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NATIONAL ADVISORY COMMITTEE FOR AERONAurICS 

RESEARCH MEMORANDUM 

SUPERSONIC-TUNNEL TE8l'S OF TWO SUPERSONIC 

AIRPLANE MODEL CONFIGURATIONS 

By Macon C. Ellie, Jr., Lowell E. Hasel, 
and Carl E. Grigsby 

SUMMARY 

Supersonic-tunnel tests of two models of similar supersonic airplane 
configurations were made at M8~h numbers of 1.55, 1.90, and 2.32 to 
determine values of the drag, lift, pitching moroont, yawing moment, and 
side force. The two models had bodies, wings, and horizontal tails of 
similar geometry, the horizontal lifting surfaces having taper ratios 
of 2, aspect ratios of about 4, and leading-edse sweepback angles of 
about 430 • The principal difference between the models was the vertical 
wing location relative to the body axis and horizontal tail - one model 
had a high wing and. one model had a low wing. The test results indicated 
no difference in the lift characteristics of the two models and small 
differences in the drag characteristics. The most significant results 
shown by the tests were the variation with Mach number of the differences 
between pitching-i'noment values for the two models, indica.ting the proba
bility of differences in the rates of change of downwash angle with angle 
of attack for the two horizontal-tail locations relative to the wing. 

INl'RODUCTION 

The increased attention to supersonic aircraft and missile cesign 
over the pest few years has greatly accelerat ed the need f or basic super
soni c aerodynamic information. Theoretical work has increasingly provided 
methods for calculating too basic aer odynamic charact e ri stics of components 
such as bodies and a variety of wing plan forms; howe'!er, very IHtie 
experimental data 1s available to check the theory or to pr~dict the 
effect on lifting surfaces of a disturbed stream such as that produced. 
by a supersonic airplane fuselase or by another lifting surface. Theo
retical methods at present appear very ewbTe.rd for calculating the charac
teristics of complete supersonic airplane configurations; thus, tests ere, 
at the present ti1oc, the only adequate means for studying such ceses. 
Because of the general interest in the inform.e.tion it might pr'ovide, 
tests of two supersonic airplane model configurations were made :~ the 
Langley 9-inch supersonic tunnel. 
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The configurations tested do not represent designs approximating 
opti~ums from present-day considerations, since their basic lines were 
conceived in the early part of 1946. The models represent two versions 
of a supersonic research airplane which was intended to ~e carried to 
high altitude by a "mother" ship, released,and accelerated to supersonic 
speeds by. rocket motors of moderate duration. The two models had similar 
bodies and 43 0 sweptback wings and tail surfaces, the wings haVing sharp
edged circular-arc sections. The ·primary difference in the two models 
was the vertical location of the wing - one model had the wing located 
in a high position on the body, whereas the other model had the wing 
located in a low position on the body. Tests of both models at Mach 
numbers of 1. 55, 1. 90, and. 2.32 were made to determine the values of 
lift, drag, pitching momnt, yawing moment, and aide force through angles 
of pitch and yaw. The tests were restricted to fairly low angle ranges 
around zero lift because of load limitations on the force-measuring 
equiprent. Data from these tests are presented herein. 

SYMBOLS 

M Mach number 

p stream density 

q dynamic pressure 

b maximum wing span 

c moment reference chord (See table I.) 

R Reynolds number referred to c 

S wing area (See table I.) 

CL lift coefficient (Lift/qS) 

CD drag coefficient (Drag/qS) 

Cm pitch1ng-moment coefficient (Pitching moment/qSc) 

Cn yawing-moment coefficient (Yawing InOlOOnt/qSb) 

Cy ' side-force coefficient (referred to wind axis) (Side force/qS) 

~ angle of attack 

~ angle of yaw 
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APPARATUS AND TESl' MEI'HODS 

Wind Turmel and Model Support 

-The Langley rinch supersonic tunnel in which the present tests were 
made is a closed-return type which makes possible control of the humidity 
and pressure of the enclosed air. During the present tests, the quantity 
of water vapor present in the tunnel air was kept to values sufficiently 
low so that the effects of connensation in the supersonic nozzle were 
negligible. Changes in test Mach number were provided by interchangeable 
nozzle blocks forming test sections approximately 9 inches square. For 
qualitative, visual-flow observations, a schlieren optical system is 
provided. Eleven fine-mesh turbulence-damping screens are provided in 
the settling crdllUber ahead of the nozzles. 

