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LABORATORY MEMORANDUM 

SUl.livlARY 

This note presents the high-alt itude perfor mance 
data for the C-105 supersonic fighter aircraft in terms which 
will permit perf ormance l:ind intorceptlon studies to be c&rried 
out on an analogue computer . Four sets of dat~ are included 
to allow for existing differences between Avro Aircraft Limited 
and the Aerodynamics Section of the National Aeronautical 
~stl:iblishment in the aerodynamic assessment of the aircraft, 
and also for uncertl:iinties with regard to the centre of gravity 
position of the aircraft during cantat . 
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1. 0 I NTRODUCTION 

heference 1 presents reasom1bly sit:ip le equ&tions 
of motion fo1· the performance of a turboje t ~drcraft in 
three dimensions in t he stri:.to3phere . The object of the 
present study wi..s to provide the chur&cteristic Mii.ch number 
functions for the C-105 i:.ircruf t involved in the solution 

OF 

of these equutions on un analogue computer . I n colli:.boration 
with DnB/CAhDE , who originally requested these di:.ti:., it was 
decided to work out four sets of vi:.lues to ullow for dis­
cr epancies in &erodym,mic estimates existing betweer:i Avro 
Aircruft Limited and the Aerodynamics Sect i on, and also to 
provide for the effect of changes in the location of the 
centre of 8r&vity of the aircraft. 

In order to expedite tha se data to DBB/ GJ'. RDE, this· 
note does not include any description on how the values were 
obti:.ined . The term II Pessimistic Values" pertains bi,sically 
to the estimutes obti:.ined b1. the Aerodynamics Section whereas 
the term II Optimistic Vi:.lues ' is used for the values obtained 
fundamentally from Avro data 0 The forward centre of gravity 
pos itjon (28¾ M.A.C . ) is somewhat forward of the position 
presently used by the Company for combb.t performance calcu­
lations (29 . 5; M.A,C . ), but should not be considered un­
realistic without fuel scheduling since the possibility of a 
forward shift of the centre of gri:.vity limit s may be necessary 
to assure g ood longitudinal handlin§ characteristics during 
lb.nding. The rea1•1rnrd position (34Jo M, l-\ , C,) probably repre­
sents the ext r eme a ft limit with optimum fuel 8cheduling and 
may be prohibit i ve frcm the point of view of directional 
stability . 

2 . 0 h.l:;C;urn1m MACH NUMBEH FUNC'l' IONS 

Following the notation used in reference 1: 

With minor changes , the '1 energy he i 2:ht" equation 
presented therein is: 

dh + i:.2 d(M2 ) 
dt 2g dt 

h f (M) f C Po _S u3M3 were T = T ~ T 2 W = 

6 

( l) 

( 2 ) 
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f ._ (M) ... f ~ ..., K2 ;'. 
V V / !:iM .., 

PO" 2 

( Note tht,t &.n error was mh.de in referonce 1 in t hut r3 (M) 
i s propor tionul to winb loading ri;ther t han to (1\/S)2.) 
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( 4 ) 

(5 ) 

The Vlilues of these functions for various M!:ich 
numbers b.nd for an airc:roft wei: ;ht of 50 , C00 lb ., are 
;·resented in Tab le I. The thrust functions fT are obtained 
from reference 2 und c.re g iven for full reheat &nd no reheht . 
Ncte thut conve~slon to any other liircraft wei g ht ls 
re&dily obtained ~ince fT und f 1 are inversely proportion&! 
to ,rn1 5ht; f ,) i s independent of wei :::;ht and r3 i s directly 
proportlona l ~to wei~ht . 

J , 0 LOAD PA]TOR LIM I TAT I ONS 

I n addition to structur•al load fac tor l i mi t ations 
and pilot blac kout limit s, the u i rcrlift is lolid fac t or 
limited by Cr ( stall and bu f f e t) , maximum elevator de-max 
fle ct ion and max:l.mur:1 ava ilable elevator bint:: e manent, At 
high alt itudes thea e latter three limitations are the 
g ove1·nint.,; ones und :l.n order to simulate the actual per ­
formuncd of the aircraft , the load fu c tor in e~uation (1) 
must be kept ·11 i thin the bounclHrieo def j nod by these 11.r:ii-
t.:.tions . Ge neral ly , the Cr: 11.nitution g over3 ut sub-

:nux 
sonic und low tr&.nsonlc bpedds, the elevator deflection 
~ovarnd at h i~h trunsonic and low ~upersonlc speeds und 
the mliximum ava l lab le elevator hin::;e m0011:rnt governs &. t the 
higher va l ues at superson i c speeds . 

It c!:l.n be shown thut these lirnit1cltions can be 
,:,.xpre:.;aed in the follow i ng form s: 

1 . Limit a tions du~ to sti:,,ll 0 1• buff'1:3t 1.,nd m1.>.ximum ele va tor 
deflection: 

2 . LL-">J itutions dud to maximum a vuilable ele·,::.i.tor hinl e 
monent: 

( 6 ) 

----··-·-- --·-- -------- ------------ - - - - -.......__--------·--------~---' 
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The vulues of the func tions f1(M), f 0 . (M) und 
11,. 1 

f™ (M ) &.re pre sented in Tllble II. Since fL( M ) 13 deter -
2 

mi ned by CLnb.x &.t low spe ed and by rrnx i murn Ei le,va tor de­
flect i on at h i ~hor speeds , this fun0t ion is disc onti nuous 
und the values ~erta i ning to the point of i ntersection of 
the t wo limitutions a.r e i-,resented b.t the bottetn of Table 
II i n the row denoted by f1D • 

Bot h of the above load f1J. ct or limitations are 
inversely proporti on1,.l to 1J. ircraft wei 6ht . 

