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ABSTRACT

In this report an analytical method is presented for predicting

‘lateral-directional aerodynamic characteristics of light twin-engine

propeller-driven airplanes,

This method is applied to the Advanced Technology Light Twin-
Engine (ATLIT) airplane. The calculated charﬁcteristics are correlated
against full-scale wind tunnel data.

The methed predicts the sideslip derivatives fairly well, although
angle of attack variations are not well predicted. Spoiler performance

was predicted somewhat high but was still reasonable. The rudder

~derivatives were not well predicted, in particular the effect of

angle of attack. The predicted dvnamic derivatives could not be

correlated due to lack of experimental data.
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factor (Section 6.1.1)

Empirical sweep correction factor for
~ viscous drag : :

Nacelle reduced mass factors
Relative body size factor

(c )V/ZW

lﬁ

length of the fuselage

length of the nacelle ahéad of the wing

Distance from the center of gravity to
the quarter-chord of the mean aercdynamic
chord of the vertical tail, parallel to
the X-body axis

Distance parallel to the X-bodv axis from
the center of gravity to the quarter chord
of the mean aerodvnamic chovd of that
portion of the vertical tail spanued by
the rudder

Hach number

Revnolds number
Number of nacelles

Propeller

ovnamic¢ pressure ratio at the vertical
tail :

xvii

Dimension

n (ft)

m (ft)

m (ft)

pras
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LIST OF SYMBOLS (continued}

{?2 : § Symbol Definition Dimension
g il—n- Dynamic pressure ratio at the nacelle
o 9,
l q, Free ctceam dynamic pressure N/m? (1b/ft2)
% Rp Propeller radius n (ft)
1
5u§- . S ‘ Area m2 (ft2)
"ﬁ, H (Sf)s Fuselage side area m? (£t2)
;jf v
L y S, Propeller disc area m? (fr2)
= :
i i Sx Nacelle effective cross section area m? (ft2)
L 5 n equal to a circular creoss section .
T H with a diameter equal to dn
ERSRA]
i 3 T Total propeller thrust N (1b)
I.A’T : i _ :
g T, T/(qS,)
3 E t/c Maximum thickness ratio
fﬂt ) v Fuselage volume nd . (fed)
. ) w Haximum fuselage width . m (ft)
nax
X X - x
v a.c. c.g.
. X, e Distance from the lifting surface m (ft)
: o apex to the aerodynamic center
i Xoe (cr) Distance from leading edge of the m (ft)
h le vertical tail to the a.c. of the
horizontal tail, in plane of the
horizontal tail
X g Distance from the center of gravity m (fr)
tet to the leading edge of tha wing mean
aerodvnamic chord
3 - x (c_) Distance from root chord of vertical tail . m. (ft)
o § . c. l’.'v t . N i1
Ty o root chord of horlzontal tail

e ey
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LIST OF SYMBOLS (continued)
Definition

Distance from the airplane nose to the
center of gravity

Longitudinal distance from the center
of gravity to the effective nacelle
center of pressure

Longitudinal distance from the propeller
to the airplane center of gravity

Distance from the propeller to the wing
quarter-chord along the thrust line

Distance from the airfoil leading edge
to the end of the spoiler

Spanwise location of centroid of angle
of attack loading

Lateral distance frcam the root chord
to the mean aerodvnamic chord

Lateral distance from the thrust line
to the center of gravity

Distance from the root chord of the

" vertical tail to the root chord of .

the horizontal tail

Vertical distance from the effective
nacelle center of pressure to the
center of gravity ’

Vertical distance from the thrust line
to the airplane center of gravity

Distance from the center of gravity
to the vertical tail mean aerodynanic
chord, perpendicular to the X-body axis

Distance parallel to the Z-body axis
from the canter of gravity to the
quarter-chord of the mean aerodvnanic
chord of the portion of the vertical
tail spanned by the rudder

Vertiecal distance from the X-axis of the

equivalent circular fuselage to the
quarter chord of the rdot chord of the
exrosed wing

xix

Dimension

m (ft)

(fr)

(ft)

(ft)

(ft)
(ft)

(fr)
(fe)

(fe)

(ft)

(fr)

(fr)
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LIST OF SYMBOLS (continued)

Symbol Definition Dimeasion
z; : Vertical distance Lrom the airplane to m (ft)

the quarter chord of the root chord of
the exposed wing

Greek Svmbols
a Angle of attack relative to X-body axis deg
a Absolute angle of attack deg
abs .
a=-a +1 .
o
3, Fuéelage zero lift angle of attack deg
f . .
(06)CL (BCL/BG)/(QCL/aa)
2
8 Sideslip angle deg
B! Propeller blade angle : deg
T Dihedral angle ~ deg
A Empirical viscous drag increment
(ac,) Increment in lift coefficient due to
LN
P propeller normal force
(ACL): Increment in 1ift coefficient due to
p propeller downwash
(ACL )w(A-) Incrament in wing lift curve slope deg-l, rad”
x q due to power induced increased dyvnamic
prassure
e, ), Increment in wing lift curve slop due to. deg- , rad -
L “w(e))
p propeller downwash :
(ACL )drag Incrcment in C; due to viscous drag rad-l
P ' p
(&Cl )W Increment in C, due to propeller normal - rad_l
PP P o
force
XX
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Svmbol

(Aclp)power

(ac

(ac, )
g Ny

.(Acls)n(Aaﬁ:p)

(Acls)power

(ac_)
ns Np

(ac_)

nB n(Aa)

(Acna)n(cp)

zp)w(Aa+ep)

LIST OF SYMBOLS {(concinued)
Definition

Increment in C, due to power

A
p

Increment in wing contribution to

Cz due to increased dynamic pTessure

P
and propeller downwash

Increment in Cz due to propeller
8

normal foreca

Increment in nacelle contribution to
Cl due to increased dynanic pressure
3 ) _ .

and propeller dewnwash

Increment in C2 due to power
3.

Increment in Cn due to propeller

8
normal force

Increment in nacelle contributien to C
due to Increased dynamic pressure
Increment in nacelle contribuc;on‘to C
due to propeller sidewash

Increment in Cn due to power
3

Increment in'CY due to propeller

8
normal force

Increment in nacelle contributicn to C,
due to increased dynamic pressure
Increment in na<elle contribution to C,

due to proveller sidewash

xxi

Dimension

deg ~, rad
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LIST OF STMBOLS (continued)
Pefinition

Increment in C, due to power
8

Dynamic pressure increase behind the
propeller as a ratio of the free stream
dynamic pressure

Dynamic pressure increase at the nacelles
due to propeller as a ratio of the free
stream dynamic pressure

Spoiler lift effectiveness in terms of
the change in zero-lift angle of attack

Rudder deflaction

Spoiler deflection

Variation of viscous drag with angle
of attack

Downwash gradient behind the propeller

Upwash gradient at the propellér

Variation of sidewash with wing tip -
helix angle

Va?iation of sidewash with sideslip

Variation of propeller sidewash.with
sideslip :

Downwash angle behind the propeller

Noun-dimeansional spanwise station,
v/(b/2)

Dimension

deg-*, z-a.d-l

deg, rad

deg, rad

deg, rad
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Symbol

brg

Subscripts
c/2

c/4
c.g.
e

f

th

max

n

prop off
power on
r

t

LIST OF SYMBOLS (continued)
Definition
1) Wing rwist
2) Effective spoiler sweep angle
Sweep angie -
Corrected sweep angle,

tan-l[tan(Ac/A)/BI

Taper ratio

Section trailing-edge angle

Half-chord line

Quarter-chord line

Center of gravity

Exposed panel

Fuselage

Fuselage-horizontal tail combination
Horizontal tail

Leading edge

High subsonic mach number
Maxinum

Yacelle

Propellers removed

Propellers installed and power on
Root

Tip

Yertical tail

wxiii

Dimension

deg

- deg

deg

deg

i
B
A
A
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LIST OF STMBOLS (continued)
Definition
Wing
Wing-fuselage combination

Wing~-fuselage-horizontal tail
combination
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CH/PTER 1

INTRODUCTION

This report describes work carried out under the second pﬁase
of a project performed by the Flight Research Laboratory of the
University of Kansas sponsored by Crant 3G 1574 frsm the dational
Aeronautics and Space Administration (NASA), Langley Rese;irch Center.
The purpose of this project was to correlate theoretically predicted
aerodynamic characteristics of the Advanced Technology Light Twin
(ATLIT) airplane with full-scale wind tunnel and flight test data.
The original phases of this project were

i. correlate thecretical predictions ofilongitudinal
aer;dynamic characteristics with full-scale wind
tunnel data;

2. correlate theoretical predictions of lateral-directional
aersdynamic characteristics with fuil-scale wind
tunnel data;

3. correlate the results of 2oint 1 and point 2 witﬂ
flight test data.

The results of the longitudinal correlation (point- 1) are
presented in Reference 1. This report deals only with the lateral-
ditec;ional cqrrelacion (point 2). Fuli scale wind tunnel data
used in the correlatién were taken Zrom Reference 2. The methods
used in the prediétion were taken from References 3 and 4.

The purpose of this report is to present an analytical nmethod
for'?fedicting the lateral-directional aerodynamic characteristics

of this class of airplane and to correlate the predictions wich
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fuil-scale wind tunnel tests to idertify areas where current
predictions fall short.

This report was originally to correlatc>the predicted char-
acteristics vith fliéht test data. However, aside from some
performance data presented in Reference 5, suificient flight test
data i3 not yet available td perform a meaningful correlation.
After consulting with NASA, It was agreed to delete the flight
test correlation phase. Additional work of a similar nature
(full~3cale wind tunnel correlation) is preseﬁtly being performed
on another airplane in place of the AfLIT flight test correlation.
Some derivatives for which no wind tunnel data were available
are still presented for future comparison when this data becomes

available.

[
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CHAPTER 2

THE ATLIT AIRPLANE

The ATLIT airplane 1s a Piper PA-34-200 Seneca I general aviation
low-wing monoplane with a number of high technology modifications. The
mijor physical churacteristicé are listed ;n Table 2.1, and a three-
view d?awing:is shown in Figure 2.1.

The improvements implemented on the ATLIT wére

1. The origihal untapered, aspect ratio 7.25 ving having
a 652412 airfoil and an area of 19.4 m? (208.7 £t?)
was replaced by a new tapered winé (taper ratio 0.5)
with a higher aspect ratio (10.32) z2nd a smaller
area (l4.4 m7). The new wing used a l7-cercent thick *
GA(W) -1 airfoil.

ul

2 Full span 3b-percenc chord Fowlar {laps fepla:ed
the origiral 20-percent chord plain flaps.
3. Spoilers were insralled for roli control instead of
ailerons.
The new wing area was made smaller and the aspect ratic increasec
to provide better draq chara;teristics than the original wing. The

CA(W)~1 airfoil was used for its high lift-to-dray ratio and hizh

o maxinmum Lift coefficient. For accepntable landing speeds, full

span flans wrre used with spoilers providing roll control.
Duriny fiight test, suvercritical propellers were also evaluated.
However, -thes2 wevre not used in tihe full-scale wind tunnel tests

and are <herelore not considered here.
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in this report are done using the "fuily clean"

In addition a number of changes were made ‘1 part of the wind

tunnel test to clean up the drag of the ATLIT. This resulted in

“as built' and "fully clean" wind turnel tests.

0

All comparisons

wind tunnel data.



Tavle 2.1; Specifications of the ATLIT Mrplane

Hing:

area, o° (¢c?) 14,50 (155.0

Span, a (f¢) 12.19 (40.0)
Afpact retqo

10.32
Thickness racio 9.17
g ) Ditadral, dag ?
“i,ij} ' . Taper racto 0.3
J:§ - Incidence angla 3¢ Tvoe, deg 0.5
i Incidence aogle a: tip, dey ~2.3
k Leading edge and crall}ng dige sweep, deg 3.67
j Hean zerodymangs chord, a (fz) 1.225 (4.018)
B Raot chord, 3 (1n) ’ 1.515 (52.0)
A ' Tip chord, 3 (1n) €.i87 (31.0)
i; ‘iL Afrfofl GA()-1
‘i k-
2 1 Type Fowler
‘ Ares (oral), a¥ (¢:9) Cv 36 3y
; i Span/aide, = (f3) 5.15 (1€.91)
t

Clord, peraz, of wiay chord 3o
HE Iaboard wing station, a ({n)

0.711 (23.0)

¢ 1 Outboard wing stazion, m ({n) 5.867 (231.0)
; Leading edge rctr:cécd. Pers. of wing chord 70

% Maximum daflection, deg 40

g 4 Maxizun Sravel, = [iny) 0.343 (13.50
g' ; Rost chord, =4 (in) 0,445 (17.:0)
% ' Tip chord, a {iq) 0,243 {9.n2)

S

L 4

P

e



ﬁ Table 2,1: Continyed
Sootler
o : Typa A o Differencial'-sht-
ol . Upper Surface
. Ares (tocal), a2 (g2, 10.488 (3,23
%g Span/stde, o (13)

"3.225 (127.0)

Inboard wing Station, n (in) - 2.568 (101.9)

Outboard wving stacion, o (1ia)

5.791 (228.0y
s Hinge, Perc. of wing cheoeq

70
X Maxinunm defltc:ion. dag 60
5y = : . Raoe chord, o (ia) 0.177 (6.97s)
, ?3“ - - TP chord, a (1q) 0.126 (4.8g0)
g , T,
ST ‘ Srabila:or: .
-15 B Area (lncluding‘:ab). m: (fcz) J.60 8.7

Span, 3 (fr) 4.13 (13.56)

Chord (conscan:). a (in) ‘0.371 (34.29)

Aspaece racio

4.75

”i Sweep angle, deg . Q

':.} Dihedral, deg ] -0
q Birge Hne, pere. of chord ) 26.6

Alrigyy NACA 0019

Vertical;
° 3 5
Area (lncludlng tab), n* (f:7y 1.25 (19.9)
Spaa, a (fz)

1.52 (5.50)
Aspese rapgy ! 1.19

Taper raesy 0.2

Ront chord, o (i)

L.0ns (57.23)

Tin hoed, ‘q (iq)

e

L] {28.15)




Table 2.1: Continued

i3

Mean aerodynamic chord, u (in) 1.282 (50.47)
%E Laadiag edge sweep angle, deg 39.92
I .

Atrfatl ' Naca 0009

o Stabilator tab: ‘

ares, o® (e} . _ 0.539 (5.3)
e I, Srea, @ (1a) o 3.023 (119.0)

3 ?? Chord (conscant), = (in) ) ©0.178 (7.0)
,?;5- Tat hinge Line to scabilacor hings line, )

- a (ia) , 0.462 (18.17)

_: i Rudder: . '

4 . Area (including tab), =° (£c-) ©0.706 (7.6)
S ;% Span, @ (in) 1.525 (60.02)
§ Chord (comstant), a (in) 0.349 (17.69)
:f:§ . Rudder triz= tab:

'1r " atea, a’ (E2D) - 0.158 (1.7)
7 i Span, @ (in) - 0.895 (35 25)
: Chord (constant), a (in) 0.175 (6.9)
A : - ?cverpjane:
1i Number of engines 2
) Manufaccurer Lycozing
‘ Model | 10-350-CIE6
Takeof$ :;m 2700
Takeotf powver, hp 290
Propellar:
Manufacturaes - Haczzell
Yodel ’ HC-C2YK-ICIF/I0 76404
Sumber of bSlades ’ 2

dtamet2c, a (in) 1.330 (76.9)

‘v.rﬁ

Y



Table 2,1: Concluded
%l
i
wd
. Veights and Loading:
3 §~ Gross weight, ¥ (15} 17,792 (4,000)
il &3 :
Ecpey weighs, ¥ (1b) ' 11,018 (2,477)
:é” Ussful load, N (1b) 6,774 (1,523)
£
L-K'! ,j Wing losding (at groes weighc),
I : 2 2
] B N/a® (1b/£c®) 1,236 (25.8)
: &
g3

i
|

: i3
A “
3 ]' i

H
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Figure 2.1: Three-view drawing of the ATLIT airplane (Reference '1)
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2.1 Geometric Parameters of Wing and Tail

e B s _j)IEB

Depending on which characteristic has to be determined, the total

area or the exposed area of the wing arnd the tail are considered. The

1

éﬁ total planform i3 considered to extend through the nacelle and the

?3 fuselage, while the exposed planform terminates at the fuselage.:

= Pertinent dimensionsvfot the wing, the horizontal tafl and the vertical
:E tail are chown in Figures 2.1.1, 2.1.2 and 2.).5, respectively.