The models were mounted from the rear on sting supports which 
co~~ected to the scales thro~~ the sting windshield with small clearance 
as shown in figure 1. The scales measure three components in a horizontal 
plane only; thus, for yaw results, the models were rotated 900 • For yaw 
results at different pitch angles, interchangeable bent sections of sting 
as shown in figure I were inserted just aft the rear of the model. For 
integrating the pressure forces acting on the sting, fixed orifices in 
the sting were provi<ted upstream and downstream of the windshield "slot." 
Owing to the fact that the sting between the windshield slot and the rear 
of the model included a removable section, the extent of the fixed 
orifices upstream was limited to a station aft the removable section 
rear joint. 

Description of Models 

Dimensions of the supersonic airplane models tested are shown in 
figures 2 and 3. Because of the difficulty of accurately measuring the 
models, dimensions are shown to only ~0.01 inch. Actually, the model 
components were constructed to much smaller tolerances. Considerable 
care was taken to make all surfaces smooth and free from scratches and 
to make the leading and trailing edges of the wings as sharp as possible. 
Model 2 shown in figure 3 is the later version and it is seer. that the 
main differences from model I are the lower wing location on the fuselage 
and the lareer vertical tail. These changes were indicated by directional 
stability results from low-epeed wind-tunnel model tests. Another differ
ence betweer. the models that should be noted is the longer tail arm for 
model 2. Photographs of the two models shown in figure 4 are included 
to show the filleting ar~ fairing details between the model components. 
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Teat Methode 

The diameter of the sting support for both models is the same as 
that of the rocket-4ischarge station at the rear of t.he fuselage. This 
scheme obviously suggests itself since the sting can be assumed to 
occupy th~ same volume as the initial part of the rocket-jet exhausting 
at stream pressure. Furthermore, if there are no interacting effects 
between the flow over the sting and the flow over the rear part of the 
body, the drag of the model can be measured and clearly separated from 
any thrust considerations. The significant departures from these 
assumptions for the test setup are, first, that the actual rocket-jet 
would probably be discharging at pressures above or below stream 
pressure most of the time and aff~cting the flow over the rear of the 
body, and, second, that the effects felt forward through subsonic por
tions of the jet and stream mixing region on the flow over the rea r 
part of the body will be different from the effects felt forward t hrough 
the sting boundary layer. Because of the foregoing considerations, it 
was felt at the start that the best approach to the a ssumed simulated 
conditions was to maintain the boundary layer over the sting as thin 
as possible in order to minimize the effects of disturbances in the 
region of the windshield slot on the flow over the rear part of the 
body. Consequently, the pressure in the sting-shield~d-balance~ncloeing 
box was kept aa low as .possible so that a suction into the box always 
existed at the windshield slot. Efforts to obtain consistent data, 
especially moment data, with this setup proved futile until press~ 
distribution measurements around the sting revealed significant pressure 
forces on the sting in the region of the slot. It thus became necessary 
to install sufficient orifices on the sting to integrate the pressure 
distribution around and along the sting and obta in these tare forces. 
The orifices extended along the st ing only a sufficient distance "': 0 

measure the forces in the region of the slot (about two sting diameters 
inside the windshield and one sting diameter outside). These orifices 
and. connecting tubing were so arranged that force and pressure measure
ments could be made simultaneously. This arra.ngerent was indicated after 
i t was fotmd that a set of pressure !Ileasuremer.ts could not be repeat ed 
i n check tests owing to the fact that small, uncont rollable, and diff erent 
eC0ent ricities of the sting in the windshiel d altered t he distribution 
of pressures around t he spindle. I t thus beC81'le necessary t o integrat e 
the pressure f orces on the sting for each t est point a t each angle of 
attack of a model . 

