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CF-105 MONTHU PEaFORMA NCE REPORT - 4 

INTRODUCTION 

This is the fourth of a series of monthly performance reports for 
internal usage, to be issued from the Aerodynamics Department. 

Only the maximum performance in the stratosphere has been revised 
since t he third report. The alterations are due to 

- Revision of the trim drag estimate 
- Revision of Orenda PS 13 maximum thrust estimate 

The pertinent changes are noted in their appropriate sections, 

A note on the effect of installing Sparrow II Missiles in place 
of Falcon missiles has been included as subsequent performance reports 
are to be based on the CF-105 with a sparrow missile pack, 

Successive reports will present the latest data, with the alterations 
from the previous report noted. The report is divided into three major 
sections 

1, CF-105 Performance 

2, CF-105 Drag 

3, Engine Data 

SECRJ: 



Jemwry 

f'T"RF'r'RMANCT NC'TE ON TIIB 

EFFECT C'F TN:,TALI ING ~P~RRC'W II IJFS JIJ'S IN PL 'C:F OF FALCC'NS 

The lat('st, ,,,ebl t and e.g. estir.1EJte (by no mei.rs finalized) for tre CF-JO:, 
wHr. 4 Srarr0w II miiisi]es submeq:ed 1n the armEment bay ehoVIB the follcdng 
changes ever trEJt cf the CF-]05 carrying 3 ful]y submerged Falcons. 

CF-105 - P.S. 13 

CF-105 - J-75 

Weight. Increese Fwd. Shift in C.G. 

1243 lb. 

1243 lb. 

1.09% ru,.c. 

1.04% M.A.C. 

The performhnce in this and previous Monthly Reports heve been based on 
Falcon missile armament. 

Based on the above data then, the CF-105 will suffer a 6% reduction in 
1 g1 at 1,5 M.N. at 50,000 ft. on installing Sparrow Missiles. Subsequent 
Mont}oly Performance Reports wil] be b1..sed on Sparrow missile armement. 

SECRE. 



PERFORMANCE 



1. 

SECRE -

CF-105 PERFORMANCE 

The perform~nce in tr.is issue is :iub-divided into two parts: 

lA. CF-105 Performance with Pratt and Whittney JT4A-25 Engjnes 

1B. CF-105 Performance with Orenda PS 13 Engines 

SECRET 



lA: CF-105 PERF0R11.AhCE WITb PRATT A,W i'iHIT1/EY (J-75) JT 

(C.G, = 29% M,A,C,) 

The following CF-105 - (J-75) JT 4A-25 performance estimate is based 
on the Wind Tunnel confi5uration designated B2V1 l\1E10N5Dg-4 (ex cert that 
the nose cone angle ras been reduced to 30°). The particular feature of 
this configuration is the extended, notched and cambered leading edge of 
the wing. 

The drag of tJ.-is configuration is summarized (Extract P/Perf/112) and 
is rrPsented in section 2 of this report, A more direct approach of estima­
ting sur"'rsonic trim drag J.- as been ernploved, resultinr, in reduced drag, 

No rPvision has been mP~e to the 1nstrlJed engine data, 

Corrections for the a½ove alteration has been apr]ied directly to the 
maximum rerfcrrnance dat.a in the stratos!'here on7y, No revision has been made 
to the mission rrofiles, 

The pertinent CF-105 Performance Gran ges are listed below: 

!:, Combat 'g' at l ,50 !.1 .N, at 50,000 feet 

6 Maximum Speed at 50,000 f eet 

6 Combat Coiling at 1,50 M.N. 

= + .09 

= + J knots 

= + ll00 feet 

' 



P/PERF/112 

Janu_;r$E:e Rr:-r 
LOi\DING AND PERFORMANCE - 4 \i., C. 

Performance Under N,A.C ,A, Standard Atmospheric Conditions 'I ~4!' '."),-.. 

WEIGH!: 

To R,C,A 1F. Specification AIR 7-4 

(With 2 J-75 Engines) 

Take-Off Weight with 15,356 Lb. Fuel (77.1% Max.) .............. Lb . 
Operational Weight Empty ....................................... Lb. 
Combat Weight (1/2 Fuel) ....................................•.. Lb, 

59,228 
43,872 
51,550 
44,390 Landing Weight (With Reserve Fuel+ Missiles) •••••••••·•••••••• Lb. 

