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. l•·; .:r~~lti':'~~et of the reconnaissance version of the Avro A:rrow 
Mk. 3 fighter was chosen as M = 2.5 at 90,000 ft. altitude. This choice 
requires a considerable reduction in both trill and induced drag as well 
as doubling of powr at altitude. This greatly imprOYed performince 
capability prOYidea the reconnaissance airplane with a very useful "dash" 
for (1) evading potential enemies and (2) for positioning prior to the 
obserrance and photographing of target areas. 

The configuration proposed for a reconnaissance version is sho\oltl 
on figure 9, and the pertinent data are as follows: 

Ge011etrz 

Wing Area 
C,anard Area 
Aspect Ratio 
Side Fina 
Fin 
Rudder 
Ailerons 

s.. = 1410 f~. 2 
Sc = 32 ft, 
AR= 2.65 
SSF = 90 ft. 2 ( total) 
~ '- 170 ft{ 
SR= 50 ft. 
SA= 100 ft. 2 (total) 

W'eight Eetimate 

Mk. II 0.W.E.(incl.arm.&came:m)44,214 lb. 
~ing Tip Ramjete 3,SOO lb. 
Canard (32 ft.2) 200 lb. 
Additional Wing Area 

(155 ft. 2 ) 2 
Side Fins (90 ft. ) 
Additional Rudder 

(12 ft. 2 ) 

750 lb. 
400 lb. 

50 lb. 

RBconnaissance Arrow - 0,W.E. 
"' - -~-- .· ~-1"". it .. ~ :· ~j~ 

19,438 lb. 
6 2000 lb. 

- Full Internal Fuel 

Logr Ragre Reconnaissance Arrow 

49,214 lb. 

25,438 lb, 
74,6,2 lb. 

Plus One External Tank - Fuel 5,000 lb. 
Plus Two External Wine Tank:a 

- :P'uel 5,000 lb. 
Plus Tank Structure 11000 lb. 111000 lb. 

Total 85,652 lb. 
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,;•\~r.:• ~ • ;:!foregoing it is felt that the probable high T.O. \oleight 
>.:t;I' •• will warr&JSf. ·.-e developnent of the undercarriage. In this regard 

!:.~'Cf,~ it ia ~hl.J recommended that a design stress analysis be carried 
r:~ ;~, ·.i.Oll~·.QJt.J:~ ~•ign proposals, 

(a) increasing capacity of present G/C design (Mk. II) 

(b) Check the feasibility of the addition of outriggers 
at the \oling tips 

to cater for an increased no:nnal T.O. \oleight of the order of 
90,000 lb. 

Location of Canard 
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Profile Drag 
Induced Drag 
Trim Drag 
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the k/ro Arrow Mk. II shoved that at M = 2,5, 
a W/P = 250,000 in.2 the drag components to be 

DLP in, 2 D lb, % of Total 

16,600 4,080 18,5 
45,200 11,080 50 
28,200 ~ 31.5 

90,000 22,120 

The profile drag is a "fixed item• and an1 improvement of 1 t was 
unlikel1. Therefore the reduction is more prorble in indu~ed and trim 
drags. Increaaing the wing area from 1225 ft, to 1410 ft. Qlll .. 
addition of the canard resulted in the following I •• 

DLP in. 2 
%Change -. 

~ % Total over Mk. 

Profile Drag 19,900 4,900 37.5 +20% 
Induced Drag 28,250 6,950 53,0 -37% 

,.. 

Trim Drag 5,600 1 12J0 --2.:.2 -82% 

53,750 13,080 -41% 

The separate effects of increasing the wing area, and addition of 
a canard la clearly shown in fig. 7. It follows then that modification 
of the /rvro A:rrow for increased speed and altitude should include a 
canard. The trim effect of the canard elevator combination la shown in 
fig, 6. Point "A" shows the trim drag to be 28,800 x ,246 psi= 7,100 lb. 
for zero canard effect and a required -26° elevator angle, howenr 
utilization of the canard (see point "B•) to the extent of its buffet 
limit results in a trila drag of 5600 x ,246 pd = 12.JO lb. for <><c 

canard= +23° and 6e elevator= -81 - a reduction of 5,8?0 at M = 2,5, 
90,000 ft. W/P = 250,000, 

that total drag of this version at M = .92, 
W/P 22,000 is 7,000 lb, aa canpared to 6,660 lb, 
. II at the same speed, altitude, and weight and 
an increase in drag during a subsonic "cruise 

