Copy
RM L55L192a

[ T |
S IR
l |
[te]
[Ta]
]
=
24
<
(&)
<
Z
5 RES EA}BOSH MEMORANDUM
£ REF EJ.L__,NCF'
-_\
Nor TO 1.4 TAxm
,3 PRON RIS ROOM
h%
F‘LD EFFECTS ON STATIC STABILITY AND CONTROL
~
l ':_: i AT HIGH SUPERSONIC MACH NUMBERS
:_: By Edward F. Ulmann and Herbert W, Ridyard
-r \Q Langley Aeronautical Laboratory
= : ‘W; Langley Field, Va.
pall = T
R — B -
S o N 1!
L N Y -
dz U %
e
d Ot ol goE -
=\ b ) - .
Dl' _5 CLASSIFIED DOCUMENT 13- - . -
i
1
i

= This material i a the National Defense of the Urlled States within the rearing
of the espilonage laws, "‘iLa 18, U.8.C., Secs, 753 ard 79¢, the ‘ranswission cr »evelation of whick in any
ma:-.m tnan\ma\.tho-lmdpe m!spmn_ukedw law,
o

‘NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
March 8, 1956

; CONFIDENTiAL

f;urr-l-;.‘.,_..rm_,{ S i




(L]

L FT
E:
s

L) |l|..IMIH‘\INNHIHI'IMIHM

6014380597 =
NATTONAL ADVLSORY COMMITTEE FOR AERONAUTICS

..vmn.u.

NACA RM L55L1%9a

RESEARCH MEMORANDUM

FLOW-FIELD EFFECTS ON STATIC STABILITY AND CONTROL
AT HTIGH SUPERSONIC MACH NUMBERS
By Edward F. Ulmenn and Herbert W. Ridyard

SUMMARY

Recent wind-tunnel investigations of aircraift~-type configurations
at Mach numbers L.06 and 6.86 have provided data which show that flow-
field interference is of primary importance in stebility and control
calculations at high supersonic Mach numbers and that the location of
stebilizing and control surfaces that give highest effectiveness can be
determined by theoretical studies of these flow fields. A method has
been derived which predicts the trend of downwash around a circular body
as the angle of attack 1s increased. A method has z2lso been derived
which gives good predictions of the tail contributions to lateral sta-
bility through a considerable angle-of-attack range.

INTRODUCTION

The importance of flow-field interference at supersonic Mach numbers
below 3.0 has been discussed in reference 1. These effects become increas-
ingly important as the Mach number is increased beyond 3.0. In this paper,
some iliustrations of the effects of these flow fields will be presented
and it will be shown that, for close coupled configurations, it 1s pos-
sible to predict some effectis of flow-field interflerence on longitudinal
and lateral stability and control.

Figures 1 and 2 present schlieren photographs of the flow around a
model tnat has been extensively tested st Mach numbers 4.06 and 6.86 in
the Langley 11l-inch hypersonic tunnel and the Langley 9- by G-inch Mach
nurber 4 blowdown jet (refs. 2 to 8). The model has a tapered wing and
a cruciform tail srrangement. Several important features of the flow
eround this model can be seen in these photographs. The fuselzge is
fairly blunt and the resultant strong bow wave causes total-pressure
losses tkat reduce the 1lift of the wing and the tail.

In the side view (fig. 2) the wing is obscured by the body but the
shocks from the wing can be seen. These shocks enclose regions of greatly
different dynamic pressure and Mach number zbove and below the wing.

The verticel tails are almost completely covered by these regions at both
Mach numbers but, as will be sbown, this is n9§~g§cessarily & bad situation
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if the tail surfaces are arranged properly. t is obvious from the photo-
graphs and fror considerstions of shock-field strength that these flow fields
are nonisentropic and that their effects on the tail surfaces cannot be
accurately predicted by potential-theory or linear~theory methods.

It should be noted that this peaper will not consider the vortex type
of interference. At high supersonic Mach rurbers, the wing trailing
vortices would not be expected to have much effect on the tail surfaces
for close coupled corfigurstiors such as tnat shown in figure 1, which
nave a wing span considerably larger than the tail span. This supposition
is supported by experimentasl dats which gave a tail efficiency (ratio of
the lift-curve slove of the tail in the presence of the body to the lift-
curve slope of the tail in the presence of the body-wing configuration) of
9Lk vpercent at zero angle of attack and Mach number 6.86 for the trapezoidal
wing model shown in figure 1.

