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Fundamentals of Design
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Lo <l Flight Control Systems
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% Volume II, Addendum 1
DYNAMICS OF THE AIRFRAME

Reproduction of this document in any form by other than naval activities
is?ot authorized exccpt by special app.sval of the Secretary of the Navy
or the Ch?ef of Naval Operations, as appropriate

This publscation sball not be carvied im asrcraft om combas missions or whew theve is &
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autborized by the Operasional Commaender.

PURLISHED BY DIRECTION ©f
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NOTICE-~This document contalns informavion aff the national de-
fense of the United States within the meaning of the m
18, U. 8. C, Sections 793 and 794. The transmission or the of
its contents io sny manner to an unauthorized person is prohibited by law.
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SECURITY INFORMATION -~ CONFIDENTIAL

The material of this addendum forms.part of Report AE-61- a which together with
‘Report AE-61-41, has been written under BuAer Contract NOas 51-514(c), "Funda-
mentals of Design of Piloted Aircraft Flight Control Systems." These form part of a

series of manials being written for the purpose of providing a unified approach to
‘problems of control system design.

For the sake. of securing as wide: a distribution as possible, Report AE-61-4I, '"Meth-
ods of Analysis and svnthesls, * whichis Volume I of this series, and the part, "Dy-
namics of the Airframe" (Vol. II), of AE-61-411 which precedes this confidentjal
‘addendum, have been issued in an unclassified status. in accordance with one of the
general intents of the series to provide a source:of information to be used by éngineers

in bridging the gap between. their collegiate training and the more advanced tepics of
gystem engineering.

smce the figures of this addendum contain classified data, they could not be included
in the body -of this Réport, but are presented here in order to include the maximum:
usdble information availabie at this time. Because of the: disparity in level of classi-
fication, no.mentici: of this addendurn has been.made in tne body i this Report; but the
information heretn iS to be considered in conjunction with the contents of Chapter IV.

The numerical values and the ranges of values of derivatives shown on the: following
charts. are estimates, based trend~ shown b ilight test, waad iemne teste, no
theory; they apply only to i zhter type plicied wmuxt of today and the near fufuce.
They do not apply to missil: configurations where the wing is guite small compared
to the body, for in these con igurations the ra.ge of values of non-dimensional dertv-

atives: can become very larg.. (Bithin, Marvin, 4 Ankenbruck, Herman 0 . “Esti-

mation of Range of Stability Devivatives for Cus vent and Furure Plictless Alrcraft. ™
NACA Research Memorandi ., R4 LYE28, mngley Memorial Aeronautical Labora-
tory, Langley Field, Va., ctober 8, 1947.)

The following notation has ueer used In the graphs of this portion of this Report.

A solid line (——————r -3 has been used for straight wing srcraft; a broken line
(= == = ~), for sw._' wing; and a dotied line (~---~- ) for delts wing.
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Figure A .7 Variation of Cp with Nach Number for Several
Nigh Speed Jet Aircraft
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i
‘It ‘s to be noted that an abrupt and very large increase in Cp occurs. 1
in the transoni. region, and that the delta wing configuration reduces ,
| this effect. The estimated range of values of C; for present and near- .
future jet fighter type aircraft is from 0,01 to 0.50.
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; It may be seen that. c"’fi is approximately zero up to the critical Mach | ;i ’ !

number region at which point it rises abruptly to large positive values,
but ‘that the abruptness of the rise and the magnitude wliich-cl,,n attains

4 are much less for the delta wing configuration. The estimatéd range of - S — | )
| valucs of C, for present and near-future jet fighter type aircraft is
, '

4 from='0,01 to O: S0,

|
! | o ) i ¢
' | F-89D { ‘
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Pigure A -2 Variation of CD" with Nach Number for Several . ‘
High Speed Jet Aircraft "
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The values fcr all three airframe configurations show large variations |
- with Mach number in. the transonic region. The level .6f values in ‘the iow
subsonic region is primarily a function of the equilibrium lift coef-
ficient, The estimated range of wvalues of C, for present and near- |

[ & |

- " future jet fighter type aircraft is froem 0.062 to 0.20,
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Figure A -3 Variation of Cpa with Nach Number for Several
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‘!; | . The two curves shown for each type of aircraft indicate the probable
g : | ranges of equilibrium C_ ., The estimated range of values of equilibrium |
__f‘ . 1ift coefficient for present -and near-future jet fighter type aircraft -
; |, is from .01 to. 2.0;:
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- The variation with Mach number is influenced considerably by the air-

frame geometry. The estimated range of values of C, for present and
u

. near-future jet fighter type aircraft is from ~0,1 to 0,3.

