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SUMMARY

A method which has previously been presented for the estimation of
the low-speed stability derivatives of swept wings is modified by means
of the Prandtl-Glauert rule to yield approximate corrections for the
first-order three-dimensional effects of compressible flow in the sub-
gsonic region. Corrections are presented in chart form for several aspect
ratios and angles of sweep and may be computed rather simply for other
agpect ratios and angles of sweep. /

Lift-curve slopes and values of demplng in roll are compared[with
thoBe obtained by use of a generally accepted method and are discussed in
relation to unpublished data. '

INTRODUCTION

The three-dimensional effects of compresslbility on the lift-curve
slopes of unswept wings are treated In references 1 and 2, and the treat-
ment is extended to the slopes of swept wings in references 3 and 4. The
only other stability derivative that appears to have been considered is
the damping in roll, for which compressible-flow values can be estimated
from reference 5. }

At present no rigorous theories exist that seem sultable for the
evaluation of all the stability derivatives of swept wings even in incom-
pressible flow. The effects of compressibility on these derivatives may
not be treated in an exact manner for some time. For many applications,
however, such as in dynamic stability calculations, an approximation of
the effects of compressibility is adequate.

A complete analysis, based on strip theory modified by simple means
to account for the primary effects of aerodynamic induction, has been
presented for the contribution of sweep to the stability derivatives of
wings for zero Mach number. (See reference 6.)
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The method forms a convenlent basis for meking estimates, in a
rational manner, of compressibllity effects on the stability derivatives.
This estimate 1s accomplished, in the present paper, by increasing the
1ift-curve slope of each wing section by an application of the Prandtl-
Glauert rule and by using the equations of reference 6 to derive correc-
tions for the first-order three-dimensional effects of compressibility
in the subsonic Mach number region. The corrections .are applied in the
form of ratlos of the compressible-flow equations to the incompressible-
flow equations; thus, the effects of errors in the theory are minimized.

The same procedure 1s applied to all the steady-state derivatives
with the exception of the yawing moment due to yawing and the lateral
force due to yawing. Since the contribution of a wing alone to either
of these derivatives is emall compared to that of the vertical tall, Mach
number effects on these derivatives would: appear to be insignificant

Consideration of the 1lift-curve slope and the damping in roll is
included hereln for completeness, although more rigorous procedures for
treating these derivatives are dlscussed in references 1 to 5.

SYMBOLS R

The symbols used in the analysis and in the presentation of results
are defined herein. All spans and chords are measured perpendicular and
parallel, respectively, to the plane of symetry .

o 11ft coefficient <ﬁ>
: 1.0
2pV S
c, rolling-moment coefficient |[Rolling moment
. 1 2.
2pV Sb
Cp pitching-moment coefficient Pitc?ing moment,
' 2pV Sc
C yawing-moment coefficlent Yawing moment.
n ‘ 1.2
. . 2pV Sb

Lwves

Cy lateral-force coefficient (I@teral force>
2
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he)

65]

o <

(e]]}

section primary-force coefficient '<ée°t1°n primary f°r°9>

(see reference 6) %pvec

mass density, slugs per cublc foot

wing area, square feet

free-stream velocity, feet per second

‘wing span, feet

wing chord, feet
wing mean chord, feet (S/b)

longitudinal distance rearward from airplane center of gravity
to wing aerodynamic center, feet

spanwise distance from plane of symmetry to any station on
wing quarter-chord line, feet

spanwlise distance from plane of symmetry to effective lateral
center-of -pressure location of resulting load causing
rolling moment, feet "

aspect ratio (b2/S)

taper ratio (ZiR chord
Root chord

Mach number v >
. Speed of sound

angle of sweep measured at quarter-chord line, degrees

angle of attack, radlans

angle of sideslip, radians

local angle of sidéslip; angle between plane of symmetry and

local air-stream direction at quarter-chord point of any
section, radians . . p
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aq section lift-curve slope for section mormal to quarter-chord
line when placed in direction of free stream

rolling angular velocity, radians per second

P

q pitching angular velocity, radians per second
r yawing angular velocity, radians per second
5—3 nondimensional rolling-velocity parameter
%—; nondimensional pitching-velocity parameter
% nondimensional yawing-velocity parameter
Subscripts:

