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EQUATIONS AND CHARTS

FOR THE RAPID ESTIMATION

OF HINGE-MOMENT AND

EFFECTIVENESS PARAMETERS FOR TRAILING-EDGE CONTROLS HAVING LEADING
AND TRAILING EDGES SWEPT AHEAD OF THE MACH LINES'

By KExyitE L. Goix

SUMMARY

Existing conical-flow solutions hare been used to caleulate the
hinge-moment and effectireness parameters of trailing-edge con-
trols having leading and trailing edges swept ahead of the
AMach lines and having streamwise root and tip chords. Egua-
tions and detailed charts are presented for the rapid estimation
of these parameters. Also included 18 an approximate method
by which these parameters may be corrected for auj'od—sectwn
thickness.

Deflected controls are assumed to be located either at the wing
tip or far enough inboard fo prevent the outermost Aach lines
from the conirols from crossing the wing #ip. For either of
these locations, the innermost Mach lines are assumed not to
cross the wing root chord. The method for determining con-
trol hinge moment resulting from wing angle-gf-attack loading
18 valid for wing plan forms having the leading edges swept
ahead of the Mach lines and having streamwise tips. The only
additional restrictions are that the controls must not be influenced
by the tip conical flow from the opposite wing panel or by the
anferaction of the wing-root Mach cone with the wing tip.

INTRODUCTION

Linearized theory, though neglecting viscosity and second-
order effects existing in practice, is the most practical method
now available for estimating the characteristics of control
surfaces at supersonic speeds. A general application of this
theory to control surfaeces having edges swept either ahead
of or behind the Mach lines is presented in reference I.
(Edges swept ahead of or behind the Mach lines are subse-
quently referred to as supersonic or subsonic edges.)
Conical-flow solutions for varicus deflected control con-
figurations are presented in reference 2. Such solutions
were used in reference 3 to evaluate the characteristics of &
restricted family of trailing-edge control surfaces.

In the present report & general analysis based on existing
conical-low solutions has been made which will apply to a
broad range of trailing-edge control configurations having
supersonic edges and will provide for a comprehensive cover-
age of control location, aspect ratio, taper ratio, and sweep.
Equations and detailed charts are presented from which
lift, pitching-moment, rolling-moment, and hinge-moment
coefficients due to control deflection and hinge-moment

coefficient due to wing angle of attack, as predicted by
linearized theory, may be determined in an estimated 5
percent of the time required without the use of such eque-

tions and charts. Also included is an approximate method

by which these hinge-moment and effectiveness parameters
may be corrected for airfoil-section thickness.
The equations and charts presented are applicable to

control-surface plan forms that vary throughout the range

in which the leading and trailing edges are supersonic and
the root and tip chords are in a streamwise direction.

Deflected controls are assumed to be located either at the .

wing tip or far enough inboard to prevent the outermost
Mach lines from the controls from crossing the wing tip.
For either of these locations, the innermost Mach lines are

assumed not to cross the wing root chord. The method for

calculating the hinge-moment coefficient due to wing angle
of attack is valid for wing plan forms having straight super-
sonic edges and streamwise tips. This method is restricted

only in that the controls must not lie in a region influenced

by the tip conical flow from the opposite wing panel or by
the interaction of the wing-root Mach cone with the wingtip.

SYMBOLS

AL free-stream Mach number

p=+A1—1 _ :

G, G functions of Mach number used in caleculat-
ing two-dimensional-flow characteristics _

A angle of sweep of wing leading edge, posi-
tive when swept back

Agp angle of sweep of control hinge line, posi-
tive when swept back

Arg angle of sweep of wing trailing edge, p051-
tive when swept back

b, span of control surface

e, root chord of control surface

¢, tip chord of control surface

N control-surface taper ratio (¢;/c;)

S area of control surface i

A, . aspect ratio of control surface (b,’/S,)

4/=p4,

A, ares moment of control surface about

hinge axis

L Supersedes NACA TN 2321, “Equations and Charts for the Rapid Estimatfon of Hinge-Moment and Effectiveness Parameters for Trailing-Edge Controls Having Leading and

Tealling Edwes Swept Ahead of the Mach Lines” by Eennith L. Gofn, 1950.
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ares of a Joaded region

area of part of deflected control surface
lying in two-dimensional-flow region less
area lying. in region of overlap of
conical-flow fields

moment of Sz, about hinge axis

moment. of Sg, about control root chord_ -

distance of center of loading from control
hinge axis measured normeal to hinge axis

spanwise distance of center of loading from
control root chord .

slope of airfoil-section contour

one-half airfoil-thickness ratio measured
in plane normal to control hinge axis

maximum airfoil-thickness ratio measured
in plane normal to control hinge axis

chordwise position measured .in plane
normal to control hinge axis

chordwise location of control hinge axis.

measured in plane normal to control
hinge axis

dimensions measured in plane normal to
wing leading edge

Xy distance of leading edge of control root
chord behind wing axis of pitch

Yr distance of root chord of control from root
chord of wing

b wing span

¢, wing root chord

€ wing tip chord

¢ mean aerodynamic chord of wing

S area of semispan wing

__tan A
=78
tan Agr
a="—5 B
tan ATE

d= 3 .

a wing angle of attack, degrees

8 angle of control-surface deflection megs-
ured in streamwise direction, degrees

q free-stream dynamic pressure

Oy = Lift induced by geﬁected control ' .
oy

Moment about control! root chord induced by

(s deflected control

- 76,8,

O — Moment about hinge axis induced by deflected contral

" 2qM,

o-Bimgomoment . _ e
y=Finge o e

Cr=

Lift induced by deﬂec_;ted control

gS
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Rolling moment about wing root chord

*

’dSL)

C= 2488 T
. P1tch1ng moment about wing axis of pxtch )
= gSe¢
F thickness correction factor for Cy, and 7/
F, thickness correction factor for C., and ..‘
F thickness correction factor for Cs_
‘Ap difference between loeal pressure and stream
static pressure
G, pressure coefficient (Ap/g)
Ca, two-dimensional pressure coefficient
26 2a o
(57.3;3\/1_——&) (57 3841— )
P’ local pressure ratio (C5/C,,)
P average value of pressure ratio I’ over
- conical-flow region (‘f R
T angle denoting arbitrary position of ray
in conical-flow field '
T'=74+Arg
t=ftan r
B tan 7
pt
t . .
n, r nondimensional coordinates used in inte-
gration of wing root and tip conical
pressures .
7 angle of sweep of line intersecting conical-
- flow regions of wing at angle of attack
Subseripts:
s, a denote partial derivative of force and mo-
. ment coefficients with respect Lo § or &
ep denotes center-of-pressure ray location
Superscript: '

indicates that parameters P, PSy, PS.7,
PSL:U, tp’, and rep refer to loss of lead-
ing from two-dimensional value rather
than to actual loading

ANALYSIS

. CHARAGTERISTICS DUE TO DEFLECTION OF CONTROL SURFACES

Scope.—Existing solutions ‘of the linearized equations of
Auid motion have been used as a basis for calculating the
characteristics due fto deflection of trail'mg-edge control
surfaces on wings in steady flight at supersonic spceds.
These solutions, as presented in reference 2, are applicable
to configurations for which the leading and trallmg edges of
the control are supersonic and the root and tip chords are

stresmwise.

Two control-surface locations are considered.
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The control is assumed to be located either at the wing tip
or far enough inboard to prevent the outermost Mach line
from the control from crossing the wing tip. For either of
these locations, the innermost Mach lines are assumed not to
cross the wing root chord. For these locations, deflected
control-surface characteristics are functions only of Mach
pumber and control-surface plan form. (The parameter
Cy, depends on cortrol-surface location only when the
control is located inboard from the wing tip and lies in a
region influenced either by the interaction of the control-tip
Mach cone with the wing tip or by the reflection from the
wing root chord of the innermost control Mach line.) Tf
the limitations previously mentioned are considered, the
analysis is valid for all controls except those located at the
wing tip and having the inboard conical-flow regions inter-
secting the tip. In such cases, the conical pressures on the
control, as given in reference 2, are not applicable in the
region influenced by the interaction of the Mach cone with
the wing tip. Necessary corrections for this region can be
determined by the method desecribed in reference 4. Such
corrections are not considered in the present report because
of the prohibitive amount of computation involved. Results
not including these corrections are presented, however,
because they should be very useful as an indication of trends
and should in many cases closely approximate the corrected
result.

Method.—In order to determine control-surface character-
istics, the two-dimensional region and the triangular segments
of the conical-flow regions(fig. 1)are considered independently.
The characteristics are obtained by summing the products
of pressure ratio and nondimensional-area and moment-arm
parameters for all parts (table I). The nature of conical
flow is such that the pressure is constant along any ray from
the origin of the flow field. Any infinitesimal triangle having
the origin of the flow field as an apex, therefore, has its
center of pressure located at two-thirds of the distence from
the apex to the base. It follows that the summation of the
loading of such infinitesimal triangles results in a finjte
triangle having its center of pressure lying on & line parallel
to the base and located at two-thirds of the distance from
the apex to the base. The center-of-pressure location and,
consequently, the desired moment arms can therefore be
determined from the location of the ray on which the center
of pressure lies. General equations for the average pressure
ratio and center-of-pressure ray location for each conical
segment (tables IT (a) and II (b)) were obtained by integrat-
ing the pressure equations of reference 2. (See appendix A.)
Table II(c) presents equations for the nondimensional-area
and moment-arm parameters (in terms of center-of-pressure
ray location) for each conical segment. Equations pertaining
to the two-dimensional region were obtained by treating
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this region as g simple geometric area and are also included.

in table II{c). Results obtained by evaluating the general
equations of table II when they become indeterminate
at taper ratios of 1.0 are presented in table III.