_: Table 2.1.1 1lists the geometric parameters of the wing and the tail

EE pertinent in the analysis. |
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Table 2.1.1: Pertinent Wing and Tall Geometric Parameters Used in the
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Analysis
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fiismand

Syabol

Description

Wing

Hurfzontal Tafll

Vercical Tail

Tocal

Exposed

Total

Exvosed

Exposed

S

L

le
c/4

«f2

Awea, mz (ftz)
Span, m (ft)
Aspiect ratlo, bzlS
Tip chord, m (1n)
Root chord, a (in)
Taper ratlof ctlcr

* Mean aetodynanmic

chord, m (in)
AR .

Lateral position of
meun acradynauie chozd,
m (in)

Dihudral angle, deg.

Leading-edge sweep,
de3.

Sweep of c/4 lline,
deg.

Sweep of ¢/2 line,
deg,

14,40 (155.0)

12.53 (134.8)

12.19
10.32
3.787
1.575
0.50

1.225

2,709

3.67

1.835

(40.0)

(31.00)

{62,00)

(48.22)

(106.67)

10.96
9.61

0.787
1.495
0.527

1.173

(36.0)

(31.00)

(58.87)

(46.38)

2.46 (96.85)

3.67

1.835

3.60 (38.7)
4.13 (13.56)
4.75

0.871 (34.29)
0.871 (34.29)
1

0.871 (34.29)

1.033 (40.63)

3.25 (34.9)
3.73 (12.23)
4.28
0.871‘(36.29)
0.871 (34.29)

0.871 (34.29)

0.932 (36.69)

1.25 (18.8)
1.52 (5.0)
1.33

0.723 (28.45)
1.575 (62.0)
0.459

1.201 (47.30)

<.334 (13.13)
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CHAPTER 3

PRESENTATIOQN OF RESULTS

Tn this chaptern,the predicted lateral-directional characterisrics
of the ATLIT airplane will be compared with full-scale wind tunnel

data of Reference 2.

3.1 Sideslip Derivatives, CYBJ_pnsi_gls

The methods used in predicting tﬁe sideslip derivatives of the
ATLIT airplane ara presented in Sections 4.1 to 4.3. In Figures

3.1.1 to 3.1.6 the predicted derivatives C, , C_, and C, are pre-~
T3’y i3

sented and compared with full-scale wind tunnel data for both propellers
off and power-on.
Figures 3.1.1 and 3.1.2 show the propeller off and power-on

CY . In general the results show gnod agreement, althougn the
8 .
effect of angle of attack has not been properly accounted for--

especially for the power-off case. It is felt that the zangle of
attack effect on the fuselage and fuselage-vertical tail combination
has not been accounted for.

The Cn of the full-scale wind tunnel test shows a strong
. 8
variation with angle of attack which the theocreticai methods did

not predict. While the average values agree fairly well, tle

predictions show a basically linear change n Cn with angle of
! 2
»

attack. With power on, the prediction is aven worse, as the wind

tunnel Cr varfad even nore with angle of attack. A3As is discussed
‘a

ol

in Section 4.2.2, the wing position plavs an inmportant role in the
’ 5 ¢ B h r
fuselaze contribution tc Cr1 . Howewver, there 1is not enouzh data
3
available to dccount accuratelyv for this factor.

16
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Figures 3.1.5 and 3.1.6 show the propellers off'ahd power on

. CZ prediction compared with wind tunnel data. For the propellers
8
. off case the prediction is somewhat high, but the variation with

IS

P

angle of attack agrees with wind tunnel results. With power on,

Grr s
PRI

the wind tunnel tests show a mor2 pronounced variation with angle

iy s

¢ mweye
pRVE

of atte .. At the low angles of attack the prediction is not

very good, but it Improves as the angle of attack is increased.

ntf : : 3.2 Control Derivatives ‘

The control derivatives for the spoilar and the rudder are

A predicted in Sections 4.4 and {.5. Figure 3.2.1 presents the

S i

spoiler effectiveness for @ = 0O as a function of spoiler deflection.

i The predicted effectiveness is slightly higher than the wind tunnel

data. Nevertheless the prediction is considered quite good, con-

" e

-,
P Loet
)a.u el el

‘'sidering the generzl naiure of the prediction method and the lack
[ ’ of data for this class of airplane.

Figure 3.2.2 prasents the yawing mament due to spoiler deflec-
tion. Again the prediction is slightly higher than the'wind tunnel

data, although the overall trend is predicted quite well.

In Section 6.1.5 it is shown that the effect of power on

the spoiler characteristics were significant in the wind tunnel

L A

tests; no method was found to predict this effect.
Fiqures 2.2.3 through 3.2.5 comnare the predicted rudder
derivatives with full-scale wind tunael data. 1In general the

redictions are nct very good. ~ The predictions show little
N 7 b b

variation witn ancle of attacl (except, of course, for <. ),
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P
o e )q......-» U i, S i 70



K

SEARM

o

Fmmery R T e

P
i
1
k
L

B

st

'
¥

it L L e ]

LT T A st ey bt et 8o U imp i

-

g 5

thd s
et o T AR TS

while the wind tunnel data exhibits censiderable variaticen with angle
of attack. There is little variation iu the rudder derivatives with
power in the wind tunnel data. It was assumed that there was no

power effect on the predicted rudder derivatives.

3.3 Dynamic Derivatives’

The dvnamic derivatives of the ATLIT afirplane wvere origiaally
predicted for comparison with flight test dat-. This data is not
vet available; however, the data is presented here for completeness.
Power effects were only considered sinnificant for CL -. Figuras

D

3.3.1 through 3.3.5 show the predicted derivatives as a function

of angle of attuack.
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CHAPTER 4

PREDICTION OF PROPELLER-QFF STATIC STABILITY
AND CONTROL CHARACTERISTICS

In this .chapter the propeller-off static stability and control
characteristics will be discussed. The methods of Reference 3 are
used for most all predictiuns. However, since Reference 3 dﬁes not
include metbods for predicting spoiler control characteristiqs,

Reference 4 will be used.

4.1 Side Force Derivat.’.jg,___cY

8

The side force due to sideslip derivative, CY ,» of the cdompleta

airplane is found by considering the concribucionssof the following
components:

(1) Wing, including dihedral

(2) Fuselage, including wing-fuselage interference

(3) \Nacelles

(4) Vertical tail, including the interference of the wing,

fuselage, and horizontal tail.

4.1.1 Wing ’rntribution, (CY ) + (CY )R
87w, 3"
=0
The wing contribution to CY with no dihedral is found from
3

Equation 4.1.1.1 from Reference 3. This expression is valid for low

subsonic mach aumvers and includes compressibilicy effecte.

1 v
) ok, o tan (“c/b)w sin (\c/&)w
T we=0 5703 TA LA B, e cos (4,0 ]

(4.1.1.1)
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‘where

CL is the wing alone lift coefficient obtained from Figure 4.1.1.1
W
Aw is the aspect ratio of the wing

Ac/6 is the quarter-chord sweep of the wing

B, = Vl-’.‘[zcoszl\c

2 /4

where M is the Mach Number.

For typical geheral aviation aireraft with essentially straight -

wings and moderate aspect ratio (Aw> 6), this contribution is insig-

aificant. For the ATLIT airplane

€, ). .
Y8 v 0

= 2,32 x 10-7 CL2 per deg.
z w -
The increment in side-force derivative due to wing dihedral may be
approximated at low suybsonic speeds by the following equation fronm

Reference 3:

(C, ), = -0.0001 T (6.1.1.3)
e

For the ATLIT airplzne the wing dihedral angle © is7.0°, Therefore,

Y ‘%

(C, }. = -0.0007 per deg.’ .*
3 - ’ .

The summary calculation of the wing contributions to CY are given
. 3
in Table 4.1.1.1.

4.1.2 "Fuselage Contribution to CY

8
The fuselage side-force due to sideslip contribution is the result

of the side forces produced by the body and the wing-bodyv interference

_effects. The fuselage alone is the main contributor. and is affected by

the size and shape of the body. The wing~body interfarence contribution
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4.1.3 Nacelle Contribution to C,.

is considered to be only a function of wing location. The total

fuselage contribution to CY at subsonic Mach numbers is given by

. 8
Equation 4,1.2.1 from Reference 3 (based on Sw).
- . _2/3
(Cy ) = K (Cy ) &=—) per deg (4.1.2.1)
YB f i YB f__’2/.3 Sw

vV

where

(C, ) is the contribution of the fuselage only based on
Yo g 2/3

v : ’ S .

two-thirds of the fuselage volume and is equal to but opposite in

sign to the potential flow part of the fuselage 1lift curve slope from

. Section 4.3 of Reference 1.

Ki is the wing-body interference factor obtained from Figure 4.1.2.1

Table 4.1.2.1 summarizes the effects of the fuselage on C, . For
the ATLIT airplane

(€ )¢ = -.00299 per deg.
8

i

Due to a lack of definitive methods for caleulating the concri;
bution of the nacelles to C, , Reference 3 ;resents_the following
empirical prqcedures: : »

(1) The effective nacelle lenzth is considered to extend only
to the wing leading edge (see Figure 2,1.4).

.(2) The nacelle contribution’ is approximated frem Equation 4.1:3.1

-

for bodies of circular cross section (based on aw).

z(kz-kl)(sf )131
. . £ 'mas »
(CY )n = -n. S7.3 5 ner deg . ) : (4.1.3.1)
3 W
37




Pttt focihend )

A

Pt

RAITEA

FTr S ik

s a0

gy s

Tt

po 5 1

po

~where

n, is thé number of nacelles 7
Sx is the effective cross section area equal to a circular cross
sectionnwith a diameter equal to ;he naximum depoth of the nacelle, dn;
from Figure>2.1.4.' v

(kz-kl) is the reduced mass factor obta;ngd froﬁ ?igufe 4.1;3.1

as a function of effective length and maximum depth.

(3) To account for flow interference effects, the (CY )n predicted

. : 8
by Equation 4.1.3.1 is reduced by one-third. :
Z(kz-“l)(sxq)max
~(CYB)n'= =2/3 n, 573 s, per deg . (4.1.3.2)

The calculations for the ATLIT airplane are summarized in Table
4,1.3.1. The total nacelle contribution is

(c ~.00048 per deg

y =
YS n

4.1.4 Vertical-Tail Contributions to CY

The contribution of ! .e ver:tical tail to CY is affected by the
location of the horizontal tzil, the fuselage crosstlow at the tail,
and the wing-body induced sidewash.

The horizontal tail can serve to increase the loading on the
vertical tail by the so-called "end plate effect" when ;hg horizontal
tail is at a relatively high or iuw position. For mid span positions
the effect of the horizontal cail is insignificang. .

The effect of the fuselage in sideslip is zo increase the loral-
cross-flow velocic? across the top of the body. This inc:eaéed velocity

causes an increase ia vertical tail effectiveress.

.38
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‘ As the sidewash due to a yawed wing i3 small, the primary sidewash

contributicn is from the body and arises from the body vortex system

T

‘produced in sideslip. This vortex system produces lateral velocity

conponents which affect the vertical tail.

The method of Reference 3 accounts for the horizontal tail and

cross flow factors by computing an effective aspect ratio. The effective

aspect ratio of the vertical tail is

=

3 | A = A, ( Soo, ‘ 1+ g (D "‘f“’ ll (6.1.4.1)
g o : Vetf Ay ( R703 )
) where v
g : - A, is the actual geometric aspect ratio of the vertical tail
-2 A . .
%l , K(f) is the ratio of the aspect ratio of the vertical tail in
oy ; :hé pre:ence.of the body to that of the isolated vertical tail, ob-
iﬁ tained from Figure 4.1.4.1(a)
i‘ Av(fh) ; . - .
i —X:z;; is the ratio of the aspect ratio of the vertical tail in
§£ the presence of the horizontal tail and the fuselage to the asﬁect
i ratio of the vertical tail in che'pregeﬁdé'of'the fuselage ‘only, -0b-
%g tained from Figure 4.1.4.1(b)
- Kh is a factor which accounts for the relative size of the
E verticgl and horizontal fails,.ob:ained from Figura 4.1.4.2
5 Table 4.1.4.1(a) shows the summary calculations to obtain the
& “effective aspect ratio of the ATLIT airplane. It shows an ;ffective
g aspect ratio of 2.46 compared to a geomeéric «spect ratio of 1.19.
) The 1ift curve slope of the vertical tail is found using the
?% standard Polhamus equacion.(é.l.&.Z) by using the éffactive aspect
ey ratio (based on effective vertical tail area; Sv)
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27 Av
eff
(CL )v(hf) = - (4.1.4.2)
a _ Y , ]
/' Veff |
Z 2 !
2 +% 2 [Bl + tan (Aclz)v] +4 . | ;
- V r ) : .
where (c[ )v

o _ . 7 .

kv = T v . . . (4.1.4.3) _ [

(Cl )v is the section lift curve slope of the vertical tail obtained
a
from Section 4.1 of Reference 1.

B2 =1 | o (4:1.4.4) .

1

. ¥ is the Mach Number

(Aclz)v is the mid-ciiord sweep of the vertical tail.

Table 4.1.4.1(b) shows the summary,calculaﬁions. For the ATLIT

airﬁlane (based on Sv)

(CL )v(fh) = .0494 per deg
o .

The total vertical tail contribution to CY is given in Eqﬁation
3 .
4,1.4.5 from Reference 3. It modifies the vertical tail lift curve

slope to account for wing wake and Body sidewash.

. s
(c, ) = -kI(C )L 1+ — X (4.1.5.5)
vy T ML v 175 TE

where ° . ) ' .

'_ki is factor which accounts for the relatcive size of the body near

the vertical tail to the size of the tail, from Figure 4.1.4.3.

30 4y - Sv/sw R % -
(1+32) — = 0.725 + 3.06 = 7y T 0.4 ot 0.009 4
38 a Lé-cos(nc,4)v (df)w w

=
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where

(Ac/4)v is the quarter-chord sweep of the vertical tail

z, is the vertical distance from the centerline of the equivalent

~ fuselage to ‘the quarter-chord point of the root chord of the exposed

' wing panel, obtained from Figure 2.l.4.

(wf

obtained from Figure 2.1.4.

)w is the depth of the equivalent circular fuselage at the wing,

Table 4.1.4.1(c) shows the summary calculations used to find the

vertical tail contribution to CY . For the ATLIT airplane (based on Sw5
8 .

(c = -0.0056 per deg

Ys)v(wfh)

4.1.5 CY of the ATLIT Airplane
8

The total side~force derivative of the complete airplane (propellers

off) is _
CYB = (ch)wr=o + (ch)r + (CYB)E + (cYS)n + (cys)y(wfh)l | (4.1.5.1)

Table 4.1.5.1 summarizes the contribution of each component. For the
ATLIT airplane

(CYs)prop = -0.0098 per deg
off

The predicted and experimental CY is shown in Fizure 4.1.5.1. In
8 .
general it shows fairly good agreement, although it is obvious that

"~ the effect of angle of attack has not been properly accounted for.

These effects are probably in the wing-bodv interference and sidewash

contributions.
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Table 4.1.1.1: Wing Contribution to CY
3

Descripeion

Symbol ! Reference Magnitude
h | Mach numbar - 0.081
A, Wing aspect ratio Table 2.1.1 10.32
(Ac/lb)w Wing quarter-chord sweep angle, deg. Table 2.1.1 1.835
r Ceometric dihedral angle, deg Table 2.1.1 7
CL Wing lift coefficient flzure 4,1.1.,1] variable
W
-7 .

Sunmary: (C, ) + (Cy, )p = 2.32x 10 2 - 0.0007 per deg

! CYS Yeun ‘3 r CLV . .
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Table 4,.1,2.1: Fuselaga Contribution to CY

8
Syabol Description Reference Magnitude
2
1337- _Wing-body position paramater Figure 2.1.4 0.326
' . .
. KL Uing-body interference factor Figuéé 4.1.2.1 1.16
273 .
(c ) v CY of equivalent circular fuselage Table 4.3, 0.002574
'8 g 203 8 Reference 1
v based on 2/3 pover of fuselaze volume
{considered aqual to ths negative of the
poteatial flow part of (CL ) ] tines
. 3 1_2/3
v
the fuselage voluze to 2/3 power.
s, Wing reference ares, n® (ft2) Table 2.1.1 16,40 (135.0)

Surmary: (CY ), = -0.002986 per deg
3 - .
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Table 4.1.3.1: Nacelle Contrihution to CY
3

Synbol LCescription Reference Magnitude

L Nu:nbc:'_of nacelles - 2

S, Wing reference ares, m¢ (£t2) *able 2.1.1 14.40 (155.0)
(Sxa)m“ Effective nacelle cross-section area, a° (ft?) Figure 2.1.4 0.292 »(3.1&)
In ‘ .