Wing Loading at Normal Take-Off Weight•···•··••···•··••••• Lb./sq/Ft. 
Power Loading at Normal Take-Off Weight•····••·•··•···•·•• Lb./Lb. Thrust 

47.2 
1.60 

SPEED 

True Air Speed in Level Flight 
At Sea Level at Combat Weight 

Maximu.m Thrust . . . . . • • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • Kts. 
Military Thrust ............................... o................ Kts. 

True Air Speed in Level Flight 
At 50,000 Ft. at Combat Weight 

Maximum Thrust . . . . . • . • . . . . . . . . . . . • . . . . . . . . • . • . . • . . . • • . . . . • . • . • . Kt s. 

CULIID 

Combat Ceiling at Combat Weight, Rate of Climb= 500 F.P.M. 
Maximum Thrust Rt 1.5 M.N ••••.•••••.••••.•.•••••••••.•.•.•••.•• Ft. 

RATE CF CLIMB 

Steady Rate of Climb at Sea Level, Combat Weight 
Maximum Thrust at MoN, = .92 ••••••••••••••••••o•••••••••••••••• F.P.M. 
Military Thrust at 530 Kts. •••••••••••••••••••••••••••••••••••• F.P.M. 

Steady Rate of Climb at 50,000 Ft., Combat Weight 
Maximum Thrust at M.N. = 1.5 •••••••••••••••·••••••••••••••••••• F.P.M. 

TIME TO HEIGH! 

Time to 50,000 Ft. M.N. = 1.5 from Engine Start at Take-Off 
Weight= 59,228 

* 755 
640 

1,073 

56,600 

51,400 
15,800 

6,100 

Maximum Thrust . . • . . . . . . . . . • • • • • . . . . • • • • • • . • • . . . . • • • • . . • • • • • • • . • Mins. 4. 9 

MANOEUVRABILITY 

Combat Load Factor at Combat Weight 
Maximum Thrust at M,N. = 1.50 at 50,000 Ft. 

* Placard Speed= 720 Kts. 



T~KE-OFF DISTANCE 

Take-Off Distance over 50 Ft. Obstacle at Sea Level 
Take-Off Weight= 59,228 Lb. 

MaxinruM Thrust ·········••o••••4• .......•....... . . .. . .... .... Ft. 
Military Thrust ............................................. Ft. 
lvA:axinn.im Thrust, Hot Day •.••..••••• , • , •••• o •••••••••••••••••• Ft. 

3,400 
6,700 
4,600 

LA."IDING DISTANCE 

Landing Distance over 50 Ft. Obstacle at Sea Level at Combat ~t. Ft. 5,300 

ST ALLUIG SEPPED 

RANGE 

True Stalling Speed in Landing Configuration at Combat Weight 
at Sea Level .•. ••• •••••••o••• •••••••• •• •• ••. ••• •••••• •••••. •••••• Kts, 110 

Combat Radius of Action at 50,000 Ft., Clin:b at M.N. = .92, Cruise out 
at W.N. = 1.5, Combat for 5 llins. at l, .N. = 1. 50, Cruise Back at 11.?J . ... 92, 
15 Min. Stack at 40,000 Ft., 5 Min. Fuel Reserve on Landing 

High Speed Mission with 15,356 Lb. Fuel ••••••o•••••••o••••o N.~ 0 200 
High Speed Mission with Full Internal Fuel ·••o••••••••••••• N.I;!. 309 

Combat Radius of Action at 50,000 Ft., Wission as above except climb 
at 530 Kts. and cruise out at M.H. = .92 

Maximum Range l,'.ission'with 15,298 Lb. Fuel ••••000 .. 00 .. 0 .. 0 N.IJ. 406 
Maximum Range llission with Full Internal Fuel ... •••••• .• ••• N.M. 605 

Comb,i.t Radius of Action at Sea Level, Cruise out at .6 M.N. and 
Conbat at M.f;. = .92 at Sea Level, Cruise Back at ,92 M.N. at 
40,000 Ft., 15 Min. Stack, 5 Min. Fuel Reserve on Landing 

Sea Level ~ission with 15,356 Lb. of Fuel 
Sea Level Mission with Full Internal Fuel 

. . . . . . . . . . . . . . . . . . N.M • 
N.!.l. 

325 
470 

Ferry Range Mission at Economical Cruise Speed (Ma .92 and Height, 
including 15 Mins. Stacking at 40,000 Ft., 5 Min. Fuel Reserve on 
Landing 

Range with Full Internal Fuel and 500 Gal. - External Tank . N.M. 
Range with Full Internal Fuel ••••••••••••••••••••••••••••o• N.M. 

1,859 
1,609 
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January 1956. 