For regions in which the two conical-flow fields overlap,
the method of superposition must be used wherein the losses
in pressure ratio from the two-dimensional value (P'=1.0)
in the two conical-low regions are additive; that is,

P’=1.0—(1.0—P.cl’)—(l-o_f)mc,,)
=—1.04+Pnc/+Puc)/>

(Subscripts me; and me; refer to' inboard and outboard

conical-flow regions, respectively.) The net effects of the
pressure distribution in this region are obtained by adding

the effects of the two conical-flow regions as though the flow .

regions did not overlap and by subtracting the effects of a

two-dimensional pressure distribution. This subtraction is"

accomplished by use of the equations for the two-dimensional

region (tables II (¢) and III (b) ). In calculating control
hinge moments it was convenient to calculate the effects of
regions I; and II; or IIT (fig. 1) and then to subtract the

effects of the parts of these regions lying off the control.
For controls Iocated at the wing tip and having the inboard

Mach cone intersecting the tip, a'similar procedure was also

moment contributed by the triangular part of the inboard
conical-flow region lying beyond the tip. As previously
mentioned for this case, a rigid applieation of linearized
theory would require a correction, as described in reference 4,
to the loading assumed in the region influenced by the inter-
action of the root Mach cone with the free edge. It should
be pointed out that the areas influenced by such interactions
become appreciable for extreme conditions and approximate
results for such configurations should be used with caution.

HINGE MOMENT DUE TO WING ANGLE-OF-ATTACE CHANGE

Scope.—Conical-flow solutions for swept wings at super-
sonic speeds, as presented in reference 5, are used as a basis
for the analysis. These solutions are applicable to wing plan

forms having straight supersonic edges and streamwise tips.

As in the analysis for deflected control surfaces, only con-
trol surfaces having supersonic edges and streamwise root
and tip chords are considered. The only restrictions re-
garding control Iocation are that the control must not lie in
region influenced by the tip conical flow from the opposite
wing penel or by the interaction of the wing-root Mach cone
with the wing tip. .

Method.—The method consists essentially of determining
the hinge-moment parameter PS:T for the flap by assuming
two-dimensional loading and then subtracting the losses

" used to reduce to zero the lift, pitching moment, and rolling
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resulting from the wing-root and wing-tip concial flows.
The conical-flow losses are obtained by dividing the conical
regions into a series of triangular segments, each having ils
apex at the origin of the Mach cone, and by summing the
hmge-moment parameters (PS;7)* for these segments as
illustrated in figure 2. In determining (PS:Z)* for the
triangular segments, integrations of the loeding are nec-
essary for obtaining P* and Z. As has been previously
explained for this type of conical-flow segment, it is sufficient
to determine P* and {., because the moment arm % can
be determined from ¢,. The method for obtaining P*
and {., is illustrated in figure 3 and involves integrating the
pressure losses along the bases of the segments. From
integrations of the pressure losses between 0 and n, (or 0 and
), values of P* and n,, (or r.;’) are obtained. Values of
P* and values of £, corresponding to n., (or r.,’), obtained
in this manner ere applicable to the triangulsr segment
bounded by the Mach line, the ray r=m;, and the section
intersecting the Mach cone. Results have been obtained
by numerical inbegration using Simpson’s rule (reference 6)
except in regions where the slopes of the pressure curves
become infinite (fig. 3). In these regions, integrating coef-
ficients, as presented in reference 7, have been used. Forms
by which the integrations were made are presented in tables
IV to VII. The upper parts of these forms are used for com-
puting the pressure distributions (1—P’} along the sections
intersecting the Mach cones (fig. 3). In the lower part of
the form, the areas and area moments about n (or r)=0
of the curves of 1—P’ plotted against n (or »*) are deter-
mined and are used to obtain P* and {,, for the corresponding
trianguler segments. Tables IV to VII can be used directly
for calculating the loading distribution for intermediate
cases or cases not included in the present report.

METHOD FOR APPROXIMATELY CORRECTING RESULTS OBTAINED FROM

USE OF LINEARIZED THEORY FOR AIRFOIL-SECTION THICKNESS

"Scope.—The method for approximately correcting the
theoretical results for airfoil-section thickness is based on
the assumption that, at any chordwise position on an airfoil
having finite thickness, the ratio of conical to two-
dimensional pressure is the same as that predicted by linearized
theory for an infinitely thin flat plate. (This method is &
variation of the method presented in reference 8.) The
method can be logically applied only to configurations heving
similar sections at all spanwise positions affected. The
method is expected to give most accurate results at moderate
and high Mach numbers for thin controls located inboard
from the wing tip and having relatively large areas over
which the flow is two-dimensionsl. _

Method.—On the basis of the precedmg assumption, the
method requires the determination of the following three
factors:
¢/ (Two-dimensional with thjckness)

" C./(Two-dimensional flat plate)

__C{(Two-dimensional with thickness)
C// (Two-dimensional flat plate)

F1=

()
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d (Two dimensional with thickness)
C,.’ (Two-dimensional flat plate)

_ Ox(Two-dimensional with thickness) @)
— Cy(Two-dimensional flat plate) )

C,(Two-dimensional with thickness) @)
O (Two-dimenstonal flat plate)

Fz=

: Fa—

(The coefficients in. equations (1) and (2) are for deflected
controls, and the coefficients in equation (3) are those result-
ing from wing angle-of-attack loading.}) Corrected values
of ¢, O’y Cn’, Cn, and Oy are obtained by multiply-
ing the results obtained by use of the linearized theory for
three-dimensional flat plates by the appropriate factors.

The factors are determined, as described in appendix B,
by using the Busemann second-order approximation to
determine the coefficients for sections having thickness. This
approximation gives results which are generally in good agree-
ment with results obtained by use of the more involved
exact theories. The theory is not considered accurate,
however, at Mach numbers for which the shocks become
detached or at Mach numbers below about 1.3 (reference 9).
For the general group of airfoil sections that are symmetrical
about the chord plane, equations for the ecorrection fa.otors
as derived in appendix B are:

t
f 1+2 2 -3 4= (4)
X [
- ) 1——). pfe f[ ?

t

1.0 _

f (“’ "") 1+2 2
2xie

F‘_' n flo( — 1+2g1d1(<26)) %
e

CHARTS
PRESENTATION

Aside from the restrictions regarding location, the charac-
teristics of deflected control surfaces are functions only of
control plan form and Mach number. The effects of plan

form and Mach number are determined from solutions to

equations (tables I to III) involving the variables t'anﬁAulf,

&
d? (5)

t’——anﬂA”; .and A (For untapered controls the variables
e t'anﬁAEL‘ and ﬂAf-) Figure 4 presents 8Cy,", 8Cy,',8Ca,’,

_and BCh, as functions of these variables for controls located

at the wing tip. Each chart of figure 4 presents the charac-
teristics of a series of plan forms having a fixed hinge-line
sweep angle (if the Mach number is considered to be fixed)
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and varying trailing-edge sweep angles and taper ratios.
The solid-line curves present the effects of varying taper ratio
for plan forms having fixed hinge line and trailing-edge sweep
angles. The characteristics of controls having constant as-
pect ratios are indicated in the charts for C, by deshed
lines. Constant-aspect-ratio curves are not included in the
charts for the other characteristics because, in many cases,
they would be quite confusing. If desired, such curves can
be drawn by simply determining the taper ratio at which the
curve will interseet each of the curves of constant d from the
following relation:

' 2_Af,(a_d)
3T A/ (a—d)

For inversely tapered controls, the parameter 1/}, is used as
a coordinate to avoid elongation of the curves. Calculations
were made at values of A, and —0 0.20, 0.40, 0.60, 0.80,

end 0.95 and at values of A/ —08 2.0, 4.0, 6.0, 80 and
10.0 for untapered controls. Calculated results not included
in the charts are presented in table VIII. The results not
included in the charts are mainly for configurations having

near |1.0] and, consequently, having ex-

values of tan Arg

tremely large areas of induced loading on the wing. Resulis
for such configurations are of little practical value because if
these large areas are to lie entirely on the wing, as has been
assumed, the wing must have a very large span or the control
must have a very small chord.

Charts presenting the characteristics of deflected controls
located inboard from the wing tip are presented in figures
5 and 6. These charts vary somewhat from those for con-
trols located at the wing tip. Equations for SCr’ and
BCx,’ were simplified and found to be dependent only on
tanﬁ.&ﬂ and tanﬁAn‘
chart form, are presented in figure 5. Charts for 8C;, and
8C," (fig. 6) are presented only for normel taper ratios
because the characteristics of inversely tapered controls can
—tan AEL —tan A.gvx’

8 B

These equations, with results in

be obtained by entering the charts at
and 1/,

The computing form for C,_is presented in table IX and
is self-explanatory. Supplementary charts for determining
the loading distribution (P* and ¢.,) for the various triangular
segments of the conical-flow regions are presented in figures
7 to 10. It should be pointed out that figures 8 and 10 ean
easily be used for determining the spanwise and chordwise
loading of the wings considered in this report and will there-
fore be of value in making loads analyses.

CSE

In order to use the charts for determining the character-

tan AE[, tan ATE

istizes of deflected controls, values of 5 8 and

A, for the configuration being considered must be determined.
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These values are then used for entry into the charts, figures 4
or 5 and 6, depending on control location. The coefficients
obtained from the charts have been made nondimensional

by use of control geometric parameters. For determining -

the coefficients based on the usual wing parameters, the fol-

lowing equations are given (gpproximate thickness correction

factors are included but can be neglected by letting the
factors equal 1.0): .