?; Effeccive nacelle fineness ratioc Figure 2.1.4 2.08

(kz - k.’.) Hacelle reduced wmass ‘fac:or Figure (.1,3.1 0.504

Surmarv: (CY )n = ~0,000476 per deg
3
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4.1.4.1: Vertizal Tail Cortribution to cY
8

(a) Zffective Aspect Ratio

Symbal Description Reference Magn-.tude
Sh - Horizontal tail area, m? (f¢2) Table 2.1 3.6 (38.7)
s, Vertival taLl_area; s? (£e2) Table 2.1 1 1.85 (13.9)
b, Vertical tail spaa, = (ft) Table 2.1 ‘1,52 (5.0)
A, Yertical tail aspect ratio fable 2.1 1.19
(Cv)h. Vertical tail chord ac horizon:al trfl, = (ftr) Figure 2.1.5 1,80 (5.92)
X, _(cv) Distance from leading edge of vartical ta!l Figure 2.1.5 1.45 (4.7%)
% ‘le to a.c, of horizoncal tafl, in plane of
- horizental tail, m (fc) '
z, (cr ) Distance from root chord of vertical tztl Figure 2.1.5 -0,051 (~0.167)
v to root chord of horizontal taii. m (£t) )
(dé)v Depth of fusmlage at quarter-rcot caord Fizure 2,1,5 0.661 (2.17)
of vertical tail, a (ft)
Av(f) . :
X Ratio of vertical tail aspect ratio in Tigure 4.1.4,1 1.5
v presence of fuselage to Lsolated verzical (a) '
tail aspect racio
A, (50)
) Ratio of vertical tail aspect ratfo fn Flgure 4,1.3,1 1.25
wiE presence of fusalage and horizontal tafl (b)
0 aspect ratio of tail in presence of
fuselage alone
. K\ elative tail size factor Tigure 4,1,5,2 1,12
Summarv: A, - 2,46
: eff
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amema
h
g
s
fable 4.1,4001  (oondinued)
. W) Vertteal Tarl Laft Jurve lope -
Svmbol Duscription Reference Magnitude
M Mach number - 2.8t 5
3,° 1 - Equation d.d.a.% 0,993 F
Av Effective varttcal tall aspect ratio Table S.lldl1 (@) 2,99 il 3
eft . .
(A:/:)v Vertical tall half-chotd sveephack, dax. Tablae 2.1.% 290
(C' ‘Y vertical tatl sdction - lift turve slopa, fable +,1.2 6,240
a for rad . ’ Reterenca 1
() Y,
k, -—wf—— Squation 4.8.403 0,948 -
Sumaarv: (CL‘)v(th\ = 0,09 per ch = 2,8} per rad (based on 30 AN
. v
) .
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Table “.l.e,l: Concluded

() Varttecal Tatl dontribution to ‘N

3
Symbol Jescription Reference Magnttude
3, Wing reference-ares, n° (fe7) Table 2.1 13,40 (155.0)
(A‘Ié,v Vertical tatl Quarter=chord sweap angle, Table 2.1.1 3a.S
v (]
weg
g, Ofszance fron equivalent fuselage Figure 2.1.4 0,199 (2,0)3)
' centarline
(v'\ Width of equivalent fuselige at wing, Flgurte 2J.1,.% 1.19 (1.92)
v a g
Au Viag aspect tatto Tabdle 2.1 10,32
e ) !
(1 « ;i\ :1 wing wake snd fuselage side wash factor Fquatton 4.1.4.90 1,097
i N
l; Relitive body stze to tatl sice parameter (- Figure 4.1.94.3 0. 30
Summarv: (O tv(u‘ﬁ\ = =0.00%0 per deq = <0,510 per rad (hased ca 8D
.
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Table 4.1.5.1: (‘-Y of the ATLIT Alrplane
i . 8 .
= -
: i Syubol Description Reference Magnitude
2% f .
b (cy ) " Wing contriducion vithout dihedral, Table 4.1.1.1 2.32x107"
F wa 2
| ] 8 =0 per dag . . C!.
[N % . ) v
), . Increment due to dihedrai, per deg Table 4.1.1.1 ~0.0007
] o
g ’ : (C‘l )f ’ Fuselage contribution,. per deg Table 4.1,2,1 =-0,0029% .
: 3
™ (CY ) Nacelle contribution, per deg Table 4.1,3.1 =0,000476
) g 3" : .
;‘} (‘CY )v(vt‘n) Vartical tall contridbution with {nter- Table 4.1.4.1(c) ~-0,0056
3 o 8 ference accounted for, ner Jdeg
B ”~
R B
?‘ b Susmary: (Cy )prop = =0,00977 per deg
! ° off _ o .
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- 4,2 Yawing Moment Derivative, Cn

8

The yawing moment due to sideslip derivative, Cn , of the complete
: ’ 8

airplane 1s found by considering the contributions of the following

components:
" (1). Hing
T
08
it

(2) ?uselage, including wing-fuselage interference

(3) Macelles

(4) Vertical téil, including the interference and sidewash

e
il

P

of the vertical tail.

e
i

iy

4,2.1 Wing Contribution to Cn

P ]

A

3

The wing contribution to C, is due to the increased induced drag - ' i .
: 3 3
on the leading wing caused by increased lift on the leading wing. - T g

Equation 4.2.1.1 from Reference 3 gives the incompressible (Cn )w
. 3

f_i_l__[l g, (x A A3 _1_\£>]
CL: 57.3 [eTa, 1A (A, + 4 cos .\C/L) c/4 < 3 cos .\c/',‘ Eq Ay
(4.2.1.1)
where .
Aw is the wihg aspect ré;io
Ac/& is the quarter chord sweep angle of the wing
Ew is the wing mean aerodynamic chord - : i
x is the distance (positive rearward) from the center of gravity S
) . S
to the wing aerodynanic center along the mean chord line. B §
3

e ri

U
s
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To correct for the three-dimensional effects of conmpressibility,

Equation 4.2.1.2 from Reference 3 gives the wing contribution to Cn
. 2
~

<Cn£) (AU + 4 cos LY ) (szszz + 4A Bycos 8 ,. -8 cost "c/f‘) (cns)
s - By + 4 cos _,, 2 4 s 2 -—;
€ /y w2 c/é A +4A, cos A_sg = 8 cos c 1

Ac/é

where

- - M< 2 o
B, V1 - M¢cos Aess

——— e - “CL is the wing lift coefficient obtained EromuFigu;e 4,1.1.1
v .

. The summary calculations of the wing contributions to C_  are

shown in Table 4.2.1.1. For the ATLIT airplane

(€, ), = 0.000156 C? per deg L C(4.2.1.3)

| : -
. !
' , /

4.2.2 Fuselage Contribution to C,

U

The fuselage plus wing-tody interference contribution to C is

. : 3
given in Equation 4.2.2.1, taken from Reference 3. 1In general, wiag

. N

sweep, wing taper, and Mach number have no effect.

) (Sf)S [f ’ .
(cns)f(W) =y 5, z _ (4.2.2.1)

(Sf)s is the fuselage side area obtained from Figure 2.1.4
S.. is the wing area
b, is the wingz span

l¢ is the lengeh of the fuselage from Figure 2.1.5,

ow o
speed (4.2.1.2)
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T e

There aee.;ﬁo ways to.obtain the.correletion fac:l:or‘l(.,‘l

Reference 4, KV is given for nmidwing configurations and it is assumed
.that (c s)f( ) does not vary wlch angle of attack. A nomograph for
‘obtaining KN midwing configurations is shown in Fig're 4.2.2.1.

In Reference 3 it was concluded en the basis of wind-tunnel data
that angle of attack variations were significant for non midwing con-
figuratione. Figure 4.2.2.2 taken ‘ron Reference 3 is used to extend
the nnmograph to obtain KV based on ¢1gle of attack. This graph was
constructed for an airplane with ‘zw/(wf)w = 0.50 and i3 based on
tail-off wind—tunnel data. For the ATLIT airplane 2: /(wf) - 0.33;

nevertheless, Figure 4.2.2.2 was used to obtain kW in the absence of
tail-off wind-tunnel data. If tunnel data is available, the procedure
outlined in Reference 3 could be used to derive K§ for other wing
locations.

Table 4 2.-.1 shows the surmary calculation for the fuselage

contributiou to C .
3

4.2.3 Nacelle Contribution to Cn
3

The nacelles contribution to Cn derives directly from the nacelle
. . 3 .
side force acting through the nacelles moment arm. Equation 4.2.3,1

from Reference 3 is used to obtain the nacelles contribution.
' x_ cos.a + z, sin 2 .

n . .
(Cn )n = (CY )n (- 5 ) (4.2.3.1)
3 ©3 o )

where
(CY-),1 is the nacelles contribution to side force Jue to side slip,
P

from Section 5.1.3.

U
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£ is the 1ongitudinai distan;e from the.naceile center of
pressure to rt.e airplane center of gravity, obtained from Figure 2.1.4

zn is the vertical distance from the nécelle Fen:er of pressure
to the airplané center of gravity, from Figure 2.1.4

b; is the wing span, obtained from Table 2.1.

Table 4.2.3.1 summarizes the contribution of the nacelles to Cn .

_ 3

4,2,4 Vertical-Tail‘Contrib;tion>to Cns

The vertical taii chtribuCion to Cns is QbCained in a simizar
manner to the nacelle contribution. The vert;cgl'tail Cnp is the
vertical tail CYB times the vgrcical tail noment arm and ;s obtained
from Equation A.Z.&:l from Referenﬁé 3;v

| . ' : [, cosx -z, sina -

(cn )v(wfh) = —(CY )v(wfn) ( b ). (4.2.4.1)
8 _ 3 w -

where

'(CYs)v(wfh) is the side force due to sideslip of the ver:iFal'

tail, from Section 4.1.4
ly is c?e distance from the center of gravity to the guarter
chord of the mean aerodynamic chord of the vertical tail, parall:l
to. the k-body axis, obtained from Figure 2.1.3.
zv is the distance from the center of gravity to the quarter chorﬁ.

of the mean aerodynanic chord of the vertical tail, parallel to the

Z-body axis, obtained from Figure 2,1,3.

Table 4.2.4,1 summarizes the vertical tail contribution to 2 .

w
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4.2.5 cn’ of the ATLIT Airplane
The total vawing moment derivative of the conplé:e airplane
(propeilers off) is

© )= (€ D H (€ Vg * (S0 * (€0 )y cu 4.2.5.1) "
ny i;;? n, Q L ng f(y) _.n8 n g v(wEl) :

Table 4,2.5.1~summarizes the coatribuzion of each component

and the total C_ .
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Table 3,2.1:.1: %Wing Coutridution o Cé
: 3
Symbol Descrintion Reference 1 sasnicute
b Mach nunber - 0,381 °
Au Wing aspect rativ Tahle 2.1.0 0.1
Ac,; Wing quarter-chord sweep dngle, Jeg Table 2.1.10 1.318
. .
e, Mean aeradvaante chord of wing, 1 4o} Tadle 2.3.0 235 (4%.22)
x Olstance from wing 1.8, 20 airclane center Fizure 2.1.1 "9
of gravity; in tems o T
3. 1 =M coa- - LR i
M . )
. . |
c: wing Figure «.1.1 variahie o
'u . . I

' !
Summary . {(C_ Y e D 0G%e U, 5 rer Jeg. !
n,'w +
3 v ‘
.
.
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g Gemgy Re=d)

GeometTie Tuselada paTAnetery

Correction factar for tuselace contot-
bution

Tasle 4.2.2.1: Fuselage Contridution to C“
. * 8
" Swmbol Description Reference xaanttudéﬂ B |
(sg) Fuselage side ared, o’ (i) © Table $.0.1 70T 9D
s Reterence 1
3, ding reference area, a° (ft7) Table 2.1.1 14,40 (135.0
e fuselaze lengti, n (ft) Figure 2.1.4 3,352 (274
5, ding span, = Lft) Tadle 1.1 12,19 (40.9)
z, Verzical distince 3f ving root chord Figure 2.1.4 0.194 (0,030
Yelow zhe' centerline 9¢ the equivalent :
fuselage, ™ (¢)
(w,), Wideh of the Yuselage at the juarter “Fleure 2.1.4 1.19 (3.9
« W . -
C chord of the expudad zoot chari, = (It)
N‘E‘ Revnolds nuaoer daded on fuselage lenath - 1.57 x 107

Figure <.2.20.1
Floure 3.2.2.2

’

as listed

variable

Al
Qh-u~1m.h1.~‘b-.
‘N‘-%—--.
—“"".\-‘.
~
L ‘"ns‘: .
1o des Fia. 4,2,0.2 £g. @.2.2.1
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Zdble 4,2.3,1: Nacella Cont<ibution to Cn

3
Syrdol ' ) Description Refarence Magaltude
<CY;)n - ©7 Nacelle coqttihu:io; to C,.,5 . Table 4.1.5.1 -0.0004%5
X, . Dlstance rrom c.. to nacelle centé: Ftgure 2.1.4 0.366 (3.17)

! of pressure, m (St)

z ) :: Distanca from X-body axis to nncellé
’ center of pressure, m (ft)

5 ) Wing span, m (f2)

Figure 2.1.4

Table 2.1.1

-0.152 (=.50)

12.19 (40.9)

Surmary: (€, ), = =0.0000377 coa ' + 2.0300000 sin 3
R
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Table 4.2.4.1: Vertical Tatl Contridution to C,

Symbol ’ Description . Reference ‘tagnitude

(Cy )v(uin) Vertical tail concridution o G ’ Table 3.1.5.1 =3.0056 T oo T
3 3 : :

Iy Distance along X-body ax's fron c.g. O Figure 2.1.5 ' 4.50 {14.75)

- quarteg~chord 2f verzical tail mian aero-
dymanic chord, = (ft) :

H Oistance perpendicular to-X-body axis from ¢.2. Figure 2.1.5 1.22 (4.0)
to quarter-chord of vertical tai{l meun gero-
dynanic chord, o (ft)

b Wing span, = (ft) Table 2.1.1 12,19 (40.0)

>

R ]

Summary: (C. - 0.062; zod a + 0,000%% ain 2

Yo
a, (win)
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Table 4,2.5.1:

Cﬂ

of the ATLIT Adzplane

3

a, deg

(Cns)

Table 4.2.1.1{ Table 4.2.2.1

v ’ (cns)f

(Cns)“

Table 4.2.3.1

(cns)v(uin)

Table 4.2.4.1

‘cna)prop
of ¢
Eq. 4.2.5.1

(2]

&~

0 -0.00013
0 -0.39014
0.09001 -0.00016
0.00004 =-).00017
0.90007 =0.00022

-0.00004
-0.00004
-0.00004
-0.00004

=0.00004

0.00206
0.00208
0.20210
0.00212

0.00213

" 0.20199
9.00170
0.00191
0.90195

0.00194
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.§§;;:_- Equivalent circular fuselage
Axis of

equivalent
fuselage

wing-rest chord
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(midwing, Figure 4.,2.2.1)
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Fizure 4.2.2.2: Variation ot K, with angle of atrack
3 N 4

(Reference 3)
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4.3

Rolling Moment Derivztive, C,

8

The airplane rolling moment due to sideslip, Cz s 1s composed
! _ 4 -

of the following contributions:

(1) Wing (without dihedral plus the effect of dihedral)

(2) The effects of the fusel#ge on wing contributions

(3) The verticai tail centribution.

For general aviation airplanes without large dihedral angle

~‘on the horizental tail, it can be assumed that there {s no significant

contributfon by the horizontal tail,

4.3.1 Wing Contribution to Cl

3

?rom Reference 3 for subsonic'speed in the linear lift range,

the wing contribution is gilven in Equation 4.3.1.1.

\

c, ) =(c ) +(C, ).+ (C. ). . (4.3.1.1)
. ls.w 4 LB w?=0 Ze I 25 9 .

Generally the effect of twist (Cz ) is nét'significanc.~

where

3

a.
2

The wiﬁg'cdntribuﬁioﬁ éo-C;. in tﬁé absence of geometric dihedral
A

- 1s given by Equation 4.3.1.2 fron Reference 3.

§ C, i,
€y = L c, Ju=0o t LT |y (4.3.1.2)
5 =0 W Lw } Lu

CL is the wing 11ft coefficient from Figure 4.1.1.1

w
L a : . .