L left wing panel

R right wing panel

M value at Mach number M

A=0° restricted to zero sweep

a,B,p,r,q denotes derivative of Cp, Cp, C-,’,'Cn, or Cy with respect
&

b .
to «, B, }é)-f’ g;k;, and 92% for example, CZB __-_.—%
-
and C_ = e
Op (R
2V
ANALYSIS

In reference 1, three variations of the application of the theory of
small pertur'bations to determine the effects of compressibility are sum-
marized. Two of these methods comsist of chenging the dimensions of the
wing or the angle of attack or both through the Prandtl-Glauert trans-
formation and then obtaining the aerodynamic characteristics of the
resulting wing from incompressible -flow theory. These concepts are dis-
advantageous in that the plan form of the wing in sideslip or yawing is
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distorted wmsymmetrically. The third method, which consists of increasing
the two-dimensional lift-curve slope of a wing for which the dimensions
were held constant, is the most convenient to use and is the procedure
adopted herein.

Reference 1 shows that the increase in section lift-curve slope is
the only first-order three-dimensional effect of compressibility on a thin
wing. For an unswept and untapered wing in a free-stream flow of Mach
number M, the section lift-curve slope a, 1s shown to be increased by

the Prandtl-Glauert factor l/Bo where By =V 1 - Me. If the wing is -

swept or oﬁlique to the flow, however, only the component of the Mach
number in the direction normal to the quarter-chord line is effective in
increasing the section lift-curve slope of the wing. (See reference T.)
Thus the 1lift of a thin two-dimensional wing which is oblique to the flow

by an angle A 1is increased by the factor l/B where B = 1 - Mgcos%A
A somewhat greater rate of increase of wing 1ift with Mach number would be
expected for wings of finite thickness (reference 8), but it is shown in
reference 4 that this effect is small for usual aspect ratios and sweep
angles. For the present analysis, therefore, the effects of thickness
will be neglected. ’

The stability derivatives under consideration in this analysis depend
substantially upon the orientation and the rate of change of 1lift and
induced-drag (which depends on 1ift) forces due to a change in attitude of
the wing. When these 1lift forces are increased in accordance with the
Prandtl-Glauvert rule, the stability derivatives that depend so directly
upon the 1lift forces may be expected to include the first-order effects of
compressibility. The equations of reference 6 consider the two-dimensional
effects of sweep corrected for finlte aspect ratios. If the two-dimensional
effects are further corrected for compressibility, the resulting equations
should also be valld for three- dimensional flow. -

In reference 6, gtrip-theory equations were first derived for each of
the derivatives with approximate consideration given to aerodynamic induc-
tion. Since the strip theory would be quantitatively in error, these
equations were used only to obtain corrections to unswept wing derivatives,
which could be calculated by more exact theories.

. In the derivations presented in reference 6 the section lift-curve
glope was left arbitrary only when it had a primary effect on the deriva-
tive; that is, when the derivativeé was proportional to aq: In other

instances a, was assumed equal to 2m. For the determination of the

dompressibility-correction equations in the present paper, the strip-

theory equations of reference 6 are restated in more basic form by

retaining ao 1in all instances. The compressible-flow equation is estab-
lished by substituting a, in the incompressible-flow development with aO/B
and then by replacing aé with 2m. In the case of sideslipping or yawing,

the problem seems a little more complex unless it is understood that the local
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conditions at each wing section are considered. The Mach number correction

“is then the ratio of the compressible-flow "equation to its incompressible-

flow counterpart. This ratio, as it varies with Mach number, may readily
be applied as a correction to incompressible-flow values of a derivative
which may be determined from reference 6 or from experimental data. The
derivations for the Mach number corrections for all stability derivatives
considered are given in the appendix. Compressibility effects on the
derivatives Cnr and CYr are not considered in this paper, although a

logical method for the estimation of the correction to Cnr 1s suggested
in the appéndix. )

The present method 18 subject to the limitations of the linear pertur-
bation theory that assumes only small departures of the fluid velocity
from the free-stream velocity. The strip theory of reference 6 1s limited
for most accurate results to high aspect ratios and taper ratios close to
unity. Errors inherent in the equations, such as those magnified by low
aspect ratios, however, tend to nullify each other when the correction is
applied in the form of a ratio. For the same reason the equations are
considered to be applicable to wings that are tapered at least moderately.