‘07T
16 / » ¥-89D
'//‘1 o
Hi__..u\l,'. 12 e 0 ) T ‘ / i =.* D'558 11
. "/j/ \ |

08 /; ' : d . .
> > XF-9-
, , l
, -~ L4 _
, G=0.1 n( 1 ‘
- 049 - -+ . ' .
: T ‘ 1 p
i .‘ l ! .
| ‘ |
vV - o
o | .4 R [\ 1.2 '7 1.6 2.0 2.4
- Al ; | Mach Number}
1] )
[ \‘ :l
-.04 "\ —+
\ ! o
\ { . P’
' *1:4

Figure A .5 Variation of Cp, with Nach Nusber for Several
High Speed Jet Aircraft
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SECURITY IN

. All the aircraft shown exhibit the same general trends with increasing |

Mach.number, The estimated range of values -of C, for present and near-
A . 3 f
future jet fighter type aircraft ;5‘ from 1.0 to 7.0.
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Figure A -6 Variation of CL, with Nach Nunber for
High Speed Jet Aircraft
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' i The v:lues for the xe- 92 in the transonic region are large, Ihe esthuted
7‘ _ values of CL, for present. and near-future jet fighter type aircraft is
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The estimnted rance,ot values of C‘ for present and near- future jet

fixhter type aircratt is from 0 to 8

-}

' | F-s9D
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Gy (a in Rad/Sec),
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Mach Nusmber |

Figure A -8 Variation of C'L ‘with: lgéh-ﬂwnber For Several
- q
High Speed Jet Aircraft
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| The estimated range of vrluei of ‘CL, for pressnt and near-future jet
+. f ;
| fighter type aircraft is from 0 to -0.86.
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Figure A-9 Variation of C'LA“V with Nach Number for Several
High Speed Jet Aircraft
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|

} The estimated range of values of C, for present and near-future jet '
-
. fighter type aircraft is from-.2 to .S.
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Pigure A -10 Varietion of Ca with Mach Nusber for Several
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The estimated rahge of values ot*c.. for present and near-future jet

fighter typeé aircraft is from-=3.0 to+.5.

G e

| R
1.4 ; —
j ; {( P-86(C. G. =22. 5% M.A.C.) |
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1 . P-89D(C. G. » 25% M.A.C.) |
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Figure A - 11 Variation -of C.“ with Nach Number for Several

’ High Speed Jet Aircraft
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sonic region. Although -data concérning the performance of the other

”’, for present and. near-future jet fighter iype aircraft is from- 10 to +3.

-4

" For the. XF-92, positive values are attained in the transonic and super-

. airplanes in the transonic region are scarce, it is probable that some -

" of ‘these -configurations would exhibit positive values also. The-estimated
' range of values of C,. for present and near-future jet tighter type ‘
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Notice the rathér- small values exhibited by the tailless configuration.
. The estimated. range of values of c_u for present and near-future jet
fighter type aircraft is from -20 to 0.
-16+
BN F-SQD
X-1
| F-86
-, — o T .
() £
- 3
| — 3 -
| R | ,
LT} :
| 4 D-558-T11
L} \
--44 —T :
7l —
. 4 N p -
2 Wl ~ o ' ‘ XF-92
- i —r » "
d_ d- - D -
0
0 4 8 1,2 . 1.6 2.0 2.4 2.8
Mach Number
‘ ‘ V o fx'jure. A'- 13‘ Variation of C.,q with Mach Number for Several
@\ ,‘E’ Righ Speed Jet Aircraft
CONFIDENTIAL 13
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1 For all configurations, the elevator becomes much less effective in the
) R | .} transonic vegion. The estimated range of values of ,C.’ for present and | .
®

’ X ‘5 near-future jet fighter type aircraft is from 0 to + 1.5.
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Figure A =14 Viriation of C;,st with Nach Number for Several
Wigh Speed Jet: Aircraft
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1 Drake concludes that decreasing C‘ ve improves the overall flight behavior. } ;
1 i " (Druke. H. M “The Effect of Lateral ‘Area on the Lateral Stability end
T -] Control Chatacteristics of an Airplane as Determinéd by Tests cf a Model
‘ ; L in the Langley Free- Flizht Tunnel, * NACA Advance Restricted Report -
; 1 . ARR L5LO05, Langley Memoriil Aermautical Laboratory, Langley Field; Va., |
) 1 February 1946.) , .
T There is no apparent correlation. between C,, values and wing planform T
s type.. The estimated range of values of C»,’ ‘for present. and near-future. 1 i
T | jet fighter type aircraft is from -.1 to -1.5. | ‘
S WY - : — 1

| -1, 2

11D < B T D T R

T

1-1.0

P

. | =

‘.-'—ﬂ--!— -—4——&-- > o= - - o
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C, =0

4 | .8 L2 | 1e 20 | 24 2.8
1]
' Mach Number ‘

s Skt i kL e i S e,

. Fijurch‘ -15 ‘Variation of'C‘yﬁ with Mach Number for Several
High Speed Jet Aircraft
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== | The estimated range of values of C, for present and near-futire jet '
l .
fighter type aircraft is from 0 to 1.2.