l'; 
.M 2.5 at 90,000 ft, altitude for an operational 

weight of 61,400 lb . requires a total of 13,000 lb, thrust, with 
7,000 lb. being contributed by the Il'oquois e~ines with after-burning, 
and the balance of 6,000 lb. by some other power source. Rec011111ended 
on fig. 9 are wi~ tip ramjet poda, 
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.. 3. of•l:t:riilff ·: 
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:~: .. ~ . TM addit1o~6000 lb. thrust may be obtained by several different 
;,;:~binatione of pewr plant and fuels, some of which are listed below1 
'· ···t ~·-•· ': •• ' 

'I ~ ?~- -..•' 

rbo et et 

1 (Turbojet+ A/B) + F.amjet JP4 JP4 

2 (Turbojet + A/B) + Pamjet JP4 Pentaborane 

J (Turbojet + A/B) + Ramjet H2o JP4 JP4 

4 (Turbojet+ A/B) + Ramjet H20 JP4 Pentaborane 

5 (Turbojet + A/B) + Rocket JP4 JP4 

Some of the characteristics of each combination are 
Table 1-following, 

The fuel consumed during a dash of M 2,5, 90,000' alt, 
for a Reconnaissance Arrow shows that combinations (1) and ( 
best (see fig. 10). Since combination (2) involves th• use 

Rocket 

fuels and that the gains afforded by the use of High Energy f'\lels are 
not great it is felt that combination (1) is the most auitable for the 
Peconnaissance Arrow, and this combination is shown in fig. 9, 

The use of high energy fuels such as rntaborane results in a dec• 
rease of ramjet frontal area from 14,1 ft. to 11.9 ft,2 (4.25 to 3,9 1 

dia.) and a reduction of specific fuel consUJ1ption from J,15 to 2.57. 
Somewhat lesser gains are to be realized from the use of a Boron Slurry, 

Water injection is an easy way of "soupiDg up" existing power plant 
and intake combinations. However, this feature is somewhat curtailed by 
the large increase in specific fuel consumption, e.g. the recamnended 

power plant combination would use at least 2¼ times 
weight)when water is injected into the turbojet 

tion point. 
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HER INVESTIGATIONS 

of this note aN that a M z 2,5, 90,000' altitude 
is feasible within the present ■tate of art. Hov­

edi& tely e11tabli■hed whether then is a need !or 
tactical bomber ver■ion of the Art'Ow via Market 

F!eaea.rcb. Further, po'«er investigations an also reccaiunded w.th an 
effort to illproving the ra~e potanti&l ot the Arrow. 

With respect to the Reconnaissance Arrow two plausible locations 
!or reconnaissance equipnent aNI 

(a) In the two inner stall• of the armament bay, thus removing 
½ o! the armament. 

(b) In an extended portion or the nose section aft of 
thus maintaining full armament. 

Further investigations an requiNd to substantiate tb1 • 
Some of the more important items to be looked into ao:re 
lined in table 2, 
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Fuel 

EC 

7,000 

Max. Dia. ft. L.25 

1~.s.~:. Froutal 'rea - ft. 2 

Leq t!'l - .ft. JJ 

Fuel Consm::ed in ?ounds ~ + r--,. 
- 5 mi n. 1 , --;i ~ 

:i..,:, (3210) 1575 

10 min . 3270 (6420) 3150 

- 15 min . 4 910 (9:,20 ) 4720 

- 20 mb: 6550 (l2D50) 6300 

- 25 min. 8170 (1..5050) 7280 

- 30 min . 9210 (19260) 9450 

' " • , J..J OJ 1 

G) 
!urbo jet Pz~ 

+ 

JFL + E;:0 J : 

,... ., ,..,. ,...:'1 
.: ... , tv · .... 

9,700 

r--.., 
6:10 

1;620 

28!.50 

27200 

31.lOJ 

40808 

.) 

3, 

7. 

2~ 

+ r--
(7670) 3;:. 

(15340) 17 

(2J0J0) 2:: 

(30640) 31. 