E—; is the low speed portion obtained from Figure 4.3.1.1.
w R

A -

ACLS' v

C \ is the correction for compressible flow obtained fronm Equation
L ) . .
W

.3 N . 68
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SRLLR D feasee 2 forizies)

cos Ac/é ) 03 Ac

ac 2 !
( .‘s;) -l : ‘w"“Tz can Aeye -
¢ 2 : 172 2 J
H A A
R [( L ) -Azﬂz*b] ‘z+ {(—”—) -A,ZMZ#&] '
) w 3 14 "
(4.3.1.3)

where y* is the spanwise location of the centroid of the angle of
attack load as a function of semispan, obtained from Figure 4.3.1.2.
The effecc of unifrom dihedral is accounted for by Equacion
4.3, 1 4 from Reference 3.
G | R |
(Cls)r = 7 (—F—9M=0 K“r per deg - (40321,
where

[ is the dihedral angle in degrees

c
3

(-—_)H =0 is the incompressible effect of unitorn dihed;al ootained
from Figure 4.3.1.3.
Ky 1s the compressibility correction from Figure 4.3.1.4
- - The summary calculations of the wing contribution to Cl -are shown
8 . .
in Table 4.3.1.1. For the ATLIT airplane '

(€ ),

). = -.000266 CL - .00154 (4.3.1.5)
3 ) w .

4.3.2 Effect of Fuselage on Wing Contribution to C,
. X . . 4 3

While the fuselage itself has negligible CL.,'it does provide
: 2
three wing-fuselage interference effects which are quite apsreciable.
The first effect is caused by the vertical position of the wing.

The flow about the fuselage in sideslip induces vertical Zlow components
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~ Figure 4.3.2.1

which cause a change in the effective wing angle of attack. Without

geometric dihedral, a high wing will produce a negative C a low wing

2 ?
8
will produce positive Cz , and a mid wing will generally show no change.

8

Equation 4.3.2.1 from Reference 3 is used to obtain this first inter-

ference effect.

©, ) RS T | 635.0)
) 2B_f(w)ru0_ 57.3 b, b, - AT . .

where
zwAis'the ver:i;al digtance from the axisréf the edgivélen;
circular fuséiage to the quarter chord of the exﬁoéed wing panels,
positive down, obtained from Figure 2.1.4;

h is the height og the fuselage at the wiﬁg’loéétion, from
W is the width of the fuselage at the wing location, fron

Figure 4.3.2.1

For wings with geometric dihedral, the position of the wing with
respect to the fuselage changes along the span. This is the second’
fuselage interference effect and is found by Equation 4.3.2 2 fron

Reference 3.

r— ‘(d‘)w :
(Cz )f(?) = ~0.0005 va, T T per deg T (4.3.2.2)
3 . ) .

w
Qgere
(df)w is the diametér of thé equivalent cir;ulaf fuselagze at
the wing] obtaired from Figure 2.1.4.
T is the geometric dihedral, in degrees; obtained from Figu:e

3.2.1.

R R LSS T P
A e e




Tﬁe.thifd fuselage interference effect 15 caused by the tendency
of the fuselage to straighten the flow and therefore reduce the effective
éideslip angie (see Sketch A). Reference 6 shows that this effect is
a function of'forebcdy length, I;,_wing span, and wing sweep. Ref-
‘erence 4 indica:e§ that the parameter Aw/COSAclz.ig also iﬁpo?tant.
On the basis of'Reference 6 this facéor is considered zero for mo
sweep. For most general‘aviation’airplanes'this is probably a reasonable
assumptibn untillsystematic studies are made on this effect.

Table 4.3.2.1 summarizes the fuselage interference contributions

Y
. to C,  cf the ATLIT airplane.

ey
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SKETCH A

- 4,3.3 Vertical Tail Contribution to c,

The vertical tail cortribules to the airplane C, by way of the
R <.

. 3 .
rolling moment produced by its side Zorce due 'to sideslip. Equation

©4.3.3.1 from Reference 3 is used to find-the vertical tail contributicn.
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W Lo .‘L\ ‘\ \-;{”, e e M ol
. S z cosa + [G sina
B - - 2.1)
(czs)v(wfh) (CY )V(th) b (4-3-...-,
8 : v
where
(ch)v(wfh) is ghe vertical ta;l_side force due to sideslip in

the presence of the wing, fusalage, and horizontal tail, obtéincd from -
Table 4.1.4.1(c)

-z, is the distance from the center of gravity to tha vartical

v tail m.a.c. perpendicular tco the X-body axis, from Figure 2.1.3.

IV is the distarce {rom the center of gravity to the vertical

tail m.a.c. parallel to the X-body axis, obtained ffbm Figure 2.1.3.

Table &.3.3:1'sﬁmmarizes the vertical tail contribution of the
ATLIT airplane. .
4.3.4 c, of the ATLIT Airplane
8
_The total rolling moment due to sideslip of the complete airplane

(propellers off) is

(c,)
la prop

= (C, ) ~ +(C

Zs.w

- lS)F +_(C‘.L3):.(w)r‘=0 + (Czs)f(:) + (Cls)Y(th)

. (4.3.4:1;

Table 4.3.4.1 summarizes the contribution of each component rud

shows the C

2 of the ATLIT airplane, In Figure 4.3.4.1 the predicted

3 .
Cg is compared to the wind-tunnel caca. FYairly good correl-tion is
B . ’

shown up to the non~linear lift range.
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Table 4.3,1.1: Wing Contribution to <,
8
(a) Zero Dihedral Component
Symbol Description Reference ‘Magnitude
N Mach aumbaer - 0.081
-y Wing 11ft cosfficient Figure 4.1.1.1 vartadle
" .
A, Wing aspect ratio Table 2.1.1 10.32
xw Wing taper ratio Table 2.1.1 ‘0.5
c, :
c~3 Variation of C, with wing 11€c, per deg Fi{gure 4,3.1.1 =0.%00226
Lv M=0 8
;' Spanwise position of the centroid of Figure 4.3.1.2 9.42
span loading as a fraction of semispan
Suamary: (C, ), = -2.000226 C, , per deg.
' 137¥0 L,

"
B s U8
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(b) Diledral Component

Symbol Description Refarence Magnitude
T Wing dihedral angle, deg Table 2.1.1 3
.Ac;: Uing half~cherd sweep ;ngle..deg Table 2.1.1 D)

<,

‘3
- X Low speed effes: of dihedral | Figure 4.3.1.3 ~0.00022
Me) ) .

i Compressibility correction factor Figure 5.3.1.4 1.0

Summarv: (C= Ya = 0,154, per dep.
s -

~4

&~
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Table 4.3.2.1: Fuselage Effect sn Wing <,

g
Symbol Description Reference Magnitude
A, Wing aspect ratio Table 2.1.1 10.32
bw Wing span, m (ft) Table 2.1.1 2.19 (40.0)
z, Vertical distance of wing toot chord Figure 2.1.4% 0.194 %9.638)

balow ceaterline of th2 equivalent
circular fuselage, & (fc)

Diameter 5¢ equivalent circular fuselage
at wing, o (fc)

Wing dihedral angle, deg

Figure 2.1.4

Table 2.1.1

Suwunary:

©, ), + (€, Vopn
e ., e

= 0.CC0219 - 0.000112 » D.000107, per dog




Table 4.3.3.1: Vertical Tai{l Contribution to Cl

=
Synbol Oescription Refarence vagnitude
(CYB)V(Ufn) Vertical tail conZribution to CYa Table 4.1.5.1 -0.0056
z, Distance pernendicular to XQBbdy axis Flgure 2.1.5 4,50 (14,75)
froa ¢.x. to quarter-chord of mean aero~
dynanic chord of vertical tail, m (fc) .
ly Distance along X-body axis from c.g. to Figure 2.1.5 1.22 (5.0)
quarter chord of mean aerodvnamic chord
cf verzical rail, m (ft)
b, Wing span, m (ft) . Table 2.1.1 12,19 (40.0)
Summary: (Cls)v("f“) = 0.0020465 sin' 3 - 0,00036 ccs a, per deg
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Table 4.3.4.1: €

14

S S S PG

of the ATLIT Afrplane

8

' % TR SURE © ) ¢y | G vt | | PR

a, dag v 38 =0 3 g 3 of £
Fig. 2.1.1.1 |Table 4.3.1.1 (a) | Table 4.3.1.1 (5; |Table 4.3.2.1] Table 4.3.3.1) Eq. 4,151

-4 -0.6533 0.000012 ~0.00154 6.000107 -0.00703 | -0.00212¢
-2 ¢.1243 -0.000028 -0.9C154 0.000107 -0.000632 | -0.202093

0 0.3019 -0.900068 ~0.00154 9.000107 -0.000560 | -0.002061

2 0.4795 -0.900108 -0.30156 0.000107 | -0.000488 | -0.202029

4 0.6571 -0.000149 ~0.00154 ¢.0001¢7 -0.000415 | -0.001997
15,9 | 160 -0.00033 " -0,00154 0.000107 0.000027 | -0.001744
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figure 4.3.1.1: Incompressible variatién of C.

2
=

with wing lift (Reference 3)
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Figure 4.3.1.1l: (continued)
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Figure 4.3...2: Spanwise location of centroid of angle
of attack of loading for unswept wings ;s
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Dihedral on Wing C, (Reference 3}
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Figure 4.3.4.1: Comparison of predicted sz with
: 3 .
full scale wind tunnel data (propellers
removed, N‘( "= 2.3 million)
Re



-t

B e IR

e B T o e Rl L i e s At

4.4 Spoiler Derivatives, Cl ’ Cn

§
s s

. In order to free the entire trailing édge of the wing for high-

1ift devices, spoilers were used to provide roll control. The spoilers

used are vented, gapped, upper-surface roll-zontrol spoilcté. For a
discussion of the design decisions made in developing the spoiler’

_system,'seé Reference 5. Figure 4.4.1 shous ;he'spoiler installacion.

4.4,1 Rolling Moment Due to Spoilers, Ci :
. us
The method used in obtaining the spoiler derivative C, 1is taken

8
s

from Reference 4 and is based on a simplified lifting surface theory.

This method is valid only for attached flow conditions. Reference 5

outlines some of the characteristics of spoiler iIn the stall region.

The rolling moment produced by deflecting one spoiler is given

“in Equation 4.4.1.1.

5 dag (4.4.1.1)

where

a

a; is the spoiler lift effectiveness in terms of the chang; in
zero-lift angle of attack, obtained from Figure 4.4.1.1

Cié is tbe rolling moment effectiveness of two full chord ccntrols
deflected antisymmetrically, obtained from Figure 4.4.1.7 based on

the effective inboard and outboard ends of the control. For nartial

span controls, this parameter is obtained as shown in Sketch A,

1

R3S

o

'
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Sketch A

The effective ipboard and outboard spoiler locations are given

’

in Equation 4.4.1.2 from Reference 4.

A P T L I e e i Y B oot ™ Bt e ,‘Nﬁ:ﬁ
" “

ny =Ny + A ny )
eif (be6.1.2)
n. = +4An ‘
Outr o o !
whera ?
Nyr Ny are the actual inboard and outboard ends of the spoiler ‘}
given b = _Y_ \}
3iven b N = B2 i
& P h n, are the effective incremeats of the spoiler lctations 1
7
due to the spanwise flow of the spoiler wake, obtained from Equation i
. 4
4,4.1.3. :
" |
H(L - -?s) cos.r\l.;.sin &
An:L = AL + ) (1-@- A)ni] cos(;‘-.TE+5)' .
(4.4.1.3)
x! .
41 - = cosA, . 5in 3
\ S ————— (1 (1 =-)n ] —————
o A(l = V) (i-G )"o’ cos(.\r7+a)

o
wl




-
oo

where

§ is determined from Figure 4.4.1.3 as a function of spoiler
sweepback given in Equation Q.A;l.é.

4[0.75 - (1-—c‘=) ] .

1-21

tanh_ = tanAcM - i+ A)

x (4.4.1.4)

Using the above procedure, the spoiler rolling mement can be

determined for various spoiler deflections and C, then found.
. - . . 6
s

For tha ATLIT spoiler deflections of 10, 20, 40, and 60 degrees
were used. Table 4.4.1.1 summarizes the calculations for the ATLIT

airplane. The predicted vailues are p;esenﬁed in Figure 4.4.1.4 and

compared with wind tunnel data.
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4.4.2. Yawing Moment Due to Spoilers, Cn

S

S

The vawing moment due to spoilers comes from two effects. The
flest is Jdue to a decrease in induced drag on one wing; the second is
an increase {n profile drag on the wing with the deflected spoiler.
The method used; taken from_Refcrcnce 4, includes both effects. .

For vnswept wing at low angle of attack, the vawing momeﬁt is’
found directly from Figure 4.4.2.1. As in the cssé of khc roliing
woment, Cn should be computed for several spoiler diflectiqn angles

and Cn then found as a function of Ss.
\
1\

S . M ‘
Table 4.4.2.1 summarizes the ATLIT Cn calculacions. L '
5
. s
Wwws A comtavison with wind-tunnel results.

iz
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V4
. 7
N S Z\
Spoiiers deilected to nominal maximum —. 7? \
. .0166- radius \3/’[,
.64 ¢ i
' -——.0330-———1
60° i :
.Nf\§‘_\_ —_ b Spoilers riggeq flush

-0045-"7

.0005 forward and aft spoiler gaps

Rear ';par——/”>

Spoiler hinge pin

Hing skin
S~

Spoilers rigyed down

Flyure 4.4.1: Spoiler installation (Reference 7)
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Tablé 4.4.1.1:  Spoller Effectiveness of the ATLIT Alrplane 3
Symbol Description Refarence Magnituda -
Aa; Change {n zefo-lift angle of attack Figure %.3.1.1 variatla
due to spoiler deflection, ra!tans
¢, Rolling moment effectiveness of two “Figure 4.4.1.2 0.73507 -
S full chord spoilers, per rad tE
e Ny Inboard and outboard nondimensional Figure 2.1 0.421, 0.95 EL
spoiler locations, .} = 2y/b - .
Ny Effective spoiler locations fquation 3.3.1.2 0.410, 0.943
eff eff : : -
) Spanwise Jeflection of spoiler vake, Figure $.4.1.3 -1 o
deg . '
A; Spoiler sweep angle, deg Equation 4.5.1.3 -1.5 .
6’ Spofler Jdeflection angle, deg variable E;
. %
h’ .
ry Distance from airfotl mean line to © Flgure 3.4.1 varishle
end of spoiler c
" . 3N
ry Distance from airfoil leading edge Figure 3.4.1 variable -
to end of spotler: . -
=
=
‘! h:‘
2 3. ' .
Ss. deg = P’ .\a1 <, :
2
10 9.771 9.05%4% 0.35%6 g.)21
20 0.763 [ RLY) 0.0387 0.033
i 4 S 0.755 | 0.090 7 0.108 | 0.041
. ) a.736 0.0 | 0.128 ! 0048
I
%
i
e
39 ‘
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Figure 4.4,1.1: Spoiler lift effectiveness
(Reference 4)
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i " (Reference- 4) ’
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Table 4.4.2.1: Yawing Momeny lue to Spoilars on the ATLIT Airplane

Symbol ’ Tescription Reference Magnitude
b, Spotler span, = (£t) Table 2.1 3.22 (10.58)
lv ' ' Wing taper ratio o Table 2.1 0.5
x .
- Distance from airfoil leading edge Figure 4.4.1 variable
to end of spoiler
,,,,,,, h’
—_ Distance from airfoil mean line Figure 4.4.1 variable
hd to end of gpoiler

x! hs )
ss N c.}eg ry i Cn
/
g 16 0.771 | 0.054 | 0.0013
20 0.768 | 0.066 | 0.c027
{T—\\, 40 0.755 | 0.090 | 0.0061
60 0.736 | 0.110 | 0.0127
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4.5 Rudder Control Derivatives, CY , C C
' °r R R

The rudder derivatives-are found by assuning that the rudder

is a sinple flap. The side force is determined directly and the
yaving and rolling moments are found by considering the side force

acting through the a2ppropriate zoment arm.
4.5.1 Side Force Due to Rudder

The side force due to rudder deflection is found by Equation

4.5,1.1 from Reference 3.

(c! ) (2:)
La v Sr CL.

CYG f Cls (C] )v (GS )c _Kb (4.5.1.1)
R R a r |
v
where - ‘
(CL )v is the effective 1lift curve slope of the vertical tail,
o :
- p) I -{
obtained from Equation 4.5.1.2. This is the same as ‘CYS)v(wfh)

from Equation 4.1.4.5 with 3¢/33 = 0.

S ' o

-
S
W

léai

(€} )y = K€ e (4.5.1.2)
" X

A4

el
(CI )v is the section lift curve slope of the vertical tail
a .
from Reference 1, .Section 4.1

. Kb is the rudder span factor obtained frem Figur

[}]

4.5.1.1

s
a
g}

o4

(2: ) .