SYMBOLS
= . o S s Liﬁ
CL 1ift coefficient, —a;g
L. teral force
Cy lateral-force coefficient,
QoS
Cm pitching-moment coefficient about center of gravity,
Pitching momert
qS¢c
Ch yewing-moment coefficient about center of gravity,
Yawing mcment
a_Sb
“o0
Cy rate of change of lateral-force coefficient with angle of
B sideslip
CnB rate of change of yawing-moment coefficient with angle of
sideslip
ACYB increment in CYB due to the addition of one or more verti-

cal tail surfaces to a configuration
ACnB increment in C, due to the addition of one or more verti-

cal tail surfaces to 2 configurastion

it
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a angle of attack, deg

B angle of sideslip, deg

b wing span

c wing mean geometric chord

€ effective downwash angle of the horizontal tail, deg
it horizontal-tail incidence sngle, deg

M Mach number

q dynamic pressure

R Reynolds number based on ¢

S total wing are=z

Subscripts:

] free-stream value
U in shock field from upper surface of & wirg
L in shock field from lower suriece of a wing

LONGITUDINAL STABILITY AND CONTROL

Some effects of these flow fields on the longlitudinal stability and
control of this model will be considered first. A very important con-
sideration regarding longitudinal stability is, of course, the location
of the horizontal tail surfaces. Any snalysis to determine the optimum
location of the horizontsl tail must consider the local dynamic-pressure
and Mach number variations in the region of the tail, the downwash veloci-
ties, and the effects of the viscous wzke.

At high supersonic Mach nurbers, the horizontal tail surfaces may be
directly affected by tne compression and expansior flelds from the wing,
since these fields are swept back sherply. Thus it is instructive to
examine the possible variations of dynamic pressure in the shock fields
from a wing through the Mach number range. In figure 3 the ratio of the
dynamic pressure in the flow fields influenced by the constant-thickness
portion of a 4-percent-thick wedge-slab airfoil at an angle of attack of
15° is presented. From the figure, it is seen that the dynamic pressure
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in the compression field from the lower surface increases greetly with
Mach number, whereas the dynamic pressure in the expansion field from
the upper surface becomes so low &s to be negligivle at Mach numbers
around 8 and 1C. Tre ratios of the lift coefficients of surfaces in
these regions to the 1lift coefficients of the seme surfaces in the free
stream wcould be higher in the compression field and lower in the expan-
sion field than the dynamic-pressure retios in figure 3. The reason for
this is that the lift-curve slopes increase in the compression field
because of the lower local Mech number in this region and decrease in
the expansion field because of the higher local Mach number. Flow separa-
tion from the upper surfzce of such a wing would becore a considerstion
at some angle of attack depending on the flow conditions. It is of
interest to note that separation and the condition of high Mach number
and low dynamic pressure which exists above the wing without separation
both act to decrease the eifectiveness of any aerodynamic surfaces
located in this reglon.

A theoretical exarple of the effects of these dynamic-pressure
veriations and the accompanying Mach rumber and downwash veariations on
the stability and control effectiveness of horizortel tail surfaces is
presented in figure 4. For simplicity of presentation, the two-dimensional
flow field arourd a flat-plete wing is shown at & Mach number of 4.0. A
10° single-wedge horizontal tail surface is placed in three locations:
in the expansion field from The upper surface of the wing, in the plane of
the wing, and in the compression field from the lower surface of the wing.
A surface st location ¢ (in the compression field) will be in the region
of high dynemic pressure as was indicated in figure 5, but the downwash
angle at locetion C is equel to the angle of atteck of the wing, and
defda = 1. Taus, the tail surfece will bhe at zero angle of attack to
the local flow and will produce no lift and therefore no stabilizing
moment, as is Indicated in the t=ble in figure k.