The forward exte nt of the fixed orifices was l i!nlted b y the threaded 
joint in the sting. As was mentioned previously, a be nt section of st ing 
was inserted. be tween this j oint and the rear of t he model t o provide J~w 
e.ngles whe n the models were pitched and pitch angle s when the models were 
yawed. Because of forces acting on the bent sting sect.ion, pressure 
measurements for sorre of the tests were made on the bent section by means 
of orifices which had connectir.g tubes leading out of the sting into the 

.. 
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air streaJll -in such a mrumer that it was unlikely that the connecting tubes 
would influence the pressure reading. Since the connecting tubes were 
ahead of the slot, they did influence the flow in the region of the slot; 
thus the assumption had to be made that the pressures forvard on the sting 
were not influenced by the different flow conditions in the region of the 
slot • . Measurement of the pressure forces on the forward part of the 
sting was found to yield significant corrections only for the yawing
moment measurements. In general, all of the sting pressure-force correc
tions had only smell effect on the 11ft and aide force. The significant 
effect of the sting pressur&-force corrections on the moment is due 
mainly to the relatively large distance of the sma.ll forces from the moment
reference pOint in the region of the airplane center of gravity. All of 
the data in the present report have been corrected for only the pressure 
forces in the region of the slot; discussion of the effects of the pressure
force corrections for the remainder of the sting are included in the 
discussion of yawins-moment results. It should be mentioned that in all 
of the data the incre~ntal angles of attack due to load deflections of 
the sting have been included. 

TESI' RESULTS 

Precision of Data 

The total forces on the models and support system were measured by 
means of self-balancing beam scales, the accuracy and reliability of 
which were very good for ~asuring the steady forces on the models in 
the tests. The maximum probable 1.U1certainty of the coefficients due 
to scale errors 1s listed in the following table: 

~ 2.33 1.90 1.55 

c • Y ±D. 0002 tD. OOO2 ±D. 0002 

~ .0002 .0002 .0002 

en .0002 .0002 . 0002 

I 
CIIl .0013 .0013 . 001l 

Cn .0004 .0004 I .0003 

Observation of the data will show that these errors are insignificant. 
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The total uncertainties of the coefficients involving corrections 
due to the sting pressure forces in the lift direction (all but Cn) are 

not known due to the prohibitively tedious process of making sufficient 
pressure rooasurements for precise evaluation. The precision of the 
drag measurements was better than that of lift and moment r:leasureI:1ents 
because the sting side forces had no effect on the drag at zero angle 
of attack' and little effect at the small angles for the tests. The 
effects of viscous drag forces due to the flow over the sting in the 
region of the slot were found from auxiliary tests to be small. The 
total force indicated on the crag scale consisted of the drag of the 
model plus a pressure force equal to the sting-and-balance-enclosing-

, box pressure minus stream pressure multiplied by the sting cross-eection 
area. In the tests, ' this pressure force on the sting in the axial direc
tion was from 2 to 5 percent of the total force and could be evaluated 
within about tiO percent. For the typical value of en = 0.050, the 

accumulated uncertainty in the drag measurement is then about :!:.l percent. 

Wherea.s the absolute angles of attack of the models relative to the 
stream direction are in doubt in a01D9 cases up to ±O. 30 , the angles of 
attack relative to each other in a run are 1IDcertain only to a mrucimum 
of ±D.03°. The errors up to ±D.3° arose from the method used to pitch 
or yaiY the model in a vertical plane while varying the angle of attack 
in a hori zontal plane., 

The maximum variation of Mach number and static pressure obtained 
from stream surveys made in the model test region of each of the 
three nozzles is shown in the following table: ' 

Have rage Mvariation 
Maximum variation 
of static pressure 

(percent) 

1.55 1.54 - 1.56 ±1.3 

1.90 1.89 - 1. 91 ±1.5 

2.32 2.31 - 2.33 ±1.5 

The maximum error in the data due to these small variations of Mach 
number and static pressure is not known; however, it is believed that 
other errors such as those already discussed are of greater ~ign1flcance. 

