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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 the third report. The alterations are due to

AONVAHOS B

- 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

l. CF-105 Performance

Do CF-105 Drag

2. Engine Data




emers 5. SECRED

PTRFORMANCE NOTE ON THE

EFFECT CF I1 MISSIIES IN PLACE OF i
e let t an {(by no mes finalized) e CF-
with 4 S w 11 siles subme: the armsment bay shows llowin
nges cver thst of the CF-105 carrying 2 fully subme =
Welght Incresase Fwd. Shift in C.G. g
CF-105 - P.S. 13 1243 Ib. g,%
SE=105 = J=i5 1243 Ib. 1.04% M.A.C.

The performance in this and previous Monthly Reports have been bused on
1lcon missile armement.

Based on the above data then, the CF-105 will suffer a 6% reduction in
e

g' at 1.5 M.N. at 50,000 ft. on installing Sparrow Missiles. Subsequent
fonthly Performance Reports will be besed on Sparrow missile armament.
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CF-105 PERFCRMANCE
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Janugry 1958
1A: CF- U T ATT AND Y (J=75) JT 4A- ENG ITNES
(C.Ge. )% M.A.C.)

The following CF-105 =~ (J=75) JT 4LA-25 performance estimate 1s based
t ted BoViWiEjoNsDg., (except that

30°). The particular feature of
and cambered leading edge of

on the Wind Tunnel configureticn designs

the nose cone angle he
this configuration is

uration is summarized (Extrect P/Tﬂrf/}]”} and

The drag of tris

is presented in section 2 of this report. A more direct approach of estima-
ting supersonic trim drag lras emploved, resulting in reduced drag.

No revision has baen made to the instrlled engine data.

Corrections for the ahove alteration has been aprlied directly to the
maximum perfeormance data in the stratosrhere only. No revision has been made

to the mission profiles.

The pertinent CF-105 Performance Changes are listed hbelow:
A Combat 'g! at 1.50 M.N. at 50,000 feet + .09
A Maximum Speed at 50,000 fest = + 3 knots

A Combat Ceiling at 1.50 M.N.




P/PERF/112

J aéuarySES‘ﬁ: R ET

LOADING AND PERFORMANGE = 4

Performance Under N.A,C,A, Standard Atmospheric Conditions

To R,C,A,F, Specification AIR 7-4
(With 2 J=75 Engines)

WEIGHT :
Take-Off Weight with 15,356 Lb, Fuel (77.1% Max,) ....ccecees... Lb, 59,228
Operational Welpghti Emplyl o e it oo il e slois lslsie wiale eletalalslule olsiote LD 43,872
Combat Weight (1/2 FUel) suveeeescecseensesesosnsssscscnanssanss LD, 51,550
Landing Weight (With Reserve Fuel + Mi5s11eS) scceeessscseesasss LD, 4ley 390
Wing Loading at Normal Take=-Off Weight .....eeececesceceess Lb./sq/Ft. 47.2
Power Loading at Normal Take=Off Weight e........eceeeoes.. Lb./Lb, Thrust 1.60
SPEED
True Air Speed in Level Flight
At Sea level at Combat Weight "
ETBETITN PUSTERERR im0 0 O e (00 00 500 01 01 0103 080 O 5950 00 01 1 010 G 00 £ 0 8 088 0 o0 B8Oy 755
MITAERTY THIUSY aln oielsie cia e s sia i s siels claieielalelalnislsls siolols elslalelals s slarels's sio'e KlS 640
True Air Speed in level Flight
At 50,000 Ft. at Combat Weight
28 Uy SH0Y SR RAL oy s O O 65 G0 SO O K i B S T L0 3 0 T B B O D s AR 1,073
CEILING

Combat Ceiling at Combat Weight, Rate of Climb = 500 F,P.M,
Maximum Thrustoat il 5 MoN i o0 o e lsaieieleials aleloia skeisie siateistulelslsisirtutet Fi s 56,600

RATE OF CLIMB
Steady Rate of Climb at Sea Level, Combat Weight
Maximum Thrust at MoNo =i 0920 Jll e 0t eieenios sulasie sisisie s alaaiaisisioinie T oPsite 510200
Middtary Thrust at 530 KtS. Geeceecsesveteionses e anssies DoEM 15,800

