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6- by 6-Foot Supersonic Tunnel ... 
Research on Interference Problems 

I would like to talk to you today about the research being 

done in the various NA.CA laboratories on the aerodynamic e:t'fects 

of mutual interference between wings and bodies. In the past we 

have been concerned, pI'imarily, with airplanes which were composed 

of a wing of rather high aspect ratio on a re1ativeJ.y small body 

and with a relatively small tail plane on the after .portion of 

the body to provide the required stability. Such an airplane 

is illustrated here on this first chart. It is evident, I believe, 

from examination of this a :Lr :plane, that the j_nte:i:ference problems 
' I 

here are (1) the interference of the wing on the body and (2) the 

interference of the wing on the ta:U . Since the body diameter 

is small relative to the wing span the interference of the body 

on the wing is almost negligible. In general_, since for such an 

airplane the body or the fuselage contributes only a small portion 

of the total lift and p:i. tching moment, even t he interfei·ence of 

the wing on the bod.y is not a major item, so that, wi th proper 

design, the interference problem here is reduced, essentially, 

to one of the ef fect of the wing on the tail. 

With the development of faster aircraft, however, other 

interference problecns have become much more sign:i_f icant. In 

order to fly with reasonable efficiency at high subsonic or 

supersonic ·speeds we must utilize wings which are very thin . 

This means that in or der to carry the s ame lift we must reduce 



1'. 

'' 

.,. 


< , 

.,. 

• 'I 

the span of the wing so that the bending stresses near the wing 

root section are not excessive . In such a case, as illustrated 

by the airplane shmm here . it is evident that the diameter of 

the body is much larger relatj_ve to the wing span than for an 

afrplane designed for lower speeds. It should be noted. also that 

the reduction of the wing span, or the reduction in wing aspect 

ratio, results in more serious interference between the wing 

and tail of the airplane since in this case the dow"'!JWash of the 

wing becomes highly a.istorted . 

The interf erence problem becomes even rn.o re accentuated when 

we consider the design of high-speed missiles. For supersonic 

missiles there is even a fr:r ther restriction on the aspect ratio 

of the wing, since the wings must be very thin and since the 

missile must develop very high accelerations so that it can tur n 

i n a tight circle when pursuing its target. For a typical 

missile the wing span may be onl:· twice the body diameter , the 

boa_y size :necessarily being l arge in order t o house the electri­

cal gui .J.ance system and. the rocket propelling motor and war-head . 

It is evident f roir1 the foregoing that the higher the speed. the 

greater these interfe rence proble:r.ns become, until at Mach 

numbers of the order of 2 the wing-body and the wing-tail inter­

f erence are primary factors in determining the aerodyncunic 

characteri s t ics of the aircraft. I t is our purpose here today 

t o discuss with you both t he theoretical and experi;1ental 

research that j_s being conducted on these interference problems . 



., Wing_Body Interference 
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Let's discuss first the mutual interference of the wing 

and body. On this chart are shown results of an experimental 

l • 

' ' 
investigation perfOl'l"led in the Langley 8-foot m.gh--Speed Wind. 

Tunnel. Here. we show the load distribution over the isolated 

body and over the j_solated wing, and in this figure is shown 
, I. 

the load distribution over the combined wing and. body. These 

dashed lines show the load distr:l.bution calcuJ.ated as the sum 

of the separate load dj stributions, neglecting interference. 

The solid lines show the experimental distrfoution over the 

wing-body corEbination. Yot.~. ' 11 note that the load ove:c the wing 

near the ·body anc. the load on the body near the wing are affected 

by inte:cference, the inte ~c :i'erence being shown by the difference 

between the dashed and solid lines. These results show that the 

wing-boc.y interference results in a loss in lift for the wing­

body combination, which loss we call the interference lift. 

The wing-body interference effects here are significant in that: 

first, f rir a given lift, the bendi:1g rnorr.ent in the wing 5.s 

increased t y the interference effects and : secondly, the air­

plane :must go to a higher angle of attack to obtain the same 

lift which means that the s.irplane drag will be greater. 

