
(NASA-CR-157210) A STUD1 OF COIRUTEE 
AIRPLANE DESICU O P T I R I Z A T I O I  Status Report 
(Etaasas mi?. Center for Besearch, Inc.) 
457 p RC AZO/I!P 401 CSCL Olc 

878-25078 

Unclas 
22665 

1 
~ 

THE UNIVERSITY OF KANSAS CENTER FOR RESEARCH, INC. 
2291 lrvlng Hill D r i v d a m p u s  West 
Lawrence, Kansas 66045 



ERRATA LIST 

REPORT: A STUDY OF COMMUTER AIRPLANE DESIGN OPTIMIZATION 

Page xx: Add: F igure  11.22.1 Flowchart of "CNR" 

Page xx: Add: F igure  11.22.2 L i s t i n g  p l u s  sample ouput "CNR" 

Page xxvi: Add: Table  11.22.1 Var iab les  i n  "CNR" 

Page iii: Add: Table  D . l  L i s t i n g  "DYNSTAB" 

Add t o  page 11.16.4 equat ion  11.16.5: 

Power e f f e c t  may be  est imated from: 

where: C , fo l lows  from s e c t i o n  5. 

y*O 

Add t o  t a b l e  13.1: "CNR" 2 %  

"CONSURF" 2 % Ch 
a 

1 5  % C 
h6 

(11.16.5) 

Page 2.3: While t h e  r e p o r t  w a s  be ing  p r i n t e d ,  t h e  ba lance  p e r  

May 31, 1978 w a s  received:  $ 44.50 CR. 



A STUDY OF COMMUTER AIRPLANE 
DESIGN OPT IMIz.4T ION 

Fourth Status Report 
KU-FRL 313-5 

This work was performed under 
NASA Grant NSG-2145 

12 Nay 1978 

Prepared by: Bob van Keppel 
Han Eysink 
Jim Hammer 
Kevin Hawlcy 
Paul Meredith 

Principal Investigator: J.  Roskam 
Ackers Professor of 
Engineering 

Approved by: J. Roskam, Director 
Flight Research Laboratory 



TABLE OF CONTENTS 

CHAPTEhS PGGE 

List of Acronyms . . . . . . . . . . . . . . . . . . .  
List of Symbols . . . . . . . . . . . . . . . . . . .  
List of Figures . . . . . . . . . . . . . . . . . . . .  
List of Tables . . . . . . . . . . . . . . . . . . . .  

1 . Introduction . . . . . . . . . . . . . . . . . . . . . . .  1.1 

2 . General Information 
2.1 Project Management . . . . . . . . . . . . . . . .  2.1  
2.2 Research Status . . . . . . . . . . . . . . . . . .  2.3 
2.3 Financial Status . . . . . . . . . . . . . . . . .  2.5 
2.4 Remarks concerning computer routine . . . . . . . .  2.5  

3 . Longitudinal trim routine 
3.1 Introduction . . . . . . . . . . . . . . . . . . .  3.1 
3.2 Trim equations . . . . . . . . . . . . . . . . . .  3.1  
3 . 3  Program description . . . . . . . . . . . . . . . .  3.4 
3.4 Hand calculation . . . . . . . . . . . . . . . . .  3.4 
3.5 References . . . . . . . . . . . . . . . . . . .  

4 . Ground effect 
4.1 Introduction . . . . . . . . . . . . . . . . . . .  4.1  
4.2 Derivation of equations . . . . . . . . . . . . . .  4.1 
4 . 3  Descriptio3 of program . . . . . . . . . . . . . .  4.6 
4.4 Hand calculation . . . . . . . . . . . . . . . . .  4.6  

5 . Power effects 
5.  1 Introduction . . . . . . . . . . . . . . . . . . .  5.1 

5.2 .1  Derivation of equations. lift . . . . . . .  5.1 
5.2.2 Derivation of equations. pitching mment . . 5.29 

5 .3  Hand calculation . . . . . . . . . . . . . . . . .  5.30  
5 .4  Description of program . . . . . . . . . . . . . .  5.33 
5.5 Conclusions . . . . . . . . . . . . . . . . . . .  5.53 
5.6 References . . . . . . . . . . . . . . . . . . . .  5.53 

6 . Static Longitudinal Stability 
6.1 Introduction . . . . . . . . . . . . . . . . . . .  6 . 1  

5 .3  Hand calculation . . . . . . . . . . . . . . . . .  6.7 
6.4 Program description . . . . . . . . . . . . . . . .  6.11 
6.5  References . . . . . . . . . . . . . . . . . . . .  6.23 