Steady Rate of Climb at 50,000 Ft., Combat Welght
Maximum Thrust at MoN. = 1.5 ccuceenisusensenesasninesasanasesses FePalle 6,100

TIME TO HEIGET

Time to 50,000 Ft, M,N., = 1.5 from Engine Start at Take-Off
Weight = 59,228
Lot DSt TR O b ab RS 5 e s 0 0 (3 G0 5 0 D I 03 o S ) RO s Gy e BeE 4.9

MANCEUVRABILITY

Combat Load Factor at Combat Weight
Maximum Thrust at M,N, = 1.50 at 50,000 Ft. 1./48

Placard Speed = 720 Kts,




TAKE=-

LANDI

OFF DISTANCE

Teke=0ff Distance over 50 Ft, Obstacle at Sea lLevel
Take-Off Weight = 59,228 Lb,

P«"axil':‘UP Ttht 0000000000600 000670°0000000000c060006000000000000 Ft-
NMilditary Thrmasts il siecsiec s aleatsslcis s sislenios sia e visiss ss aole=raiodiaialaiaten 4itia
Maximum Thrust, Hot Day c.ce-coessesscossscesessecsssssnnonses b Lo

NG DISTANCE

Landing Distance over 50 Ft. Obstacle at Sea Level at Combat "t. Rts

STALLING SEPFED

RANGE

True Stalling Speed in Landing Configuration at Combat Weight
at Sea Level 00 0000000000600000060 00000000000 0008060000000800608006006° Kts,

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 V.,N, =
15 Min, Stack at 40,000 Ft., 5 Min., Fuel Reserve on Landing

High Speed Mission with 15,356 Lb. Fuel .seececeescscscsssso Nolo
High Speed NMission with Full Internal Fuel ...ceseeccecsscce NoM,

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

Maximum Range Mission'with 15’298 Ib. Fuel ..ievocsesnssceso Neile
Maximum Range Mission with Full Internal Fuel ....eseceeesee N.M,

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 15,356 Lb, of Fuel 0000000000000 0000 V-Ma
Sea Level Mission with Full Internal Fuel isccsessssesssscss NoMs

Ferry Range Mission at Fconomical Cruise Speed (N = ,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 [isscsescscissssaesnsssnsnssasce Nale

3,400
6,700
4,600

5,300

110

.92,

200
309

406
605

325
470

—
. .
o o
3
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January 1956.

1B: CF-105 PERFORMANCE WITH CRENDA PS 13 ENGINES

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

The following CF-105 - PS 13 performance estimate is based on the Wind
Tunnel configuration designated BoViWiEqoNsDe., (except that the nose cone
angle has been reduced to 30°), The particular feature of this configuration
is the extended, notched and cambered leading edge of the wing.

The drag of this configuration is summarized (Extract P/Perf/112) and
is presented in section 2 of this report. A more direct approach of estima-
ting supersonic trim dreg has been employed, resulting in reduced drag.

The installed stratosphere thrust of the PS 13 with maximum afterburn-
ing has been re-estimated using the latest non-dimensional curves.

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

The pertinent CF-105 performance changes are listed below:

A Combat 'g' at 1.5 M.N. at 50,000 feet =5
A Meximum Speed at 50,000 feet = + 30 knots
= + 1800 feet

A Combat Ceiling at 1.5 M.N.




.

LOADING AND PERFORMANCE - 4 P/?"RF/I].Z

Performapce Under N,A,C.h, Standard Atmospheric Conditions January 1956.

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

With Two PS 13 Engines

IGHT :

Take-Off Weight with 15,510 Lb, Fuel (78,28 MaX) seecssanssrenes? Lb,.
Operational Weight Empty C................c...................... Lb,
Combat Weight (1/2 Fuel) ......................................o. Lb,
glanding Weight (With Reserve Fuel + Missile) cocecosneeserescetry Lb.
Wing loading at Normal Take-of f Welght ........................Lb./Sq.Ft.
Power Loading at Normal Take-off Welght .................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 Combat Weight
Maximum Thrust .................................................. Kts.

SEILING

Combat Ceiling at Combat Weight, Rate of Climb = 500 F.P.M.
Maximum Thrust ab 1.5 M.Ne ...................................... Fte.

