l' FULL SCAIE TUl;JIBL Tu, .:u AlRPLANE I Ti,•;, :iODEL SEAT PILOT 
(') 

...... "" _ ,, J.....:., .. , r,-, > ::i. I .0.LT ITLDE IUCH T • .A.S. T .A S. DYN.~IC ..-.U:StlnE AllGIE OF lT-::IGHT li'ODEL MOD:SL t,:, ,-
':::: NUL!BER qdi al ATTACK WEIGHT WEIGHT - C ~ Empty Full ~ ..., ~ 

ft. m.p.h. f.p.s. p. s. f. degrees lbs. lbs. lbs. lbs. .,, 
> ~ 
::IC ..... 

S.L. .2 152 59 4.4 12.8 .106 1.451 .021 .080 -4 ~ 

I e: l:Z: 
:s: C"\ 

380 27.6 
..., ~ 

.5 147.5 2.3 e I;,. !:i ::i. 
4 lt<J 't; 

.7 533 20'7 54.4 1.3 ~ j• ~ 'i 

I I 
-, 

~ t-< (") r-. 
.85 647 251 80.0 .9 0 -, ..... 

t-< :al = ~ I ~ CJ) 
~ ..... 

'",j 

~ C/l M 
20,000 r; 353.5 137.2 23.9 5.4 .200 2.726 .039 .150 ➔ trJ 

•✓ 
CJ) t::, I;::, I 

.7 494 192 46.8 2.6 

.85 600 233 68.9 1.8 

' 0 Ill lJ 

() ~ 1l I "' ' 128.6 13. 7 .034 .327 lJ "' 1l 40,000 .5 331 21.0 .435 5.930 I • "' ~& "' "" .... 
n t::, 1l z ~ 6.7 I "f-'-

,. 
0 .7 1/:.,4 180 41.1 "' s lJ 

I ~S":> 
0 g "' I 0 I . 85 I 563 218 60. 4 4.4 :,;-
ID 

tc. 1f 
-< ID 

I -< 

" 1§' 
I-' 

"' ~ .... ' l'--
~ 
::, 

0 (I) 
0 ,. ,. 

.... I-' .... "' ~ "' ,., .. 
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AI RC RAFT: 

• 

AV.RO AIRCRAFT LIMITED 

TECHNICAL DEPARTMENT (Aircraft) 
PRE P ARED B Y 

c-105 
UfvCL SHEu 1 N'•N CL~S 

G.K. Dimock I June 1956 
f------'----- ----4---

,-1 If E CHECKED BY 

Design and Test Da~ (Continued) 

Model radii of gyration= .07 full scale values. 
Model C.G. to be in the samd position as for the full scale body. 
Models to be geometrically similar to full scale bodies except for 
small details. 
Model time intervals along a trajectory will be= ..;-:of'" full scale 
values. 
Seat model ejection velocity= 21.2 !.p.a. at all altitudes. 

~ 

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

Tan1c - empty 
Tank - full 
Ejection Seat 
Pilot 

310 lbs. 
4235 

60. 
233 

(2) Sent model ejection velocity based on full scale ejection velocity 
of 80 f.p.s. 

(3) Airplane angle of attack taken as ang1e to trim at T.A.S. (level 
fJight with C.G. at .31 c). 

(4) qtrue = •936 qdial 

DATE 
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AIRCRAFT, 

--.....:.._v~lfifl) 

~ ~ / V,t ~ EPORT No. P /Wind 'fum:;.el /] 38 
~ AVR0 AIR C R AFT LIM/TE O <.,fJJ 

MAL T oN • 0NTA R 10 sH~ .. 
TECHNICAL DE PAR TM ENT ~---.:'.~!lt--======::::::;:::======== 

BY 

CHECKED BY 

UNCLA, ~, 1f "\ I NON CL/\:~,f"IE 

~l&.J:. 

TANK MODEL CONFIGURATIONS AND DESIGNATIONS 

~ 

A1 B,C, 
G 
H 

A,G,H, 
B 
C 

~ 

~ 

D 
E 
F 

nnTIAL lliCIDENCE 
w.r.t. 