(Co) =FiCr ¥ Q)

CI ?
(C). _( L‘)‘( r+ by '@i‘—;) (8

(]

Cr)e (Film,” 20, ——— Gy
(Om;)c ( ?) ( 101.'.,’ S.r ’\1+ﬁza’—ﬁabf0;:,—xf)
@)
(Cn),=FiCh,

(The subscript ¢ indicates that the approximate thickness
correction factors have been included.) '
For determining the control hinge moment due to wing
angle of attack, preliminary calculations are first made on the
computing form of table IX. Results of these computations

indicate positions in the charts (figs. 7 to 10) from which P*

and ?.; are to be obtained. Values from the charts are then

inserted in table IX and the operations indicated in the com-

puting form are completed. The approximate thickness cor-

1

rection factor can be applied by use of the following equation:

(G‘a: ) . =F’0‘¢

ILLUSTRATIVE EXAMPLE
As an example of the use of the charts, the control-surface

characteristics are determined for the configuration shown in_
The wing is assumed to have 5-percent-thick
symmetrical parabolic sections in planes normal to the

figure 11.

control hinge line. )
Lift and pitching-moment coefficients are obtained by
tan Agy

entering the charts of figure 5 at values of ——— 5 ———=0.40 and
tsm—ﬁﬁ’!=0.35. Hinge-moment and rolling-moment coef-

ficients are obtained by entering the charts of figure 6 (g) at

values of tanﬁAT"= 0.35 and A,=0.713. Coefficients obtained
from the charts are BCL’'=0.0748, BC.,'=—0.0365,

B8C;’=0.0372, and BCy =—0.0345. The calculation of Cj

for the example is presented in table IX. Preliminary
calculations are made in table IX (2} and in column (1) of
table IX (b). Values of n and 7/ calculated in column (1) are
used to enter the charts (figs. 7 to 10). Values of P* and ¢,
obtained from the charts are inserted in columns (2) and (3)
of table IX (b) and the computations are completed. The
theoretical value of C; is —0.0194.

ay -
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The equation for.the section contour in a plane normal to
the control hinge axis is

()ME_()] - a2)
The slope in this plane at any point along the airfoil is
) (-2 ap
T\ mar e

Substitution of equation (13) in equations (4) and (5) vields
the following equations for F; and Fy:

)ﬂla-t c

403 t Tn
3("1( )m(“rz?

For determining Fj, the equation for the section contour
in a plane normal to the wing leading edge is written as

* @ |G)-C)

Fi=1— 4 (14)

Fom1— (15)

() - 19
2¢/)  cos (A—Agy) 14K (?)
where
K=-tan (A""'AHL) tan (A-—ATB)
The slope of the airfoil contour in this plane is -
’ 2
() _ 2Q).. |12()-%C)
mer s o o - (173)

“cos (A—Agz)
d (z)

[+=()]

ERONAUTICS
or in terms of z/e

O

a(Z) "G anol am)

Substitution of equation (17b) in equation_ (6) yields the
following equation for Fy:

6(t),

3C(1+K) cos (A-—Am,)l:2 <1 2 h) K(l )’:I
(18)

From equations (14)4(15), and (18), the following correction
factors are obtained for the sample configuration: /1=0.8077,
F;=0.7889, and F3=0.7355. It is of interest to note that
these values indicate appreciable losses in loading due to
airfoil-section thickness, and it might be pointed out that
greater losses would be obtained for thicker airfoil sections.

The coefficients obtained from the charts and the preced-
ing correction factors are then substituted in cquations (4)
to (8). The results obtained are .

(Cy,),=0.00411
(Cmp)=—
(Ci,),=0.000619 S

F3=1

0.00318

(Chy) ,=—0.0182
(Ch,),=—0.0143

-

LANGLEY AERONAUTICAL LABORATORY,
NarIoNAL ADvisory COMMITTEE FOR AERONAUTICE,
LaneLEy Fiewp, Va., September 8, 1950.



APPENDIX A

METHOD OF INTEGRATING PRESSURES OVER CONICAL REGIONS OF DEFLECTED CONTROLS

The pressure distributions in the conical-flow regions
shown in figure 12 are given in reference 2. With suitable
changes in notation these are:

For region I,
1y a—t
P =_cosT y— (AD)
For region II1,
1 1—(2+a)t
P =g s T A2)

Because the flow is conical in regions I and ITT, integrations
of the pressures along the treiling edge within these regions
are representative of integrations over corresponding tri-

angular segments having the Mach cone origin as apexes.

For such integrations, a coordiriate for distance along the
trailing edge must be introduced. The nondimensional
coordinate chosen was #=§-tan ' (fig. 12 and reference 2).
The integrations required for determining average pressure
ratio and center-of-pressure ray location for any segment are

f Py

da"

Jb

I‘ ’P’ dt/
f P dr

(Subseripts 1 and 2 indicate values of ¢’ corresponding to the
end points of the part of # over which integrations were made.)
A Mach number of /2 was assumed for convenience (=1}
in meking the integrations of equations (A3) and (A4). This
assumption is valid because any case of Mach number greater
then 1 can readily be reduced to an equivalent case at A= /2
by an affine transformation corresponding to the Prandtl-
Glauert transformation for the subsonic case (reference 5).
An example of this transformation is shown in figure 13.
The equivalent plan form is obtained by dividing all stream-
wise dimensions by 8 and leaving latera! dimensions un-
changed; consequently, values of q, d, and ¢ (for equivalent
points) are the same. From equations (A1) and (A2), it can
readily be seen that values of P’ for equivalent points are the
same. It follows that summation of P’ over equivalent
regions results in equal values of P and f,,.
from figure 13, however, that values of ;" are different.
This difference is of no consequence because values of ¢, for
the equivalent wing (obteined from ¢," and geometric re-
lations) are the same as values of i, for the initial wing.

(A3)

and

(A4)

It is apparent .

The procedures followed in the integrations of equations
(A3) and (A4) sre the same for regions I and III and are_

only shown for region I. If the Mach number is assumed
to equal /2, where =1, equation (Al) may be written m
terms of # as follows:

~i(e+d)—(1 —ad)¥’

’ - _— - -
P= - cos D _

(I+ad)—(e—
If ¥ s substituted for cos xP’, equatxons (43) and (A4)

bmy

become - rokr
—(1— a’)(1+d’) cos~ y
P= ¥ [(l_ad) é‘; d)y] (A5) B
‘(1‘“2’“”1’[.1 (—ad)—(@—dT
—(1—a)(14d% (72 (at+d)—(tad)y
it [ g JI [(l—ad) (a d)ylscos ydy (Aﬁ)
i —(1— a’)(1+d2) cos~ly
x v, [T—ad)—a—DgF %

Integration by parts was then employed in the solutlons
of equations (As) and (A6).

For cases in which the conical-low region overlaps the e

opposite parting line, the average pressure loss and center-

of-pressure ray location are required for regioms I, and I,
(fig. 1). Equations (A3) and (A4) may be used in obtammg
the solutions for region I, by a slight modification requiring
no additional integration. Thus,

IR
f (1—P)dt’
JH

ta
f P ar
P*=t_ © fl‘

a7

=1

® gy g

tl' ‘l'

J' “y—pydr ["2:[ f Y ypr gy
’= ‘1' r 8)

‘3, '3 ’4 14 , 8 r r
fh' (1—P) dt [t] ) P

In obtaining the solutions for region I, (fig. 1), essentially
the same procedure as previously outlined was _used. The

fep

—]g—}vas used to represent distance along the

parting line nondimensionally. Values of P* and r., were
obtained by making integrations similar to those in equa-
tions (A7) and (A8) (before smphﬁcatlons)

parameter r=

Results of mtegratlons over all regions shown in figure 1 _ _

are presented in tables IT (a) and II (b). Results of evalu-
ating these equations at taper ratios of 1.0, where they
become indeterminate, are presented in table III (a).
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APPENDIX B
METHOD FOR DETERMINING THICKNESS CORRECTION FACTORS

The pressure coefficient at any point on a two-dimensional
surface as given by the Busemann second-order approxi-
mation (reference 8, with suitable changes in notation) is

Cp= Ci(8+0)+ Co(s 1+ 0)* (B1)

(The angle & is considered positive when calculating €y for
lower surface and negative when calculating €, for upper
surface. Throughout appendix B, § is considered to be in
radians.) The constants ¢, and C; are functions only of
Mach number. Equatlons for these constants and tabu-
lated values are presented in reference 10. .

The lifting pressure coefficient at any chordwise posmon
is simply the difference between the pressure coefficients on
the lower and upper surfaces. The net lift coefficient is
obtained by integrating the local lifting pressure coefficients

between the hinge line <E=

\ ¥

%) and the treiling edge

(%.—_1.0)- (See fig. 14.) Thus,

’
Cr thickness (3}

_ 1 1.0 _ E
— NG CAREE
2 S

(The subscripts L and U denote lower and upper surfaces.)
Similarly, the hinge-moment coefficient is obtained by inte-
grating the products of local lifting pressure coefficient and
moment arm between the hinge line and the trailing edge.
Thus,

Ch hickness 0= ( xh) J;WCC l’n) (O’)z’ (Crleld (Bs)

An application of sweepback theory, as explained in refer-

ence 10, must be used for.determining C,,—C,,. It is im-
portant to note that, for deflected controls, this theory
requires the use of the Mach number component and the
airfoil section in a plane normal to the control hinge axis.
Values of %' and C, thus obtained are based on the dynamic-
pressure component normal to the hinge line and the deflec-
tion angle measured in a plane normal to the hinge line.
Values of 0y’ and G, for a two-dimensional flat-plate control,
based on the same ¢ and §, are obtained by considering the
Mach number normal to the hinge line in determining values

of €. Equations for these coefficients are
O ot paate=2C18 (B4)
C’kﬁatmu=—0,6 (B5)
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- (B2)

The following correction factors are then determined by
dividing equations (B2) and (B3) by equations (B4) and
(B5), respectively:

0
[(Ca)—

F _ 1 1.
Y 5(1 r")ﬁ"‘
Uy

F=@ [ E-2) et 2 e

(Coold 2 (BG)

If the sections are assumed to be symmetrical aboutl the
chord plane, equations (B6) and (B7) can be simplified because

t
d %
(0,)5—(0,):1:25 01+202 (BS)
%
Equations (B6) and (B7) then beeome
t
1.0 d
j f 142G 2¢ ),z (B9)
Za C[ ¢
1—== d =
- [ Infe

1.0 d
s [ (3 “”‘) e z d £(B10)
xh (ZE ¢
Ih _C

The equation for F;, may be written as equation (B7) for
F, (substltutmg a for &)

(” B) (€l (Celd S B11)

Cua (1 x") f""“

In'this case, however, the airfoil section and Mach number
component in a plane normal to the wing lending edge must
be used in determining values of €, and (Cp)r— (Cyp)y.

