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mu~cE msumm~s (EXCLUD~IG DRAG) 0N A 

DELTA WING AIRCRAFT AT TRANSONIC SPEEDS 

by 

M. M. Shaw 

Force measurements (excluding drag) have been made on a delta wing 

aircraft at transonic Mach numbers. The effects of removing the nacelles 

and fin in turn have been measured, and the longitudinal and lateral deriva- 

tives are plotted agsinst Mach number. 

A large contribution by the nacelles to lift and pitching moment was 

found, and this has been successfully accounted for using existing methods. 

* Replaces R.A.C. Technical Report No.65177 - A.R.C.27491 
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1 INlROlXJCTT()IJ 

The model described in this Report is one of those tested ta give 

information about the behaviour of a supersonic transport aarcraft designed to 

cruise around M = 2. 

Earlier v,,srk' had established the sui'abilily CP Lhe delta shape fw a 

supersonio transport, and at the time of the present tests (June 1962) a stage 

had been reached when extra detail could be introduced and work done at off- 

design conditions. 

The model tested in the 3 ft x 3 ft wind tunnal at R.A.E. (Bedford) was 

a l/85 soale representation of the current shape of the aircraft. The engine 

nacelles and the fin were removable in order to isolate the effects of each. 

Model details are given in Table 1 and Figs.l-4. 

2 RANGE OF EXi%RIMENTS 

Five-component balanoe mn;iwrcments mere t&en at five transonio Xach 

numbers. The tests were repeated to include three mcdel configurations. 

The complete aircraft was tested first, then the nacelles were removed, and 

finally the nacelles were replaced and the fin removed. 

Measurements on each configuration included a range of incidence at 

earo sideslip and a range of sideslip at about 69 incidenne. 

Normal force and pitching moment cre presented for the symmetrical 

incidence variations. Sideforce, yawing moment and rolling moment derivatives 

have been obtained from measurements with varying sideslip. 

Forces and moments are referred to body axes, and the reference length 

for longitudinal and lateral coefficients is co, the centre line chord of the 

basic wing. 

The Reynolds number based on o. is 2.1 x lG6. 

3 ACCURACY 

The accuracies quoted below have been obtained from known instrument 

accuracies and from examination of the curves, with particular reference to 

repeat points. 
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Definition -- 

Pitching moment about 
0.5 y/qsoc 

Normal force/qS 

Sting incidence 

Mach number 

Angle of sideslip 

Rolling moment about 
sting axis/qS co 

Yawing-moment about 
o-5 cc/qsco 

Sideforce/qS 

ace& 

acn/w 

ac ap 
J 

Accuracy 

to-co15 

+o*ool+ 

*o.o5O 

+o-003 

+_o*05° 

+o.w03 

20.Go05 

+_o-Go3 

+0.002 

~0~005 

+0*015 

q is the kinetic pressure, S and co are defined in Table 1 giving model 

details. 

The model was tested both erect and inverted in order to discover and 

correct for any irregularities in the tunnel flow. The flow curvature was 

found to be negligible, and an upwash of 0.07 degrees has been allowed for in 

the plotted results. 

4 RESULTS AND DISCUSSION 

4.1 Longitudinal measurements 

4.1.1 iqormal force 

Fig.5 gives curves of normal force coefficient versus sting incidence 

with nacelles on snd off. 

The basic wing planform of the model described in this Report is a delta 

having about 6% sweepback. The actual planform is modified from this by 

the addition of leading edge fillets and by cutting off the tips. It is 

useful tarelate che work of these tests to that done by Squire, Jones and 

Stanbrook on a delta wing body combination having 65' sweep, and in fact 

Fig.5 shows that the development of lift as incidence increases follows a 

similar pattern to the development shown in Fig.9 of Ref.2. A minimum lift 
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ourve slope occurs at approximately 2 degrees incidence end as incidence 

either increases or decreases from this value the slope increases. This 

effect is caused by the flow separating from the leading edge over the upper 

or lower surface respectively and rolling up into vortices giving rise Co 

ncn-linear lxft. The amount of non-linear lift first increases and 

subsequently decreases as Mach number is increased up to end beyond unity, as 

also found in Ref.2. 