,wro Ai r cr1,.ft Limited 

08M/FM 

The Problem of Represent.ing 
the Hi 6h - Altitude Performance 
of u •rurbc - Jet Aircraft on an 
Analogue Computer . 
N. A. E. 1M A~-82 , 12 June 1956 0 

CF- 105 Mon thly Per fo r mance 
heport No . 8 , May, 1956 . 
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VALUiS OF TH~ VARIOUS MaCH NU MB~R FUNCTIONS FOri THh C- 10~ AI RCRAFT -
I .. 

TA i3Lt I 

I Thrust and Drae: Functions I Ma ch Full No Pessimistic Values Optirr.istic Va lues I -

! 
No . Reheat Reheat 28% C g . '31% c . e: . 28' o C . e: . 1 l.\o C • .,. • 

M fT fT f 1 f2 f1 f2 f3 f1 f2 f3 f2 f1 I 

I o. 50 460 218 50 -3 9. 2 39 .0 -33 . 2 30 . 5 40 - 37 . 6 36 . 5 - 31. 5 29 o4 z ! 0 . 80 942 541 198 - 56 . 9 24. 2 - 4EL 5 19 . 0 155 - 55 . 9 22. 6 -46. 8 18 . 2 ► 
I 0 . 90 1 , 157 6$2 280 - 62 .o 2L3 -53 . 0 17 . 0 214 - 60 . 0 20 . l - 51.l l b.3 --1 

1. 00 1, 396 850 566 -69 . $ 20 . 7 - 59 . 7 16. 4 504 -72. 9 19 . 7 - 61. 8 1508 0 
' r z I 1.10 1 , 690 1, 041 987 - 88 .4 23. 3 - 74 .1 17. 5 889 - 9408 21.2 - 78 . 3 lb .2 )> ► I 

(D r 

I 
1. 20 2 , 048 1 , 250 1,318 -101.3 24 . 5 -83 . 3 17. 8 1,109 -11 7 .o 24 . 9 - 95 . b 18 . 0 0 
1.40 3 , 085 1, 700 2, 028 - 12 9 . 4 21LO - 102 . 7 19 . 2 1 , 694 -139 . 8 22 . 9 -llLO 16.1 ::0 )> 

fTl 
1.60 3, 930 2,170 2 , 786 - 108 . 7 2EL 4 - 86 . 5 19 . l 2 , 501 -169 . 2 22 . 2 -132 05 15. 2 ):> 

::0 

I -l 0 1.80 4, 800 2 , 580 3 , 730 -60 . 0 27 . 0 - 50 . 7 17 . 6 3 , 513 - 193 . 2 21.4 - 149 . 6 14 .4 0 z 
I 2 . 00 5, 530 - 4 , 990 - 38 . 2 24.0 - 33 . 4 15 . 3 4 , 780 -217 . 5 2L9 -16o . 5 14 . 4 ;;o ► 

' -< C 
I --1 

:s: n 
i fT1 ► 

TABLE II :s: r 
i 0 fT1 i ::0 U1 I Load Factor Limitations )> --1 

Ma ch z ► Pessimistic Values Ooti rni stic Values 0 CD 

No . 28 o Co 2:' • '31.''o Co e: • 2E % e . g . J,.% C .d: . C ~ 
M fL f 1-M 1 fl-M2 f1 fJM 1 f1-M 2 11 1J-M l 1 l-M 2 11 f l-fv\ l fHJi.2 :s: U1 

I 
s 

0 . 50 b . 8 b . 8 6. 8 6. 8 fTl 
z 

0 . 80 12 . 3 12 .3 12 .3 12 .3 --1 

0 . 90 12.2 12. 2 12 .2 12. 2 
1. 00 13.7 13.7 13. 7 l }o7 .; z 
1.10 16. 0 21. 6 18 . 7 21.6 (1 9 ,,, 
1. 20 15 . e 4 . 26 2. 70 22 .5 6. 55 4.1 5 17. 6 4 . 45 2 . 73 25 .1 6. 90 4 . 22 
1.40 l t) . 9 3 . 33 3 . 39 24 . 0 5. 04 5. 14 20 . 4 4 . 00 3 . 75 JO . l b. 45 6. 09 (J) 

1. 60 11L7 2 . 93 2 . 40 2? . 0 4.46 3. 64 23. 9 3. 70 4- 74 3 5 . 8 6 . 06 7. 75 > 
er; 

1. 80 20 . 6 2 . 58 o. 77 30 . 7 3 . 90 1.16 27 . 6 3 . 33 5. 57 41. 8 5. 46 9 . 14 I 

2 . J O 24 . 2 2. 25 0 . 05 Jb . 8 3 . 44 0 . 07 30 . 8 2 . 84 6 . 22 46.6 4 . 60 10 . 06 0 *" .,, Q) 
(IQ 

(J) 

f1n 16. 5 @ M = 1. 05 23 . 1 @ M • 1.12 19. 2 <£. M = 1. 08 25 . O @ M = 1. 15 