The next chart is the result of a theoretical investigation 

of a wing-body interference problem espec i ally applicable t o 

missile designs. In this chart we have plotted the spam1ise 

distribution of the lil't for the wing_-body conib:i.nation as cal­

culated by simple superposition of the wi.:CJ.g and bod.y lift 

pressures shmm by the dashed lines and also from a more ao.equate 
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theory which considers the interference between the wing and 

body. It will be noted that in the vicinity of the bnd.y the 

li:t't is greatly reduced . In this case, since the span of the 

wing in terms of the body diameter is much smaller tha:1 for the 

airplane we d.iscussed in connection with the previous chart, 

the interference ef fects are much larger . 

In this portion of the chart we show the results o:f some 

experiments run in the Ames 1- by 3-foot ~dnd tunne1 for the 

:purpose of determinj_ng the correspondence between the theory 

and the results of experiment . We have plotted here the lift 

interference; that is, the loss i n lift occasfoned by the mutual 

interference ·between the wir:g and body as a function of the ratio 

of the wing span to the body diameter . The physical significance 

of the hor1_zont al ax:Ls oi' this curve is illustrated by the 

sketches of the wing-body comb j.nations whj_ch were investigated. 

You will note that the theoretical results show that the inter_ 

ference becomes smaller as the wing span increases rela.tive to 

the body diameter until with large wing spans the lift interfer­

ence j_s negligible. The results of our experj.mental i nvestigation 

are shown by the circled points . The experimental results indi­

cate that i n geP..eral the wing-body interf erence is somewhat less 

than predicted. by the theory . The discrepancies can be attributed 

to certa:i_n simplifying assumptions i n the theory rr.ade to permit 

the solution of the compl ex mathematj_cal equations. 

Because of the small wing span relative to the body diameter, 

the interference effects determine in a large part the aerc>d;yr::iamic 
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characteristics of a missile. 'l1lis interference problem. is 

further accentuated by the fact that, on many missiles . 

crucifo:cm wings are necessary since the missile must s:;_multan­

eously develop high, normal and lateral accelerations. An 

aj_rpJ.ane can, of com·se, develop large lat eral and normal 

accelerations by a combination of banking and turning, but for 

a missile there is not suff id.ent time to perform the bank and 

turn maneuver . Some missiles, therefoTe, are reqnired to 

accelerate laterally without banking, which means that vertical 

lifting surfaces as well a s horizontal lifting Sl],rfaces must be 

providerl. An exa;.npJ.e is shown i n this sketch. For such a 

., . miss:Lle we have the f'c L"the r problem of the interference between 

the vertical ana. horizontal w1ngs. In the interference problem 

here, we have considered the case of roll control for the missile 

. ' where two halves of the horizontal wing are deflected different­

ially, this one up and this one down , and the vertical wing 

constitutes an interTerence plane. On thj_s chart we have shovm 

the load di stributlon over a cruciform wing_body combinati on 

obtained from a theoretical investigation in the Ames 6- by 6­

foot Supersonic Wind Tunnel sect:::.on , The load distribution 

~ J shown here over the horizontal wi ngs represents those loads which 

tend to oppose the roll:i.ng motion . It will be noted that the 

loads induced on the vertical wing ::;ive an opposite moment around 

the missile axis to that caused b y the J_oads cm the h-:1r:i.. zontal 

wing . In this case, the interference effects_influence the roll­

ing power of the control to a significant degree. 



Wing-Tail Interference 

... 
One of the most serious interference problems is that 

which is concerned with the effects of the downwash of the wing 

on the tail of an aircraft. This problem becomes much more 

•• severe as the speed of the aircraft increases, since, as was 

noted previously, the aspect ratio of the wing must be reduced 

as the des:i.gn speed increases. On this chart we have shmm a 

> • graphical representation of the downwash field behi nd a wing of 

moderate aspect ratio designed to fly at high subsonic speeds 

and a wing of low aspect ratio such as would be used for a 

missile flying at a Mach number of 2 - - that is, at twice the 

speed of sound. It will be noted that for the moderate aspect 

ratio the vortex sheet behind the wing distorts very little by 

the time it reaches the tail plane, so that in this case, the 
' f 

interference between the wing and the tail is small a.nd can be 

easily determined. For the low aspect ratio, however, the vor­

' 't tex sheet rolls up rapidly and is greatly distorted at the 
" . 

location of the missile tail. The distortion of the vortex 

sheet in this case causes a complex flow pattern in the region 

of the tail and results in interference that is of large magni­

tude and difficult to calculate. The problem hae been solved 

theoretically, however, by recent work by the Ames Theoretical­

Aerodynarnics Group . 
.. " 

As was pointed out previously, many high-Speed missiles a.re 

fitted with cruciform wings. This, of course . further increases 

the complexj_ty of the downwash field in the vicinity of the 

missile tail since in this case the mutual interference of the 
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wings and the interaction between the distorted vortex sheets 

from each wing causes such a complex flow that serious stability 

difficulties may be encountered by such missiles . AJ.1 experimental 

investigation of the downwash beh:i.nd cruciform wings has been 

recently made in the Ames 6- by 6-foot supersonic wind tunnel. 