At all Mach numbers tested, adding the nacelles decreases the lift at 

constant incidence,moving the lift-versus-incidence curves bodily sideways, 

so that at sll incidences the decrement in lift due to nacelles remans 

constant, although the amount of displacement vsrios with Mach number as csn 

be seen in Figs.5 and 7. The explanation of the constancy of kift decrement 

with incidence lies in the fact that the nacelles are placed well back on the 

wing, SO the wing acts as a turning plate to the flow, end thus the 100al 

incidence of the nacelle surfaces remains roughly corstsnt. It is interesting 

to note that the widest divergence beixeen nacelles on and nacelles off OccurS 

at a Mach number of 0.94 where the lift at constant incidence (Fig.7) has 

fallen appreciably on the complete model, but has not yet done so for the 

model without nacelles. This type of variation will be seen again, end comes 

from the fact that the presence of the nacelles decreases the effective 

slenderness of the wing-body combination, thus leading to earlier and more 

exaggerated transonic force variations. 

4.1.2 Pitching moment 

Pitching moments with and without nacelles are plotted in Fig.8. 

The camber surface of this wing was dosigned' to give a small (O-002) 

positive Cm, at a Mach nt.mber of 2.2. Fig.9 shows that at transonio speeds 

the value of Cm0 (nacelles removed) increases to about 0*007. 

The similarity of flow development with incidence as between Ref.2 and 

the present model is again brought out by comparing Fig.8 of this Report with 

Fig.10 of Rof.2. It should be mentioned that the oember of the wing described 

in Ref.2 was applied to reduce the subsonic and transonic lift-dependent drag, 

whereas the camber on the present model was applied to reduce the trim drag at 

cruise Mach number. Nevertheless the main featxres of both wings, namely the 

sharp edges and the sweep, are sufficiently alike, as can be seen, to m&o a 

valid oomparison. 

Addition of the nacelles, to a first rough approximation, increases the 

pitching moment by a constant amount at all normal force coefficients. This 



effect however is modified by a relatively large change in shape of the 

pitching moment curves as the transon10 Mach number range is traversed. Again 

thelearlier and more exaggerated variations with nacelies on are evidenced. 

The plagnitude of the pitching moment increment due to nacelles is 

surprisingly large. Whereas Cmc due to camber is about 0*007, tne maximum 

increment due to nacelles is O-017, two and a half times as great. 

The aerodynamic centre movement with Mach number (Fig.10) is not affected 

greatly by the addition of nacelles and is similar to that described in Ref.2. 

4.1.3 Effect of nacelles 

The discussion of the previous twc paragraphs indicates that apart from 

special variations of pitching moment in the transonic range, the addition of 

nacelles change3 the liftacdpitching moment by amounts r.hich are constant 

with incidence at a given Mach number and increase with subsonic Mach number 

approaching unity. If, as has been suggested, this result crises because the 

wings acts as a tilted flat plate, thus allowing the local incidence of the 

nacelles to remain unchanged and near serc, it seems likely that the effect 

can be accounted for by a relatively simple non-lifting hypothesis. 

In order to apply this hypothesis yle need to assess the effect of 

internal flow of the nacelles. In the present tests the air passed thmugh 

a parallel passage formed by the wing lower surface and the nacelle internal 

surface. The assumption is made therefore that the nacelles were running full 

and further that ahead of the nacelles the local flom remained parsllel to the 

wing cut to the depth of the copi lip. Then the flow velocities and directions 

over the nacelle external surface may be considered the 33:~ as ever a bump of 

"the same shape placed directly on the wing surface. The pressures on a bump 

of this type have been calculatec for incompressible flow by the method of 

Ref.5 as if the bump were one surface of an aerofcil section having a half- 

thickness distribution equal to the ordinates of the bump relative to the main 

wing lower surface. Similar calculations have been made of the pressure 

distribution on the nacelle sidewalls, in order to find the magnitude of the 

pressures induced thereby on the wing surfaces adjoining the nacelles. The 

contributions to lift and pitch from this scurce were small compared mith the 

ccntributzon from the lower surfaces, and have been ignored. 

The calculated pressures have been modified by the Glauert factor of 

l/J-r? and the resulting distribution is shcmn in Fig.ll(a) for a Mach 

number of O-6. Estimated and measured incremental lift and moments are written 
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on the same figure. Tha calculated effect of Mach number on pitching moment 

increment is compared with experiment in P'ig.9. The agreement is seen to ba 

good. 

The calculation of pressure distribution on t!le nacelles was extended to 

supersonio speeds in order to check whether the effect of the nacelles on Cmo 

was comparable with that calculated for the wing camber. These results are 

presented in Fig.ll(b). The method used was to find the prcssure immediately 

behind an oblique shock of the strength required to deflect the flow through 

the lip angle of the nacelle and then to sssume a two-d.imansionalPrandtl-Meyer 

expansion round the convex surface of the naoello. . Again it can be seen the 
4 _. agreement betwcon theory and experimont .~s good. Furthermore,the increment in 

C mo is now small. In prnotice the full mass flow condition assumed in the 

foregoing calculations is not neoessarily typical, particularly for transoni.0 

speeb. The hypothesis is less easily applied when flow spillage is present. 