For symmetrical sections, the equation for Fy may be
simplified in the same manner as the equivalent equation
for F.. Thus,

- Hzc,d(m)
Fy=- n)ﬁm( o) 0y

1)



EQUATIONS AND CHARTS FOR ESTIAMLATING THE

Equation (Bi2) will in some cases become somewhat in-
volved because (}i((z% must be determined from the equation

for the airfoil section in a plane normal to the wing leading
edge and must then be written in terms of zfc (unless the
surfaces are plane). It should be pointed out that suitable
approximations for most symmetrical biconvex airfoils (which
in general require involved expressions for defining the con-
tour) may be obtained by sssuming the sections to have
parabolic contours. General equations for the thickness
correction factors for symmetricel sections having parabolic
contours have been derived in the illustrative example of
the present report. , )
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F16URE 1.—Conlcal-flow regions for which solutions were obtained In the calenlation of
deflected control characteristics.
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Finvrg 3.—Illustration of method by which P* and &y for triangular segments of the
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TABLE. IL.—GENERAL EQUATIONS USED FOR DETERMINING CHXRACTERISTICS OF DEFLECTED CONTROLS

{Subseripts I, L, I, L, I, IL,, Ik, IL., IT1, I1L., and IIL, refer to reglons defined in fig. 1j
(a) Configuration Having Control Located Inboard from the Wing Tip

Parameter Formula " ) . - l
' - . . 2C’e Sty SL
Crs v [9;+(P ) )n] :
= - - ', - — - i “73- Abod i —':_ e l
- o 2C’n Su-’/v
Cnif T [zM "'(P +( 28 .)11] i
, 20% Sz.y N
Gy - T b;S,+<P ( —)u] 'L
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—2CD° SLI b‘t SLE * 1
G, 8 2M P o, [,+( 2M )x. (P 2M, 1."'_( 2‘11 11.+<P m;)::.‘( 2M,)n.] j
(b} Configuration Having Control Located at the Wing Tip
Parameter - o Formula . :
T o s g ' d ey
' | “o A A !
G L & LS +(P ) +(P )I. (.P )h ( ;-)m]
]
S[_I

Caf 2L, 2}1 "'(P 211) (P M, 1."'( Al )m] 1
20T g S S, 8, : ' !

' Ty b oLy oLy LY oLy
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TABLE IL.—COMPONENT PARTS OF EQUATIONS USED IN CALCULATING CHARACTERISTICS OF DEFLECTED COXTROLS ___
HAVING TAPERED PLAN FORMS
(a) Average Pressure Ratio R
Values of P for regions I¥, Il ITi, and IL. are obtained by substituting —« —d, and 1/ for g, d, and ¢ In equatfons for reglons I, L, I, and L, respectively. In eases where plus and min

ely. us
signs are together (), the upper sign must be used when values of & and d sobstituted are such that o—d {3 negstive and therfowe: sign must be nsed when values of € and & substituted
are such that e—d Is poeitive.]par :

[ :
l Fﬁ‘?gﬁil‘l l Average pressure ratio
! ! . S . -
S p_ VA=A A=—F—(1—a)1+d)
- 2(a—d) _ ;
. 1—d N o [—a)—Ml—ad)] ' S
. P*_I\,-(l—d)-_(l—a) {r cos™ [ Aa—d) . s
= L. B
[ . . -
P 1 fl—a’ . T{1—ad) — 21 —d) 7| .
| | Viza o (a—d) =
i I _ 1 Ao {1—e?}—r{1—ad) T
! Pr=i—g—a-a {? (@—dj cos™ Ma—dj ]+ =
I : o=
b il 5/ L7 [(a—h;d):I:\’ﬂr(l—ad)—R!’(l—d’)—tl—a’)} s
o i _ 1-% ==
i 1—d[ fi=ad T 1  1—a =
- P g [VimE (r o 4 e 5]
T m | po o UTaUEs | T
b . 1 [14d @+a+d) —2A{1+a) —
o Pemra—aara Ue @3 - -
| B WAETQUFG - [21+d— 2+a+d):|l o
! 1 fa—d ___ F2+atd)—2:dl+a)T_ -
| —_ : i g
P = ra—arad L= °° [ @—d v : e
IIT, 2 _ 1 SR
VT A AFa -0+ ]
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TABLE II.—COMPONENT PARTS OF EQUATIONS USED IN CALCULATING CHARACTERISTICS OF DEFLECTED CONTROLS
HAVING TAPERED PLAN FORMS—Continued

(b) Center-of-Pressure Ray Lacation

YO el st e topgther é“ﬂ;)‘,“ih?ab““d J&%@?&%ﬁ?ﬁ?ﬁ?‘ﬂaﬂ?& SaBetitateq b saeh Pt ad 1s megatireand the lower Sgn misk bh.nied When values of & Akl ¢
substituted are such that a—d i3 positive
Region : Center—of-pres-;sure ray Iocafiﬁh (fcs’ OF Feop)
(fig. 1) _
I b =P d),{ 2 (1+8ad—ad— ad’)-—-l—ig'- [(1—a®) (1— dt)—2d(1 a)’]}
re—_ IR DR | 2 S _ L [Q—a)—r{1—ad)_
I " 2P*<a.—d)(1+d>txf<1—d)—<1—a>11( ) Q- ad) o+ ] cost [ A= A=A
1 (1+3ad 3 —ad) cos™ [(1 “d)a_“f(i d’)]ia"'d’) f(i e VR B T pp (l—a’)]}
‘ 1 fArle— [20—}\(a+d)] _ (l—a’)_—kf(l—ad)
1 Y o ) = v g0 ‘[ Ma—d) ]*
’ \/(l—ai)[zxf(l—ad)—)\;’(l—d’)—(I—a’)]_,'_a(l—')s;)\/l—a’ 1‘0; (a— M) =V (1 —ad) =\ QA —d%) — (1 —aY) ”
L ) ! 4 e 1—Xs
e 2P(1+§)(a d)={ 5 (1o 30d— 3@_“‘” (1__“"‘_‘ d)"'(a d)(H_dz) —
I :
e a—an - —2d01- a)=]+<1“d')(11'2“d_d') cos“a}
III ta'=m{‘/(1+a) (+d(@—a+d) (1—d)+20d(1+d) +2d (1 +a)] - 2[(1—a?) (1—d’)+2d('i'+a)1]}
to =P d)'tx,<i+a)—(1+d)1{2(1;r,«d) @ (1-+ad) = 1+ 9] ot [ EEEEG mHa)]*
1L 2‘1+d”\/(1+a)m<2+a+d> )= <x+d)1—
T [t d)(1— &) + 2014 4)+ 2d(1 +0)] coss [ 2AH DM at D]
. [8la—d)[2ax—(a+d)] (2+a+d’) 27\(1+a)
i 6P*<1—xf>[xf(1+a)—<1+d)1{ —~ °°5‘[ ; ]*
111, -
: UMl =20) = @ —Se— D) Vi r o @ Fat ) — (T8~ L+ D)
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TABLE II.-COMPONENT PARTS OF EQUATIONS USED IN CALCULATING CHARACTERISTICS OF DEFLECTED CONTROLS _

HAVING TAPERED PLAN FORMS—Concluded

. __BbA(a—d) (14+) _BbA(a—dP(l—27) o
(¢) Geometric Parameters S;= 2= end 2} ,= S n Vit o ~ e
Begion SuS ScTTerSs SF2). -
I o 2a—d) _ 8 26-Dlw'~d) Sy, 1= (1+ad)—(a—d):,,':[ =
= a—-d 5 300+ 8, 1—2p it& —
r AMl—d)—(1—a) 8z 2a—d) (e’ —~d) S 1= (1+ad)—(a—d)to'] '
‘ (1-2)(1—d) Sy 3(L—2) (1 +d% S 1—4 I+ |
1 Ml—d)—(1—a) 2Sc Sy 1—) (1—x,)<rc.—a)]_ =
s I+2)(e—d) 35 Sr1—2g3 a—d e
R . =B +ad —~(@—dis] o
o A U-DI+d)
- a—d) St [ 2Me—lle/ +0) Sty Lod [ Qtad gty o
A—A(1—d9 30—+ S M1I=ap 1+d
ne S R S A1+ 0) — A4 DI +ad) +(a—d)te'] s
e A— A+ I+d =7
- (1= N1 4-6) — 1+ D](res+a) o
e A= @—d? e
D A a—D(1+ad) + (6—d)to'] =
S e -+ +d T
I Mia—d) [1 2x(a—d) (b’ +d)’ ra—d)[(1+ad) +(@—dts] }
=0+ 3(1— xf)(1+a’) O+ D =
T ML +0) — U+ DL +ad) + (a—d) bo']
© | TTTTTTITTTTTT | Tt I +HAFD .
I =AM d14-a}—(14-d}(repta)
L =" G—dr i
v (a—ap - =
{1+a) 1—7&)————7———
Two- l—a 1+a\ o g (1—2gt 1—_d)‘ . (1— 14a\? -
dimensionsl (1_ = <1+d [(14d) a1+ a)B i—d l+d )
11— Q—2n2(1+d)* 2(1—2F) L
S8la—d) {1+ ‘_
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TABLE 111 —CO\IPO\ENT PARTS OF EQUATIONS USED IN CALCULATING CHARACTERISTICS OF DEFLECTED CONTROLS
HAVING UNTAPERED PLAN FORMS -