Results of the investigation are shown on this chart. The flow 

fields shown here are for the missile at an angle of attack and 

w:i.th three different angles of bank. The results are shown in 

the form of vectors which represent .the magnitude and direction 

of the transverse flow veloctties in a plane perpendicular to 

the miss:i.le axis. The plane represented here is located at the 

probable position of the missile tail. Here, with zero angle of 

bank it will be seen that two vortices appear in the flow field 

just above the projected wing location. In between these two 

vortices there is a region of high downwash velocity and outside 

of these vortices the flow veloctties are upward. The flow field 

here does not differ from that for a single horizontal wing since 

in this case the vertical wing carries no lift. When the missile 

:i.s banked 22-1/2° as shown in the next chart, however, the lift 

is carried by both wings and in this case four vortices appear 

as shown here. The :fl.ow has no symmetry in this case. The 

complexity of this flow is :i.llustrated by the circulation that 

tal~es place at each of the vortices, which combines in the general 

flow field to give a large downwash j_n this reg1.on and. a large 

sidewash velocity in these regions From data such as these the 

characteristics of the tail may be calculated since these data 
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permit the angle of attack of various sections of the tail plane 

to be determined, which in turn ;>ermits the loading on the tail 

to be calculated , 

Here the missile is banked !1.5° and the flow again has 

symmetry. The mutual interaction of the vortices causes the 

two lower vortices to move a~art and the two upper vortices to 

move together and downward. If we were to examine the flow at 

succeeding planes downstream we would find that the two upper 

vortices pass dmm between the two lower vortices .• resulting in 

an even more complex flow fj_eld . 

To illustrate further the downwash interference problem for 

cruciform wings we have prepared a motion picture of the flow 

behind such wings in the Am.es 6- by 6-foot Supersonic Wind 

Tunnel. In order to visualize the :flow behind cruciform wings, 

we have maae use of a technique recently developed at this 

laboratory. In this visualization technique, a small amount of 

water vapor is introduced into the wind tunnel. Since the air, 

in passing through the test section of the wind tunnel expands 

to a low pressure and the temperature of the air becomes very 

low, the moisture which was introduced condenses a.'1d f orms fog. 

By shining a :plane of light across the test section throughout 

the condensed water vapor. the action of the vortices behind the 

cruciform wing can be observed. 

The next chart shows a schematic drawing of the vapo'.!.·-screen 

apparatus . Here we have a cutaway section of the wind tunnel 

showing the cruciform-wing model supported on a sting located 
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between the two test-section windows. 'l'he light source was 

placed outside the far window and the light was passed through 

a slit so that in the tunnel a plane beam of light passes 

through the air stream, illuminating the condensed moisture 

particles in the air stream. The flow patterns in the dmmwash 

field behind the cruciform wing appear due to wake disturbances 

affecting the nature in which the l:i.ght is scattered by the 

particles of water. 

6- by 6-foot Supersonic Wind Tunnel Movie 

Scene 1 

Th:i.s is a view of the Ames 6- by 6-foot Supersonic Wind 

Tunnel taken :from where you are new seated, showing the test 

section of the tunnel and the flow vj_sualization windows. As 

we move up closer to the wind tmmel you can see the cruciform 

wing mod.el mounted on the support sting ready for tests. 

Scene 2 

Here is a view inside the tunnel showing the model and the 

supporting sting. In this tunnel the model angle of attack is 

changed in the horizontal plane through the differential move­

ment of the two halves of the support system. For this reason 

the gun ca.111era with which we tal{e :pictures of the vapor screen 

is mounted on the side of the supporting sting as shown here. 