RESULTS AND DISCUSSION

The correction factors derived for some of the derivatives depend on
the static margin i/é. In order to provide an indication of the impor-
tance of the statlic margin, the factors dependent upon it were calculated -
for static margins of 0 and 0.2 for wings having sweep angles of 30°
and 50° and an aspect ratio of 4. The results shown in figure 1 indicate
that the static margin is of 1little importence; consequently, the margin
wag assumed to be zero for those equationes in which 1t appeared.

The corrections which may be multiplied by the ilncompressible-flow
values of the stability derivatives under consideration in order to arrive
at approximate values for the derlvatives at Mach numbers between zero and
unity are presented in chart form (figs. 2 to 9). The charts present cor-
rections for four aspect ratios (2, 3, 4, and 6) and five arnigles of sweep
(0°, 30°, 40°, 50°, and 50°). Compressibility corrections for aspect
ratios and sweep angles other than for those presented may be obtained.
elther by interpolation of the given curves or by calculation from the
given equations. (See table I.) These corrections are applicable to either
sweptback or sweptforward wings within the limitations of the basic theory.

The calculated effects of compressibility on the stability derivatives
of representative wings having an aspect ratio of 4 are presented in
figure 10, which shows that an increase in sweep may be expected to
decrease the magnitude of the increments due to compressibility. Values of
the derivatives for zero Mach number were obtained from reference 6 and any
effects of static margin were neglected.
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A comparison of the present method with the generally accepted method
of equivalent wings for determining approximate Mach number effects
on CLOL and. Czp is given in figures 11 to 1i. The use of the equivalent-

wing method in conjunction with calculations made by the Weiesinger method is
suggested in references 3 and 5 for Cy, and Cq_, respectively. A pre-
24 Y

liminary comparison of these methods with some unpublished experimental
data indicates that both methods underestimate the effects of compressi-
bility on CLa’ particularly for the smaller sweep angles and higher Mach

nurbers. This underestimation is probably due in part to the neglect of
the finlte-thickness effect of the experimental wings. The present method
indicates greater variations with Mach number than the equivalent-wing
‘method (see figs. 11 to 1k4) snd, therefore, is expected to give better
agreement with experimental results.

The present method was derived by application of a form of strip
theory to wings having a taper ratio of 1..0. An indication of the reli-
ability of the method for moderately tapered wings is provided for the
derivatives CLa and Clp in figures 11 and 13, respectively. These

figures show that for an aspect rativ of 4 the differences between the pre-
sent method and the method of equivalent wings are about the same for taper
ratios of either 1.0 or 0.5. The present method, therefore, might be
expected to apply with reasonable accuracy to moderately tapered wings.
Comparisons of the present method with the equivalent-wing method for
untapered wings having aspect ratios of 2 and 6 show that, over this range
of aspect ratios, the present method yields consistently larger values of
the corrections for either Cy =~ or Clp' (See figs. 12 and 14.) Both

methods are in generai agreement in that, for a given aspect ratio, smaller
effects of compressibility are indicated as the sweep angle 1s increased.

CONCLUDING REMARKS

An adaptation of the Prandtl-Glauert rule is used to modify existing
theory for the first-order effects of compressibility on the subsonic sta-
bility derivatives of swept wings. Lift-curve slopes and values of damping
in roll are compared with those obtained by use of a generally accepted
method and are discussed in relation to unpublished data. Because of the
lack of experimental data, the reliability of the present method for the
calculation of the effect of high subsonic Mach numbers on all the sta-
bility derivatives is not known; however, the method is expected at least
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to provide a reliable indication of the order of magnitude of the Mach
number effect.

In general, the effects of compressibility appear to become émaller
as the angle of sweep 1s increased.