The ssme downwash situation will exist at tail location A, and the
pitchirg-moment contribution of a tail surface there is also zero, as
indicated in the table. A stabilizer located in the region between the
shock and the expansion from the wing trailing edege (2s at location B)
will be in & region ¢ very small upwash (about 0.4° at this angle of
etteck ard Mach number). The dynami:z pressure will be close to the free-
stream value; de/do. will be very close to zero; and the tail will pro-
duce a stabilizing moment. In reference 1, Love has shown that, as
wing thickness and leading~-edge bluntness are increased, there is a
large increase in upwash velocity at wing trailing edges at high angles
of attack. However, this upwash decreases rapidly with distance down-
stream from the trailirg edge. The configurstions wnich will be dis-
cussed in this paper have thin wings and small leading-edge bluntness
and should, therefore, produce cnly smzli values of upwash at the tail.
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If these surfaces are considered to be all-movable control surfaces,
thelr effectiveness BCm/Bit relative to the in-line tail at locstion B

3C\ f/3Cy,
is indicated in the table as - Il —
it Jf\91t/B
at location A would be only 0.6 as effective as that at B; & control at
location C would be three times zs effective as one at B; but the zero

stabilizing moment and the obvious difficulties with ground clearance
might well preclude the use of the low tail position.

. (See fig. 4.) The control

However, a tail location slightly below the wing chord plane should
be used to keep the tall out of the wing wake at low angles of attack,
since at high Mach numbers and low Reynolds numbers & thick boundary
layer is formed on the wing resulting in a thick wzke which causes serious
losses in teil effectiveness.

Figure 5 presents data obtained on the trapezoidal wing model which
show the same veariations of stability with tail location indicabted by the
simplified analysis presented in figure 4. The variation of pitching-
moment coefficient with angle of attack is presented at M = 6.86 for
the trapezoidal wing model (fig. 1) with three tail arrangements: a
"plus" tail and high and low tails with 17° dihedral. At the top of
figure 5, the locations of these tail surfaces are shown relative to the
flow field from the wing root at an angle of attack of 2°. As discussed
previously, a configuretion having a tail surface located just below the
wake should have the highest stability, and this is confirmed by the
experimental data — the plus tail configuration being the most stable.

Thus, 1t has been shown that for this configuration the trends of
stability changes with tail location can be predicted from considerations
of the two-dimensional wing flow field. But when actual values of the
stability and control parameters are required, the body flow field with
its upwash, the total-pressure loss czused by the bow wave, and the local
dynemic-pressure changes must be considered.

Figure 6.compares experimental effective downwash values for the
complete-model and the body-tail configurations with a theoretical pre-
diction of local downwash angle at the root chord of the horizontal
stabilizer. It is seen that both the body-tail end the complete-model
configurations produce upwash at low angles of attack. These upwash
values decrease at moderate angles of attack and change o downwash at
high angles of attack.

The theoretical method is based on body crossflow theory and takes
into account the large decreases in the total pressure of the crossflow
which occur when the crossflow velocity is supersonie. The method was
ased to estimate the loecal downwash angles at the body surface and these
values, shown as the long-dashed curve in figure 6, indicate the same
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trend with angle of attack as the experimental effective dovnwash angles
for the body-teil configuration. The trend 1s obviously quite differ§nt
from potential theory which predicts & constantly increasing upwash with

angle of attack.

In order to investigste the magnitude of the interference effects for
this configuration, the 1ift and pitching-moment curves for the body-wing,
the body-tail, and the body-wing-tall combinations are compared in fig-
urez 7 and 8 witk the curves cbtained by takxing the sum of the theoretical
lifts and pitching moments of the appropriate components. For most cases
tke difference between the experimentel and the summatior theories indicates
thet there are fairly large interactions in certsin angle-of-attack ranges
for these corfigurastions.

Tre elffect of tzll Zocation orn longitudinal cortrol as obtained from
tests of the model witn higan and low horizontal tail surfaces with positive
erd negetive dihedrel is shown in Tigure 9. The change in pitching moment
for a tail deflection of -10° is presented, and the lower tail configura-
tion shows much grester effectiveness as angle of attack is increased,
since the tail surfeaces move Intoc tane region of higher local dynamic
pressure and lower Mach number produced by the wing a&s indiceted by the
simplified aralysis (fig. 4).

IATERAT, STABILITY

The rnext vart of the raper will be devoted to & discussion of the
effects of shock-field interaction on latersl stabllity derivetives and
a nmethod of predicting these effects.

Tre effect of adding the wing tc the body on the variation of the
directional stability paremeter Cn. wita angle of aitack for the test
airplane model at Mach nurber 6.86 is presented in figure 10. Thke data
indicete thet at angles of sttack grester than 10° the wing produces a
steble ircrement of yawing moment due to the effect of the compression
field from the wing lower surface on the afterbody. Data have also been
obtained on hign and low wing configurations which show a greater increase

in Cnﬁ with angle of attack for the high wing location, as would be
expected.

