
I 

-;'L, 113-~'I 

lnC-CAilC {J 
I 

GIST/ Document Delivery 
Order Form 

Gommande de service de fourniture 
de documents de /'/GIST 

-AERO QCX-AVRO-CF105-P.P.R. 13 ADD. I 
A vro Arrow 2 : zoom ceilings 
15801713 

EDUCATIONAL RESOURCES LIBRARY 
SOUTHERN ALBERTA INST OF TECHNOLOGY 
1301-16TH AVE NW 
CALGARY, ALBERTA 
CANADA T2M 0L4 

DEL MODE 
DELADDR 

2 

cou 

Book or Report Regular 

TI A VRO ARROW 2: ZOOM CEILINGS 

ORDER NO. CJ-263326-3 

ACCOUNT NO.: FGH24620 
PHONE 403 /284-86 I 6 
FAX 

SUBMITTED 
PRINTED 

01-24 -97 5:47:00 PM 
01-27-97 9:13:04 AM 

AU A.V.V. ROE CANADA. AIRCRAFT DIVISION. TECHNICAL DEPT. 
so 
SE 

DA 
PE 
NU 
NO/CL 
MODE 

INSTR: 

PERJODJC PERFORMANCE REPORT ; ADDENDUM I, NO. 13 AREPORT (A.V.ROE CANADA); P.P.R. 
ADD. I 

1958 
MALTON, ONT. : A VRO AIRCARAFT LIMITED, TECHNICAL DEPT. (AIRAIRCRAFT) 
y 
2746 I ROBIN FEYS 
GEOFCISENV 

ANN - 859483 REE - 15801713 CC - AERO REPORT: QCX-AVRO-CF105-P.P.R. 13 
ADD. ICE - AERO QCX-AVRO-CF105-P.P.R. 13 ADD. I THANKS VERY MUCH SA! 
TERRY SMITH 

I REPL y VIA: ENVOY 
I ADDRESS : ILL.ACSA 
1. 

I NOTES TO CLIENT : Main's copy is not on shelf. Please forward to Branch. 

I I THIS IS NOT AN INVOICE 

If you have any questions or problems, please 
contact our Client Assistant. 

En cas de problemes OU si vous av~z des questions, 
communiquez avec le bureau d' aide aux clients. 

1♦1 National Research 
Council Canada 

Phone/Telephone : (613) 993-9251 
Fax/Telecopieur: (613) 993-7619 

Conseil national :·,-r 

de recherches Canada Canada 



AIRCRAFT: Arrow 2 

FILE NO: 

TITLE: 

AVRO AIRCRAFT LIM/TEO 

MALTON • ONTARIO 

TECHNICAL DEPARTMENT (Aircraft) 

A VRD ARROW 2 - ZOOM CEILINGS 

Addendum I to Periodic 
REPORT NO :PE:~f.~~c~ Report No !-1 

PREPARED BY Performance Gro.ip DATE April 1958 

CHECKED BY DATE 

SUPERVISED BY RoG.Rose 11-0ATE 

APPROVED SY 

1 SSUE NO, REVIS ION NO. REVl SEO BY APPROVED BY OA TE REM ARKS 

"'1-----+------1---------------t------------------------... 
"'1-----+--------------------t----1t-----------------------
< ..,.,__ ___ ~------1-----+------+----;i-----------------------
0 
0: 



E«'.: A V R O ,1 I A NA FT LI A,f I l"E 0 

MALTON - ONTARJO 
REPORT NO . Addo 1 t o Report No 
SHEET NO. i 

TECHMICAL DEPARTMENT 
PREPARED BY DATE 

AIRCRAFT: 
Performance Groun Avril 1g sS 

Arrow 2 Zoom Ceilings CHECKED BY DATE 

CIRCUL!c'I'ION LIST 

COPIES TO:- COPY HO . 

MESSRS: J.C .Floyd 1 
R.N .Lindley 2 

J .Chamberlin 3 
H .D .}Tiller /, ..,. 
C.V.Lindow 5 

}? oBra .. rne 6 
W .R.Stephens 7 

D.Rogers 8 
I .Liss a , 

-·· " R.Harshall 10 
HcPesando ll 
JoBooth 12 
A oBcle-.r 13 
S.Whiteley 14 

D.N uScard 15 
J.H.Lucas 16 

S .Kwia tkoirnki 1'7 
A O T 11 Onfu7.11 18 
J<,Hodge 19 
E.Burnett 20 
C.Marshall r ,7 

,:_~ 

.H ,MacDougall 22 
J.riousego 23 

R.B.Caims 24 
J.Cohen 25 

tl .B .J•1 cCarter ::6 
R.G.Rose -, ~ 

;:../ 

T. :Eo°t:'erts 28 
A.Crust for R.C.A.F . (12) 29 - 40 
P erf o:nn:: . ..r1ce Group (J) 41 - 4.3 
Librc.. ry 41+ 



A 11/i t, ,. R , I FT l lMITEIJ 

M.A.L TON - ONTARIO 
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SHY,l'.T :-<0. 1 
TECHNICAL 0£PA.RTMEHT -------------~-------

P RF.PARV.O fl'V DATl!i: 

AlRCRAYT . Per form,:n c:e Group April 19~ 
Ar:row 2 Zoom Ccilin~ C'tlECX ED BY 

A.11. in,,~st,.,iga·~. ion hu:; bee11 $';.d e -r,o ascertzin t}ie g;1.in L'l cu. ti tuda 
whlch could be a.ch.ieve<l by t.."-le Arrow 2 when zoom climb t :1c¼cs u.rB employed. 