1B: CF-105 PERFOR~ANCE WITH 0RENDA PS 13 ENGJNF,S 

(C.G. = 29% Y.A.C.) 

The fol]owing CF-105 - PS 13 performance est1mate 1s based on the Wind 
Tunnel configurat1on des1gnated !3:2V1W1EJoN5!},l-4 (except that the nose cone 
angle has been r educed to 30°). The particu]ar feature of tris configuration 
is the extended, notcred and cambered ]eadi ng edge of the wi ng. 

The drag of this confieurat1on js summarized (Extract P/Perf/112) and 
is presented in section 2 of this rerort. A more direct approach of estima­
ting supersonic trim drag has been employed, resu]ting 1n reduced drag. 

The installed stratosphere thrust of the PS ]J with ~aximum afterburn­
ing has been re-estimated using the latest non-dimensional curves. 

Corrections for t he above alterations have been applied directly to the 
maximum performance data in the stratosphere only. No revision has been made 
to the mission profiles. 

The pertinent CF-105 performance changes are listed below: 

8 Combat 'g' at 1.5 M.N. at 50,000 feet 

8 Maximum Speed at 50,000 feet 

8 Combat Ceiling at 1.5 M.N. 

: T 0 15 

= + JO knots 

;;; + 1800 feet 



LOADIN:r AND PEWORM>.NCE - it 

Ferrormance Under N,A.C,A, Standard ~tmospheric Condition~ January l95
6

• 

To R,C.~
1
F, Specification AIR 7·4 

With T'WO PS 13 Engine~ 

[Gm': 
Take-Off Weight 'With 15,510 Lb. Fuel (78.zt Max) •••••••••••••••• Lb. 
Operational Weight Empty o •...•.....•.•••• o •••••••••••••••••••••• Lbo 
Combat Weight (1/2 Fuel) •.....•...•.•••••••••••••••••••••••••• o• Lb. 

• Landing Weight (Witµ Reserve Fuel+ Mi ssile) ••••·••·•·••••··•••• Lb. 
Wing Loading at Normal Take-off Weight •••••••••••·•••··•••••••Lb./Sq.Ft. 
Po'Wer Loading at Normal Take-off Weight ••••·•••·•·••··•·Lb./Lb. Thrust. 

PEED 
True Air Speed in Level Flight 

At Sea Level at Combat Weight 
Maximum Thrust •.....•..•...•.........••••••••••••••••••••••••••• Kts. 
Military Thrust ......•......•...••..•••••••••••••••••••••••••••• Kts. 

True Air Speed in Level Flight 
At 50,000 Ft. at Conbat Weight Maximum Thrust . . • . . • . . . . . . . . . . • . . . . . . . • • • • • • • • • • • • • • • • • • • • • • • • • • Kt e. 

Combat Ceiling at Combat Weight, Rate of Climb= 500 F.P.M. 
Maximum Thrust at 1.5 M.N. •••••••••••••••··•••••••••••••••••••·• Ft. 

RATE CF CLIMB 

55,889 
40,379 
48,130 
42,200 

44.5 
1.19 

* 720 
650 

1,140 

64,000 

Steady Rate of Climb at Sea Level, Combat Weight 
Maximum Thrust at M.N. = .92 •••••••••••••••••••••••••••••••••••• F.P.M. 
Military Thrust at 530 Kts ...................................... F .P.H. 

50,000 
25,200 

Steady R1.1te of Climb at 50,000 Ft., Combat Weight 
Maximum Thrust at M.N. = 1.5 •••••••••••••••••••••••••••••••••••• F.P.M. 

15,000 

TIME TO HEIGHl' 
Time to 50,000 Ft. M.N. = 1.5 from Engine Start at Take-Off 

Weight= 55,889 Lb. Maximum Thrust .•.........•....••......•••••••••••••••••••••••••• Mins. 400 

MANCEUVRABILITY 

Combat Load Factor at Combat Weight 
Maximum Thrust at M.N. = 1.50 at 50,000 Ft. 

1.99 

* Placard Speed = 720 Kts. 



- 2 -

F/Ferr/1µ, 

TAKE-OFF DISTANCE 

Take-Off Distance over 50 Ft. Obstacel at Sea Level •••••••••••••c 
Take-Off Weight= 55,889 Lb. 

Maxil!llllll Tllrust •....•....•....•.•.•. •. • . . . . . • . . . . . . . . . . . . . . . . Ft. 
111.li tar-y 'Tllrust • . . • . . . . . . • . . . . • . . . . . . . . . . . • • . . • • . • . • . • . . . . . . P't. 
Maximu.m Thrust Hot Day •••..•••.••.••....••...•••..•.•••.•.•• Ft. 