Langley Aeronautical Laboratory ,
National Advisory Committee for Aeronautics
Langley Air Force Base, Va., January 20, 1949
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APPENDIX
DERIVATION OF COMPRESSIBILITY-CORRECTION EQUATIONS

Lift-Curve Slope

The strip-theory relationship for 6&;>M in its basic form, as
o) M=
glven by reference 6, is

a, cos A

Croheo ™ T8
a/M=0 o co8 A
1+ =%

The application of the Prandtl-Glauert rule gives the result

)
,ﬁl cos A
(CLG)M = 1 + 20 cos A
B TA
If the thin-airfoil-theory value of 27T 18 now assigned to ag, the
compressibility-correction equation becomes
(o)
M __ A+2cosA (1)
.(?LG)M=O AB + 2 cos A |

At zero sweep angle, equation (1) reduces to the equation derived in
reference 2 by increasing the 1lift coefficient by l/B2 and decreasing
the span and angle of attack by B 1in the 1lifting-]line-theory equation
for CL@'

Equation (1) indicates an increase in the compressibility factor
from unity to l/B as the aspect ratio Increases from zero to Infinity.

Rolling Flight

Rolling moment due to rolling.- A procedure similar to that employed
for CLCL can be used to develop an expression for the effects of compres-

8ipility on the damping in roll Clp based on the following equation from

reference 6 in basic form:

1 Aag cos A

C = -
( zIDM=0 6 A+ 2agn cO8 A
(i
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The application of the Prandtl-Glauert rule gives

a
AL
BcosA

(CZP)M=—%A+EQC_ﬁ_A
B T

If ag = 27, then the compressibility-correction equation is

(CID)M = A+ L4 cos A
At S @

Yawing moment due to rolling.- The incompressible-flow relationship
for CnP’ based on reference 6, is

| 8o co8 A>(i tan A tan2A>
C.|A + 6(A + e 3

(Cn) __ L A T2
p/M=0 6 2a, cos A

m

A+

When modified for compressibility, the equation becomes

A+6fa s 2ocosA % tan A | tan
B or c A 12

I
(Cnp>M__ 6 2 cos A Zo

A+ - B

By letting a
becomes

o = 2T, the compressibility-correction equation

—_— ) X tan A tan22>
Cy, _ A+.hcosAAB+6(AB+cosA) A T 12X

c T AB + L cos A / 2
_?P ' A+6A+cosA)k ten A | tencp
\ 0L Ao A 12)

opdiforlx

Figure 1 shows that the static margin i/c': has a r_mgligible effect
on any correction equation in which it appears. If x/c is restricted
to zero, the compressibility-correction equation for the yawing moment
due to rolling becomes
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C
<TE£ AB + -%(MB*-cos,A>tan
CL . _A+1Lcosp /
Cn AB + 4 cos A ' (3)
P A+ i(A + cos A)tan®j
Cr. M=0 2

Lateral force due to roiling.- The equatiozi for CYP’ ag developed

for the incompressible-flow analysis of reference 6, is

ag €os A
ar
285 cO8 A

i

A+

(CYP)M=O = Cp, tan A

A+

The value for the derivative at Mach number M may be written

a
+ _0cos A

B or
(P)M L= A+ 20 2cos A
B T
If ap = 27, then
C
- A+ L4 cos A AB + cos A , (%)

(L)w AB +L4cosA A+ cosA

Sideslipping Flight

Rolling mament due to sideslip.- In the case of a swept wing in
sideslip, the different effective sweep angles produce a difference in
effective Mach number between the left and the right wing panels. Cal-
culations, however, show this difference in Mach number to be of second-

order Importance. The effect may, therefore, be neglected and a proce-
dure similar to that employed heretofore may again be used.

The equation for C, 8’ as developed for incompressible flow in

reference 6, 1is
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. Cz C } A+ a4 co8 A
(‘6,&) = <—lﬁ> - T___ tanA )
=0 CL/pA=0° b/2 A+ 2a, cOBA 2 (5
™

The procedure employed in the present paper is actually applicabie ’
C
. 1
only to the increment in _69 that is due to sweep. Although the other
L ,
increment cannot be handled by the present simplified procedure, it prob-
ably is affected by Mach number in much the gsame menner as the increment
due to sweep, since both increments result from load distributions of the
same general form. The chpress-ibility factor determined for the incre-
ment due to sweep, therefore, is assumed to apply to the total value of
the derivative. The additional assumption is made that compressibility
causes no material change in the lateral center of pressure. ‘