The plane of light which illuminates the particles of fog which 

form the vapor screen is ca.st across the tes t section of the 

tunnel and intersects the model at about this position which is 

essentially the location of the stabilizing tail surfaces. The 



gun camera, therefore, is placed dovmstream of the vapor screen 

and the flow you will see in subsequent pictures is the view 

taken by this gun camera from this down-stream position. 

Scene 3 

We wHl now show you the flow studies taken at 0 bank angle. 

You will notice that as the angle of attack increases the vortkes 

behind the lifting wings here appear first as two small dots. 

0As the angle of attack increases up to about 5 these dots grow 

in size and the usual form of a vortex appears. You all have 

probably observed. such Yor"t.ices in water, in a stream for 

instar1ce, which is flowlng past various obstacles. This visual 

.., study of the rolling up and displacement of the trailing vortex 

sheet associated with a lifting wing is helpful in determining 
, . 

the downwash f ield to be used in estimating tail efficiencies . 

The angle of attack of the model has reached the maximwn and is 

now decreasing. You can see that the strength of the vortices 

decreases as the angle of attack decreases. ~:'hese motion 

pictures have been taken through an angle of attack range of 0 

up through 15°, which is the usual range in which the missile 

flies during a turning maneuver . 

Scene 4 

In these :pictures the model is banked 22-1/2° counter 

clockwise, which 5. s equivalent to the missile accelerating in 

the lateral direction with about half the acceleration it is 

experiencing in the vertical plane. In this case, both wings 

are carrying lif t and you can see that a~ the angle of attn.ck 
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increases the vortices appear behind each wing tip. The vortices 

behind the horizontal wings are more intense than those behind 

the vertical wings, since the strength of each vortex is pr0­

portional to the lift carried by each wing panel. You will note 

here that there 5.s no plane of semmetry in the flow and that the 

flow field is extremely complex. In fact, the flow field here 

is so corrg;ilex that no theoretical solution has been found which 

adequately describes the flow The angle of attack has reached 

the maximum flow and has begun to decrease, resulting in a 

decrease in the vortex strength. I believe it is apparent that 

in this case the interference between the wing and the tail 

placed in such a flow f ield may be very complex and will result 

in unusual stability characterl stics unless the tail is designed 

. . 
in SclCh a manner as to minimize the effect of the complexity of 

the flow field . 

Scene 5 
I 'r 

For these pictures the model is banked 45°, which Js 

equivalent to the missile experiencing a lateral acceleration 

that is equal to the normal accele.rati.on. In this case you can 

see that as the angle of attack increases the vortex flow behind 

each wing panel is of a·bout the same strength as would be expect­

ed. The flow here has a plane of symmetry whi ch makes it a little 

less difficult to treat , The reasons for the flow dj_sturbances 

shown here are not understood at the present time. The vapor 

screen technique has only very recently been developed and the 

. .,. 
flow pictures have not been fully analyzed as yet. There is 



'" undoubtedly some interaction here between the shock waves 

given off by the wings and those given off by the body which 

) > may cause regions in which the fog is dispersed. The angle of 

attack has again reached the maximum value and is now decreasing. 

The results of these vapor screen studies have been correlated 

with the resu.1ts of stream angle measurements behind the same 

model and it has been found_ that the vapor screen technique 

shows the location of the vortex cores with fidelity. What we 

need to do now is to determine some means of estimating the 

vortex strength from these pictures. If this is possible then 

the est:bnation of the down.wash and sidewash characteristics of 

the flow in the pla11e of the tail can be done with greater ease 

with the visual streaJn technique than with the tedious method 

of measuring the flow angles point by point in an extensive wind 

tunnel investigation. 

Concluding Remarks 

The discussion given by the previous speaker and the results 

o7 the movie you have just seen give you a few examples of the 

work being done on important interference problems in the various 

laboratories of the NACA. It has been shown, I believe, that 

these interf erence problems have become of greater significance 

as the speed range of the aircraft increases, and they are of 

greatest importance in the estirration of the characteristics of 

guided missiles. Even more complex interference problems are 

being investigated at the present time including the eff ects of 

interf erence in de termining the dynamic motions of a missile. 
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Display for presentation of "Airfoil-£ody Combinations" by 6- by 6-foot supersonic tunnel . 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

AMES AlltONAUTICAL LABORATORY, MOFFETT FIELD, CALIF. 
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