Figure 11 presents the effect of tail arrangement on the variation
of the directional stability parameter through the angle-of-attack range.
With no vertical tailes presernt there is a considerable increase in sta-
bility as the angle of attack is increased.

The upper and lower verticel tails produce sbout the same increment
in directional staebility at an angle of attack of 0°, but the contribution
of the upper teil decresses as the angle of attack increases, whereas
that of the lower tail increases. At an angle of attack of 169, the lower
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tail configurstion has the same value of CnB as the two-tail configu-

ration, showing that an upper vertical stabilizer may become totally
ineffective at high Mach numbers and high angles of atbtack. Thg same
trends were also found at Msch number 4 in tests of the same model

(ref. T).

A method has been derived to predict these effects of angle of attack
on the leteral stability parameters. In this method the sidewash field
produced by yawing the body predicted by potentisl theory is superimposed
on the shock-expansion fields from the wing, and the forces and moments
on the vertical-tail surfaces are obtained by & strip-=theory method.

This method has been used to calculate the increments in CnB and CYB

due to the addition of the “ertiecal tail surfaces to the airplane con-
figuration, and a comparison of the theoretical and experimental values
of these increments at Mach mumber 4.06 is presented in figure 12. The
computed values of ACYB through the angle-~of-gbtack range are in excel-

lent agreement with the experimental values for the three tail arrange-
ments. The predictions of ACnB are slso good for the configuration

with upper and lower vertical tails, but the predietions for the upper
tall a2lone and the lower tail alone are less accurate, although the
trend with angle of attack is given correctly for the lower tail con-
figuration. These increments have been obtained with and without hori-
zontel tails on the model, and show very little effect of the horizontal
tail surfsces as would be predicted by the theory.

Figure 13 presents the same comparison at Mach number 6.86. The
trends are estimated very accurately, but the absolute values of the
slope increments are usually too high. It was realized that the pre-
dictions were probably too high because the total-pressure losses through
the body shock weve had not been considered. In order to check this,
the flow field around the body at zero angles of atiack and sideslivp was
czlculated by the method of characteristies, and the increments in side
force and yawing moment on the vertical stebilizers in this flow field
were computed. The results for the configurstion with both upper and
lower tails are indicated by the short lines on the zero angle-of-attack
ordinate and show better agreement -with experiment than the results of
the method which does not consider the losses through the body bow wave.

Theoretical calculations of CYB and Cn and theilr varistions

with angle of attack have been made by this method for two other configu-
rations et M = k.06. These configurations (fig. 14) heve wings and tails
with sharp leading edges and wedge slsb sections. A comparison of the
theoreticel and experimental results is presented in figure 15. The
agreement was better than that obtained for the trapezoidal wing model,
probably because of the sharp leading-edge wing and tail airfoil sections
and the rectangular plan form of the wing. The agreement for the model
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with delta teil surfaces was about as good as that shown in this figure
for the trapezoldal tail surfaces.

CONCLUDING REMARKS

The analysis cf the data presented here has shown that flow~field
irterference is of primery importance in stability and control calcule-
<ions at aigh supersonic Mech numbers and thet the location of stabilizing
and control surfaces that give aighest effectiveness can be determined by
theoretical studies of these flow fields. A method has been derived
which predicts the trend of downwash around a circular body as the angle
of attack is increased. A method has also béen derived which gives good
predictions of the tail contributions to lsteral stebility through a
considerable angle-of-attack range. The method used in the latereal sta-
bility cese considered the two-dimensional flow fields from the wings
but not the vortex fields from the wing or the body. Further work remains
to be dcne or longer, more slencer configurations for which the vortex
type of interference will probably be importent.

Langley Aeronautical Leboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., November 2, 1955.
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VARIATION OF DYNAMIC PRESSURE WITH MACH NUMBER
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EFFECT OF TAIL LOGATION ON LONGITUDINAL STABILITY
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EFFECT OF TAIL ARRANGEMENT ON DIRECTIONAL STABILITY
M=6.86; R=343,000

=3¢

002 /_ _¢_

Cn
Fop——=
o
-002 -
| I 1 1 1 [ - ]
(o] 4 8 12 16 20 24
a,DEG
Figure 11

PREDICTION OF LATERAL STABILITY
M=4.06. R = 27XI0%

}~

a,DEG

Figure 12
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PREDICTION OF LATERAL STABILITY
M=6.86; R=343,000
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