AIRCRAFT DATUM 

SIMULATED ALTITUDE 

Sea Level 
20,000 
40,000 

large tail size= lo 2x small tail size 

TEST SERIES I 

Configurations used: A to H inclusive 

TAIL SIZE 

Small 
Small 
Large 

Release after rotation through 7½
0 

from initial attitude. 

TEST SERIES I I 

Configurations used: A to F inclusive 

Release after rotation through 5° from initial attitude, 

DATE 

DATE 



' 
lJNclAs. 

.. ,,~ 'S!Ff[l) REPORT No. P/Wind 'runn::..:e::.=1:,../-=1=3=-8 __ _ 

~ Al/RO A IRCR A Fl LIM / U : O IN, 'AV C: 
M A LTON • ON TA R I O /I 

TECHNICAL DEPARTMENT ~ ~ ..[,!,,..~----~----BY DATE 

AI RCRA FT 
G 

C-105 CHECKED B Y DATE 

TABLE 2 

DYNAMlC PROPERTIES OF MODl!.'LS 

1.0 Tank Full 14.odel e 

SIMULATED REQ,UIRED /,CTUAL % 
ALT ITUDE PROPERI'Y VALUE VALUE ~ 

Sea Level Weight W 1.451 lb. 2 
1.451 lb. 2 

Roll Inertia Ix:x • 7614 lb.in, .7775 lb.in • 2.1 

Pitch Inertia Iyy 25.141 25.358 

Yaw Inerti1:1 lzz 25.141 25.347 

20 ,000 w 2. 726 2.726 

lxx 1.428 1.267 -11.3 

Iyy 47.170 47.992 

lzz 47.170 47.981 

• 40,000 w 5.930 50930 

lxx 3.114 3.348 7.5 

lyy 102.83 105.84 2.9 

lzz 102.83 105.85 2.9 

2.0 Tank Empt:.y Models 

Se1:1 Le vel w .106 .106 

Ixx .0989 .1096 10.0 

lyy 2.546 20559 

lzz 20546 2.550 

20 ,ooo w 0200 0200 

lxx .1856 .1394 -24.9 

Iyy 4. 777 4.791 

Izz 4. 777 4.790 

40 ,000 w 0435 .435 

lxx .4016 .1785 - 5.6 

Iyy 10.413 10, 301 

Izz l0.413 10.340 

• 



AIRCRAFT 

G.K. Dimock 
CHECKEO BY DATE 

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 nUJTlbers given below. The 
Avro reference nUJTlber for the Arrow tank jettison film, Series 
I is 8-77 

1.0 TANK FULL 

1.1 Configurationj _zo Incidence I Small Tail 

Simulated Full Scale 
Film No, Altitude Mscb No, 

• 7 Sea Level .20 
8 .so 
9 .70 

10 .85 

6 20,000 .50 
5 .70 
4 .85 

3 40,000 .50 
2 .70 
l .85 

2.0 TANK EMPTY 

2.1 Conftcuration• -20 Incidence 1 SmalJ Tail 

15 Sea Level . 20 
16 .50 
17 .70 
18 .85 

13 20,000 .so 
14 .70 
19 0135 

11 J-1-0 ,000 • .50 
12 .70 
20 .85 





RUN 
NO. 

8 

9 

1.0 

6 

5 

4 

J 

2 

1 

• 

ALT M o? 

S.L. .5 2.3 

.7 1..3 

.85 .9 

20000 .5 5.4 

.7 2.6 

.85 1.8 

40000 .5 13.7 

.7 6.7 

.85 4.4 

R = to the right 
L = to the left 

• • 

TAilLE_ ~ (a) - SUMVJ.ARY OF Fil.M ANAL'(SIS JER.n:SJ 

TEST C0NNTIONS· Tank Fu]J, - 2° incidence, small tail - Aircraft at zero yaw 

INTERFERENCE 
INITIAL ROLL INITIAL YAW WITH AIRCRAFT 

R slightly (~5°) R Tail appeared to come 
very close to fuselage 

R slightly R, 450 Tail. came very close 

R slightly R, 450 Tail came close 

R very slightly R, very slightly Tail came very close 

R slightly R slightly None 

R None Tail came close 

None None None 

R R slightly None 

R R slightly Tail came close 

REMARKS 

Tank pitched thru approx. 23° nose down 
(from initial position) at release:tank 
fell strai~ht down below the A/C. 
Pitched nose down 21.0 1 fell straight 
down below the AIC. 
Pitched nose down 20°, fell below A/C, 
moved to ri.,.ht sli~htlv. 
Pitched nose down 22u, fell straight 
do,m below A/C. 
Little pitching just below A/C, nose 
eventually pitched down 15°, tank fell 
strai"'h+. down below A/C. 
Pitched nose down 22°, fell straight 
down below Ale. 
YJOdel. pitched to horizontal., then no

