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SUMMARY 

NATI0 AL AER ONAUTICA L ESTAB LISHMENT No . Fn-16 

LABORATORY MEMORANDUM 

wnm FLOY 'l'ESTS TO DETERMINF, THE EFFECT OF THE 
EXTER!iAL STOWAGE OF FOUR N'-44 MI SSI LES ON THE 
LI:P?, DRAG AND PITCHING MOMENT Cfl'..ARACTERISTICS 

OF THE AVRO CF-100 

PAGE l 

Three component balance measurements on the CF-100 half model 

O F 4 

with two N-1~ miseilee etowed externally under the nacelle and nacelle-fuselage 
fillet were made using the wing flow method. A comparison with measurements 
made with a clean model showed that the effect of the installation on the 
lift. drag and pitching moment characteristics of the model was 
within the normal experimental error of the w~ng flow equipment. It was 
concluded, therefore, that the effect of the propo~ed installation on the lift 
and pitching moment characteristics of the aeroplane would be small. 

1. INTRODUCTION 

Three component balance measurements were made on the l/80th scale 
CF-100 half model with two N-44 missiles located under the nacelle and 
fuselage-nacelle fillet in order to determine the effect of the installation 
on the lift, drag and pitching moment characteristics of the model. The 
location of the missiles on the model is ·shown in Figures 1 and 2. The 
missiles were attached to the aircraft model by means of minimu.m pylons, 
designed: to give sufficient ~igidi ty and minimum interference. The dimensions 
and location of the pylon relative to the missile are given in Figure 2. 

MeaB11remente were ma.de on the model with and without the tail and 
compared with the results of tests on the clean aircraft given in References 1 
e.nd 2. 

The nominal tail plane incidence was -2° for the tail-on 
configuration. 

2. SCOPE OF TESTS 

Tests were ma.de. over t he ),f..ach number range fro m M = 0.52 to M • 0.99 
at two different test altitudes, 10,ono feet and J0,000 feet. The approximate 
variation of Reynolds number with Mach number for th e two altitudes is sho~'Il 
in Figure 3. 

The configura tions t ested were: 

a) model without t he tail, missiles insta lled, and 
b) complete model, missiles installed. 

The N.A.E. transonic wing flow facilities were used to conduct 
the tests. The model was supported on Driven Balance No. 4 on the port bu.f!IP. 
•rhe upper BUrface of the end pl~te was O.l inches above the bump surface. 
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4. METHOD 

A steady Mach number was es t ablished i n the fl ow pas t the model 
and the model cycled through twelve degr ees angle of a ttack i n one degree 
steps, the model pausing one-half second at each step. 

5.1 No-tail Conf igura ti on 

The r e sul t s of the test s on t he no-ta i l configuration wi t h 
mis si l e s insta lled Rre given in Figur es 4 t o 11. Tho var i a ti on of t he l ift 
coef fi c i en t with angl e of a ttack i s given in Jl'igures 4 (a) and 4(b). The 
li f t curve slope, dCL , the va l u e of CL at wh ich a break occurred in the 

d(X'." 
cu rve, CL ere~k,A.nd the angle of zero lift, CX..Lo, are !)lo t ted against Mach 
number in Figures 5, 6 and 7. 'l'he general effect of thfl lowe r Reynolds 
number ( tests conduct ed at 3 , 000 f eet) on the lift curve s lope wa.s to 
increa se dCL at low Mach number s and dec rease dC1 a t the h i gher Mach 

~ ""i:1'&" 
numbers. The cu rve of dCL agains t Ma ch numbe r in Fi gure 5 shows t hat the 

~ 
l ift curve slope i ncreases f r om 0. 074 a t M = 0 .50 t o 0 . 088 a t M = o. 82 , 
decr eases t o 0.0.52 a t M = 0. 84 and increase e again to o. 080 a t U = 0. 95. 
CL Br eak decreased f rom . 0.56 at . M - 0.52 _ to . r) . l~ a t M = o. 86 and 
then i nc r eas ed to 0. 40 a t M = o. 95 (Figur e 6) . The ans l e of ze ro lif t shown 
in Fi gure 7 s tayed app roxi ma tely constan t at - 1. 75° a s the Mach number i ncreased 
to M = 0.84 , then suddenl y increased t o -0 . 25° a t M = 0 . 87 , and de reased to 

0 -1.1 a t M = o.9J. 

~'h e vari a tion of c.M . 24c wi th CL i s given in Fi gure 8 . At M = 0. 7 , 
0.78, o .84 and o. 87 there is a considerable chan~e in t he aerodynami c cen tre 
posi ti on a s the l i f t coeff icien t i s increased. At M = o.84 the ae r odynami c 
centre mo ves a f t by 56i of t he chor d as c1 i s i nc reased from . 07 to 0 . 15. 
At M = 0. 94 there i s a marked hysterisis between the values of CM. Vtc fo~ C1 
increas ing and CL decreasing. A similar hysterisis 1s present i n the lif t 
curv e a t M = 0 . 94 (Figure 4(b )) o 