(a) Average Pressure Ratio and Center-Of-Pressure Ray Location

[Values of P and £y’ (or rcp) for regions IT, 11, ITy, and II. ere obtained by substituting —e for e in equations for regions I, I, Is, and I,, respectively}

- Regton I Average pressure ratio E:enter-o!-pmssure Tey lomtion (tey OT Tep)
' (dg. 1)
; Copall . ) ,Sat-(14a? )
1 YA-eh1+%d/— -V A7) _ ' - I (m_m«+12 24/ (1~a2a-(1+ah) 4] A
i e (1+a)[l—(l—a)A/1{ n ey 4P‘(1+g)(1 0’)11 (l—a)A/]l p cos" [(1—a A/ —a]+
' (1—a’).4f'—¢ mr', m;a,) 4 :’—a]} {a(T—ef+(1— at)Amf(x—a-)u+zaA/-(1—a=)A/l)} T )
i , . - - T
b ’ . -
-— - - . 1 1+234 —af[i+24—(1—ah 4
" —a- a)Ar’{ o ti-41 “]+ e —ZP‘II—(I—a)A-J’]Jl oot e ay—a NODIERA (AT,
: i A/'\/I—u’ 1+aAr‘—1’1+2«Ar’— a4/ ad/NI=G f1+a4f —VITadr—Q=a A7}
{ loe : } x a7 } _ . ]
| i - -
R - <1+ ot o V22 a’) bl 4P(_l+a)(1—a’) [8“+“+“" 2 copt o SIZHINIZE I
: ,_5—8a—3a)
L Pe3 b =gre) o
f z\lA_fa+a)[1_‘—.4f<1+aT1 e ~ f3—8¢—5a'—8Lf(1+e)'IAf(1+¢') 2a1 -
| Il Prgi= (1+a).4,/] P— : beplte 16P‘(1+a)[l GFaAL = oo™ (2471 +8) 1] - '
! MOl o, [2A;‘(1+a)—1]} 2 [“’*‘8""_*‘;" (ite) (H’“”] VA7 [1—.4/(1+¢)1}
: 1 1 _ _ 1 [8(1—2a4/) o -
| Il Pte = (l+a)A/{ cos-! |24/ (14-a) —1] Fop*e &P‘Af’[l (1+a)A:‘]1 p cos1 [247/(1+a)y—1] ‘
[ A/(1+G)E—(1+¢)Af'l ?L-%ﬂ-—lllf L \‘A—/(l_+¢')[1—(1+¢)A1’l} 1 .
ﬁ :’ ___BbA
b) Geometric Parameters Sy="% and ZM,.= =
®) rie =47 " A!f:‘fWi =
lgggswlr; SuS; 8.7/bs8¢ N 8i7/2Ma
I 1 Sp_(4+de) T 28
A,_’(l—a’) 8;64/(1—a%) 8 S
I 1—A/(1—a) St 2w'—a) 28 —
« 24/ (1—a) Sr34/(+a) . 38 _
1—4/(1—a) 28 28, '
Ib 5 g Sf 3 E;' A (r,,-—a)
1 ' . S
° STTTTTTnETTTes TTTTTTTTTT TSI T 3A,r’_(1—a)
I 1 [1 _(1—4a) 28,
A/ (1—a¥) 84/ (1—a?) 38
II _ 1—A/(14a)
“ TTTTERETTI AT TTT T T T T s s e s e 34/(1+a)
4 PR R R e Ar’(r¢+a)[1§—Ar’(1+a)l
1
1L Tmmmmmmmomemes el 34/(1+ay
III L St [ 5 ] 28;
24/(14a) 8 124/(1+a) 35
o 1—4/(1+a) 3}
1L R B T . 347(1a)
I, S Al rpta)[1—4/(14a)]
TUmmommmommees et it 3
. Two- A/(l—ah)—1 34/(1—a)(1—e)[A/(A+a)—1]—4a A/ (1—at)—4
dimensional . A/ (1—ad) 64,2(1—a?)? . 64/ (1—a%




ANED SECTION INTERSECTING WING-ROOT

TABLE IV—EXAMPLE OF NUMERLICATL, INTIGE kst tae AL A Aola
1-m
n [¢)) 3) (C)) (5) (8) @) ®)
" -0 | ek | [B] | o ® w-1 | % oot
01 0.9 .68 0. 8434 0. 7893 1.9007 0. 9007 0. 1481 K, ‘E;J'M
.3 .8 .90 L6944 L8284 1.8181 ,B16L . 1887
o'=0.25
.8 7 o 5848 8614 17414 T4 3842 =
o .6 .83 4353 8937 16784 L6784 2027 Kam2(1—g") =1.80
.5 o5 .90 , 3088 9320 1. 6258 , 8253 . 2360
.8 N 88 2006 0484 1. 5816 . 5816 3034
T .3 .88 a7 . peas 1, 8470 , 5470 8188
.8 .3 L84 . 0n87 9808 15218 L5316, .38
.0 a .82 Oue | o868 1, 6058 . 5054 . 8318
10 0 .80 | 0 | 1. 0000 1, 00O , 5000 8833 '
Les P
(1 (2) ® () (5) ()} () (8) (O] (10) (11) (12) (13) (4) (15) (16) 17) (18)
MULTIPLIERS
n | 1-p s - e dsy| 5L | B (-l B | G | % [oexen
. nmtd | 03 | 0a | s 0.5 0.6 0.1 | s | a9 | 10
0.1 0,1481 | 0,130788 | 0,087500 | —0.004167 | 0004167 | 0 0 0 0 |o |o 0.009797 | 0.008797 | 0.000838 | 0.000171 { 0, 000672 | 0.9482 | 10,0000 | 0. 0080
L3 | L1867 | -, 045340 | 079167 | 054167 | —.020888 [ 0 0 0 0. |0 L017164 | 020051 | 008219 | 023782 | .020807 | .9021 | 5.0000  , 1848
AEIRAL —.020888 | .054167 | 079167 | 0 0 3 ) 0 o | .oz | .o4s801 | .oomser | .caveso | .odesse | ,8a2a | 8.3a88 | 1430
-RINIEZIES 00167 | —.00d167 | 037600 | 087500 | —,004167 | .00d187 | 0 0 |0 (024891 | 078492 | 017401 | 086001 | .070012 | .5012 | 2,500 | 1387
“ | 0| 0 0 0 0 070167 | 064167 | —,020833 | 0 0 | o .027430 | 100923 | 020764 | .071168 | 04860 | .7498'| 2,0000 | ,2018
6| .80 | 0 0 0 0 Z,030883 | OB4167 | 078167 | O 0 [0 .020407 | 130829 | ,Odmpn1 | 084873 | 121380 | .e0es [ 1.ses7 | 2171
7| e | o ) 0 0 \O0187s| —, 004187 | 087500 | .OMTS00 |—, 004167 | 004187 | 08040 161260 | 060075 | 096104 | 14808 | 6480 | 14286 | 3805
L8| e 0 0 0 0 0 | o 0 079167 | 054167 |—,020893 | 082082 | 108851 | 000148 | 10320 | . 17821 | .5887 | L2500 | .%AL7
9| .88 0 0 0 0 " |0 1) —.020838 | 054167 | 079167 | ,03%861 | 296213 | 118083 | .108120 | .202094 | , 5987 | 11101 | .3M8
1.0] B38| 0 0 0 0 0 |o U T -.oouuv| L037500 | 088208 | 269478 | 140680 | 108780 | .220840 | 4783 4 1.0000 | .20
hl 1
o,1]0,1431 | o,008887 | 0,008667 | 0 0 ? 0 ') 0 0 0 0000020
.3 | J1ee7 | —.001867 | .c0Ean3 | 007500 | —, 000858 | 0,000838 | 0 0 0 0 0 002848
8 s 0 0 L0Z8780 | 016250 | -, 008280 [ O 0 0 0 0 , 000442 .
Al La021] 0 ) —, 008238 | 021887 | 081667 | 0 0 [ 0 0 L 008740
E L5 .ame0 | 0 0 L002088 | —.002088 | 016750 | 018760 | —,002088 | 002088 | 0 9 012348
?5 6| 02| 0 0 0 0 0 047800 | 082500 | ~, 012500 { 0 - 0 018187
A7 e | o 0 0 0 0 014588 | 087917 | OBSA1T | O 1o L0203 | -
L8] mass | o o 0 0 0 003388 | —, 008358 | .030000 | 038888 [—,00BAST | , 04078
8| 888 0 0 0 0 il 0 0 ') 080000 | 060000 | . 0704+ | : ‘
1.0] .sass | 0 0 0 0 0 0 ) K l-—.oosm oateer {08107 ' :
| Isl.: | ' v
. o " ; . ’ 'I ‘ i
» ! -'.’l EE . . N 11 1 x] . I HJl"dliLl ! l:T HMM’I} 'l
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TABLE V.—EXAMPLE OF NUMERICAL INTEGRAT