1
sed 

.-1-.- 10°. fell strai.,.ht down below A C. 
Pitched nose down 17°, fell straight 
down below A/ C. 

' ~ 
~ -

Pitched nose down 20°, fell straight £ ) 
down below AIC. 

NOTE; The initial roll and yaw angles were estimated for the period in which the models fell a, tank body diameter 
below the aircraft fuselage. These angles are approxilnate and only serve to indicate rates of angular rotation. 

~ 
5:; ;:;:; 

The trajectory descriptions given in the remarks cover the model motion~:~of the fuselage. 

UNCLASSIFIED I NON CLASSIPE 

--0 

? 
CJ] !; 
(I) 0. 
'1 
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~§ 
H~ 
~ 
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\.,> 
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IRUN 
:NO. 

15 

16 

17 

18 

13 

14 

19 

ll 

12 

20 

• 

ALT M cf 

S.L. • 2 12.8 

.5 2 • .3 

.7 l.J 

.85 • 9 

tzoooo • 5 5.4 

.7 2.6 

.85 1.8 

!40000 .5 13.7 

.7 6.7 

085 4.4 

' 
R = to the right 
L = to the left 

• • 
TABLE 4 !.!22-.=-~_0E__ FILM_ -4.N_AJ,_ISIS~ERIES_ I 

TEST CONDITIONS; Tank Empty. - 2° incidence, small ta~l - Aircraft at zero ya.-r 

INTERFERENCJ!; 
INITIAL ROLL INITIAL YP.W WITH AIRCRAFT 

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

L initially, then R, 45° None, 
motion stabilized 
L very slightly, then R None, tail moved 
,...,..,. .. ,...,.,r1 t.n R +=,,:amss Ale 

R slightly None, tail moved 
towards A/c • 

R sligr.tly None, tail moved 
+,.,,.,a-,..rls Ale . 

R slightly None 

R None, tail moved 
towards Ale. 

L initially then Tail came close 
reversed to 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. 

RDIARKS 

Model pitched to horizontal, moved 
outboard to the ri~ht as it fel1 
Pitched nose down 16°, moved outboard 
(R) as it fell below AIC. 
Pitched nose down 18°, moved outboard 
(R) as it fell below A/C. 

Pitched nose down 15°moved outboard 
(R) past wing strut position ( .2b froI! 
centre line) as it fell. 
Pitched nose down 14°, moved outboard 
(R) oast wine: strut oosition. 

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. 
Pitched to horizontal, ~oved outboard.~ 
(R to .2b). 

~~j 
..:::~.1 

Pitched nose down 17°, moved outboa~ -
t• J 

;;f .. 

=! (R to .2b) ...._, 
SS' 

_,.,. 
Pitched nose down 12~, eventual}r -rolled thru 180° as it fell st~ ght 
down below A/C. ~ 

-~ 
"-' """ 

!J~CLA"S1,.!ED / NGN CLAS.:ilf-lE 

.,, 
? 

Cllt-"­
a, :, 
"S a. .... 
IJ ➔ 

:g 
(1) .... 

~ 



• 

!RUN 
IM NO. hl,T cf_ 
! 

22 t:i.L. , .2 12.8 

23 .5 2.3 

25 .7 1.3 

21 13.L. I .2 I 12.8 I 

24 I I I .5 2.3 

R = to the right 
L = to the left 

' • 
TAfll,~_ 4 (c) - SUMMARY OF FIIM ANALYSIS - SERIES :r: 

'l;E$T CQNDITTQH$· Tank Empty,,. 3° incidence, small tail - Aircraft at zero yaw 

INITIAL ROLL 

L,4.5° 

L slightly 

R 

L I 

None 

.LNT.l!.J:ti' l!.~Nl,l!. 