Tests‘elsevrhere4 on this model had shown a high supersonic drag due to 

the nacelles. Accordingly, a nacelle ws designed having a more slender 

external shape (Table 2). The effect of blaoh number on the surface pressures 

of the new (Mark II) nacelle has been o&:ulated by the methods just described. 

Typical results are given in Fig.12. Owing ts the increased slenderness the 

incremental forces and moments are much smaller, and the supersonic value of 

Cm0 renams small. Thus last has been confirmed by unpublished results6 f-YOSl 

tests in the 8 ft x 8 ft tunnrl at Redfor& 

4.2 &ateral measuremw 

Variations of sideforce , yawing moment and rolling moment with sideslip 

(present model, Mark I nacelles) are plotted in Figs.13, 14 and. 15. All these 

results were taken at an incidence of about 65" cor~espxding to a lift 

ooefficient of 0.2. In Figs.l6-18 the derivatives are presented as funotions 

of Mach number'. Fig.16 shows that the contributions of the nacelles and fin3 

to the rate of change of sideforoe with si&eslip are roughly proportional to 

their projected areas in side elevation. Fig.l7 show that the effect of 

nacelles on directional stabiliw is not very great compared rr-th that of the 

fin; this is as might be surmised from the positions of the nacelles and fin 

relative to the moment centre taken with the values of sideforce derivative for 

each. 

Rolling moment due to sideslip (Fig.18) is more strongly dependent on 

Mach number than either of the other two derivatives measured, and shows also a 



marked transonic irregula-ity with nacelles present. Remmel of the nacelles 

causes a roductmn in stability similar in magnitude and sense to that caused by 

remonng the fin. This indicates that the pressures induced by the nacelles 

on the wing surface have a greater effect on rolling moment due to sideslip 

than the direct sideforce on the nacelles themselves. 

5 CONCLUSIONS 

(1) Characteristics of the model of a supersonic aircraft design have been 

measured in the transomc range, and derivatives have been found, 

(2) The nacelles make a large contribution to C,, in the speed range tested. 

(3) Successful predictions of the amount of this contribution have been made 

up to high subsonic speed and also at supersomo speeds. 

(4) The contributions of nacelles to the lateral derivatives yv end 8v are 

significant. 
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Table 1 -- 

REFEiCFNZE DIMEXSIOHS AND MODEL DXTAILS 

Wing area S 

Wingspan b 

Basic wing & chord do 

Aspect ratio A 

Basic wing L.E. sweep 

Wing fillet sweep 

Trailing edge sweep 

Inclination of wing datum to body datw 

Camber design 

Body length 

Max depth 

Max math 

Inclination of sting to body datum OH 

Fin exposed area 

Tip chord 

Height above body datum 

Leding edge sneep 

Fin arm 

Fin volume coefficient 

Nacelle length 

Nacelle width 

Duct cross-sectional area 

Base area 

Lip angle 

Sidewall sweep angle 

Moment reference point 

66.528 in2 

v-93 in 

II-917 in 

1.483 

63-43O 

75*96" 

-5" 

-0.5" 

sua. No.2 

22.672 in 

l*l+Q. in 

1.320 in 

o" 

7.488 in2 

O-98 in 

3.348 in 

61-50 

5.980 in 

O-068 in 

5.592 in 

1.272 

O*l+61 in2 

O- 085 in2 

14O 

32-E' 

o-5 co 



Table 2 

NACELLE ORDINATES RESTIVE TO THE VmG LOWER SURFACE 

i 

- 

n 
- 

16 

15 

14 

13 
12 

11 

10 

9 

8 

7 
6 

5 

4 

3 
2 

1 

0 
- 

T 

t 
x 

n 

0 

o-0096 

O-0381 

O-Oh3 

O-1464 
o-2222 

0.3087 

0.4025 

0~5coO 

o-5975 

0.6913 

0.7778 
0.8536 

0.9'57 

0.9619 

o-9904 

I*000 

Zt 

0 

0.0023 

o*OQ92 

0~0178 

0.0238 

O*G280 

O-0310 

0.0326 

O-0 jjl 

0~0330 

0.0317 

0.0265 

0~0192 

0-0118 

0.0057 

0*0014 

0 

8 = nacelle length 

“t 
kk. II -- 

0 
0~0021 

0.0061 

0~0102 

0.0132 

0.0170 

0.~215 

0.0265 

0.0303 

O-0300 

0.0289 

O-0280 

0.0272 

0.0264 

O-0258 

0.0255 

0.0253 
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