ST e T B L S S |

eh e D0 W

I8l SECTION INTERSECTING WING-ROOT MACH

-r
1) (€3] (&) ) (8) ®)
” [14+(D] 2 Ll @-g* % E;I(ﬁ
0.1 121 0,865 0.96 0. 5006 0.1508
.2 1.4 ) 119 8161 L1967 . _
. g0, 50 ‘
) ) 1 098 L4 7604 .20 | —~—
Y] ) 1.230 Ln 7198 5 | g3=0.25
.5 2,95 1.876 2,00 . 6275 2587 |,
— ; Kim (129 D=0.50
.6 2.5 1. 850 231 | .ce; L9000 | -
K; 2.69 1.606 2,64 . 6430 el | '
‘ 8. X L Lg% 6254, 2840
o | se | 2088 3.36 .6116 2005 |
R | ww 2.250 3.7 . 6000 L2082 | '
top Lad
’ ’(1) @ ® (O] ) ()] () ® (9) (10) (11) (12) (13) (14) (15) (18) (n
MULTIPLIERS -
L e s Wy | 5 | 2 leovem| 6 | 1 anxan
e, 1 0.2 0.8 04 0.5 0.6 0.7 0.8 0.9 Lo
01)0.1508 | 0.10786 | 0037500 | —0,004167 | 0.004167 | 0 0 0 o - ° 0 0.010739 | 0.010789 | 0.000674 [0.111413 | 0.9409 | 10,0000 | 01074
-2| 1007 | —.045240 | 079167 | 054167 | —.020838 | 0 0 0 " . 0 0 .O1T640 | 028270 | .00B3L5 | .0S1594 | 8951 | 5.0000 | 1414
< L8 250 | o —.020833 | 054167 | 079167 [ 0 0 0 0 0 0 .021187 .040476 | .008635 | .0S81I1 | .8514 | 83,3833 | 149 |
B4l .50 0 ~004167 | —.004167 | 087500 | 037500 [ ~,004167 | 004167 | 0, SO0 L) 02610 Q72088 ¢ .Quessa | .omperz f .sigL |, 25000 | 186
<6} 7] o 0 0 0 079167 |1 054167 | —.020833 ] 0 0 o - .025182 | .098178 | .028287 | .126415| .7766 | 2.0000 | 1064
6f .26 0 0 0 0 —.020833 | .OB4167 | 079167 | 0 0 0 .038480 | 13617 | .042788 | .167405 | .7444 | Lees7 | 2077
| Lam| oo 0 0 o (04167 | —. 004167 | .OB7S00 | 037500 | —.004167 | 004167 | 027402 | 1019 | .Uo060s | %262 | 710 | 1Ldase | 317
8| 20 0 0 0 0 0 0 0 JO79167 | .0BAI6T | —.020883 [ .p28l62 | 180181 | .081783 | .261014 | .66ve | L2500 | .22 K
o[ .2005 | o 0 0 0 ) 0 0 —.020838 | ' 054167 | .078167 | .028779 | .208900 | .106200 | .316160 | 6680 | Liul| .mz
1.0 .20m | o 0 0 0 0 0 0 004167 [ 004167 | .037500 | .020292 | .208263 | .134081 | .27z28R | .8400 | L0000 | 7888 |
- {
0.1 0.1508 | 0.006867 | o0,006867 | 0 0 0. 0 0 0 0 ° 0,000674
.2| .1067 | —ootes7 | .008338 | .o07e00 | —. ,000838 | 0 0 0 0 0 002841
3 20| o 0 02750 | 016250 | —. 00e250 | © 0 0 ° 0 005320
o | 4] a0 0 —.008333 | .oziesy | 031667 | © 0 0 0 0 008351
Z 1 5] mer]| o 0 .002083 | — 002083 | .018750 | 015750 | —.002088 | 007083 | o 0 011351
§ 6| a8 0 0 Iy 0 0 47600 | 082500 | — 012800 | o 0 014561
Flal zm|o 0 0 0 0 — 014583 | 037917 | _osoa17 | o 0 .017818
8| mef o ° 0 o 0 .003233 | —.003303 | 030000 | 033333 | —,0088A7 | 031127
.9 . 2006 0 0 0 0 /] [] 0 [ ] . 060000 . 060000 . 0M487
Lo . 2052 ® [} 0 [} [ Q [} [] —, 008333 041867 . 027831
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TABLE V.—EXAMPLE OF NUMERICAL INTEGRATI( RESCALONG ASSTRIEAMWISHE SKECTION INTERSECTING WING-ROOT MACH
—p!
(O] @ ®*) “ 5 ()]
v | wran | e ; ® | om
wr@p | et | @-o & a
2,0 9,00 4,760 878 0, 5420 0,373
. 8.0 16,00 8,250 18,76 , 5248 3346
4.0 a5, 00 . 12,780 M. 75 , 51583 . BT
5.0 36,00 18, 250 88,76 8108 8205 ﬂ—ﬂ_.gu_‘
6.0 49,00 24, 780 48,78 . BOT7 . 8308 ﬂ’-w
1.0 o, 00 32, 200 8.7 5089 3813 K= (1-207) m0. 80
8.0 81, 00 40,750 80,75 , 548 . 8314
9.0 100,00 80, 250 ", 75 . 5038 . 8819
10,0 121, 00 60. 760 120,75 031 . 8822
[ t" p*
) ) @) ) ® ®) () ®) ) (10) (1) (13) (13) (14) (15) (18)
MULTIPLIBRS il p?;< Iner, I - (") 1
ro|1-p " - Z here an-+Q2) = < janxas)
to (9 10 10 . 7
=30 80 4,0 5,0 8.0 7.0 80 9,0 10,0 zi ) (10)area (10)mem '(lsj r
L0 (0,202 0 375000 —0, 041887 0, 041687 0 0 0 0 0 0 0, 28825 0, 28825 0. 184'03
20| .8178 . 791667 LBd1687 | —, 0 (] e 0 [} 0 + 80786 « 54620 « HOued 114518 0,4770 | 0. 50000 0. 2781
3.0 | .85 | —, 208333 , bd14e87 . 01667 0 [} [} 0 0 0 . 82169 . 86780 1, 40807 2. 27006 . 8822 33333 ' 2893
g 4,01 8217 . 041887 | ~, 041667 . 875000 375000 .".Nlm < 41867 0 0 0 82508 1,19887 2, 54540 8,78077 . 8108 « 25000 , 2088
50| .8208 O 0 0 , 791487 L B41667 | =, 208383 ] 0 0 . 82469 1. 52250 4, 02470 &, 547248 L2745 + 20000 » 3048
60| 83081 .0 (] 0 ~, 208333 541667 791867 [] o [} . 88004 1, 85381 5, 84000 7,60261 2 408 . 16667 . 8088
7.0| .8313] 0 0 0 041667 | —, 041887 + 875000 75000 | —~, 041667 , 041687 . 83085 2, 18846 - 7. 80088 10. 17413 , 2148 . 14286 , 8119
8.0) .B816) O 0 0 0 0 0 . 7916867 , 541667 | —, 208388 88141 2, 81487 10, 47680 12, 00117 1088 12500 8144
90| .8819] 0 0 0 0 (] 0 -~ . . 541667 ,791867 | . ,BB178 2, 84662 18, 20028 16, 14285 .1788 L 3108
10,0} .5822| 0 0 0 i 0 0 0 -, 041667 | ~, 041687 + 875000 . 88205 8. 17867 18, 45070 19, 62037 . 1610 . 10000 8179
1,0 | 0,2953 | 0,375000 | —0, 041687 07041687 0 0 [] 0 0 0 0,13408
2,0 | .BI78 | 1.58338% 1,083838 | ~,d16867 0 0 0 0 [] 0 . 46460
3.0 .8M8 | —, 425000 1, 825000 2, 375000 0 0 0 0 0 (. 2 80414
= 4.0 | 8277 . 106067 | ~, 168667 1, 500000 1, 500000 | ~, 166687 + 166887 0 0 0 1. 142383
] 50| .8208 ( ¢ 0 0 8, 958333 2,708838 | —1,0416687 0 0 0 1, 47680
s 60| .8808( 0 0 0 =1, 250000 8, 250000 4, 750000 0 0 R [ 1, 81580 .
>
ol 7.0} .8812] 0 0 0 L 201667 | —. 201887 2, 825000 2,025000 | —, 291867 L 201667 | 2. 15068
80| .U316| 0 0 0 0 0 0 6, 233338 4,833388 | —1,668887 | 32.4H564
90) .3} 0 [ 0 0 0 0 —1,8765000 | 4, 875000 7,125000 | 2,81983 . . .
10,0 | .8822 | 0 [ [} 0 0 0 416867 | --, 416667 3, 750000 | 8, 15447
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TABLE VI.—EXAMPLE OF NUMERICAL INTEGRATION OF |