7:_—7—: i3 the rudder chord factor obtained from Figure 54.5.1.2

L °r IJ
v

as a function of effective vertical tail aspect ratio and the ratio

o

(%]

c c
. ce r r o,
of rudder chord te vertical tail chord = I1f — is not coastant,
2 .
‘J N "

an average value should be used.
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Cl is the section lifﬁ effectiveness of the rudder obtained from
5 .
Equation 4.5.1.3
. c :
c -_]_'.—-——‘ "5 (C ) X' (45:'3)
16r B, (C 6)theoty I theory

where

c, )., is the theoretical value of section lift affectiveness
16 theory:

obtained from Figure 4,5.1.3

c
[
TE—_YQ—___- is a correction factor obtained from Figure 4.5.1.4
16 theory : : ’
as a function of c /c, and
¢
TC )“ » whera (C[ )theor is obtained from Equation 4.5.1.3
l, theory a 4 ‘ : _
as a function of thickuess ratio and trailing edge angle ¢
. . TE |
(Cla)theory = §.40-k4.7(t/c)(14-0.00375 érE) per radio:

(4.5.1.3)
K' is a correction factor for reduced effectiveness at high

deflection angles, obtained from Figure 4.5.1.53,

Bl = V] - M2

The surmary calculations for CY of the ATLIT airplane are
N
R

shown ia Table 4.5.1.1. Figure 4.5.1.6 compares the calculations

with full-scale wind-tunnel results for power off.

4.5.2 Rolling Moment Due to Rudder, c,
' 3

~

The rolling moment due to rudder deflection is 3iven bv Zquatior

4.5.2.1 from Raference 3.

100
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l! cosa + z! sina
v v

C',~ = -CY 5 (4.5.2.1)
Sr w

where

[; is the distance parallel to the X-body a;is from the center
of gravity to the quarter chord of cthe mean aerodvnamic chordiof the
portion of the vertical call spanned by the rudder.

:; is the distance parallel to the Z-body axis from the center

of gravizy to the quarter chrod of the mean aerodynamic chord of the

-portion of the vertical tail spanned by the rudder.

Note thac for full span rudders, I; and :L are the same as [V

and z, defined in Section <+.2.4.
Table 4.5.2.1 summarizes the ATLIT airplane's ¢, . Figure 4.5.2.1
. , S
shows the comparisen with full-scale wind-tunnel results.

4.5.3 Ya;ing Moment Due to Rudder, C“
<

D

R

- The vawing moment Jue to rudder deflection

roo
14

given by Equation

4.5.3.1 from Reference 3, o RS
[, cosx = = sina
¢ = -C,. (4.3.3.10)
n, Y. bu .
APy fx

where 1& and :& ave defined in Section 4.5.2.

The summary caleulations for &
dg

L3031 tae predicted values are compared

of the ATLIT airplane are shown

in Table 4.53.3.1. In Figure

i~

with wind-tunnel results.
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Table 4.5.1.1: ¢

for the ATLIT Alrplane

Y
6:
Symbol Deseription Reference Magnitude
s, "Verticel tafl area Table 2.1.1 1.85 (19.9)
S, Wing area ) Tabls 2.1.1 146.40 (155.9)
Ci Btfeceive 11ft curve slope of the . Equation 4.5.1.2 0.290S
s, vertical tail, per rad
(Cl Yy Section lift curva slope of the vertical Table 4.2.4.1 6.245
a tail, per rad Reference 1
Kh Rudder epan factor Figure 4.5.1.1 1
(asr)cL ]
G | Rudder chord factor Figure 4.5.1.2 1.1
s ¢
v L Jv
\v Vertical tlll.t;ptr ratio Table 2.1.1 8.459
<. . .
= Rat{o of rudder chord to vertical tafl Table 2.1 2 0.20
v chord
51 Fl-M2 - 0.937
C" X
c ‘5 Correcticn factor for 1ift eifectivaneas Figure 4.5.1.4 0.88
“I5 theory : .
(cls)théory Theorecical section.lift effz::ivenass. Equation 4.5.1.3 3.60
per rad
K* Deflecticn angle correction faator Figuee 3,5.1.5 1.0
Cl Section lift effectivencss or rudder, Zauatfon 4.5.1.3 3.18
Sr per rad
Surmary: cY = 0.30239 per.deg
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Table 4,5.2.1: CL .of the ATLIT Afrplane
st .
Symhol Description Reference Magnituda
CY' Change in side force with rudder deflec- Table 4.5.1.1 0.00289
5[ . tion, per deg .

I Distance parallel to the X-body axis Figure 2.1.5 4,50 (14.75)
from the c.g. to the quarter-chord of
the mean a2erodynamic chord of the portiecn
of the vertical tail spanned by the
rudder, o (ft) -

z;  Distance pavillel to the Z-body axis from Figure 2.1.5 =1,22 (-4.0)
the c.g. to thd quarter chord of the mean .
aerodynanic chord ¢¥ the portion of
vertical tail spanned vy rhe rudder, m (ft)

b, Wing span, n (fr) Table 2.1.1 12.19 (49.0)

Clar
a, deg per deg
% 0.00036
-2 0.00033

0 0.00029

2 0.00025

4 | o.000m
.3 0.30014
"15.9 20,2000
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Table 4.5.3.1: Cn

[
4

of the ATLIT Afirplane

Symbol

Descripcion

Reference

Hagnitude

Change in side force with rudder deflec- )

tion, per deg

‘Distance parallel to the X-body axis

fren the c.g. to the quarter-chord of

the mean serodypamic chord of the portion
of the vertical tail spanned by the
rudder, n (ft) :

Distance parallel to the Z-body axis from
the ¢.g. to the quarter chord of the mean
aerodynamic chord of the portion of

vertical tail spanned by the rudder, m (ft)

Wing span, m (fr)

Table 4.5.1.1

Figure 2.1.5

Figure 2.1.5

Table 2.1.1

0.00299

4,50 (14.75)

~1.22 (~4.9)

12.19 (40.9)

C

ndr
x, deg per degz
-4 -0.00104
)  -0.00105
0 -0.00107
2 -0.C0168
4 -0.00108
3 " -0.201%0
15.9 -9.00110
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CHAPTER 5

PREDICTION OF PROPELLER-OFF DYNAMIC -DERIVATIVES

In this chapter the propeller-off dynam*é (rate) derivatives
are calculated. The methods of Reference 3 are used in all cases.
The methods are based uvon lifting-surface theory and are considered .
valid for a:ﬁached flcw.gondicions. It is assumed tliat the flow
will remain attached up to near sﬁall'for conventional genera}
aviation airplanes of moderate to high aspect fatio. All cooputed

derivatives are in the szability axis system.'

5.1 Roll Damping Derivative, C,
P

The roll damping of the airplane is found by considering the
contributions of the following componénts:

(1) Wing-body

(2) Horizontal tzili

(3) Vertical tail

(4) VNacelles

5.1.1 Wing-Body Contribution to CL
’ P

For conventionzl general aviation airplanes with fuselage-widch
to wing-span ratios of 0.25 or less, the wing is the dominating faccor
and the fuselage may be ignored.» For zerb.lift. CL of the wing nay _
be found from Figure 5.1.1.1. P

To acrount for dihedral and non~zero lift conditions, Equation

5.1.1.1 from Reference 3 is used.

[
b
~




a "CL (CZD)P
(c, ) ] c,), . + (aC, ) (5.1.1.1)
[ vE } =0 25796 =0 (CL )y =0 (€3 )1 %, drag
L CL p
where
(c, ) is the zero lift C, cbtained from Figure 5.1.1.1
zp "C =0 zp
L ,

(CL )w is'the_propeller off 1ift curve slope of the wing at the
a C :
L

_14ft coefficient being considered, obtained from Fizure 4.1.1.1.

(c L )" =0 is the propeller off lift curve slope of the wing 4t

a CL

zero lift
(€, )p .
?E-hy——— is a correction factor which accounts for wing dihedral,

obtained from Figure 5.1.1.2

(ac, )

2 )drag is the drag-induced rolling coment caused by wing drag
P

in roll, obtained from Equazion 5.1.1.2 from Referance 3. This incre-

ment is small for high aspect ratios.

c, 2 -
(sc, ) -l b 1+ 2 sin2A y t 2 Eoss ”‘) -l-(c )
%2 ‘drag 8 2,4 c/4 A, + b cos(h ), 8§D ‘w
A cos“(A _,,) clb’w o
W c/4’w
(5.1.1.2)
where
(CD )w is the wiﬁg zero lif:c drag coeificient, obtained from
o : .
Reference 1.
The low speed wing-body coatribution to CL is next modified to
' P
account Ior non-zero Mach number according to Equation 5.1.1.3.
A, + 4 cos(t ; -
. /& w _ .- .
- J(C. )';] = y RC, ). ] (5.1.1.3)
[ hP I, Aszw + 4 cos\.clh w L Lp WE ;=0 | ) :
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" where

a Y1 = M2 2
82w 1 - M<cos (Acla)w

Table 5.1.1.1 summarizes the calculations for the wing-body

concribution to C, for the ATLIT airplane.

P

5.1.2 Horizoutal-Tail Contribution to Cl
p

-In general the horizoatal tail éontribﬁcion can be found in an
analogous manner to thé wing contribution.. For normal tails it is
of the order of.oﬁc percent on the wing contributicn.

For zero dihedral tails in the lipeaf Lift region, Fquation:
5.1.2.1 (from Reference 3) gives the horizéntal zail Cz , referenced

to the wing area. It also accounts for wing - interferenze effects.

“

"

h ., 'h
-0',5 &
(")

U,

b, 2 [\h .+ 4 cos(}.cuih
) =
L'

c AT MR 3 - ’
( lp)hf 2 nzh -4 cos(\c/‘)hJ [ L th 9 L dduﬂ] \5.1.2.1}

3]

- 1S

where all quantities. are referenced to the horizontal tail -and defined
in Section 5.1.1.

In Table 5.1.2.1 the horizontal tail calculations are summarized -
fof the ATLIT airplane.

5.1.3 Vertical Tail Contrihution to C,
&
P

During rolling, the wing induces sidewash on the vertical tail
due to unsvmmetrical span loading. The eqeation used to determine

the vertical tail contributicn, frou Reference 3, is

(%(: cosa + [ sina} R >
A . A5 4 i -7
hat T

b, by

P
- -

z cosa + [,sin>
- _% t —_
c,), = J7.3(CLJ)V 5

\
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:where

(Ci )v i{s the vertical tail effeétive 1ift curve slope obtained
from Sec:ion 4.5.1.

zv is the vertical distance parallel to the 2-body axis from
the c.g. to the vertical cail mean aerodynamic chord, obtained from
Figure 2.1.3.

l, 1s the horizontal distance {parallel to the X-body axis)
frem -rthe center of gravity to the quarter chord of the mean aérodynawic

chovd of the vertical taii, from Figure 2.1.3.

Yo :
——;%—— is the rate of change of sidewash with wing-tip helix angle.

w
Y
There 1s no easy way to calculate 3g . This factor varieg
w
3 2v

with angle of attack and is influenced by sspect ratic, sweepback,

and tall geometry. A value of .29 was used in Reference 3 and thus

was also used here due to lack of better guidelines and the similarity
of the airplane in Reference 3 with the ATL;T airplane.

The suomary calculations for the varticai tail contribucion are
given 1in Table 5.1.3.1 for the ATLIT Qirplane. It can be seen that
the effect of the tail is small.

5.1.4 Yacelle Contribution to C;
D

The nacelle cortribution to C: is cau;ed bv tae change iﬂ
angle of attack induced by the rollprace.. Equation S.i.é.l from
Refuerence 3 sives this effect.

v,
((.; )n = -1.14.0(('.:‘ ):\ (b—\" . (53.1.4.

n 1 w




where
yT is the distance parallel to the Y-axis from the thrust line
to the center of gravity

(CL )n is the 1ift curve slope of the nacelles
a

The value of (CL )h was found by taking the derivative of Equation
a o :
5.1.4.2 from Reference 1 (Equation 4.3.5).

C, = 0.002031 a + 0.0000201 a2 ' (5.1.4.2)
n .

therefore

),

= 0,007031 + 0.0000402 a (5.1.4.3)
x .

The nacelle contributions are summarized in Table 5.1.4.1.

5.1.5 Ci of the ATLIT Airplane

P

.The propeller-off Cl- of the entire airplane is given by Equation

P
- 5.1.5.1.

(€, Y op = (G Vg + (€ ) + (€0 + (€ ) (5.1.5.1)

p» of £ p P P P L

b
[a

Table 5.1.5.1 summarizes the propzller-off Ci of. the ATLIT.
' p

Figure 5.1.5.1 presents C, as a function of anzle of attack. There
S

. p .
{s no wind tunnel data avallable for comparisom.




- Table 5.1.1.1: Wing-3odv Contributfon to CL
: P
" Symbol Description Reference Magnitade’
M Mach number - 0.031
v T -
8, /-1-n~cos\c,4 0.997
(" .

"‘u Wing aspect ratio Table 2.1.1 10.32
l\cM Wing quarter-chord swecp angle, deg. Table 2.1.1 1.335
lv Wing taper ratio Table 2.1.1 0.5
bv Wing span, m (ft) Table 2.1.1 2.19 (40.0)
dv Fuselage width at wing, n-(ft) - Figure 2,1.4 1,22 (4.0
), Zero 1ifc wing-body C, , per rad Figure 5.1.1.1 -0.325

P om0 P _
2! Vertical distance from &,q. to quartet- Figure 2,1.4% 0.25 (0.3%)

chord of wing root chord, m (fc)
r Winy dihedral angle, Jes Tasle 2.1.1 7.0
, ).
-(T;JT Dihedral effect on c, Fizure 5.1.1.2 1.0
- i T=) p

kd
(C, ),_, Wing lift curve slepe at zero Qite, Figure 3.1.1.1 3.00

“1 ¢, . per rad

Le)

(Cx )_J Wing lifz curve slope at 2, , 7er rad Ficure 4,1.1.1 5.09

‘3 °C, L
(CD Y, Zero 1ift wing drag Table 4.12.1.2 0,0097

) Referasce 1

£ 7 De3262 - 0.003866 T per rad

L

o

b
[—
~1




Table 5.1.2.1: Hortzontal Tail Contrihution to C1

P

4
=bol Description Refcreuce ) Magnitude
Sy C Hortzontal tail ares, m® (ft°) Table 2.1.1 . 3.50 {38.7)
S, Wing area, m* (fz?) : | Table 2.1.1 14,40 {155.9)
A Horizontal tail aspect ratio ] thle2aa 4,75
bh : Hor{zontal tail span, = (ft) Table 2.1.1 4,13 {13.56)
b, Wing span, m (ft) Table 2,1.1 2.19 (40.0)
Hh )
- Dynamic pressure ratio at horizontal Table 4.9.3.13 1.0
q, tafil Reference 1
1. Horizontal tail quarter-chord sweep Table 2.1.1 0
bl angle, Jdeg ’
(Cl )H Zero life C: at the horl:nnial tail Figure 5.1.1.1 -0.138
P Crey P
(:CL \\ ’ Increnent {n C, due to drag Equat.on 5,1.1,2 variadble
p "drax ‘s
Sumarr: (€, Y, = =0.005475 = 0.000120 ¢ ¢, par rad
P
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Table S.1.3.1: Versical Tail Contribution to C,

P
Symbol Dsscription - Refercncae Magnitude
(CL' v Vartical tall cffactive lifc curve slope, Table 4.5.1.1 0.00507
3 per deg o
z, Vertical distance from the c.g. to the Figure 2.1.5 -1.22 (=4.0)
’ vertical tail mean aerodynamic chord,
a (ft)
ly Horizontal distance from the c.g. to Figure 2.1.5 -4.50 (14.75)
the quarter-chord of the vertical tail
mesn aercdymamic chord, = (ft)
b, UWiag span, = (ft) ' Table 2.1.1 12,19 (40,0)
-—2%4 Rate of change of sidewash with wingtip - 0.20
Py i_g helix angle ~
-2V

(Clp)v' per rad
a, deg £4. 5.1.3.2)

- -0,00186
-2 -0,10084
0 - 0.0

2 0.C0065
4 0.00112
lS.é -0.96030
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] Table 5.1.4.1: Nacelle Contributiza to Cl
P ) ) P
A Symbol Description ' A Reference Magnitude
3 : Z
(t:L )n Nacelle lift curie slope, per deg Equation 5.1.4.3 variable
b ’ a K -
! . o
‘ Yr Digtance parallel to Y-~axis from thrust Figure 2.1.1 : 1,90 (5.2)
r line to c.g., o (ft) o .
d ’ : : S
SR b, Wing span, m (ft) Table 2.1.1 12.19 (40.0) . ) =
3 . 2
4 .
3 ({'—\\
; 1]
. (clp)n' per deg
a, deg Eq. 5.1.4.1 .
1 o _
E : ) -4 -0.00515 . ’ -
3 i . 3
. . =2 -0.00537
%f i 0 -0,00539
: - : -0.00581
e - 4 ~0.00603
: 15.9 -6,00735
B )
]
|
t
t
{ l
!
! oy
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Table 5.1.5.1:

C, of the ATLIT Airplane

i
P
c, )
«,) «,) «©,) «,) L “prop
a, deg lp wf t_“hf lp v zp n AT
’ Table 5.1.1.% Table 5.2.2.1 Table 5.1.3.1 Table 5.1.4,1 Eq. 5.1.5.1
-4 =-0.5273 ~0.0055 -0.00186 -0.00515 -0.5398
-2 -0.5274 -0,0055 -0.00084 -0.00537 -0,5391
] -0.5277 -0.0055 0.0 ~0,00559 -0.5388
2 -0.5282 ~0.0055 0.00965 ~0.0058% -0.3289
4 ~0,5290 -0.0055 0.00112 -0,00603 -0.5394
15.9 =0.5359 -0,0055 -0.00330 -0.00735 -3,5491
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5.2 Yaw Damping Derivative, C1
. - 14

The yaw damping derivative is largely caused by the vertical tail
"and to some exteat by the wing. The fuselage is of minor.importance
for conventional general aviation aifctafc.
5.2.1 Wing Contribution to Cn
. r )

A wing undergoing yaQ rate will experience asyrmetric lift distri-
butions due to.changes'in velocity. These 1lift changgs cause induced
df;g-changes which produce a yawing moment. Equation 5.2.1.1 from
Referénée 3 gives the incompressible &ing contributlon. However, the-

profile drag term, (CD )w’ should be at ché appropriate Mach number.
o : :

N (8¢, 3y .
c )l = |——|¢C = | ;). 2 1.1y
nw c. 2 Lw (CD )w Do w (5...1.1)
L o :
w
where
(cn )1 .
accounts ior the Cn due to induced forces resulting from
CL 2 r
w .