LANDIJ«:i DISTANCE 

2,500 
3,800 
3,300 

Landing Distance over 50 Ft, Obstacle at Sea Level at Combat Weight Ft. 5,000 

STALLING SPEED 

True Stalling Speed in Landing Configuration at Combat Weight 
at Sea l,evel ........................•.............•....•.• o ••••• Xts. 105 

RANGE 

Combat Radius of Action at 50,000 Ft., Climb at M,N. = .92, Cruise•out 
at M,N. = 1.5, Combat for 5 mins. at M.N. = 1.50, Cruise Back at M.N. = .92, 
15 Min, Stack at 40,000 Ft.,5Min. Fuel Reserve on Landing 

High Speed Mission with 15,510 Lb, Fuel••••••••••••••••••••• N.M. 200 
High Speed Mission with Full Internal Fuel••••••••••••··•·•• N.M. 318 

Combat Radius of Action at 50,000 Ft. Mission as above except Cruise 
Out at M.N. = .92 

Maximum Range Mission with 15,510 Lb, Fuel••··••••••·•·••••• N.M. 315 
Maximum Range Mission with Full Internal Fuel••••••·•••••••• N.M. 491 

Combat Radius of Action at Sea Level, Cruise Out at .6 M.N. and 
Combat at M.N. = .92 at Sea Level, Cruise Back at .92 M,N. at 40,000 Ft., 
15 Min. Stack, 5 Min. Fuel Reserve on Landing 

Sea Level Mission with 15,510 Lb. of Fuel 
Sea Level Mission with 11'1.tll Internal Fuel 

Ferry Range Mission at Economical Cruise Speed (M = .92 and Height, 
including 15 Mins, Stacking at 40,000 Ft., 5 Min, Fuel Reserve on 
Landing 

N,ll. 
N.M. 

21. 7 
318 

Range with Full Internal Fuel and 500 Gal. - External Tanlc. N.M. 1,675 
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SECREff 

CF-105 DRAG NO'IE 

Extract P/Perf/112 

J arruary 19 56. 

Thie extract contains the latest CF~l05 drag data used for performance 
estimations . The particul ar fea ture of this configuration is the extended,­
notched, and cambered leading edge of the wing, aoo can be identified by 
the wind tunnel designation 1½V1 Wf1~5Ds-4 except that the nose cone angle 
has been reduced to JOO. 

The supersonic CnMin has been anchored by the selection of CoMin • .02 

at 1.5 M.N. This is based on the first CF-)..05 free flight model test and 
•area rule' estimate. Similarly, the subsonic value is based on the free 
flight model test a.n:l. estimates. 

The drag due to lift, including elevator drag to trim, has been obtained 
(up to 1.23 M.N.) from C.A.L. Wind Tunnel Project No. W.A.844-DDJ results. 
The model was .04 scale, the Mach number range was from .5 M.N. to 1.23 ~.N. 
with the corresponding Reynolde I number range going from 1.6 to 2. 5 x 10 • 
No allowance has been made for scale effect. 

At Mach numbers greater than 1.23, the drag coefficients have been 
extrapolated where possible by data from N. A.C.A. reports. Of particular 
interest is the method of estimating trim drags at supersonic speeds. A 
preliminary note (extract P/Perf/114) on this subject is included in this 
report following the drag curves. 

The subsonic drags are unaltered from that given in Monthly Report No. 1. 
However, the supersonic -drag is now determined from -



Where • 

D 

p 

M 

e 

AR 

,:f 

h 

a.c. 

CF-105 DRAG NOTE (Cont'd.) 

- Total Drag - Lb. 

- A~bient Pressure - Lb./Sq.In. 

- Mach Number 

- Minimum Drag Coefficient 

- Aircraft Lift Coefficifnt 

- Lift coefficient at CnMi.n 

- Aerodynawic Drag Efficiency Factor (0 = 0) 

- Aspect Ratio (1.995) 

- Control Angle 

- Angle of attack 

- Centre of Gravity% M.A.C. 

- Aerodynamic centre% M.A.C. 

- Pitching moment coefficient at CL• O, 0 = 0 

- Elevator Pitching Effectiveness at constant CL 

- Non-linearity factor for OMO 

- Lift increment on control/lift j ncrement on w:i ng 
(see Fxtract P/Perf/114) 
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AlRO AIRrRIFl l/tf/T/0 

DEPARTMENT (Aircraft) 

• Ru e RT N , P/Perfo~ance/114 

CF-105 
I r 

.L 

PRELIMIN.\RY NOTE ON A 1/ETHOD OF 

S Hl:..FT N 1.. 