-------

l 
I 

i 

.. 
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Reynold.s Numbers of Tests 

The teat va: teS of Reynolds number referred to the same chord as 
the moment values (approximately the !man wing chord) are given in the 
following table: 

}wi R X 10--6 

1.55 0.41 
1.90 .37 
2.32 .31 

Results at M = 1.90 

7 

Results at M = 1.90 are presented first because the first teste 
establishing procedures were made at this Mach number and the bulk of 
data is largest. The results showing the variation of Cm, eL, and CD 
with angle of attack for models 1 and 2 at various yaw angles are given 
in figures 5 fu~d 6. A typical Bet of data uncorrected for sting side 
forces is shown in figure 5(a). The results showing the variation of Cn , 
Cy ', and CD with angle of yaw for models 1 and 2 at va.rious pitch 
angles .are given in figures 7 and 8. Unless otherwise specified, the 
results for model 2 are for the model with the ventral fin. Shown in 
figure 9 are yaw results for model 2 with the ventral fin off. 

The pitching moment and lift~urve slopes and angles of zero lift 
are collected from figures 5 and 6 and shown as a function of yaw angle 
for the two models i~ figure 10. It is seen that the tests show no 
significant variation with yaw angle. The Bcatter of zero-lift angles 
is due to the method of varying the yaw angle. The tunnel angle-<>f~ttack 
changing mechanism varies the model angle in only one plane. Angles from 
this plane were obtained with removable sting sections ins~rted just aft 
the rear of the model. Although the angles of the sting sections vere 
precise, the shima necessary to establish the correct roll position of 
the models introduced angle errors vhich shifted the model a.t the various 
yaw angles randomly away from the zero angle reference (stream direction). 
The pitching-moment variation with lift for model 1 shown in figure 11 
supports this assertion by showing random scatter about a single line 
for most of the test points. Similar results given for model 2 in 
figure 12 show even less scatter. 

The l1ft~urve-elope values shown in figure 10 are seen to be the 
SaIne for both model~. Reference to table I shows the total horizon~al 

lifting-eurf~ce area to be very close to the same for bot h models; thus 
the 11ft is indicated to be 1.ll1B..ffec t eo by the di:~ferences in geometry 
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between the two models. The pitching-m.omen~urve slope results 

show higher negative values for model 2. Comparison between the pitching
moment values for the two models is complicated by the longer tail arm 
and larger tail area for model 2 and the fact that the incremental lifts 
of the taiis were not measured. Furthermore, the moment reference points 
for the two models are not .at the same point relative to the approximately 
similar w~plan geozootries. In order to obtain moment-curve-slope 
values for model 2 referenced to the .same point relative to the wing 
vertex as model 1 values, . the model 2 values should be increased by 0.0012. 
Increasing model 2 values thus, it is seen that model 2 has an average 
value of moIIJ!)n~urve . slope about 0.0037 greater than model 1. If it is 
assumed that the li~urve slopes of the wing and. tail are the SB.r:Je and 
that the center of lift of each component acts at its center of area, then 
the momen~urve-slope increase indicated for model 2 with the longer tail 
arm and. larger tail area is only about 0.0010. If the wing 1 ift is assumed 
to act farther forward. at the moment reference point, the moment-curve
slope increase indicated for mo~el 2 is still only about· 0.0019. The 
large difference between these est:1ma.tes and the measured pitching-moIOOnt 
increase indicates the possibility of differences in the rates of change 
of ·downwash angle with angle of attack at the two vertical locations of 
the horizontal tail relative to the wing. 