C

1

| If —CE is neglected and the Prandtl-Glauert rule is applied
L./a=0°

to the increment due to sweep, the equation becomes

. A+ 80cos A

(-%--' B T ten A
CL, _VS%Q_A+_§9_2cosA 2
B T

If the thin-airfoil-theory value of 27 1s substituted for &g, the
compressibility factor becomes

(ﬁ.@
CL __.A+thsAAB+EcosA (6)
s A A+ 2 cosA

<(_3}£>A AB + 4 co
. CLM=0

Equation (6). should now be employed in the followlng manner to cor-
rect- (Cls)M:O as calculated from equation (5):

ao cof A

Slﬁ = E}_ﬁ_ - AT tan Al A+ 4 cos A AB +2 cos A
| Crm CLA=O°-TD%§ Pag GoBh 2 |AB +hcosA A+ 2co8A
| s

™

i
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C
A - )
where (_._B. and may be determined from reference 6.

C1L/A=0° b/2 - ‘ , :

Yawing moment due to sideslip.- The equation for (CnB)M=O’ as

developed in reference 6, 1is

aq sin A a. cos A

C
Cr/M=0 \C12/a=0° on cos A\\&  TA 2
' TrA(z\ + _9____>
T
_A_ AT >
2~ lLag cos A _ (7

. C )

n

If <E)—g> o is neglected and the Prandtl-Glauert rule 1is applied.
L/ A=0

to the increment due to sweep, the equation becomes

c ' ,
(_ﬁﬁ) _ tan A 31': sin A 8 cos A A Aan'
2 - - - s
CL M 'H'A(A . a—];) 2_(}_92—1_\> C TA B ETT 2 uf'Bg cos A
m

By letting a, = 2w, the compressibllity factor is

Cn

<—§) | (X sin A B A°B°
c 2 = + coB A — — — g———
L/M _ A+hcosas C A 2 8cos A
C T AB + b cos A .

o\ EBINA, sogpo A_ A
CL2M=O 65 A 2 8cos A

If x/¢ 1s restricted to zero, the equation becomes
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C .
n
—B _ :
CI.2M _ A+1+cosAA2132+hAB cos A — 8 cos®A (8)
- + 4 .
<Ef§> A8 co8 A g2, LA cos A — 8 cos®A
C1% M=0
. ‘ Cn -~
Equation (8) may now be used with respect to = in the same
Cy
manner as eguation (6) was used with respect to | —B . The deriv-
1/ M=0
Cn
ative | —b- may be determined from reference 9.
C12/p=0° '

M ]
Lateral force due to sideslip.- The basic equation for (CYQ M=0?

developed in reference 6, is

CY@ L 3a, tan A sin A
| . Cré/u=0 ( 2a, o8 A)

The corresponding Mach number equation becomes

Cr2/y 772A<A + 20 2 cos A)
B T
‘= 2T, the compressibility factor 1is
c : o
<_Y.g> | |
CL/M - A+ L4 cosa

<E_Y_E> ;) +_11 cos A o (9)
Cr2/M=0

By letting a,
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Pitching Flight

Lift due to pitching.o- Reference 6 presents the following equation
for 1ift due to pitching: '

Cruo = (2 . 2%) (CLa>M4>

The compressible-flow equation, therefore, is

(Cogu = <% * 2%)@ a>M

then

(CLQ>M = (CLG’)M = .A + 2 cos A

(CLq5M=0 | (CLG.)M=O AB + 2 cos A (10)

Pitching moment due to pitching.- In the incompressible-flow develop-
ment (reference 6) the damping in pitch 1s presented as

=\2 - 342
A X lx 1 A tan“A 1
C . = —8g co8 A< 2<=) +=Z| + +
= 8y COB 2 2k 8
(mq>Mo A+ Q1r A[c c A_"3zsmc,7rcosA
The modification 'of this equation for compressibility results in ~
a - 2 - 3 2
= o] A X l1x 1 A>tan~cA 1
C == = cos A 2(._-) +==|+ + =
( M B - 2 P 8o 8
mﬂ) A+B_B3co1?A c c A+3c7orsA__Bg