CLINED SECTION INTERSECTING WING-TIP

-
()] @ &) ) ®) ® (o}
n RaX() | Ke=@ | KXW | K-t & Rea
0.1 0.2 L2 0.6 147 0.8307 0.184 =050
.2 .64 .96 .08 1.4 6887 . 2677
: ) . K= 0,20
.3 B | e .09 1.41 4804 . .3873 F=
N 1.08 a2 | .12 138 . 8044 - . 4016 Ky=(2+g+ K1) =270
5 1.35 15 .16 1.36 BTT . .4646 K= (g—K1)=030
.6 1.62 —. 12 .18 1.82 —. 0308 B0 - Ki=(1+g) =150
7 1.89 —.39 .. 1.2 —.3028 5978
.8 2,16 —.60 U , Loa; | —.628 ] .67
9 2.43 . -9 .2 - 123 e )
1.0 2,70 —1.20 .30 120 -1, 0000 1. 0000
' dep P
o @) ®) “ (8) ) (M ®. [ @ (109) an 2) (13) (14) (15) - (16) a7 (18)
MULTIPLIERS : '
[ , . Ko | G507 |ABE, an-an| 0t | €8 |2 | ac
n=0.1 0.2 03 04 0.5 0.6 07 0.8 0.9 1.0 - , _
0.1 0.1844 | 0113801 | 0,037500 | ~0.004167 | 0,004167 | 0 0 0 0 ° 0 0.012085 | 0.012065 | 0.000766 | 0.011209 | 0. 012218 | 0.6245 | 10,0000 | 0, 1207
.2{ .2867 | —.032075 | .o7e167 | .osd1e7 | —.020833 [ 0 0 0 0 0 0 .022757 | 034823 | .004348 | .080570 | .085671 | .8573 | 5.0000 | .1741
.3 .mamal o —.020833 | 084167 | 079167 | O 0 0. 0 0 0 .030324 | .065146 | .0U1891 | .0b3286 | .o087524 | .7ss7 | 2.3383 | L2173
§ Al Le0184 0 .004167 | —,004167 | 037500 | .041667 | —. 008333 | 0 0 0 ‘o .036046 | 102092 {. .0M885 [ .077207 | . 107069 | .73l1 | 2.5000 | 2853
< | 5] 4840 o 0 ] 1o "1 .osess7 | .066687 | 0 0 0 To - 043200 148891 ] . paaaz0 | .100m08 {. . 15¢376 | L6504 | 20000 | . 2908
w6 L5200 0 0 0 3 —.008333 | .oatee7 | 087500 | —. 004167 | .ooare7 [ o .040609 | 196080 | .071793 | .128267 | .200410 | .5886 | 1.6867 [ 3261
73 e8] o 0 0 0 0 0 L070167 | 054167 |—, 020833 | 0 (086311 | 251871 | .108484 | 142907 | 273064 | L8288 | 14285 | b1
.81 .6786] 0 [} 0 0 0 0 —.020833 | 054167 | 079167 [—,008494 | 063546 | .314017 | .186152 | 158735 | 346163 | L4588 | L2500 | 5036
YK 0 3 3 0 0 .004167 | —.004167 | 087500 | .121105 | .072213 | .387120 | 717664 | . 169475 | .430660 | .2935 | L1111 | 4301
T.ﬂ 1.0000] o 0 3 ° 0 0 0 0 0 .017889 | 084988 | 472117 | .208488 | .173634 | 591814 | 5266 | L0000 | . 4731
o.1| 08| o007 o.oom'il—o.oozoes 0 0 I 0 | o 0 0 lo | 6. conree
.2| .2677 | —.o0d167 | 010888 | .onssss | o 0 |0 | o 0 0 |0 | .o08477
.3| .2872| .oo1zs0 | — 001250 | .o112s0 | 011250 | —, 001260 | .001250 | © 0 0 | o } 007648
o ot 0] o 0 0 ,081667 | 021667 | —, 008338 | 0 0 Jo lo | 012904
Z | 5] eeu] 0 0 0 010416 | 027083 | 039583 | 0 0 lo 0o | .owsa
g “.6| 520 0 ° | o .002500 | —.002500 | 022500 | 022500 | —. 002500 | .002500 | @ | .ozmer
= | .7] som] 0 0 ) I 0 0 } .035417 | . oater7 |—.ou4583 I osesri
85| .em6 | o 0 0 0 3 0 § — 016067 | .o43384 | 063084 | 080796 | .p47TI8 ;
o) o 0 0 0 0 0 }* .00a750 | —. 003750 | .08a750 | .1080% | .001472
1.0 Loooo| o 0 0 0 o 0 Io 0 lo .omas' . 0B0R24
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TABLE VII.—EXAMPLE OF NUMERICAL INTEGR AERHCHT AOING P e R Eok TSI SECTION INTERSECTING WING-TIP MAC
m | @ ® ) @)
r K1) | K+ g; poal
0,1 Léo 160 0. 8750 0, 1609
.2 130 L70 7847 2229
K) L2 L5 6607 2077
! L, . 1,00 5TER - 505 7=0.80
.5 1.00 2.00 . 5000 , 5483 Ki=(14g)=1.50
.6 N 2,10 4288 3500
R, 80 2.30 3630 5815
. .70 2.80 .68 L4018
.9 160 2.40 2500 190
1.0 .50 280 - L2000 ) '
. - Iep P
m 2) (&3] ) ® ) (.7) @) . ()} (10) (1) 13 () (14) (15) (18) (17)
v | 1epr MOLTIPLIERS 2A=Pax| Tnes | I3 |gg) L 1) 2 LI P
0.1 0.2 0.3 0.4 0.5 0.6 07 0.8 09 o | DedD] (Dae | (Dmes, w) E
0.1 | 0,1600 | o.118801 | o0.087500 | —0,000167 | 0,004167 | 0 0 0 0 0 0 0.010880 | 0.010880 | 0.000701 | 0.011861 | 0.9895 | 10,0000 | 0, 1088
2| 2279 | —.0%2075 | 078167 |  .O64167 | —.020883 | O 0 0 ) 0 0 JQI0808 | .0BOMS | 00808 | .088870 | ,A028 | 5,0000] 113
NINED —.020838 | 054167 | .0T9167 | O 0 0 0 0 0 (024630 | 06887 | 000826 | 084718 | .B483 | 3.8883 | 1880
B0 csms| 0 004167 | —. 004167 | .0STEOD | .047TNOO | —. 004167 | 004187 | 0 0 0 .028601 | .083488 |  .019873 | .108380 | .8077 | 2,8000 | 2087
T e | 0 0 0 0 079167 | . OB4187 | —, 020838 | 0 0 0 LOBISTR | .115806 | 08438 | - 149611 | .7711| 2.0000 | 2307
6] .80 0 0 0 0 —. 030838 | 054167 | 079187 | 0 0 0 LOB4645 |  .160011 |  .0RGS33 | ,208388.| .7SV8 | 1.8867{ 200
7| .88in | 0 0 0 0 L0017 | —, 004167 | ,OW600 | 087500 | —, 004167 | 00187 | 087048 | 18700 | 071423 | 964481 | 7078 | L4288 | 2673
8| 406 0 ) 0 0 0 0 0 LOTRIET | LOGAIST | —.020833 |  .039175 . 230234 | 100818 | .930R3 | 6798 | 1,2500 | 2438
8| 4106 | 0 3 0 0 ‘|0 0 0 02033 | L OGA167 | 079167 |  .O41076 | 367310 | 141748 | 400088 | 6886 | L1U1| 2970
10| .4380 | 0 0 0 0 0 0 0 004167 | —, 004167 | 097800 |  ,OAZ788 | 810008 | . 182408 | .493507 | 6290 | 1.0000 | 3101
0.1 | 0.1600 [ 0.008887 | o.008887 [ 0 0 0 0 0 0 e 0 0. 000701
2| .2220 | —.001867 | .008838 | 007500 | — 000883 | 0 0 ) ) 0 . 002050
8| a7 | 0 0 L020780 | 016250 | —, 006250 | 0 0 0 0 0 ", 00019
NIMEID 0 —.008033 | .021887 | .081667 | O 0 0 0 0 , 010046
A 5] 08| 0 0 ,002088 | —, 002088 | 018750 | 018750 | —, 002088 | 002088 | 0 0 014878
Z 6| om0 0 0 0 0 47500 | 082500 | —, 012800 | © 0 010077
2 I T 0 0 0 3 —.0LER | 087917 | 085417 | 0 0 024100
8| 4018 0 0 0 0 0 ,003838 | —, 008338 | ,030000 | 033383 | —, 008687 | 029300
S| a0 0 0 0 0 0 0 | o0 ,080000 | 080000 [ 02930
Lo| 4800 | © 0 [} 0 0 0 | [ l 0 —, 008838 | 041687 | 040681
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TABLE VII,—EXAMPLE OF NUMERICAL INTEGRATION OF PRESSURE

ISE SECTION INTERSECTING WING-TIP MACH

1—P
) @ ™ (0] ®
—o (] ot ()
r Xi—Q1) Ki+(1) ® it
2,0 —0.50 3.50 —0.1429 0, 5456
3.0 —1.50 450 —.3%88 . 6082+
40. —2,50 5.50 —. 4545 . 8602 =050
5.0 —3.50 630 | -~ .6810 Kim(L10)=1.80
8.0 —4.50 7.50 . 6000 L7048
7.0 —5.50 8.50 —. 6471 7240
8.0 ~6.50 9,50 ~, 6842 7398
9.0 —7.50 10.50 —. 7148 BT
10,0 ~8.80 11.50 —.7a0 7847
' top p*
) @) ®) ) ) ) m ) @ (10) 11 a2) 13) 4 (iﬁ) 16)
" MULTIPLIERS ' : ;
—P)X | Iner. 3 Iner. % an 1
v P - , Wady | @ | dous. |avten | G | 5 |avxas
r'=2,0 3.0 4.0 5.0 6.0 7.0 . 8.0 9.0 10,0 _ :
1.0 [ 0.4359 | 0,375000 | —0,041667 | o.041667 | o© 0 ° 0 ) 0 o.81000 | o8 |-
2,0 | .5488 | 791667 541667 [ —, 208833 [ © 0 0 0 0 0 0, 49578 . 80688 83708 | | L.74886 | 0.4621 | 0,50000 | 0,4029
< 3,0 | .6082 [ —, 208338 541687 . 791667 0 ) 0 [] [} 0 L B7972 1, 38560 2. 39084 3, 77644 . 8669, . 33333 .4019
B 1 4o .eoo2| .oa1eev| —.oaee7 | .aseco | .37s000 | —.ostser | o667 ] o 0 ) 62081 | 201641 | 4.60144 | 661685 | .8045. | .25000 | 5089
< |'sof .es0] o 0 0 791667 | pal6eT § 2083337 o 0 o . .68028 | 2068160 | 7.60253 | 10.28422 | 2608 | .20000 | .5363
6.0 .7048§ o 0 3 —.208338 | .B41667 | .791667 | 0 0 ) (60838 | 3.37507 | 1L41707 | 14.70804 | 7282 | .16667 | 5625
70| .70 0 ° ° L041667 | —.041067 |  .375000 |  .375000 |" — 041667 |  .041687 | 71468 | 4.08075 | 16,06526 | 20.15501 | .9020 | 14286 | 0843,
80| .78 o 0 0 ° ) ° -T91667 | GA1667 | —.208333 [ .78210 | 4.8185 | 20857385 | 2687920 | .1838 | .12500 | 607
9.0] 75881 o0 0 0 3 ° 0 —.208%33 | 541667 | 791667 | .74678 | b5.56858 | 27.00570 | 83.47428 | .1e64 | .11u11 | . eisy
wol .7 o 0 ° 0 ) o 041667 | —, 041687 | 375000 | 70017 | €.82778 | 86.11875 | 4144880 | .1527 | .10000 | .eozs
I
Lo | 0.4369 | 0.375000 | —0,041067 | o0,0d1887 | o 0 0 0 ° 0 0.18241
2.0 | .5456 | LB8ssss | 1088333 | — 416867 [ o 0 ° 0 0 ° . 75857
2.0| .0082 | — 628000 [ 1635000 | 3.375000 [ o 0 0 o 0 0 1. 45256
g« | 4.0 .6502| 168867 | — 166667 | L500000 | 1.500000 | —.1¢6867 | .166887 | o 0 0 2.21000
Z 6ol .es0] 0 0 0 2.958333 | 2.708338 | —Lodle67 | 0 0 0 3.00109
L)
5 | 60| .78 o 0 0 ~L250000 | 3.260000 | 4750000 | o o, 0 3. 81644
=t
= [7.0] 2| o 3 0 .291667 [ —.291667 | 2.626000 [ 2.625000 | —.201687 | 291667 | 464720
so0] 3% o 3 o ) ) o 6.330333 | (333333 | —1.606867 | & 49209
9,0} .76833 | 0 [} 0 ® [} 0 -1, 875000 4, 875000 7. 125000 8, 34836
10,0 .7847 | © [} 0 . [} [} 0 . 416867 -, 416667 3. 750000 7.21308
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EQUATIONS AND CHARTS FOI