RATE OF CLIMB

Steady Rate of Climb at Sea Level, Combat Weight
Maximum Thrust at M.N. = 092 .................................... F.
Military Thrust at 530 Kts. ..................................... E

Steady Rate of Climb at 50,000 Ft., Combat Weight
Maximum Thrust at M.N. = 145 .................................... F.P.M.

TIME TO HEIGHT
Time to 50,000 Ft. M.N., = 1.5 from Engine Start at Take-Off
Weight = 55,889 Lb.
Maximu Thrust .................................................. Mins.

MANOEUVRABILITY

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

*

Placard Speed = 720 Kts.

55,889
40,379
48,130
425200
LL &S
1,19

* 220
650

1,140

64,000

4.0

1.99




P/Pert/112

TAKE-OFF DISTANCE

Take-Off Distance over 50 Ft. Obstacel at Sea Level .ceceveseccssco

Take-Off Weight = 55,889 Ib.
Maximum Thrust eccecococoocccescssccscscscescsnsasocssvanennss Fte 2,500
M1 ATy Thri R E e shere <0 clelale o te theto s -loletate otetereto ateleteoTe ettt AV S IR I SO M (Y
Maxtmum Thrust Hot DEY o iusessenenseeissiaesesionssienseviessces Et 3,300

LANDING DISTANCE
Landing Distance over 50 Ft. Obstacle at Sea Level at Combat Weight Ft. 5,000
STALLING SPEED

True Stalling Speed in lLanding Configuration at Combat Weight
at Sea Level © 0000000000000 00000000000°820000000000000000880060000 Kts. 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 Ib., Fuel s.ceececcsvoccosccscs NoM, 200
High Speed Mission with Full Internal Fuel ..ccccovececccssss N.M. 318

Combat Radius of Action at 50,000 Ft. Mission as above except Cruise
Qlt at M.N. = 192

Maximum Range Mission with 15,510 Lb, Fuel ....oeevevssasoves N.M. 315
Maximum Range Mission with Full Internal Fuel .eccesceecceoss NoM. 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 Ibo Of Fuel 000 secescesorseves N.M. 27
Sea Level Mission with Pull Internal Fuel ....cecceoccec-oeee N.M, 318

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
Range with Full Internal Fuel and 500 Gal, - External Tank. N.M. 1,675
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SECREI'{ Extract P/perf/112

Jamiary 1956,

CP-105 DRAG NOTE

This extract contains the latest CF=105 drag data used for performance
estinations. The particular feature of this configuration is the extended; .
potched, and cambered leading edge of the wing, and can be identified by

the wind tunnel designation B2V1W1E10N5D8-4 except that the nose cone angle
has been reduced to 300,

The supersonic CDMin has been anchored by the selection of CDMin = 02

at 1.5 M.N, This is based on the first CF-105 free flight model test and
tgrea rule! estimate, Similarly, the subsonic value is based on the free
flight model test and estimates,

The drag due to 1ift, 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-DD3 results,
The model was .04 scale, the Mach number range was from .5 M.N. to 1.23 M.N,
with the corresponding Reynolds'! 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 -

2 2
D/P = 126800M° Afowin + (CLA - CLGDM;Ln) + <x2 - 2K, +1 )(azo)
fr Re ) 82 al ”ARQ
+(§ - 1 «\2 (c:LA 3 CLCDMin) a,b
ey 7 tRe

Trim Dra

and -K& = CLA(h - a.c.) + CMo




fhere =

CF-105 DRAG NOTE {Cont'd.)

Totel Drag - lb,
Ambient Pressure - Lb./Sq.In.
Mach Number

Minimum Drag Coefficient

Mreraft Lift Coefficignt

1ift coefficient at CDMin

derodynamic Drag Efficiency Factor (6 = 0)
tspect Ratio (1.995)

3CLa/08

3Cra /ad

Control Angle

Angle of attack

Centre of Gravity % M.A.C.

Lerodynamic centre % M.4.C.