(33400) 4; 

(45%0) 51 

"Saturation" wate ~ injection considered in this tat 
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G) 0 © CD 
Turbojet F.e.::- i et Tu:r-Co.i st. 0 a;;; et Turboiet ?.a.":\i et T1.:r'bo iet P.c:: ~<e. t 

-t- ~ -i + 

~ !J.E. A/B AIB 
; 

JFL. + E-,0 J p, JPL. ':'entabor:me JP4 + E20 Fentabcrane JP4 Q c =-' ~- 02 : ... ,._, ..,,o · ·I{_ 

15% JF4 - , ~ , :. - ~ :.57 S-. L2 - .-, :_7 : • • ...i.L. ;; . -.,; ,1... • • 0 '"-•J I 
__ ::., 

::'.. ~ l""".'t 
- .. ', v- :o' ].JJ l 9 ,6C J :5,4;0 01,?CJ S,5'.JO 19 ~60J 10:,c:00 

9, 700 3,300 7,0CJ 6,000 9 ,7'JO 3, 3- 0 7,JC:J ;, ooc 

3.14 3 .9 2.9 

7.25 11.9 6-55 

22 27-5 20.5 

r--.., + " ~ + r--7 ·r--7 + .c ~ - + ~ 
6'.:10 (7670) 860 1635 (2923) 1288 6810 (7520) 710 1635 (10135) 8500 

1;620 (15340) 1720 3270 (53L.5) 2575 13620 (15040) 1420 3270 (:0270) 17000 

28~50 (23030) 2520 4900 (8040) 3360 20450 (22580) 2130 L.900 (3·J400) 25500 

27200 (3%40) 34L.O 6550 (11700 ) 5150 27,200 (30040) 2840 6550 (40550) 34000 

3410J (33400) L.300 8170 (l.4610) 61.40 34100 (37650) 3550 8170 ( 50670) L.2500 

40800 (45%0) 5160 9210 ( 17540) 7730 40900 (45160) 4250 9810 (60310) 51000 

sidered in this table . 
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- . .-eccnr..s. 1..s sar:ce 
version '.Jith !-! 2,5 
90 ,'.lOO I dash 

(2) 7actical Eo~ber 
1,,1i th !·~ 2. 5 
90, :)00 1 dash 

S...ggest that Project 
?eseerch s r:d Sales & 
Service investigate 
tr.is toget~er, and an 
effort ce :.1sde to F:-O­
~uce a SFeci!~csticn. 

TABLi:. 2 

FURTHER Il;\'ESTIGATICNS OF RECONNAISSJJ:CE AR?OW 

Possible Uses 

Tactic:.l Bcn:.Cer 

A:!n.r:ced ?~r.ter 

Suggest that Project 
P2sesrch conduct an 
orerational research 
study ir:to the use­
fullness of such 
vehicles in the . 
~estern ~ir forces. 

Pc r Plant & Fuels 

':'t:r.,. o:et + .;./ 3 
c°..'.:J-::j e1. 

?.ocket 
Eybr:.d 
?fixed 
::igr. ~r.ergr ?uels 

The state of art 
presently cei-::g 
investigated by 
Froject P~search 
Group 

Par.ze & Performance 

3uggest this asF€Ct 
be looked into by 
Job..~ Lucas of tte 
Tec ~.nica l o~:ice 

S1 
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rn & Performance 

;ges t t H s as Fect 
l ooked i nto by 

:..'1 Luca s of t l':e 
::-,.nic a l Offic e 

Stability & Control 

':.':r::.::. ccntrol of 
:~r.~~~, a r.d effe ct 
of canar d and i ncr­
eased ·,,;ir..g a r ea on 
C.G. lbit s 

Suggest this asrect 
be l ooked into by 
St an Kwia tko~ski 
of the Technica l 
Off:. ce 

Flutter & 
Vibration 

P.run:e t bzz 
Flutt 2r & 
7ibra tion of 
'•.'i:ng 

Sugg est this 
as r~c t ce 
looke d bto 
by John 
: ic::illop 

Undercarriaf!'e 

Unde r c:::s rriege 

9.J, J'Y) l b. ':' .C. 
\..'e ight a nd 
':i 5 ,000 lb. 
lading we ight 

W. .;},ford of 
tt:e 3 tress 
Office indi­
cii: tad a n 
ir: te~·est in 
t l:is ;;robl e::i. 

UNCLASS IFIED 

Structure 
& 

',,;e i£ht ::St. 

1,leigh t 
est:..::.3.te C: 
;..rro .. ,1 

Suggest t h:.s 
asi;:ect be 
looked into 
by 1,.l !:en­
tance of 
t he Initia l 
?ro~ ect 
Of f ice. 