I INITIAL YAW WITH AIRCRAFT REM.A..~KS 
I 

R Tail came very Pitched to horizontal, nose s~mg~1 

clo·se to fusela~e outboard (R) as it fell belm, A/C ,_ 
R slightly Tail came close Pitched nose down 12°, fell stra igh1 

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

verv J'!lUCh. 

TABLE 4 {92 

-<-
0 incidence, , larue tail Aircraft at _iero yaw 

R I None, tail moved Pitched to horizontal, moved 
towards AC sli htl outboa.,Ld (R) as it fe 

R None Pitched nose down 12°, ~oved 
outboard R to .2'b. 

b =wingspan 

UNr.tA \''![ ~o I Nut-i CLASJlf,t 

'i:l 

---~ 
en ;£ 
~ ,Q.F 
~ 
~ 

;:l 

~ f!:., 
~ ;;-

\,} 
CD 







• 

RUN I IN.n'.iALa. 
NO . I ALT M ~ ROLL YAW 

• 
TABLE Q....il.l - SUNMARY OF FILM ANALYSIS - SERJ:ES U 

TEST CONDITIONS: Tank Full, Aircraft at zero yaw 

wilH.u~ 0 2b u.r .r u0~LAut!. .U~Tl,;n.i< Lrl.l!,m,.c. 

rtOLL YAW 1,iITH AIRCRAFT 

• 

F.EMARKS 
,L.__ 

· t--

: l JO S.L. 0 0 None R slightly None, tail moved Model pitched to horizontal, fell straight down .2 12.8 
L_ 
I 

I 

7 .5 

26 • 7 

8 .85 ' 

9 120000 .5 

27 I .7 

10 • 85 

11 40000 .5 

28 
i l.7 

I 
12 

J 
, .85 

R = to the right 
L = to the left 

2.3 0 <1.2 

1.3 0 <1,2 

.9 0 1.5 

5.4 0 <1.2 

2.6 4 l.J 

1.8 0 ,1.2 

13.7 0 <1.2 

6.7 <1.5 <1.2 

4.4 1.5 1.2 

awav from fuselae:e 
None R slightly None, tail moved b 

towards A/C (32%) 

R.45° R,45° None (14%) 

R 90° R?45° None (4J%) 

R slightly R slightly None (20%) 

L initially R None (32%) I 

then R 
R slightly R slightly None (38%) 

L slightly None None, tail moved 
down 

R slightly R slightly 

L slightly R slightly 

b = wing span 

below Ale. 
Model pitched thru approx. 22° nose down (from ~ 
initial position) at release. Fell straight do, 
hA1,.,,., Ale. -In ,r!>l,Tl>rl ?()0 nose down attitude. , 
Pitched nose down 18°, moved slightly outboard ! (R) as it fell . 
Pitched nose down 18v, moved slightly outboard 
(R) as it fell. 
Pitched nose down 13u, fell straight down below 
Ale. 
Pitched nose down 16°, slight outboard motion. 

Pitched nose down 15°, fell straight do,m below 
Ale . 
Pitched to horizontal, fell straight down below 
Ale. 

IC-:, 

Pitched nose dow"Il 14v, fell straight down below 
Ale. 
Pitched nose down 12u, fell straight down below 
Ale. 

i.
~ 
. 

t,;j,} 
~ ~­.--...~~ 

:•-q =--

a Initial roll and yaw angles were measured to within± 1° at the point where the aft swivel pin just cleared the 
ie., at 5° release angle. 

~ 
"Cl fuselage, ~ "'i: 

A f-'• 
/,j r.n ::3 
:-:::? (1) p. b % figure gives approximate reduction in initial tail- fuselage clearance. 

Note; The roll and yaw angles given for the distance covered by the film (within .2b to .25b below fuselage) are 
approximate and only serve to indicate rates of angular rotation. The trajectory descriptions given in the 

remarks cover the model motions within .25b of the fuselage. 