J . ).'.orris 

BSTI!lu\TING TRIM DR:\G AT SUPERSCJJHC SPEEDS 

It can easily be shown that the theoretical drag, a t supersonic 
speeds , of a tno dimensional airfoil with a control surface is as 
follows:• 

( 1) 

Obviously I the equation will have a similar form in the three 
dimensional case. 

The first thing to establish is that the equation has the 
right form when compared with experimenta l results. The dat a of 
'llJ A52L04 has been used to make t his comparison and is presented in 
Figures 1 and 2. It can be seen that the equation compares very well 
with the experimental data up to c( = 12° & O = -15°; above 
I u -15°, the experimental drugs are lower than the equation would 
predict. 

The object of this note is to devise a method of estimating J Cn 

l 

--~ 
J (O+cif 

In the theoretical two dimensional case, the drag of the control 
surface is equal to the component of the normal force on the control 
in the fl ight direction, i.e • 

.X0 = llC1 ( O + (X) cos Q to the first order 
C C 

where - tic1 is the lift on the control divided by qc and 
c Q is the control lead i ng edge sweep. 

and tcoc = J CL ( O + o() 2 
COB 9 = ¾ ( 0 + d. )2 COB Q 

c) 0 

JCD = ¾ cos Q 

. J (0 + q)2 
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In the three dimensional case -

6Cnc = ticLc 6c1w ( 5 + O:) cos Q 

6C1w 
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~~- Morris 

C H EC K ,E BY 

-'-----

where • 6 CLw is the lift coefficient on the aircraft due to the 
control. 

:. J Gn .. is a2 cos Q 

J (o + ctf 
where - K • tic1 2 C 

lfoLw 

The ratio of experimental to theoretical K2 vs Mach nUinber has 
been plotted in Figure 3. From these results, it would appear that 
the theoretical K2

1 s agree very well with these obtained from 
experiments, 

The estim~ted K2
1 s for the CF-105 are shown in Figure 4, and the 

experimental K2
1 s from the Cornell tests are also plotted. 

It is sometimes convenient to re-arrange equation (1), sub­
stituting for Q from the lift equation, 

c1 "' a1 Q + ~ o 

Vie then have -

The first two terms in the above equation represents the mininrum 
drag coefficients and the conventional induced drag and what remains 
we define as the trimming drag Cn O. 

(2) 

and The pitching moment due to controls at constant c1 = (ho - ~} a2 5 "' CM& 

CrJ o = (K2 - 2k2 + .::_\(GMO \ z. + (~ - l \ ~ 2C1 
a
2 

a1 e7TA} h0 -~} ~l eTA) (ho-ho) 

(3) 

and in trimmed flight -CM Ii = Cu
0 

+ ( h - ho) CL 
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that the minimum drag does not occur 
gener!illy CL = a1 (o( - o< 0 ) + 820 then 

0 A TE" 

J an:- 1 56 

CM
6
2 ( cL-cLcm,11~ 

(ho - ho) 

The dre? coefrici •rnt vs CL curve for the CF-105 at M = 1.5 has 
been evaluated using the above equation and is presented in Figure 5; the 

11 vs c
1 

curve using the method outlined in CF-105 Performance ,Report 
No. 1 is also shown. • 
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SYW.SOI..5 - Cn - Drag coefficient 

Cno 
- Drag coefficient at zero CL 

CnMin 
- Minimum drag coefficient 

CL - Lift coefficient 

CLcDMin 
- Lift coefficient for minimum drag 

CM - Pitching moment coefficient 

Ci./> - Pitching moment coefficient due to controls 

er.lo - Pitching moment coefficient at CL = o, o = 0 

al - ~CL 

~ct 

h
0 

- Aerodynamic centre 

h
0 

- Centre of elevator lift 

e - I nduced drag factor 

A - Aspect r atio 

ct - Angle of attack 

0 - Control angle 

- Trim drb g coefficient 
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January 1956. 

J. CF-105 l!.STALLED E.,GI IE DATA \... 

The methods of estimating installed engine datti (extract P/Power/51) has 
been presented in section J of CF-105 Monthly Report No , l, with minor revi­
sions noted in Report No, 2 and J. 

No furtr.er revisions have been made to the J-75. 

The Orenda PS lJ maximum tbrust in the stratosphere has been re-estimated 
(P/Power/56) based on the latest Orenda non-dimensional data - curves 12907 
to 12916. 

• 
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