-yawing of an isolated wing about its aerodynamic center, obtained from

Figure 5.2.1.1.

ac ),
_?E—EY_ accouﬁts for the unsymmetrical spanwise distribution of
Do w ) _ .
profile drag, obtained from Figure 5.2.1.2.

If the airplane c.g. does not coincide with the wing aerodynamic

center, then the factor (C_),/C, 2 qust e correctad with the following

T W
increment:

P ] WA § Y Py T e

iy mem e g

o o e e T
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v et

e ) ' .
a1 . -‘ ( beosh . A, H tand . .
c 2 ’ A, + bcosd g, Zcosh g ) o A,
L X v
v oz
)]
4eosd_,, =\ 2 tan?s re l n 1 7
boslt (2)2 2 4 (5.2.1.2)
A + 4cosd g, g, A, 2 ‘ C 2

where Yers™?

X is the longitudinal distance from the c.g. to the wing zerodynanmic

. centaer,

is the zero sweep wing damping parameter obtained

I%l
: /4
fron Figure 5.2.1.1 for A /&=0.

The general wing contribution equation is now

(Cnr)l (Cnr)1 (i\cnt)2
(C.) =¢C,*~ - + {C )"
new L c,? ¢, P | o
w x=0 w Jx L

(5.2.1.3)

For the ATLIT the c.g. was assured to be at the wing aerodynamic center.

Table 5.2.1.1 summarizes the wing contribution ?o‘Cq for the ATLIT.
“r

5.2.2 Fuselage Contribution to Cn
r

For conventional general aviation fuselages the fuselage contri-

bution to Cn is small compared to the verticsl tail. No analytical
T .
design method is presented to calcula‘e (Cn_)f. !
' r

5.2.3 Vertical Tail Contribution to Cn
: T

The vertical tail is the primary contributor to Cn . Its effect
T

comes from a straight restoring moment due to cthe sideslip induced

30 -
. 1

by yaw rate and from the lag of wing-fuselage sidewash,
w
5

2v
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general there 1is no method to calcula“e the ogcillating sidewash,
and in faect Reference J suzgests that it may not be important.
dssuning that the wing cancels the fuselage sidewash, the vertical

tail Cn is given by Equation 5.2.%.1.
' r

$5.2.5.1)

]v cose - z_ sina

P '

(Cn )v 114.6(0L )y T
T » a w

~ where

where (C£ )v’ Iv’ and z,, are defined the same as in Section 5.1.3.
a

- Table '5.2.3.1 shows tne summary calculations for the vertical

tail Cn' of the ATLIT airplane.
r.

5.2.4 C_ of the ATLIT Airplane
T

The propeller-off Cn of the ATLIT airplane is given by Equation:
r
5.2.4.1.

= Vé 2 »
cn )prop (Cn )u + (Cn )f + \Cn )v (5.2.4.1)
T oes r T r

Table 3.2.4.1 summarizes the propeller-off C_  of the ATLIT

. \nr
Figure 53.2.4,1 shows Cn as a functica of angle of attack. Mo wind
r

tunnel data is available for conmparison.
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Table 5.2.1.1 Wing Contribution to Cn
T
Symbol "Descrif=ion Referenca Magnitude
Aw Aspect ratio Tahle 2,1l.1 10.32
.l' Wing taper ratio Table 2.1.1 0,50
Ac/‘ Wing quartev-chacd sweep angle, dag. Table 2.1.1 1,835
x *aec. ~ ¥eog. - 0
-
(Cnr)l
——— Wing 1ift damping parameter Figure 5.2.1.1 00,0143
¢, * .
LU~ Jxs0
(c“r;{1
o Zero s~ o wing damping parameter Figur~ 5.2.1.1 -
c .
L, J -
v Ac/& aQ
(ACn A
r‘- Profile drag damping parameter Figure 5.2,1.2 -2.289
CL'~ '
W
. Wing lift coefficient Figure 4.1.1,1 variable
w .
. L.
(CD )w Wing profile drag coeffictent ‘Table 4.12,1,2 3.00997
y Reference 1

Summary: (C1

o = ~0.0143 CLuz - 0.9028 ner rad
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Table 5,2.3.1: Vertical Tail Concribution to C“
r
Symbol Description Reference Magnitude
(CL' v Vercfcal tafl effeccive lift curve slope, Table 4.5.1.1 0.00507
a per deg .
z, Vertical distance from the ¢.g. to the Figure 2,1.5 =1,22 (=4.0)
wvertical tail wean aerodynamic chocd,
m (f2)
’v ‘Horisontal distance from the ¢.3." to thes _ Pigure 2.1.5 4,50 (14,7%)
quarter=chora of the vertical tatl nean
aerodvnamic chord, m (ft)
L Wing span, o (ft) Table Z.1.1 12.19 (30,9)

-1, deyg (€. ),» per rad
t
(Eg. 5.2.3.1)

.e ~0.3737
-2 =1),077%

0 ~J,3790

N -0.3304

4 -J.2316

5.9 ~3.9348 .

.
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Table $.2.4.1:° C
llr

of the ATLIT Alcplane

T N W )
[ [(] n_‘prop
a,der P v : oY LYY
(Table 5.2.1.1) Tabla 5.2.1.2 (Eq. 5.2.4,.1)
-4 -0,0028 - -0.9757 0,078
-2 -0,0030 -0.277% -0.0804
0 -0.0040 ~0,07490 -0,0810
2 ~0.0058 -0.0804 3,080
4 ~0.0084 -0.0316 -0.0900
L 15.9 -0.0318 0,035 -3.1166

-
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Figure 5.2.1.1:

AC/[‘ bad 0
/’
// A, = 1.0
4
Nese =0
_ [///”"———— A, = 0.50
e
Ac/& =0
n—/.
/ A= 0,25
v
0 1 2 3 4 5 6 7 8
N
w

Wing contribuzion to Cn due to-lifec
r

and {nduced drag with X = 0

(Reference 3)
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"5.3 Roll Due to Yaw Rate Derivative, C,
' r

Rolling moment due to yaw rate.is mainly affected by the wing’
and vertical téil'only for airplanes of conventional fuselage shape.
Therefore only wing and vertical tail effects are calculated.

)
r

5.3.1 Wing Contribution to C
The wing contffbution to Cli.is produced by the spanwise 1lift
) b : .
differential produced by the yaw rate. For unswept wings, Ci is
) S r
linear with 1lift until CI . There 1is also an increment due to

geometric dihedral. For zero Mach number, the wing C2 is given
' T
by Equation 5.3.1.1 from Reference 3.
c AC
A 2
(c r r r
L) = | o= c, + == (5.3.1.1)
r'w C L r 57.3
Lw =0 “w
where
Clr T
T is the compressible change in Cz due to wing lift
L Jr=0 r
W

obtained from Equation 5.3.1.2.

- 2 s M
Cl Le Aw(l Bl) . :\,.'B: + 2 cos ".:/L tan .\:/4 .
e . 252(‘\‘432 + 3 cos Ac/L) ‘\ME!2 + 4 gos ,'.C.,.,‘ 3 "r
r=0

+ 2 M c -
A, *2cos (Can ,\c“) L, T==0

1+r\wv-4ccs "‘c/6 3
where
CLt
o is obtained from Figure 3.3.1.1.
Lw T=M=0 .

Pa— -\ o
32 vl M~cos Ac/&

The dihedral increment is obtained from Equation 5.2.1.3,
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'5,3.2 Vertical Tail Contributions to C
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ac, . '
L rA sin A
LA [ L /4 ] (5.3.1.3)

r "1z Aw + 4 cos Ac/A
The valid 1ift range of Figure 5.3.1.1 is dependent upcn sweep angle.
For conventional unswept general aviation airplanes, it is usable
throughout ﬁhe linear 1ift range. Also no:é that this procedure ignores
the effect of center of gravity'location. In general there does not

appear to be enough data to account for this effect.

Taocle 5.3.1.1 summarizes the calculations of wing C, for the
. : r
ATLIT airplane, .

L
r

—i¥%— , as in Section 5.2.3
3 —

2v

Excluding the effects of sidewash,

the aperiodic contribution of the vertical tail to CL can be obtained

r
from Equation 5.3.2.1 from Reference 3. These calculatiors are sum-

marized in Table 5.3.2.1 for the ATLIT airplane.’

[z cosa+ [ sina\ f] cosa -z sina
' v v v v
(clr)vhua.e(cLa)V\ : T )

w

(5.3.2.1)

w

, and Iv are defined the same as in Section 5.1.3.

! -
where (CLa)V’ z,

5.3.3 Cl of the ATLIT Airplane
T

The propeller-off C£ of the ATLIT airplane is given by Equation

r
5.3.3.1.
(CZ )prop a (Cl )w + (C, )v (5.3.3.1)
r r r
of f
Table 5.3.3.1 summarizes the propeller-off c, of the ATLIT.
r i
Figure 5.3.3.1 shows C, as a function of angle of attack.

r
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Table 5.3.1.1: Wing Contribution to C,

— r—— s

1 4
Symbol Description Reference " Magnitude
M Mach nuamber - 0.018
'\v . Wing aspect ratio Table 2,1.1.1 10,32
} XV Wing taper ratlo Table 2.1,1 0.50
Ac/4 Wing quarter~chord sweep angle, deg Table 2,1.1 1.835
r Wing dihedral, deg Table 2.1.1 7
CL - Wing lifc coefficlent Figure 4.1.1,1 variable
1] -
c, '
E—'— Wing contribution to Cl for M=[=Q Figure 5.3.1.1 0.240
» Lofi-um0 r
! | |
‘r\ . T Wing contribution -to Cl for [=0 Equatioa 5,3.1.2 0,240
1. L. /- r
Co w/{=0
|
' . .-
-‘-,-'- Dihedral contribution to C, Equacion 5.3.1.3 0.00074
. T
! Summary: (Cz )u - 0,%% CL + 0.00074 per rad
T v .
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-
I Table 5.3.2.1: Vertical Tail Contribution to Cl
. ) r
; Symbol Description Reference Magaitude
L (CL')v Vertical tail effective lift curve slope, Table 4.5.1.1 0,00507
a per deg s
b z, Vertical distance from the ¢.z. to the Figure 2.1.5 ~1.22 (~3.0)
’ vertizal tail mean cerscdynamie cherd,
. o (ft) ’
: v " Horfzontal distance from the ¢.g. to the Figure 2.1.5 4.50 (14.75)
quarter~chord of the vertical taf{l mean .
aerodynanic chord, m (ft)
b" Wing span, n (ft) Table 2.1.1 12.19 (46.0)

(Cl )v' per rad
a, deg r
(Eq. 5.3.2.1%
-4 0.0263
-2 0.0239
0 0.9214
2 0.0138
4 0.0161
15.9 -G.0011
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Table 5.3.3.1: cl of the ATLIT Airplane

[
. , )
(c, ) (c, ) t_‘prop
a, deg lr v "r v v off
(Table 5.3.1.1) Table 5.3.2.1) (Eq. 5.3.3.1)
-4 -0.0121 0.0253 0.0142
-2 0.0306 0.0239 0.0545
. 0 0.0732 0.0214 0,0946
' 2 . 0.1158 0.0113 0.1346
: o 4 0.1584 0.0161 0.1745
’ 15.9 0.3593 -0,0011 0.3582

T
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e M 3 v
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5.4 Yaw Due co Ro%l Rate Der{xg;ivez C )

In this analysis only the effects of the wing and vertical tail

are calculated, since they are the predominating contributors to Cn .

P
5.4.1 Wing Contribution to Cn
p

Wing rolling produces antisymmetrical 1ift loading which causes

a yawing moment due to induced drag. Additfonaliy roll-iaduced

changes in angle of attack produce a change in viscous drag. Alsc

dihedrzl effects are consider-d separate. Equativn 5.4.1,1 from

Reference 3 gives the wing contribution.

(c, )y (ACn ) _
‘ - 2 p r
€, ), = |=—— c, +

——

W C T 57.3 + (5.4.1.1)
L - W .
W I'=0 :
where
€, )1
—E—E—— iz the zero dihedral contrihution 9f the anti-
L ~
W r=

symmetrical iifct and induiced crag. This etérm is"

obtained from Equation 5.4.1.2 fron Reference 3 which accounts for

tip suction effects and center of gravicy locatien,

n Cen 0 ) ) 2 e 4,1
? DO ) casy . = fany canta ,, bt T d . -
?4 . ._;_r_qu"_idwi_iﬁh_shﬂﬂg-, b (tans,, ey 2.k X
L .A_J*cos..‘:/‘ P < ; - , “ A, /s Aa sz
o revag - 2 v _,.\c‘,'_‘-l) W o
(3.4.1.2
where
i
( nD)l
i . is found frem Figure 5.4.1.2
T
7 A =0
c/a

1 e g g v ey e e

reemmpraar U N2
P N R

et Bl XIS "
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plotting viscous drag versus angle of attack, 2s shown in Figure 5.4.1.3

To correct for compressibility effects, Equation 5.4.1.3 is used.

w )] )
[ n?)l . <.x,) véeosd )(.-\QB?% (.\uaz*cosl‘.c/,‘)tan:.’\cla)[-(Cn:,)l
3 : A icos. . 5
I. L r=0 wiyricos et ’\u*%(“u +cosh G, (3'4}1'3)

c/.ﬂ)tln. ‘IC/Q L v [aM=0)

where

w1 - 12ega?
By =1 - ¥2cos A su

To account for dihedral, EQua:iod 5.4.1.4 from Reference 3 is

used.
ac
n tand : - .
—FP')" - _Tcﬁ'*% :"-)(cl dreg - © (5.4.1.4)
w Cw/ - P - :

where (Cl )..=0 is from Section 5.1.1 with compressibilizy effects

P
included,

AC ¢

n

The viscous drag parameter EETE in Equation 5.4.1.1 {s found
: D
o At
Yo 'JCD .

from Figure 5.4.1.2. The second viscous drag teem 2 is found by

Ja
]

and grapnically determining the slopes, an analyticzl method is pre-
sented in Appendix A. Reference 3 points out the importance of in-

cluding the viscous drag contribution to Cn in obtaining good
correlation with wind-:unnel results. °

Table 5.4.1.1 summarizes the wing contribution to Cn .

el

5.4.2 Verctical Tail Contriducicn %o C;

. P

2.1 fzonm

- The vertical tail contribution is given by Zquation 3.4.
- 2 1M

Reference 3, wnere all terms are as defined in Secriou 5.1.