IHiCLASS!flED I\, l"J I\.) s· ~ 

;!j ;.1.t-3 
,.,,, ~ § 

::3 
H (1) 
HI-' -I-' u 

co 
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RUN 1 

w. l ALT H 

!l.7 S.L . • 5 

23 I .7 

0.8 1 .85 

!i:9"20000 .5 

124 .7 
I 
' 

22 I .85 
i, 

20 ; 40000 .5 

25 I I .7 

iZl , I .85 
I I y 

R = to the right 
L = to the left 

INITIAL 
cf' ROLL YAW 

2 • .3 5.5 5 

1.3 6.5 2.8 

.9 4.5 1.7 

5.4 2.5 1.7 

2.6 3.5 1.9 

1.8 1.5 2.0 

113-7 <1.5 <1.2 

6.7 0 <-1.2 

4.4 0 <-1.2 

• • 
TABLE 6 .lliL..:~UMMARY OF FILM ANALYSI9 - S_EIUE_S U 

TEST CONDITIONS: Tank Full L Aircraf!, yawed ,'2° left 

WITHIN .2b OF FUSELAGE 
ROLL YAW 

L,45° L>450 

L)90° L "> 450 

L)90° L '> 45° 

L<90° L< 45° 

L,45° L,450 

L,90° L>450 

L slightly L slightly 

L slightly L<450 

L,450 L,450 

INTERFERENCE 
WITH AIRCRAFT 

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

None, tail moved 
awav from fuselage 

None (20%) 

None (9%) 

None, tail moved 
awav from fusela~e 

' 

REMARKS 

Pitched nose down thru 12° approx., moved outboarc 
(L)' to wing strut position ( .2b from centre line ) 
as it fell. 
Pitched nose do,m 15° , moved outboard (L to .2b) 
as it fell below Ale. 
Pitched nose do1,m 12°, moved outboard (L to .2b) 
as it fell. 
Pitched nose down 14°, moved outboard (L) as it 
fell. 
Pitched nose down 12°, moved outboard (L) as it 
fell. 
Pitched nose down 12°, moved outboard (L to .2b) 
as it fell. 
Model fell as it pitched to horizontal, fell 
almost strai~ht down below Ale. 
Model fell as it pitched nose do,m 13v, fell 
almost strai!"ht down below AIC-
Model fell below A/C. before it pitched nose 
down 9°. 

~ 
!) '<; 

"" I-'· 
~ C/l;J § (l) 0. 

§ ;1,-.:_i 
·1., <D C (/) 5 

Hro 
Ht-' -I-' I.,) 

()'.) 

UNCLA~\!rlED 1 \ON C ~~~!FIE 



• 

! r.~r.1 cf ,NO . ALT M 
! 
I 

s.L. I .5 11 2.3 
I 

2 I .85 .9 : 
y 

l3 20000 .5 5.4 

4 I .85 1.8 

'" 
i5 40000 .5 13.7 

129 I .7 6.7 

16 .85 4.4 

I y 

1
13 I S.L . . 5 2.3 

14 I 20000 .5 5.4 
! 

l" _, 40000 .5 13.7 

16 I .85 4.4 
I 

R = to the right 
L = to the left 

INITIAL 
ROLL YAW 

6.5 2.2 

1.5 3.0 

5.5 1.7 

3.5 1.2 

5 1., 

2 1.2 

3 1., 

14.5 4.2 

8 4.5 

8 4.2 

14 4.2 

• • 
TABLE§_{£)_ - SUMMARY OF FILM ANAIXSIST- SERIES II 

TEST CONDITIONS: Tank Empty, Aircraft at zero yaw 

WITHIN 0 2b OF FUSELAGE INTERFERENCE 
ROLL YAW WITH AIRCRAFT REMARKS 

Pitched nose down thru 12u approx., moved outboard L slightly R slightly None, tail moved 
towards Ale. (12~: (R) as it fell. 

R slightly R>45° None (32%) Pitched nose down 15°, nose swung outboard (R to .2b 
as it fell. 

L initially R>45° None (20%) Pitched nose down 15v, nose swung outboard (R to .2b , 
then R as it fell. 
slightlv 

Rc;45o Tail came close Pitched nose down 18u, fell almost straight down 
to fusela~e (60~) below Ale. 

R>45° None (43;L) Pitched to horizontal, moved outboard (R to .2b) as 
it fell. -

R slightly R 450 None Model fell straight down below A/C. as it pitche-d 
l 

--.co rl-•- ,i:::0 • 

R145° R>450 None (43%) Pitched nose down 16°, nose swung outboard (R to .2b: 
as it fell. 