The yawing-moment and side-force curve slopes and angles of zero 
side force are collected from figures 7 and 8 and. shown as a function 
of angle of attack for the two models in figure 13. It is seen that the 
tests show no significant variation with angle of attack for the small 
angles around zero lift. The larger scatter of the yawing-moment and 
side-force data as compared with the pitching-mmoont and lift data is 
mainly due to the fact that the sting pressure-force corrections repre·
sented a larger fraction of the measured quantities. The data show 
higher values of both yawing moment and side force as would be expected 
for model 2 with the larger vertical tail and longer tail arm. It 
appears that in all cases increasing the vertical-tail area produces 
increases in the yawing moment greater than the proportional area 
increases, whereas the side-force increases are ·either about equivalent 
to or less than the proportional area increases. Discussion ·of the 
relative increases of yawing moment and side force is probably compli
cated by the effect of the wing and tail on the flow over the rear of 
the body, changes in which probably lead to significant c~s in the 
body moment and the moment due to sidewaah at the tail. Sca.t ter of the 
angles of zero side force are due in part to the angle errors intro
duced as previously mentioned by the bent sting sections. The angle 
for zero side force and yawing mOIOOnt should of course be zero since 
the model is synnnetrical about the xz-plane. It is seen that in 
figure 14 for model 1 there are 'systematic sets of points for the 
various pitch angles that would give curves of the variation of yawing 
moment with side force which would not go through the origin. The 
reason for this discrepency is not fully understood; howevel, the mean 
curve for all the data does go through the origin, indicating t he ~odel 

• 
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to have a plane of symrootry. The results for mod.el 2 given in figure 14 
show a mean curve that does not go through the origin, indicating model 2 
to have no plane of sYJIIlWtry. Measurements of model 2 verti.cal-tail 
angle setting indicated that it might be offset by as much as 10 from 
the xz-plane. 

The drag results shown in figure 15 indicate slightly lower drags 
for model 2. RemOVing the ventral fin from model 2 is indicated to 
decrease the drag by about 4 percent. 

Results at M = 2.32 

The results showing the variation of Cw Cu and CD with angle 

of attack for both modele are given in figures 16 and 17. The number 
of yaw angles at which tests were made was restricted because the 
M = 1.90 results showed no significant effect8. Yawin~oment and 
side-force results are given in figure 18 for only model 2 at one pitch 
angle. 

Results at M = 1.55 

The results showing the variation of CM' CL, and CD with angle 

of attack for models 1 and 2 are given in figures 19 and 20. The repeat 
runs of figure 20 were made to check various schemes for integrating 
the pressure forces forward. on the sting with only a limited number of 
pressure readings. Although the effects on the moment of app~oximately 
accounting for the pressures forces on the forward part of the sting 
were small, there remains an unexplainable spread from the maximum 
indicated pitching-moment-curv6-310pe value to the minimum indicated 
value of about 13 percent. Yaw results for models 1 and 2 are shown in 
figures "21 and 22. 

Summary of Test Results 

The pitch1ne~noment and lift results are collected from the data 
and shown in figure 23 as a function of Mach number. It is seen that the 
lift-curve slopes are the same for both models through the test Mach 
number range. For comparison with the lift results, the theoretical 
values of lif~urve slope from the linearized theory are shown for the 
two-dimensional or i~inite aspect ratio case and for a wing with the 
same plan form as the model wing. Comparison of the theoretical lift-

• curve~lope values with the test values based on the total wing and 
horizontal-tail ~rea Indic~tes a convergenGe of the lift-curve-elope 
variation with Mach munber as the Mach number increases. This convergence 

L" ____ ~ __ _ 
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trend between the theory and tests has also been observed in other tests 
of svep~ wings in this Mach number range in the Langley ~lnch supersonic 
tunnel. 

The pitching-moment values shown .in figure 23 sho", considerable 
scatter at each Mach number, thus the curves of ~1/ cicL are shaded 

betveen the limits of scatter for each model. Even though the reasons 
for the scattered values are not completely understood, it seems reasonable 
to assert that the large differences. in the character of the two shaded 
cm-ves are indicative of .different trends for the two models. It was 
stated in the discussion of the M = 1. 90 results that the differences 
in pitching-moment values at M = 1.90 indicated the possibility of 
differences in the rates of change of dawnwash angle with angle of 
attack at the two vertical-tA.il locations relative to the wing. The 
test results indicate Mach number, as well A.S tail location, to be an 
important variable in longitudinal-stability considerations. Lack of 
knowledge of the downwash distribution in the wing wake precludes any 
detailed discussion of the differences in static longitudinal stability 
indicated by the tests. 