(W)
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T L . < EhL et "",_ IR ” a— = = ‘~\\\ = -
]
' ' cosa+ z_ si 2(z +
(G )y = 573000, ly i (zjcosa+ lysina) 5
w bw _._\pbw
T2v 4 (5.4.2.1)
Table 5.4.2.1 summarizes the vertical tail contribution to Cn .
' p
for the ATLIT airplane.
- e /-‘
5.4.3 Cn of the ATLIT Airplane e
P .
Considering the wing and vertical tail as the only significant
gori:ributors, cn' is given {n Equation 5.4.3.1, .
p ]
- ) o0
(cn )ptop (cn )w + (Cn'fv : ¥
off P P e
The calculations are summarized. in Table 5.4.3.1 and plcttea as’ .
a function of angle of 2ttack in Figure 5.4.3.1. No wind tunnel daﬁa
is available for comparison.
\
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Table §.9.1.12 Wing Contridutivn to Cn
[
Symbol Description Reference Magnitude
M Mach aunber - 0.018
B, 1-Mcon?y ,, - 0.997
- Cr e
A, Wing arpect ratlo Tavle 2.1.1 10,32
\U Wing taper racio Table 2.1.1 0,50
Ac'é Wing quarter=chord sweep angle, Jeg Table 2.1.1 1.835
b, Wing spar, a (ft) Table 2.1.1 12.19 (40.0)
Ev_ Wing aean serodynamic chord, = (fe) Table 2.1.1 245 (4,019)
x *a.2” xC-l- - °
lero sweep Jamping parameter Flaure S.4.1.1 -3,272
(f-n")
- Jero dihedral Jdumping paraneter Equation 3,3.1,) -0,0752
Ly res
aC
a, . .
-+ Mhedral contribution to & Cquation 5.5,1.% N.0052
Viscous Jdrag param«:n; Figure 9,+.1.2 2.099
.
)uad
" Viscous drag rate of change Flzare 5,4.1.3 viriable
\Cn !:‘ per tad .
1, Jeg
- S A (A
-2 - 033
2 R
N R PR R R - .
! .
. -, ettt H
{
H
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- T . o~ - ) A
T .
e
ﬁ ’ Table 5.4.2.1: Vertical Tatl Coatribution to Cn
e
’% Sysbol Description Reference - Magaitude
(CL')V Vertical tatl effective lift curve slope, Tadle &,.5.1.1 ' 0.00507
3 per deg .
o3 ) 5, " Vartical distance from the c.g. to the Figure 2,1,5 -1 22 (=4.0) L
3 . vertical tail mean aerodynamic chord, M
m (f¢) . 4
< ]
le Horizontal i{stance from the c.3. to the Flqure 2,1.5 4.50 (14.7%) - :
. quarter-cho~d of the mean aerodynamic ’ 2
chord of the vertical tail, m (ft) H
b, . Wing span, nm (ft) L Table 2.1.1 . 12,19 (s0.0) ’ Z
%1 Rate of change of sidewash with wing tip - 0.20 i
)ZW; helix angle - .g
- --‘-,’!
:
1
i H
i
¢
(Cnp)v. per rad i
34 deg (Fqu 5.4.2.1)
-4 . 0.00198
5
-2 0.00272 i
b} 0
2 -3.00283
a4 =0.00567
15.9 ~3.02333
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Table 5.4.3.1: Cn of the ATLIT Alrplane

P
€ . () «©_ )
. de B %Y % prop
» ©€8 | (Tabls 5.4.1.1) | (Table 5.4.2.1) off
- | o.o04s2 0.00198 0.00650
-2 -0.00884  0.c0272 -2.00612
0 -0.02219 0 -0.02219
i 2 -0.03355 -0.00250 ~0.03635
) 4 -0.04690 -0.00567 -0.05257
B - S 15,9 |  -0.0953¢ -0.02333 -0.11367
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Figure 9.4.1.1: Wing contrihutioﬁ_to Cn‘ for unswept wings due to

P
antisymumetrical 1ift and induced drag (Reference 3)
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CHAPTER 6

PREDICTION OF POWER-ON AERODYNAMIC CHARACTERISTICS

The effects of power especially from a propeller operation
can have a significant effezt ¢n the aerodynamic characteristics of
an airpiane. Due to thé highly interactive nature of-cﬂe propeller
slipstream, there are.usually a number of effects fhat must be con- ‘
sidered. Power effects are considered at th;ee power settings:

Ti=0, T!=.0195, T}=.1970, where TénThrust/E?Sw.

6.1 Propeller Power Effects on Static Stability Characteristics

For conventicnal twin engine airplanes the vertical tail is

.assumed to be outside the propeller slipstream. Therefore the

propellers are assumed to produce no sidewash or dynamic pressure

change at the vertical tail,

6.1.1 Power Effects on CY
i 3

The contribution of power to CY is given in Equation 6.1.1.1.
8 .

(ac,, ) = (AC, )., + (ACL ) .= + (ac )
YS power Y3 Np Y6 n(Aq) YB n(cp) (6.%.1.1)

where

(ACY )W is the normal side force cazused by the propellers

3

(acy )
¥

n(dg) is the change in nacelle C, due to the increased
: 8

""'dynamic pressure’

(ACYS)n(GP) is the change in nacelle C, due to power Induced

2
=

. sidewash at the nacelle.
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The normal force contribution (ACY )V is given by Equation

()
6.1.1.2 from Reference.3.
S _/prop
f
(6Cy )y = = === (C, ) (—2—-——-> (6.1.1.2)
Yg'N, 57.3 5 'p s,

where
n is number qf propellers
£ 1is the propeiler inflow factor, obtained from Figure 6.1.1,1
Sp/prop 1s the disc area of éach propélleg

(CN')p is the normal force parameter at Téﬂo given b; Equation

a .
6.1.1.3 frow Reference 3.

(CN )p = (CN )p P +,8(§677 -1
a . _0' !%:80‘7 . (6.1.103)

where

KN is the émpirical normal force factor of the propeller given by

b b b
=')')—E 24 -—E - ._E. : v
By T 26270, 35 F 262300 gp * 235G 0n (6.1.1.4)
p P P P p |
b .
where (ER) is the ratio of blade width to propeller radius at the
P
given propeller radius stations.
[(Cn.) ] is the normal coefficient at KV=80'7 obtained

Py -
a. kN 80.7

from Figure 6.1.1.2 as a function of blade angle 3'. -

The change in CY of the nacelles due to increased dynamic prassure
8
is given by Equaticn 6.1.1.5 from Reference 3ﬂ'

(¢Cy )

.a
2

= [(C

- D) —
n{aq) YS n]p 3

ARSI et et b nc oot o b i SR WhE s SRR Rt sk s S Ity ot ‘,-,!-‘",;L*‘*' (bR vk Dt L atn s i -’-.{F.’r_",wﬂ, e e dd A L A AR R e B

|
: ':".,4
B
=
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'Table 6.1.1.1 (d) gives the power on C.

T T L T D T R I O P T YT IOy TN e S A L i

"where
[(ACYB)n]prop is nacelle contribution with propellers off as
. off
determined in Section 4.1.3
_ Aan B 4 T _ -
—— 1is the increase in dynamic pressure at the na:e}le due to
9, )

power giveﬁ by
a [
Aq_ . s, (T./prop)
q

<

nR_2
. P
The effect of propeller induced sidewash on the nacelle contri-

bution is given by Zquation 6.1.1.7 from Reference 3.

o ’ 322 : aq ‘
(ACY )“<U y = -[(ACY )n]prop 33 1+— (6.1.1.7)
. 4 B it . w ' : ‘
where
3o ' ' .

-Sél is the change in propeller induced sidewash with sideslip
given by
40 . . =
—£ = €+ Cy (Cy )y . v (6.1.1.8)

33 P

where Cl and C, are obtained from Figure 6.1.1.3.

Table 6.1.1.1 (a) - (c) summarizes the effects of power on CY

. , 38
" of the ATLIT.airplane. The power cn CY is given by
. _ - i A 7
c-Y = (CYA)prop + (“CY )power - (6.1.1.9)
8 off 3

of the ATLIT. Figure 5.1.1.4
- 3 . . . .
presents this data as a function of angle of attacxk and power setting,

.Té., Also the calculated values are compared with wind-tunnel results,

y—
L
w

(6.1.1.6)




i ;‘;ﬂ

-

- act through the same moment arm

6.1.2 Power Effects on Cn

3
The effect of power onAC 15 due to power-induced changes in C .
g 8
The same factors are assumed in the power increme.t.
(Acna)power = (Acns)Np + (Acns)n(Aa) + (AC )n( ) (6.1.2.1)

The propeller normal side force increment, (ACn )W » is given by
. S
Equation 6.1.2.2

e,

(ac_) a |
' 8 7p W ’

where -

(ACn )V is the increment in CY due to propeller normal force,
8 p '

B8
from Section 6.1.1

p is the longitudinal diétance from the ptopeller to the airplane

c.g.

5 vertical distance f{ron the thrust line to the airplane
c.g.

bw is the wing span. -

- $ - A \ .
Since the two nacelle 1ncremencs, (ACn ) (13 and (ucna)n(oo),

s their effect can be considered toget?

her.
. : xncosa+znsin:
“(AC_ ) = H(aC ) =[{(ac, )_,. - +(ac, Yoo Y I|———2——-
nB n(dq) n8 n(op) Y5 n(iq) stn(up) - bw
_ o ' ' T (6.1.2.3)
where ’ :
'(ACY ) (.— and (21 C “( p) are the power Increments to CYQ due :o
the nacellus, obtained 'ron Section 4,1.1
< is the longitudinal distance from the nac;llc centar c¢f pressure
to the airplane ¢.3., from Figure 2.1.4

' . X cosa + z sing ‘ T
N = (acy )y (_E 2 ) : (6.1.2.2)
8 "p ! :

P s

o L A ——— e ¢ -




z, is thn vertical distance from the nacelle center of pressure
to the airplance c.g., from Figure 2.1.4.

The total airplane Cn is
3

(G, ) = (c'ns)prop * (800 ) pover | (6.1.2.4)

off
Table 6.1.2.1 presents the summary calculations for the ATLIT airplane.

Figure 6.1.2.1 gives total Cn as a function of angle of attack and
S : 3 =

power setting, comparing iﬁ with wind tunnel results.

6.1.3 Power Effects on Cl
3

Two power effects on CL -are considered. The first is causeéd by
' ’ B8

the normal force produced by the propeller.c The second is the. result
of the lateral shiit of the portion of the wing immersed in the propeller
slipsﬁream. Equation 6.1.3.1 gives the total power incremert.

(Acz )power

. = (L;Z )\, + (.A_c2 )-(Aa**ﬁp) - (6.1.3.1)

3 p B8

s

where : ' S

(AC? )“ is the propeller normal side force increment given by

8 Yo
Equation 6.1.3.2.
: : dzp_cos a + x§ sin 2
<Acl,)ﬂ = (ACY )N 5 - (6.1.3.2)
2°p 3°p W :

vwhere all terms are the same as in Equation 6.1.5.2.

,Whén the airplane i3 yawed, the center of pressure of the wing
shif;s proportional Fo tan(SféD). Ca one wing the shiifn will be inboérd,
whilé on the oppoéite wing the shift will be outboard. Tse'net~rasu1:.
is a rolling moment. Equation 6.1.3.3, from Reference 3, 3;705 the -

increment.

-

“z

et
i
Vs

.\I\’

T Y




4

iod

K

s

S

Rk

At et

i

i

s

SeLITHIY

R

.- te s LT I'JE-""L“‘

i 30 ' S
+(8Cp) 1(L-—£2) (6.1.3.3)
(a3 - LY €) 33 T

(ec, )( 3e) -3 555 b, [‘ Uy

where
the factor 1/2 acéoﬁnts for fuselége incerfgrence effects
x; is the distance from the éropelle: to ﬁhe wiag quzrter-chord
along the thrust line
t, is the wing span
(ACL)V(LE) ;s the increase in lift -due té power—-induced increased
dynamic pressﬁte, obtained frem Table 5.1.3.2, of'Referenée 1
1(ACL)w(€ ) is the in;:ccenc in lift gue_co pouer-iadﬁced downwash,
obtained from [able 5.1.3.2 of Reference 1 |

3o
-ggl is the power-induced sidewash from Equation 6.‘.1 8.

Tzble 6.1.2.1 presents the sumnary calculations for the ATLIT

alrplane. Total zirplane C is:

) + (3C. ) S ' (6.1.3.4)

c. = (C, .
i v, Prep L. power
3 3 =
off
Figure 5.1.3 1 3ives totul C, as a foncticn of ansle of attack ond

:

Jower settfing and comparss ic w~'H'uiﬂd-:unne1 resulss.
5.1.4 Rudder Control

As previously mentionad, it i3 assumed that the vertical tail

ie cutside tne propelliar slipstraan and s not affeczed 5v power

settinzs, As a result, there {5 ¢ dredizted ahares in O . "_1 y Or
. .
‘R A

<o with power. ZFijpure A.1.4.1 shows the full-scale wind-sunnel

vesulz: for the aower <fi2217 ou vudder .ontrol derivatives. A3 shown,

it apmears <hat there is wverw little sower intavricticn.
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6.1.5 Spoiler Control :
For an airplane with ailerons, tae effect of power on roll N
- - | )
control shouid be small. For spoilers it depends on the proximicy A\L
"of the spoilers to the propeller slipstream. For the ATLIT 3irplane.' (M
. . B . V4
the portion of the spoiler immersed {n the slipstream s quite small ©
at low angle of attack, and none of the spoiler is {rmersed at ' .
. . . : .\
higher angles of attack. (For data on the jmmersed spaa as a )
function of power and angle ot attack, secmTablc 5.1.2.2 of Reference 1.) '
[or this reason it was assumed chat the effect of power would be small.
In addition there is no wind tunnel data that gives the isolated effect
of power. The spoiler derivatives were therefore assumed not to vary .
with power setting. s S c ] »
‘.
./
. \ _{"
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. B . 7 Table 6,.1.1.1(a): Irerement of CY Jue ro Propeller Normal Force, (iC, )1 .
E 3 s e
: Symbol Description Reference Magnitude N
h
> a . Number of propellers ) . - 2
Rp Propeller radius, a (ft) Table 2.1 .97 (3an .
b Width of propeller blade, @ (ft) - 0,137 (9.417) - —
P ’ . at .3 R
?
0.157 (0.51%)
at .5 R
. ? :
0.108 (0.354) L
at .9 R - !
?
. sp/ptop Propeller iiac areas, pr:, ad (fed) - ) 22,93 (31,57
Su(f[!rrop)
= - . Propeller correlation parameter : - va iable
] 8 R_° S .
?
:’ i . i £ Proveller inflod parameter . Figure 6,1.1.1 vartable.
% 4’—‘\ Su Propeller stde force parameter : © o Equatfon 6.1.1.¢ :
: A : Propeller blide angle, Jdoeg o - - variatle _' ' .
] (c, Propellur normal force pjr;n«ter ‘ . Figure 6,1.,1.2 . | variable
: N K40, .
) } ‘ . .
4 R . (C“ )’ Proneliler netral force Jerivative fquation 2.2.4.3 vartatle
A N ; .
“ ) W \£Q He
T nl ? 13 N)
- PR P PO (8 PREL 7 O WA
." U Jed) ), 007
9 D,018 1 .0 ’ PP RRT
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g .
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Tabla 6.1.3.3(b):  Chanze {n Nacelle €, Due to Increated Dvaamic Pressuyre, (3C, ) .=
‘I_s : '{5 a(q)
Symbol Description Reterence Yagnitude
(ACY )“' Propeller off nz.elle coneribution co "Table 4.1.3.1 ~0.000476
& = prop C\. . Par Jeg i .
off 3
aq, : o 7 _ : .
—_— Power tnduced change {n nacells dvoamie gquation 6.1.1.6 varfable
3 presiure
;. ('“".’a)n(:.a). per Jeg
. =
1.c: (2q. 6.1.1.0) (Zq. 6.1.1.%)
4] Q Q
12,0915 08,2249 -, 200107
L1970 0.48%n -1.500230
L]
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1lable 6.1.1_.1(:): Change {n lacelle CY; n'ug{, to Propeller Sldeu_:h. (ACYa)n(op)
Symhol Description Reference  Magnicude
o
(ACY ) Propeller off nacelle concribution to Table 4.1.3,1 -0.000476
n . K
8 prop C,‘ s par dag . .
_off. 8 .
i
fﬁg_ Change in propeller sidewash with Equation 6.1.1.8 variaole
. stidaslip - .
Ci. CZ Propeller sidewash factors '?‘lgura',ﬁ.l.l.l varizble
a3,
- Povar induced change {n nacelle dynamfc Equation 6.1,1.6 variable .
e pressure
&3
3 - tac, ) er 4
___82 3 8G ey per deg
T 3 - 3 ?
< (Eq, 6.1.1.8) (Eq. 6.1.1.6) (Eq. 6.1.1.7)
9 0,025 ] 0.000012
0,0915 - 0,1233 0,2249 0.903060
l 0.1970 0,15%4 0.4336 ©.000110
’ '
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Table 6.1.1,1(d): Powver-on CY of the ATLIT Mrplane