It was ·found that for all supe:r-sor.1:;: i.'1.i t ial spe~.J3 •,d t:1in the .flight 
envelope, the o::.ximuro al ti tu-.:les reached during .:.. zoo.-n represen t1;;d. u 
considerable i.l1cre::.se over the 1 g power llmi t ~J celling, the m.:.1.xLmun 
in..;r-ement being u.pp r-ox:iJilately 12,000 ft. 

The maxi.'ilUill al ti tu.le wr..ich cc,n he re::ched l:. ~ zoom is l.imite1.-t by 
af t erburner f1a.-ne out 3.::'ld ele·;s. tor trim lL"ni t3 for high superson ic initial 
Mach numbers, a.11d by .1fterburner flame out only for low nuper;:;on ic bitial 
Mach nu:mcers. 
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TECHNICAL OEPARTMEHT 

PREPARED BY DATE 

AIRCRAFT: 
Pe,...f ormance Groun Anril 1958 

Arrow 2 Zoom Ceilings CHECKED BY 

INVESTIGATION DETAILS 

This investigation was undertaken to ascertai.~ the zoon ceilings of 
the Arrow 2 for the half fuJ.J. i.~ternal fuel weight of 55,600 lb. 
(ref. Report 7-0400-34 Issue 16 dated Feb. 1st. 1958). Several zoom cases 
were considered to determine the optimum initial load f~ctor and angle 

DATE 

of climb, for the greatest gain in al ti tucle from various initial Mi:.ch nu.i-nbers 
and altitudes. The load fr.ctors given were not held constant througnout the 
zoom, but were merely held until the angle of climb had reached the required 
valµe; the load factor w~s then reduced to approximately 1.0 

The cases eY..amined were:-

Initial Mach No. 

2.0 

1.8 

1.8 

1.5 

1.5 

Initial Height ft. 

57,000 

52,000 

60,000 

55,000 

57,000 

52,000 

Load Factor 

1.5 
2.0 
limit 
1.5 
2.0 
2.5 
limit 
1.25 
1.5 
limit 
1.5 
2.0 
limit 
1.25 
limit 
1.25 
1.5 
limit 

Climb Angle 

30° '200 '10° 
30°, 200 '100 
30° ' 200 '10° 
300 ' 200 '10° 
300,200,100 
300 '200 '10° 
300' 200' 10° 
30° ' 200 '10° 
300 '20° '10° 
300 ' 200 '10° 
300 ' 200 '10° 
300, 200 ,.lOO 
300 , 200 , 100 
200,100 
300 , 200 , 100 
200 ,10° 
30° '200 '100 
30° '200 ;100 

All these calculations were carried out on the annlogue computer and 
detail machine results are given in Report 72/Comp.A/9. 

The detail results have been cross plotted 2-nd are presented in 
Figso 1. to l.;., which show altitude vs initial load f2.ctor, for the various 
angles of climb. Time ta.ken is also indicated. These cur-lTeS 2.:re included 
in order th2t any tactical analysis involving zoom climbs mi£ht be more 
readily carried out. 
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CHECKED BY 

From fu"l ex2.minatior. of rigs. l w 4 it was fmmd that, i:r.. every C.'.'!se, 
a 100 clinb angle gave the :m2y-;_,.,,llill zooTJ height increment, 2.nd in general, 
close to the minimu."n tiEe tEJ:en to rec:.ch c., given height. 

Tbe results of Figs. 1 to 4 have ·ceen extrapolated to ootG.m the 
final zoom performance picture presented in Fig. 5. Here it can be seen 
that, starting ..,-it..'1 an initii:..l Hach r:unber of 2.0 at the lg power liin.ited 
ceiling of 58,000 ft. the Ar::ow 2 ce:.n be zoomed, ·,,i th c:.n initial 1. 5 g 
load factor, to an altitude of 70,000 ft. and l.65 H. At this altitude, 
afterburner flame-out occurs. 

F_or a starting Mach m.mibsr of 1. 5 at the lg po;;er limited ceiling 
of 57,500 ft., the Arrow car1 be zoomed ·with an initial 1, 25 g load factor 
to an afterblL~er flame out altitude of 62,000 ft. and 1 . .311. With no flame 
out limitatiqn this zoom ceiling could be increased to rough.ly 67J000 ft. 
m. th the Mach number falling to 1.1. 

Thus afterburner flame out limitations restrict the zoom ceiling 
capabilities of the Arrow 2 at low supersonic Mach nur.iber.; w};..ilst at high 
supersonic Mach numbers, the zoom performance is liini ted by both afterburner 
flame out and elevator trim limitations. 

With present afterburner flame out J ird tc:.tions, the aircrc:.ft could 
maintain an altitude of 65,000 fto for 2.43 minutes, starting at 1.79 11 and 
finishing at 1.43 M. 

For an initial zoom froj lo5M at 57,500 ft., the Arrow 2 could maintain 
60,000 ft. for Oo97 minute, starting c.c, 1.3811 f;.Ild slowing iown to the 
afterburner flame out lill'.i t at 1 . .:211. 

It should be noted that no extensior. of zoonE bas ·i:,een cccrried out 
after flame out. i.e. with eng:L.'1e s gi v'...:..ng m.aY.iEUI:1 thrust, A/B unlit, All 
detail calculations, in f2.ct; 1-.·ere c2.rried out on the assumption of full 
afterbui-ner power at all altitudeso 'i:'1:e fl2.we out data used ·,,ere de.rived 
from EM S-8, Issue 2, plO. 

DATE 
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