Pitching moment coefficient at Cp =0, & =0
Elevator Pitching Effectiveness at constant CL
Non-linearity factor for cMa

\

Lift increment cn control/1ift increment on wing
(see Fxtract P/Perf/llA)
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v REPORT A }'/Ferfommce/lu

‘ / ";}., 11RO AIRCRAFT LIAIITF 2}
» 7
TECHNICAL DEPARTMENT (Aircraft o SO HE ]
’ J. liorris ‘ Jan, '56
F-105 , Hecken ape REQHIED

PRELIMINARY NOTE ON A WETHOD OF

ESTIMATING TRIM DRAG AT SUPERSONIC SPEEDS

‘ easil; shown that the theoretical drag, at supersonic
eeds, of a two dimensional airfoil with a control surface is as

follos: =

n

- « 2 gt
(=0, +J0 A +)Cy  8“+)Cp 28 (1)
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Obviously, 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 experimental results. The data of

rignt

U ASRL04 has been used to make this comparison and is presented in
Flgures 1 and 2, It can be seen that the e%uation compares very well
rith the experimental data up to @ = 12° & 6 = -159; above

be -15°, the experimental drags are lower than the equation would

predict,
The object of this note is to devise a method of estimating )Cp .
2
2 (8 +0f)

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 flight direction, i.e.

Kp =AC;, (8+ Of) cos ® to the first order
¢ c

is the 1ift on the control divided by qc and
6 is the control leading edge sweep.

where - ACq,
c

and Mp, = )Cp (8 + o) ? cos 8 = a, (8+ (X)2 cos 6

08
JCD =a2<:osQ
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In the three dimensional case -
Ach = Ach /\CLW (6+ O()cos e

where 'ACLW is the 1lift coefficient on the aircraft due to the
control,

S )0 = K, ap cos e

)6+ )

where = K2 - ACLC

ECLW

The ratio of experimental to theoretical K2 vs Mach number has
been plotted in Figure 3, From these results, it would appear that
the theoretical K5's agree very well with these obtained from
experiments,

The estimated Ko's for the CF-105 are shown in Figure 4, and the
experinental K5's from the Cornell tests are also plotted,

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

CL = al d = 3.25
fe then have =

G = Cp + 02 +(5__2_+1 _:9__1_;2) (325)2+(1<_2-1 >2CL s (2)

A \% 7Rk o 7

The first two terms in the above equation represents the minimum
drag coefficients and the conventional induced drag and what remains
ve define as the trimming drag Cp "~

= AR
The pitching moment due to controls at constant Cp = (ho = h&) a2 i

and
EaN 5 \? k= Gy 2 (3)
Gy = 2-_2-1{—24-.1___ Cy \) + 27\ u 20y,
ap 41 a7TA ho=hy a) oA (ho'h )

and in trimmed flight -Cy° = Cug * (h - he) O
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If we include the facts that the minimum drag does not occur
0 and that Cp is more generally Cp = a; (of - O(O) + a0 then

+ O =
utVL v

the drag squati

on becomes =

n =0 e “ 2 - 6 i ¢
 * Cougn * (L C1 D.“«!inz (E i I % L 3 CM6L CL-CLepuy )
S o St 2 81 UL ho-hb

T a a
e 8 WA (hy = hp)

The dreg coefficient vs Cj curve for the CF-105 at M = 1.5 has

pean evaluated using the above equation and is presented in Figure 5; the
¢ vs C, curve using the method outlined in CF-105 Performance Report

¥o. 1 is also shown.
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n—
Cp - Drag coefficient
Cp - Drag coefficient at zero Cj
CDMin - Minimum drag coefficient

- Lift coefficient

CLC - Lift coefficient for minimum drag
DMin

Cy - Pitching moment coefficient
CM6 - Pitching moment coefficient due to controls
CKO - Pitching moment coefficient at C,=0, 8= 0
ay - BCL
2
2 i’
6
ho - Aerodynamic centre
he - Centre of elevator 1ift
e -~ Induced drag factor
A - Aspect ratio
d - Angle of attack
8 - Control angle
CDB = Trim dreg coefficient
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Junuary 1956,

3e CF-105 INSTALIED EKGIKE DATA

The methods of estimating installed engi
. . stall gine data (extract P/Power/
been presented in section 3 of CF-105 Monthly Report No, ; twifTO;?r/ﬁl) 5
glons noted in Report No. 2 and 3. - il

No further revisions have been muade to the J-75,

/The 9renda PS 13 maximum thrust in the stratosphere has been re-estimsted
(EPoweg/56) based on the latest Orenda non-dimensional data = curves 12907
to 12916,