©y peo ey ) (acy ) e, ) Y rowee

prop AC, AC - 3C, on,

o 3 of? Y3 Np : Yy r‘('\q) Ty n("p) ) . per di

I (Table 4.1,5.1} (Table 6.1.1.1¢a)) ‘ (Table 6.1,1,1(b)) (Table 6.1.1.1(e)) | . (Eq. 6.1.1

0 -0.00977 =9,0007 0 0.0C0012 =0.01046

0.0915 =0.00977 -0.0008 <0.000107 0.000060 -0,01062

0,1970 ~0.00977 -0.0008. E -0,000230 0.000.110 -0,01C63

161"
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Table 6.1.2.1: Power-on Cn of the ATLIT Alrplane

3
Syabol Description Reference Magnitude
(AcY )“ Propeller normal side force derivative, Table 6.1.1.1 variahle
8 p per deg : :
x Loniitudihél distance froo the propeller Figute 2,1.4 2,10 (6.59)
4 to the c.g., 2 (ft)
z Vertical distance from the propeller to Figure 2.1.4 =0.127 (-0.417)
- P the c.g., = (£t}
b, ding span, m (fc) Table 2.1.1 12,19 (40,0)
2 - € ¢ P 1
(“CYB)n(;q) Change in nacelle CYB due to increased Table 6.1.1.1 var{able
dynam{c pressure, per deg
e, ); Change {n nacelle C., due to propeller . Table 6.1.1.1 . variable
1y n(cp) s ° . .
sidewash, per deg
x, Lonz{tudinal distance frcnm nacelle center .| Figure 2.1.4 0.97 (3.17)
of pressura to alrplane c.3., 2 {(£t)
s, Vertical distance frem nacelle center of Figure 2,1.4° =0,15 (~0,50)
pressure to alrplane z.2., ™ (It
(sc_ ) (8C_ ), = +(3C_ ) . (c_)
0, ng'N, 33 0i3q) "ragTalay) ™3 pover
. Tn,prap . P
a, deg 3 oi¢ - - - i - 21
- 7 )
T, T; . T
. b} 0.0915  '0,1379 0 0.3915 13,1970 0 0.7915 2.1979
-4 0.001%9 ]-0.0001 -0,C001 =3,26001l o Q -J.50001 10,00179 0.00179 0.00178
-2 0.00130 {-3,23001 -G,200L fOQCDOl 9 0 . =0.00001 ] 0,C0150 0.00130 0.00173
0 0.00191 [.~2.0CC1 -0.C001 <0.0001( O 0 -3.00001 | 0.00131 9.00131 2QJ.0013C
2 0.00{95 -2.9301 -0.000L  -g,c0N0L] O O ;0.00001 J.00185 0.00185 3,0018%
4 2.00124 -O.dﬂnl -0.0001 -0.370% 0. 0 «9,900001 0:00184 0,0013% 0.00133
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Fizure '6.1.2.4: Comparison of predicted: power-on Cn with

()

wind tunnel data on the ATLIT Airplane
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Table 6.1.3.1: Power on Cl of the ATLIT Airplane

3
Symbol " Description Reference Magnizude
(A!:Y )q' Propeller normal side force devivative, Table 6.1.1.1 variable
8 “p - : per deg., ) .
z_, Longitudinal distance from the propeller | = Figure 2.1.4 © 2,10 (6.59)
L4 to the c.g., o (ft) )
X ) ) " Vertical distance from the propeller to Figufe 2.1.% : =0.127 (-0.417)
P v the c.g., m (fc) BN : -
b, . Wing span, n (ft) ) . Table 2.1.1 12.19 (40.0)
x‘; - Disfance along thrust line from the
propeller to the wing quarter-chord, - Figure 2,1.4
= (fz)
(ACL),J(.-) Increase in 1lift .due to power-induced .- Table 5.1.3.2 variable
=4 increased dvnamic pressure Referenca 1 :
(AcL)'J(C ) Iacrement in lift due to power-iaduces Table 5.1.3.2 variable
P downwash Raference 1
2 ) - . .
-ﬁp- ) . Pover-induced sidewash derivacive Equation 6.1.1.8 variable
1, dez (cl,)prop o (Acls).‘l (Lcl;)(.‘.ai‘ c,) (cis)pouer
~ off ? - CF on
- L
te .:: Té
1} 0.0915 0.1970 0 0.2915 09,1970 0 0.0915 0.1970
- =-3.00212 20 ~0 ~0 0- C.0001 0.0992°1-0,00212° =J.092¢2 ~0.00192 T .
. R .
-2 -0.€0209 A0 0 A0 0 0.0002 -0,000% |-0.00209 -0.9C189 -0.0C169
bJ =J,00206 -2,00001 -3.00001 -92.90001 v 0.0203 0.0005 |=2.00207 -0.00177 -0.920157 .
2 -3.£0203 =-3.00001 -3.00001 -0,00001 0 0.0003 09,0097 {-3,20204 =3,3017% =0.00134
4 -),00299 ~3.00602 " -3.00602 -9,00092 ] 0.0004 3.503% {-2.20202 -2,00102 -0.00122
5.9 |-3.30174 =J.00004  =N,09004  -2,20004 B] G204 0,295 [=0.00178 -=,201353  <N,.00033
4
P
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6.2 Propeller Power Effects on Dvnamic Derivatives -

6.2.1 Power Effects on C,
&~
P

-The power increment on'Ci' is caused by the propéller normal force,
the change in dynamic pressuve over the irmersed sections of the airplane
and the change,id downwash in the slipstream. The power-induced normal

force contribuﬁion is given in Equation 6.2.1.1.

‘(: ) . _.- - (YT\2 ‘ .( .
AC .= =114.6(C — i ©o(6.2.1.1 -
N .
RN Ly N, bw/ _ |
where
(CL )N is the lift curve élope of the propeLier normal force

a'p o .
obtained from Figure 6.2.1.1 (from Table 5.1.3.1 of Reference 1)

yT is the lateral distance from the thrust line to the airplane
center of gravity

bw is the wing span.

The increment in wing Ct due to power is given by Equationm 6.2.1.2

: P
from Reference 3f
(aC, )., = = (A€, ). .=y + (AC, )
e A 4 hY L
p 19 * €p) e ) (6.2.1.2
114.6 [( (ac, ). 1] IYT>2 |
= - -76 AC ) so=y + (AC kv )
o La w(dq) .La w(ep) (bw

. where
_(ACLQ?W(Aa).iS the change in lift curve slope due'to the power-
induced change in dynamic pressure obtained from Figure 6.2.1.2 (from
Table 5.1.3.2 of Reference 1)

)

L
2

induced change in downwash obtained from figure 6.2.1.3 (from Table

(AC is the chanse in lift curve slope due to the power-
S P i

w(ep)

5.1.3.2 of Reference 1).
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The change in nacelle C2 with power is given by Equation 6.2.1.3
. » p . . . .
from Reference 3. :

(ac, ) - s (AC, ) -+ (ac, )
lp n(Aq+ep) | ip n(iAq) I 2p n(ép)

—B . ,
ag )¢ Aq
= (C, ), i e e LS ey S (6.2.1.3)
p oeropl q_ |, _u 9 ‘
off da
W
where
(c )n ~ 1s the propeller off nacelle contribution from
. off R .
~ Section 5.1.4. ' L ' -

éﬂ is the increment in dynamic pressure behind the propeller
qm . L . .
obtained from Table 5.1.3.2 of Reference 1.

aé

3;3 is the rate of change of propeller downwash with propeller
. P x
angle of attack, obtained from Table 5.1.3.2 of Reference 1.
Btu

—5;-15 the bropellér'upﬁﬁsh gradient obtained from Table 5.1;3.1

’ .

of Reference 1.

Total airplane Cz is
P
= : R o+ “.__ . — . N
Cy (Ci )prop (ACQ )w(q+e ) * (Acl )n(Aq+€ ) . (6.2.1.4)

P p P : p P P p

. off .
"Table 6.2.1.1 summarizes the power effects on the ATLIT airplane.
_'Figute 6.2.1.4 shows total CL as a function of angle of actéck and

p .
power setting. There is no wind-tunnel data available for comparison.




o Y

6:2.2. Power.Effgcts on én

o _ r
No anélyﬁical methods of coﬁputing the perr.iﬁcréﬁcﬁt_to'cn
weﬁe found. In Reference 3, the Cn varia;ion wi:hvpower vas deched :
b?’éompafing with wind-;gnnel daca_gn.a similar model. The same per--

centage change in Cn with power for the model was assumed.
. r . o '
This procedure is highly empirical and cannot readily be extended

to other aircrafe. A compariscn of the prediction of Reference 3
with flight test data shows poor corrélation. In view of this and
due to the fact that no experimental ATLIT data Is yet available,

the power effect on C, 1is not predicted for the ATLIT.

o

6.2.3 Power Effects on Cl
. r

- Referenca 3 shows that the effect of power on Cl 'is'due mainly
. . _ ; r
to wing contributions and that even this effect is negligible (of the

A

"order of 1%). For this reason the power effects of C, - are not
: r

computed for the ATLIT and are assumed zefo.

6.2.4 Power effects on Ch
P

]
Due to a lack of design data and for the same reasons as those
" outlined above, the powar effect on Cn for the ATLIT alfplane is

. - p
assumed zero.

173




[ S 1

Tible 6,2.1,1: Power-on Cl

of ths ATLIT Alrplane

-

P
Symbol Deacription Reference Magnitude
(CL')“ Lift curve slope of tha propeller Figure 6.2.1.1 variable
a nornal force . - -
vt Lateral distance from thrust line to Figure 2.1.1- 1,89 (6.21)
airplare ¢c.g., m (f2) .
S, Wing span, a (ft) Table 2.1.1 12,19 (40.0)
(ACL )w(A-) - -Change {n wing lift curve slope {ue to Figure 6,2,1.2 variable
3 q power-induced change in dynamic pressure ’
(¢, ) _ Change in wing l11ift curve sloﬁa-due to Figure 6.2,1.3 variablae -
L “w(e ) :
. P propeller Jownwash .
é& Changetin dynamic pressure behind the Table 5.1.3.2 variabls
L propeller . Retergnce 1
(Cl )n - Propeller off_ClAloE the nacelles Table 5.1.4.1 variable
P Pprop . B p ;
of f
3cn E
33 Rate of change of propeller downwash Table 5.1.3.2
P with propeller angle of attack Reference 1
¥, )
Ty Propeller upwash gradient Table 5.1.3,1 -.155

Reference 1




b |

B T s |

175

«(c, ac; AC )
ay deg «, )p::!p (ecy Yy a Lt +
(Table 5.1.5.1) (EQ. 6.2.1.1) (Eq. 6.2.1.2)
1]
T 1!
0 L0915 .1970 0 L0915 .1970
T -0,5398 -0.00099  -0.00110  -0.00121 0.09033 -0.0153 ~ =0,0367.
-2 -0,3391 -0.00099 -0.00110 . -0,00121 0.06083 -0,0152  ~0,0348.
0 -0.5388 -0.00099 -0.00110 - . -0.00121 0.00083 -0.0152  -0.0284
2 - -0.5289 -0.00099 -0.00110 - -0.00121 0.00083 -0.0152  -0,028% .
& -0.5394 -0.00099  -0.00110 - -0.00121 0.00083  -0.0105  -0.0284 |
15.0 -0.5491 ~0.00099 -0.00110 - -0,0012) | -0.00276 9 0.0028
(AC, ) _,.= (c, ), pér rad
Lt +¢e 1
p nlda*ey) P
(Eqe 6.2.1.3) - (Eq. 6.2.1.4)
T T
0 .0915 .1970 0 .0915 .0970
0.00011  -0,00059 -0.00146 -0.5399  -0.5567 =0.5792
0.00012 =0,00062 ~0,00153 -0.5391  -0.5560  -0.5758
0.00012  -0,00064 =-0.00159 -0.5388 -0.5557 -0.5700
0.00013 -0.00067  -0,00165 -0.5789  -0,5459 © -0,5602
0.00013 -0.C0089  -0.00171 -0.5394  -0.5517  =0,5707
0.00016 - -0.00085. -0.00209 -0.5527  -0.5511  ~0.5496
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Figure 6.2.1.1: Increment in lift due to propeller
o normal force (Reference 1)
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CHAPTER 7

CONCLUSIONS AND RECOMHENDATIONSVI

This report presents.an'anélytical method for predicting tbe
latéral-directional aerodynanic characteristics of light twin-
 engine airélanes._This method is applied to the Advanced Tecbnology
Lighﬁ Twin'(ATLIT)'airplan;; ahq.thé predic;ions.are then coﬁpare&
: to full-scale wind tunnel data.
Based upon.this comparison, the followin, aLSarvatibns and
concLuSions aie presen;ed: .

1.  The predicted values of C, di: Yewzr rhan the wind
tunnel values; however, thg overcll ralue is fairly
- reasonable, espeéially for pr@liminéfy‘design. It is
necessary to consider more compiétel&-fhe effect of
'éﬁgle of éttack. "The gwo areas that :re thought:ﬁq

_need the most study are the fuselage C variation

g

with angle of attack and the ‘uselage-vertical tail
interference variation with angle of attack.

2. For the power-off case at least, the average'prédicééd o
values éf Cn show fairly good agreement with wind--
tunnel.davta.B The tunnel tests show large variations
of Cﬁ' with angle of attack; especially witﬁ.power on.
The'cgntribution of the fuselage is strongly influenée&
by the wing Locacion, and only partial methcds are
available to account for it. A more detailed study

needs to be conducted to determine the effect of wing

location and angle of attack.
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' The predicted C, of the ATLIT is slightly higher than
wind tunnel results but stili compares quite well.

The spoiler performance, both rélling and yawing moments,
is predicted somewhat higher than found in the wind
ﬁuﬁnel data. However; the agreement is still quite
goéd‘éqﬁsidérihg the highlv general nature of the
~methods used.. A method should be developed whick is

tailored to general aviation airplanes.

5. The prediction of the rudder de:iﬁatives was dis-

PO

appointipg. But ;gain it appeafé that the angle

of attaék factors hﬁve hét been 3c§ounted fo:; The
angle of attack variation of the wing and body wake
‘needs to be included in the prediction method.

The dyﬁamic derivati§es are also preéented'in this
report. When exﬁefimental dacﬁ-ﬁecomes aQailable,
,iﬁAgﬁould'be correlated with_theselp{edi;;iqhé to
evaluate the prediction method. '

Theré needs to be moré pbéer-on wind ﬁunnel dats
in o:der to bettericorrelate the eifects of power.
"Only limited power data was available, and it was
at a relatively low thrust:;oefficien:.

The data in this reporﬁ and in Reference 1 should be

correlated with flight test data as it becomes available.
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APPENDIX A

A SIMPLE METHOD FOR COMPUTING

WING VISCOUS DRAG, CD'
o

183

“am-




I R T

- ‘/’;

D)

R

APPENDIX A

A STMPLE METHOD FOR COMPUTING

WING 1S s v
WING VIScous DRA("EDO

The wing drag which varies with angle of attack is comp;ised_
ol two componénCS. First 1s ?he drgé due to direct lift production
(vortex drag). .The'second is a type of profiie drag caused by
the bufldup of the upper surf#ce boundary laver as angle cf a;chék
increases (viscqus drag); Together these two factors comprise
the induced drag. Since the vi;cous érag tera is heeded for the
p?edict;bn of c, » the following procedure. from Referehce 6 is
Lo P
given. :
.Edd&tion B.1l gives the viscous drag dﬁ a wing.

cy' =k ' : (A1)
o _

where
k is én empﬁricnl sweep correction fdc;or obtatined from
"Figure A.l as a function of sweep and the parameter
J given in Eqéation'A.Z'
A is the empirical v{s;oué dr?g incrcmgnt'faccor from

* Figure A.2, also a functicn of J
. . L[4 . .

and where

Ca +‘l)canA]e]3{

: , , o (
AL \ L 2
B W (c; + De,y+ 1) - [ .
'J 0..3(c1 + 1) R {1 2 ‘ 7 !

L (A.2)
where ’

€y and ¢, are taper ratio coustants obtaindd frem Fiaure A.3.
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