The yawing-moment results shown in figure 24 indicate both models 
to be decreasing their margin of static directional stability aB the Mach 
number increases. Considering the body and vertical tail only to be the 
controlling eleroonts, thiB trend might be expected, since the moment due 
to the side force of the vertical tail probably decreases with increasing 
Mach munber at a greater rate than the moroont due to the body. For small 
yaw angles, it was estimated that the stabilizing effect of the spanwise 
shift of the wing drag component is very small. 

The drag results shown in figures 24 and 25 show the drag of model 1 
to be highest throughout the test Mach number range. Addition of the 
ventral fin to model '2 at M = 1. 90 i s i:l.dicated to increase the drag by 
about one-half the incremental difference in drag between model 1 and 
model 2 without the ventral fin. The increased drag of model I above the 
drag of model 2 with the ventral fin is probably due to changes in inter
ference among the model components. Perhaps the closer proximity of the 
boundary-layer wake of model 1 wing to the horizontal- and vertical-t ail 
juncture and bod.y and verticaL-tail juncture has contributed to the increase. 

Schlieren Photographs 

As a matter of general interest, some schlieren photographs of the 
flow about the models a t M = 1.90 are presented in figure 26. All of 
the photographs shown were taken with the schlieren knife-edge horizontal, 
thus show only vertical density gradients. It should be recognized in 
observi ng the photographs t hat the d i sturbances shown are generally the 
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limits of OIUY t hat port ion of three-dimens ional wave patte rns close to 
a vertical plane through the axis of the models. I t. should also be 
r eali zed that the locat ion and shape of waves ehc l osed unsymmetrjcally 
inside an outer conical or three-cliIrensional wave are distorted somewhat 
by the optica~ system. The d_i9t~bances shown in figure 26{a), for 
instance , proeressing from t he nose aft are the conical head wave (dis
torte d. by the wave from the canopy-fusela~ juncture), waves from the 
wing leading-edge-fuselage juncture, waves from the wing traillng-ed~-

. fusela~ juncture, and waves from the tail surfaces. The horizontal
tail boundary-layer 'Wake can be seen in figures 26( a) and (c) and the 
wing bounda.ry-layer wake can be seen for model 2 in figure 26( c) • The 
wing boundary-layer 'Wake in figure 26(a) 1s located in the st ing silhou
ette and cannot be seen. Apparent separation of the boundary layer from 
the body aft the wing is seen in figures 26(b), (c), and (d). This 
indicates that the adverse pressure gradients around the body presented 
by the shock waves at the wing leading- and. trail~d~ junctures at 
the fuselage oay be an important factor in considerations of the flow 
over the aft portion of bodies with wings. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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TABLE I. PERl'INENr MODEL AREAS 

[All areas given to model center line. All data 
coefficients based on wing area = 0.0337. 
Moment reference chord = 0.095 ftJ 

Model 1 Model 2 

Measured wing area, ft2 

Measured horizontal tail area, ft2 

Total of measured wing and hori
zontal tail areas, ft2 

Measured vertical tail Rrea, ft2 

Measured ventral fin area, ft2 

Total measured vertical fin area, 
ft2 

0.0337 

.0054 

.0391 

.0058 

.0027 

.0085 

NATIONAL ADVISORY 
COMMITI'EE FOR AERONAUl'rCS 

0.0333 

.0057 

.0390 

.0087 

.0026 

.0113 
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Model 2 

Modell 

Figure 4. - Photographs of models 1 and 2. 
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(a) Side view, model 1. 

Figure 26. - Schlieren photograph with horizontal knife edges ; 
M = 1.90. 
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(b) Plan view, model 1. 

Figure 26. - Continued. 
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( c ) Side view, model 2. 

Figure 26. - Continued 
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NACA RM No. L7J15 

• 

NACA - Langley Field, Va . 

(d) Plan view, model 2 . 

Figure 26. - Concluded. 
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