P

Upon setting a, equal to 27, the compressibility-correction equa-
tion for the pltching moment due to pitching becomes
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A 2(i>2+;3+1 Aten®p 1
GEM,M AB + 2 cos A 2C| 2k AB + 6 cos A 8B

( )M— 2( L1z +1 Adten®A 1
A+ 2 cos A 2 cos A 2 c 2h A+6cosn 8

If %/8 1is restricted to zero

A3tan®A 3
Gah>M _ AB + € cos.A +']3 (11)
(Cmq JM=0 Atan®r

A+ 6 cos A

Yawing Flight

Rolling moment due to yawing.~ In the determination of the effect of
compressibility on the yawing derivatives of a wing, another factor is
encountered which must be considered; that is, the spanwise variation in

Mach number.

In reference 6, Czr is shown to be the result of two force coef-
ficients clL and clR acting on the left and right wings, respectively

The following equation is presented:
1l

), bu o) 6R) .

where 1in basic form —~
: ay CO8 A '
e G 1+ T a8, CO8 A _ B'a, sin A 1+ BZX)
“1r, L 8o cOo8 A ao CO8 A 28, cos A v
p : 1+ A -1+ A
£(13)
a5 CO8 A .
1+ —— 'a, -
TA 8, CO8 A B'ay ein A <? 2r%>
Cly = , s + -
1z CL 8o CO8 A a5 CO8 A 285 CO8 A v
' 1+7 1+7
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In equations (13), the expression in the first parenthesis is related to
the wing lift-curve slope, which depends only on the free-stream Mach
number; the expression in the second parenthesis 1s related to the local
wing section 1ift coefficient, which varies along the span and must be
modified for the spanwise variation of Mach number; the expression in
the third parenthesis modifies equations (13) for the spanwise variation
in velocity in yawing flow.

By letting

BL = \/1 - MECOSQA(]. + E%Z)

V

% B-

By =\/1 - MecoseAG - efv-‘l>
M20082A EVX
~3B +—B——

equa’t_,ions (13) when modified for compressibility become

a 8o o)
1+ =2 CoB A =— cos A ' =— sin A
1, a - - 1+ 2%;
-9 cos A 1 4 0 £o8 A 1+2_§_qcos/\. ,
B By, TA By, TA
and.
a a 8o
1 4+ =2 cos A == cos A B' == sin A
ey, = Cp B _TA Br
R 8o 1 85 COB A 85 cos A (J'_?VH
B cos A Bp 7A +2g TA

vhere, from reference 6,

B':‘—-Z—?E)%—é+(£§-é—%>tan{l
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Therefore, (
2
rb 1—-3
°1 T %1y T 2L oy <3§5 2 ag CO8 A
B(B + —m——
TA
@ . —
B+ &o cos A
+ tan A )tan 14)
54 2aocosA7_ (7_ Y (

w
After substituting this value of clL - clR from equation (1k4) into

equation (12) ; Integrating across the span, differentiating the resvlt
with respect to the yawing-velocj/.ty parameter gVD’ and replacing a4

by 2w, the Mach number value of the derivative of rolling moment due to
yawing becomes

c x
lp =1, A1 — B2) +AB+2cos A ith+tm2A>
Ly 6 B(AB + 2 cos A) [ AB + L4 cos A \C 2A 2k

At zero Mach number this equation reduces to the equation presented in
reference 6:

_ ___l A+ 2 cosA étanA_,_tangA)
3 A+bhbcosAa\c 24 24

Therefore,

C

(.7'_1' [ A(1 - B?) +AB+EcosA/3ta.nA+tan2A)
CL _BE B(AB+2cos/U A + & cos A\G 2A AN
Cy A+ 2cosAfx tan A tangA)

. r + = +

—= 3 A+ Lk cosA\c 24 ok

Cr/M=0

If %/¢ 1ie restricted to zero,
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C

_EI 1+ A(l - Be) L MB +2cos A taneA

CL, _ OB(AB + 2 cos A)  AB + 4 cosn 8
Czr 14 A+ 2cosa tan2A (15)
= A+Lhcosn 8

L/M=0

Yawing moment due to yawlng and lateral force due to yawing.- The
contribution of a wing alone to either 'Cnr or CY} is small compared

to the contribution of the vertical tail. For this reason, these two
derivatives were not deemed as being of sufficient importence to warrant
congideration similar to that given the derivative Czr. The derivatives

may be corrected for compressibllity effects on a similar basis; however,
the procedure used for these derivatives could not be expected to be very
reliable because the drag and the drag distribution are important but can-
not be handled in a loglcal manner. Perhaps the most reliable procedure
for the derivative Cnr is the use of the incompressible-flow equation

of reference 6 with the wing profile-drag coefficient appropriate to the
Mach number in question.