Cr.!
0
24c at val ues of CL = 0 and 0. 2 i s pl o tt ed a gP.in st Ma ch number 

in Figure 9. There is considerabl e s ca tte r i n t he results but th ey i nd icate 
tha t the r e is a nose-up change of trim of about .6.CM = 0. 035 be tween M = 0o85 
and 0 .87 at c1 = Oo This seems t o be associa t ed with th e large aerodynamic 

centre travel shown i n the cur ve 0 f CM. 24~ vs. C1 a t M = 0.8? (Figure 8)0 

Th e drag mea suremen ts a. re ~ive in Fi , r e s 10 a nd 1 where zero lif t 
drag coe f fic ien t , Cn , and the i nduced r ag effi c en cy a c tor . "e 1" are plo tted 

0 against Mach numbero The value s of Cn
0 

gi ven i n Fi gure 10 include the drag 
of the mod el end plate. The drag of the end ~l a te a lone is sho ~m as a ashed 
curve in Figure 10. Figure 10 indicates that the drag rise starts at Ma-0.75. 
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Th e variation of"e"with Mach number given in Figure 11 shows that e decreases 
from 0.72 at M = 0.52 to Ooll at M = 0o87 and then increases to 0.24 at 
M = 0.95. Th e drag data is very sensitive to small zero ehifta in the 
balance chord force directi on and is therefore not considered sufficiently 

reliable to accurately determine the · drag rise. Both" e"and CD
0 

are 

sensi t1 ve to smal 1 d-1anges in Reynolds number in the r8nge of Reynolds 
number within which the tests were conducted 0 

The results of ~he pres ent tests on the no-tail configuration are 
compared with those of Reference l for the clean aircraft without a tail in 
Figures 12 to 17. Comparison of the lift curve slopes with and without the 
missiles installed is 5iven in Figure 12. '.Ihe differences between the two 
curves are not large, no greater in fact than the normal repeatability of 
the wing flow tests. The curves of CL Break against Ma ch number for the two 
cases sh own in FLsure lJ are essentially the same. Figure 14 compares the 
variation of the angle of zero lift with Mad:1 number for the two caseao The 
increase in~1 between M = o.84 and M = 0 0 88 is larger by 00 25° with the 
missiles insta£led. This difference is no greater than the scatter in the 
exnerime_ntal points, however, (eee for example Figure 7 of the present 
memorandum and Figure 5 of Reference 1) so cannot be definitely attributed 
to the missile installationo The curves of ~o24c (at~= 0 and 0 0 2) vs 0 

Ma ch number for the two cases agree within the accuracy of measurement fr om 
M = o. 5 to M = o. 980 Oomparieona of CD and" e" are g1 ven in Figures l 6 a.nd 
17. The curves of Cn have been a d j usteg so that their incompress10le CD 's 
have the same value o 

0
~he drag results are not sufficiently accurate to 0 

determine the difference in CD or"e"with the missiles install&d 0 

0 

5.2 Complete Aircraft 

Plots of th e va riati.on of lift coefficient with angle of atta ck a r e 
· iven in Figures 18 (a ) an~ (b), and the variation of CM.24~ with CL in 
Figures 19 (a) and 19(b)o The hysterisis in the c1 VSo CX and CM

0
24? 

vs. CL curves noted at M :a 0o94 for the no-tail configuration is not 
noticeable in Figures 18 or 190 The CM 24c against CL curves of Figures 

19(a) and (b) are linear as c1 increase; up to c1 Break except in th e Mach 
number region from M = o.82 to M = Oo92, -where there 1s considerable 
movement of the Rerodynamic centre as c1 is increased 0 

The variation of the lift curve slope and CL break with Mach number 
are compared with the results of References 2 (clean aircraft with a tail) 
in Figures 20 and 21. In b o th cases the differences between the curves 
are not significant com!)a.red to the nor mal scatter of the experimental points 
through which the faired curves have been drawn. 

The angl e of zero lift 1s plotted agains t Mar.h number in Figure 22 
for the present tests Yi th missiles installed,, 0(

10 
increases by loJ~ between 

M = o.85 and 0.90 according to this curve and then decreases by 0.6 ' 1 between 
M = 0.90 and M =0.9Jo Similar d.ata. for the clean aircraft was not obtained 
so no comparison can be ma.de. The changes in CX

10 
are, however, the same as 

those observed for the no-tall confi 1guration (Figure 14) 0 
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CM.24-c at CI, = 0 and CL= Oo2 is plotted against Mach number 
in Figure 2J for the model with and without missileso The curves are similar 
for the two case s excep t f or a general shift amountin6 to an increment in 
CM 24~ of about .OJ4 at low Mach numberso A difference of tailplane setting 
between the two tests of a pproximately o.6° could account for the change in 
cM.24c• It is expected, however, that the tailplane setting between flights 
would not be di f ferent by more than Oo25°, so that the results of :rigure 2J 
indicate that the installation of the missilea ea.uses a small nose down 
change in CMo. 

60 CONCLUSIONS 

Three component balance measurements on the CF-100 half model 
showed that in general the effects of the proposed N-44 installation on 
the lift, drag and pitching moment characteristics of the model were within 
the normal experimental error of the wing flow equipmento It was concluded, 
therefore, th~t the effects of the proposed missile installation on the lift 
and pitching moment characteristics of the c1eroplane would be smalL 

.. 
1. Gould, Do G. 
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