TABLE 6 (d2 
TEST COll nTTTf"\NS · T, ,~ 1, Emnt.v . d; --,-- ft. ,,.,,.,orl ,;O left 

R initially L'>450 
then to L 

R initially 
then L 45° 
R initially 
then L 
ran-ldlv 

Tail came close 
to fuselage(ssi) 
None (32%) 

Tail came close 
(60~) 
None (43%) 

b = wing span 

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

Pitched nose down 12°, model nose moved past L wing 
strut before hitting it. 
Pitched nose dovm 16°, model nose moved past 
L wing strut before hittin~ it. 
Pitched nose down 14° model nose moved past 
L wing strut before hitting it. ,:. 

~ 
:s: 

~ ­
$ °' 

Di >---3 £: ro ~ 
cc;:;. en ~ 

::,.._ HI-' 

~ H~ 
\.;) 
CD 
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~ Al/RO A IR C RA F T l/M/TE /J 
MALTON • ONTARIO 

TECHNICAL DEPARTMENT 
PREPARED BY 

AIRCRAFT, 

ARROW 
UNr'/ I S'\/f.J[D I f'lON' 

CLASS/FIE 

Dec. , 1957. 
CHECKED BY DATE 

TABLE 2 

TIME TO DROP DATA 

RUN FILM SPEED SEC./FRAME FRAMES TIME TO DROP 

~ ~ tl ff. - FRAMES/SEC, FULL SCALE TO DROP SEC. FULL SCALE 

TANK FULL 

30 S.L. .2 .12.8 0 720 .00525 l09 .57 

9 20000 .5 5.4 0 780 .00485 111 .54 

11 40000 .5 13.? 0 720 .00525 124 .6.5 

20 40000 .5 13.7 -50 780 ,004-25 ha .57 

TANK EMPTY 

13 s.L. .5 2.3 -5 
0 

750 .00504 4?. .21 

3 20000 .5 5.4 0 720 .00525 67 .35 

5 40000 .5 13o7 0 760 .0050 106 .5'.3 

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

SMALL LARGE 

A 5. 50 4.82 

B . 88 1. 21 

C 1. 28 1. 40 

STA. 0 

I 
_J_ 12.42·-1 

39' 

2.17" DIA. 

AFT PYLON GUIDE PIN HEIGHT 

A 

·1 
STA. 15.21 STA. 18. 80 

TANK INCIDENCE 

A 

B 

5o DROP ANGLE 

-20 _ 30 . 051 B 

. 638 . 493 1 0 
7 Z DROP ANGLE 

. 065 
. 61 7 . 504 

TAIL FIN 

STA. 5 .94 
AIRCRAFT STA. 41. 38 

STA. 13. 49 STA. 18. 80 

FUSELAGE 

GUIDE PIN - I- . 50" PROFILE 

~ I 1/orGAP 

6 AJ I - '3'":) JB t 
~----. I ----ii- f--3. 21~- - ======l! 

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

FIG. 1 . 07 SCALE LONG RANGE TANK G_J!;OMETRY 
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FIG. 3 ARROW . 07 SCALE LONG RANGE TANK INSTALLATION 
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FIG. 4 JETTISON TEST ARRANGEMENT IN 
THE 6 1 X 10' LOW SPEED WIND TUNN~ 
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F IG. 5 ( a) FR UNT VIEW RUN NO . 12 - 4 , LU\... FT., M = . 8 5 , o< 4. 4° 
TANK FULL , 1f' = u :,; · _:._j. ,.,,1 ! '\.:,<·~\,::,._:,··.it' 
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FILM SPEED 7.__ L FRAMES PER SECOND. 
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FIG . 6 ( a ) FR ON T VIEW RU N NO . 13 - SEA LE VEL, M = . 5G , oL = 2 . 3° 
TANK EMPTY , '4' = -5° 
FI L M SPEED 6% FRAMES PER SE C OND. 
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FIG. 6 (b) SIDE VIEW RUN NO. 13 - SEA LEVEL , M = 
TANK EMPTY, if = - 5° 
FILM SPEED 75 0 FRAMES PER SECOND. 