20 NACA TN No. 1854

REFERENCES

1. Goldstein, S., and Young, A. D.: The Linear Perturbation Theory of
Compressible Flow, with Applications to Wind-Tunnel Interference.
R. & M. No. 1909, British A.R.C., 1943.

2. Gothert B.: Plane and Three-Dimensional Flow at High Subsonic Speeds.,
NACA ™ No. 1105, 1946.

3 DeYoung, John: Theoretical Additional Span Loading Characteristics of
Wings with Arbitrary Sweep, Aspect Ratlo, and Taper Ra’cio. NACA TN
No. 1491, 1947.

L, Mwrray, Harry E.: Comparison with Experiment of Several Methods of
Predicting the Lift of Wings in Subsonic Compressible Flow.
NACA TN No. 1739, 1948.

50 Bird, John D.: -Some Theoretical Low-Speed Span Loading C.haracteri_stics
of Swept Wings in Roll and Sideslip. NACA TN No. 1839, 1949.

6. Toll, Thomas A., and Queljo, M. J.: Approximate Relations and Charts
for Low-Speed Stability Derivatives of Swept Wings. NACA TN
No. 1581, 1948. :

Te Jones, Robert T.: Wings Plan Forms for High-Speed Flight. NACA Rep.
. 863, 1947. - : .

8. Kaplan, Carl: Effect of Compressibility at High Subsonic Velocities
on the Lifting Force Acting on an Elliptic Cylinder. NACA Rep.
No. 834, 1946. ‘

9. Welssinger, J.: Der schiebende Tragfligel bel gesunder Strdémung.
Bericht S 2 der Lilienthal-Gesellschaft fir Luftfahrtforschung,

1938-39, pp. 13-51.



21

NACA TN No. 1854
TABLE I.- SUMMARY OF APPROXIMATE CORRECTIONS FOR THE
EFFECTS OF COMPRESSIBILITY ON STABILITY DERIVATIVES
Relation
Derivative (1) ‘Equation | Figure
A+ 2 cos A 1 2
(CLG.)M AB + 2 cos A (CLa)M=o )
Cy A+l cosA 2
(Crgm B+ & cos A (Clp>M=o (2) 3
(Cnp> A+kcos ANB+ -]2=(AB + cos A)tan®A (Cn
;. ' < 3) L
L/M AB + 4 cos A A+%(A+cosA)'ban2A Cr =0 (
CY CY .
—P A+h cos AAB+cosA|_'p (1) 5
Cr/um B + hcos A A+ cos A \ CL/Me0
c Cy
g A+L4 cosAAB+2cos A ‘B 6) ¢
Cy, BB +4cos A A+ 2cos A\ Cpjvg (
C
Cn A+l cos A APB2 + UAB cos A - 8 cos®A [ T8
cr2/u BB+ lhcosA 424 4pcos A - B cos?h 12/ M=o (8) 7
bY CY
(_g A+h cosaf 1B (9) 3
Cr2/m AB + b4 cos A CL2 Moo
C A+ 2 cos A
(LQ)M AB + 2 cos A (Lq>M=o (10) 2
A3ten2A , +%
C AB + 6 cos (
m C = 11 8
( q)M Mteanh mq)M—O (11)
A+ 6'cos A
- A(1 - B?) LB+ 2008 tanA /o
(_3_:> 1+ 55(aB +2oosh) ' mB+Lhcosh B8 [ lr
Cr/um L+ A*2cos A tancA \CL M=0 (15) 9

A+L4FcosAh 8

lThe symbol

B used in these equations represents V' 1 - MecoseA.
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