ESTTM

)F SUPERSONIC CONTROLS

TABLE VIII.—CONTROL-SURFACE CHARACTERISTICS NOT INCLUDED IN FIGURES
(a) _Tapered Controls

Inboard Inboerd
‘Wing-tip controls contrals Wing-tip confrols controls
¢ d Y Y - 3 d M
BCy | BCL' | BCw | BCY acy’ | BCL | BCW' BCy"
-0 | - |CK
085 —g0f T .o8
F—.601[._...| .9
—.85}10.85]) ..
-—.gg 0 I
— 8 —.85 A0 -
—.95| .60 --—-
-85 80| -
- 95| .95
-.80| .95
—.% Q
- .20
—®0 ¢ _e5| 40
-85 .80
~.961 .80
F—.80 1[0 ——
—.80 20
—80;: .07 ___.
—.g 60 -
-0 _es|o | I
—.05 -1 2 .
—.95( 0] ..
—. 85 - ——
\ —.85| .80 ____
-80[0 —-
—.80 S+ [
— 80} 40| .-
i —sof e ] -
—-.20 i —.80§ .80 -
- 95 —
-85 .20 -
—9 | .40 .
v —-N - ———
—-810 _—-
-8 0| -
—.g& .40
¢ —e5f0
—.95) .20
-, 95} .40
\ —. 95| .60
(b) Untapered Controls
- : Inhoard
Wing-tip eontrols controls wm;_-u;; controls controls
[ Af [ P P - - :
BCy BCL” 8Cay’ B8Cy acy' | B8Cy BCxy’ BCy'
0.8 —11421 0.1878 —(. 0379 —1.2498 6.0 0.0320 0.0689 —0.0330 0.0349
2.0 —. 4242 . 003 -, 1022 —. 4328 Q 8.0 0327 0676 —. 0335 .0349
—0. 95 4.0 —. 1619 2064 - 1070 —. 1605 - 10.0 L0831 . 0681 —.0337 .0349
6.0 —.07 . -—. 1088 —.0608
8.0 —. 0285 . 2200 —. 1004 —. 0244 .8 0125 046 —.QI82 .09
10.0 .0009 <207 —. 1009 L0029 20 T L0272 .060L —. (0282 .0303
- 20 4.0 0817 . 0657 -—. 0310 0378
.8 —. 1081 . (a2 —. GHT —. 1084 - 8.0 - 0876 —. 0332 0369
20 —.017 .1063 - . 0065 8.0 0337 . 0685 -—.0338 .0366
—.%0 4.0 0225 1123 - . 0259 10.0 4L .0890 —. 0341 (B64
- 6.0 .0342 . 1187 - . 0366 ~
8.0 0402 L1143 —. 0568 L0420 .8 L0128 L0418 -—. 01588 .0008
10.0 . 0437 <1147 —. 0571 . 0452 | 20 .0280 . 0603 - 0276 0472
10 1] 4.0 0341 . 0682 —. (328 (426
.8 -.0100 002 —.0323 -—. 0476 - g 60 . 0356 0709 —. 0346 0411
2.0 0173 . 0804 —. 0381 0232 1| &0 .0382 L0722 —. 0354 . 0404
— 60 4.0 . L0830 —.041¢ L0334 10.0 . (366 0730 —. 0360 .
- 8.0 0346 0360 ~. 0421 0368
80 . 0858 —. 0425 .038% .8 .0120 =037 —. 3l 0548
10.0 . .0859 —. (427 . 0385 2.0 .0300 . 0603 —. 0257 L0841
1 ° . &0 £0 . 0384 0738 —. 0845 .0539
.8 . 0005 . 0502 - 0154 - ] 60 . 0406 .82 —. 036 0505
2.0 .0226 0694 —. .0250 1t 8¢ <16 . 0304 —. 0301 <0487
—.40 4.0 0302 0728 —_ 0338 w100 <H20 0818 —. 400 477
- 6.0 . 0328 .0739 - Q361 R
I 8.0 0341 0745 —. 0870 .0388 .8 . 0087 08321 —. 0087 2188
10.0 0349 0748 —.0372 0353 20 .0206 .058¢ —. 0222 L1228
20 L0 04 . 804 —.0343 0905
.8 L0078 0527 —. (233 (263 - | &0 . 0508 0921 —. 0420 R
2.0 (245 . 0638 —. 0307 .0319 8.0 0535 . 0982 —. 0451 0043
—% 4.0 0801 . 0875 —.0332 L0338 . 10.0 M) 1018 —. 0485 M7yl
- 6.0 .0319 .0688 —. 340 L0344
8.0 .0328 . 0694 —. 0344 . 0347 .8 | —.048 .0140 . 0032 1.4333
10.0 . 0334 . 0688 —.0346 . 0349 1 20 0242 . 026 —. 0167 . 8564
. : g5 | 4.0 00 . 0809 —.0282 L3841
.8 G110 .0482 —. 0205 . 0340 - .| &0 . 0564 .0908 —~. 0368 . 2033
0 2.0 . .0611 —.0201 . 0348 i 8.0 . 0637 L1145 —. 0438 . M50
40 . 0635 —. 320 0349 I 10.0 0732 1289 —. 05301 <2207
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TABLE IX.—COMPUTING FORM FOR C,,

Root Mach cone

——c, ‘—>‘ ) =20 A4 5005
— a,
tan Awe_g 3990
_tan Arg_
o a={22477 0 3459
K= Bys=T1.8577
b
NP | % K.=8y,=2.9934
Agpe, _*' Yy

1 Ky=§ (.—2—y.)=5.9868

(__c,__

) (TZ—y,)=1.1225

Ky=py=11.2528

(a) Dimensions and Preliminary Computing Form

K, =1.0262

=1
p(1=2)

K= =1.1117

_1
8(1—a)
. Kg=ﬁy12=5.9868

(b N\
Ko=5(3—w) =23.0472

R .

K‘°—ﬁ(1+d)_w
1

K”_ﬁ(1+a) =0.4776

} 3
Kn=8 (,—;’—y,) =0.5419

\ 2 . \Ozsa

7'}'p Mach cone
Root caze 3
Tip case 3
Tapered flap:

. - 3
2M3VIT Pai=b -

wepd
fr Nt 52150
cre—ef, ——

Untapered flap:
2M.3v1+ plat=3bse, =




EQUATIONS AND CHARTS FOR ESTIMATING THE CHARACTERISTICS OF SUPERSONIC

TABLE IX.—COMPUTING FORM FOR C; —Concluded

(b) Form for summing (PScT)* of trizngular segments c;f conica[-ﬁow region

CONTROLS

1 - — '
i . ' o)) @ @ ® @ ® :
H Figores for . Jolumn
g Reglon | @=0for I ’ l
; columns (2 cases in Enter curve at §
: and (3) table IX(a) foﬂnwﬁvrz}me of P lep I itAa a8 (B XH)X(5)
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| 8 | 5= B ge -ap 2ol -
I 'E _ﬂ 4 3,58 1 r(l d) —_ - 3r— ) — (DXeARy=__ Q
' = | Flgurez 5 456 | 1-D(—a)m05502 | .25 | T4 0000 (XA Km0, 7885 9.5008
I = — — — i
i tan y — -
' E g 6 2,3,4,5,6 1-—?"-‘ (1—a)m= I e (XK=, 0o
, 7 8 Foa-o-Lowz | .3 | e ar,—M-s. 107 ()X Eam6. 1017 9.3041
i Flgure s = 2K3(1—atey)
, 8 45,6 Ea-o-ems | Lo | .m | TR gre—soms (DX Ey=i. 2070 —n7m
I x —_— —_— _— —_—
* :
; i 3,56 -Gt "-:z‘%".i""_an- (X Ey=_ 0 :
Figure 10 - -
2 2,3,4,56 ;’?‘-(H-c)- . 33;_-—2—5:‘%-___ OXE=____ 0 [
3 op
: Figure § 3 8 L-ﬂzli‘);-u_uu 280 | 682 %ﬁ%{l_&,-—am () Xer Kiam1. 6833 —as7 |
‘ 3 ton 5 I
B 5 L 3,56 1—3’(%‘” - b m—%_ (DXeaEis= 0 ._
N ks i
L] . —]
_! b Flgure 9 5 456 1;@}“—)-0.25& 224 Tym2. 2000 (8) XzraKum=0. 6616 3260
(=3 i
& | tme i
i 6 | 23456 1—13%‘41’ - . = (OXzaKu= a !
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