D-558-11

F-89D

S 2.0

16

High Speed Jot Aircraft
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~+ The conparatively large effect.of equilibrium 1ift coefficient or -angle =
| of attack on the values of this derivative ashould bé noted. The esti- |
. matéd range of valies of C, for present and near-future Jet fighter |
type aircraft is from=-.3 td+.8. : '

¥

J—Cy =, 2

A
/
(

. N ~t— - : . V:D-isst‘s::‘,rw'
D S R 1 s S B
: ~ ? ‘ ‘ it

i
]
! ‘
i )
i
i
‘, 1
‘
!
R
”

Figure A-17 Variation of C;p with Mach Number for Several
Pigh Speed Jet Airr :t
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| The estisated range of values of c‘,. for present and near-future jet |
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The estimated range of values.of cn‘for p‘rejseht and. ‘negr-tuture‘ Jet

fighter type aircraft is from 0 to.40.
1 | i i } i }

o | . . S . - : ., i P
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V‘Figute"A --11’9 Vgn"éﬁon of C,,‘ with Nach Number for Several
Bjigh Speed Jet Aircraft
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1 : ,
Although the value of C is rather large for the D-558-II, this air- :

! pllne «exhibi ta: poor Dutch roll dmmping ehamterntica, this emphasizes: 1
i ¢ ~4- the fact that Dutch roll deasping cannot beé predicted merely by exsmining: -
: i ) : | this derivative alune. The estimated ringe of values of: ‘Cp . fOr present |

_].and near-tuture jet fighter type alrcraft is from 0 to -1 0.

LAl
A —

D-558-11

F-86.

F-89D

i 8

Figire A - 20 Variation of C, with Nach Mmber for Several
High Speed Jet Aircraft
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' The equilibrium 1ift coefficient has a great efrect on this derivative.
The estimated range of values of g“b for present and near-future jet
. H
| fighter type aircraft is from~.5 to+ .1, }
. 18-
| |
: Cp= + 5
B =\
- 12. AV
\
-\
|— .08 “\
N <l |02

-, 04 ‘ .

: d D-558-11 ‘ ‘
C . . f '
vnp ‘

2.4 2.8
— VI 1
. <g@y?® |F-59D
.04 - :
08
Figure A - 21 Variation of Cnp with Nach Number for Several
Kigh Speed Jet Aircraft
CONFIDENTIAL 21
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For all configurations; rudder effectiveness decreases abruptly in the
. the transonic region. The estimated range of values of iCn’ for present
[3

: and near-future jet [ighter type aircraft is from 0 to -.15.
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Figure A <22 Variation of C,.‘R with Nach Number for Several M
High Speed Jet Aircraft J
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' The equilibrium lift coefficient has a great effect on this derivative. -
‘ 'I‘he estimated range of values of C for present and near-future jet

fightér type aircraft is from -.08 to +.08,

(8a_in Radians)|

&
[}
o
or—T

Cny,
1

L D

| Mach Numbe

.02

‘Fiture' A -23 Variation of C"'A with Nach Mumber for Several
High Speed jet Aircraft
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| The équilibrium lift coefficient 'has a great effect on performance,
especially for the delta wing configuration, but there is an abrupt — -
T decrease'in its effect in the transonic. range. The estimated range of
values of ‘C,I for present and near-future jet fighter type aircraft is

- from =,30 to +.06,

1124 —
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Figure A -24 Variation of Cl‘ with Nach Number for Several CY
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'me equilibrium litt coefﬂclent has a great effect on this derivative. | )
an effect caused by the vertical tail contribution. The eéstimated range: |
of values of c, for present and near-future jet. fighter type aireraft —
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1 The trends with Mach Nimber are seen to be similar to those for C - .
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] : | e equilibrium 111t coefficient has a great effect on this deri native. ¢ \ |
b 4 .l The estimated runge of values of C; for present and near-futare Jet b b i
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fighter type aircraft is from - 04 to «+.04.
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