6 .2  Derivation of equations . . . . . . . . . . . . . .  6.1 

7 . Directional Stability 
7.1 Introduction . . . . . . . . . . . . . . . . . . .  7.1 
7.2 Discussion of design criteria . . . . . . . . . . .  7.1 
7.3 References . . . . . . . . . . . . . . . . . . . .  7.2 

i 



CHAPTERS PAGE 

8 . VMc Routine 
8.1 Introduction . . . . . . . . . . . . . . . . . . .  8.1 
8.4 Computer routine . . . . . . . . . . . . . . . . .  8.4 
8.5 Hand calculation . . . . . . . . . . . . . . . . .  8.11 
8.6 Results . . . . . . . . . . . . . . . . . . . . . .  8.11 
8.7 References . . . . . . . . . . . . . . . . . . . .  8.12 

8.2 Single degree of freedom approximation . . . . . .  8.1 
8.3 Three degreesof freedom method . . . . . . . . . .  8.2 

9 . Rotation Speed 
9.1 Introduction . . . . 
9.2 Derivation of equations 

9.2.1 Rotation phase . 
9.2.2 Airborne phase 

9.3 Program description . 
9.4 Test run . . . . . . .  
9.5 Results and discussion 
9 .6  References . . . . . .  

10 . 

11 . 

. . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  

9.1 
9.1 
9.2 
9.3 
9.6 
9.7 
9.15 
9.16 

Inertia Routine 
10.1 Intrcduction . . . . . . . . . . . . . . . . . . .  10.1 
10.2 Discussion of method . . . . . . . . . . . . . . .  10.1 
10.3 Check calculations . . . . . . . . . . . . . . . .  10.17 
10.4 Program description . . . . . . . . . . . . . . .  10.20 
10.5 References . . . . . . . . . . . . . . . . . . .  10.38 
Longitudinal. Lateral-Directional Dynamic Stability and 
Control Derivatives 
11.1 

11.2 

11.3 
11.4 

11.5 

11.6 

11.7 

11.8 

11.9 

11.10 C . Variation of pitching moment coefficient 
11.11 C .. Variation of drag coefficient with angle 
11.12 C . Variation of lift coefficient with angle 

CD . Variation of drag coefficient with angle of 
CL . Variation of lift coefficient with angle of 

. Variation of pitching moment coefficient 
a attack .................... 11.1.1 

a attack . . . . . . . . . . . . . . . . . . . .  11.2.1 
ddda. Downwash behind the wing . . . . . . . . . .  11.3.1 

with angle of attack . . . . . . . . . . . . .  11.4.1 
CD . Variation of drag coefficient with speed . . .  11.5.1 . Variation of lift coefficient with speed . . .  11.6.1 
LU 

u with speed . . . . . . . . . . . . . . . . . .  11.7.1 

a 

U 
C 

CM . Variation of pitching moment coefficient 
CD . Variation of drag coefficient with pitch rate . 11.8.1 
CL . Variation of lift coefficient with pitch rate . 11.9.1 9 

Q 

mq with pitch rate . . . . . . . . . . . . . . .  11.10.1 

‘i 

of attack rate . . . . . . . . . . . . . . . .  11.11.1 
of attack rate . . . . . . . . . . . . . . . .  11.12.1 

ii 



CHAPTERS PAGE 

11.13 

11 . 14 
11.15 

11.16 

11.17 

11.18 

11 . 19 
11.20 

11.21 

11 . 22 

11.23 
11 . 24 
11.25 
11.26 

C Variation of pitching moment 

, Variation of side force coefficient 
‘’8 with sideslip angle . . . . . . . . .  
CQ , Variation of rolling moment coefficient 
6 with sideslip angle . . . . . . . . . .  
6 with sideslip angle . . . . . . . . . .  ‘n 

C , Variation of side force coefficient 
’p with roll rate . . . . . . . . . .  
C , Variation of rolling moment coefficient 
‘p with roll rate . . . . . . . . . . . .  

Variation of yawing moment coefficient ‘n 
C , Variation of sideforce coefficient with 
Yr yaw rate . . . . . . . . . . . . . . .  
CQ , Variation of rolling moment coefficient 

r withyawrate . . . . . . . . . . . . .  
r with yaw rate ‘n 

Longitudinal control derivatives . . . . . .  
Lateral control derivatives . . . . . . . .  
Directional control derivatives . . . . . .  
Hinge moment coefficients . . . . . . . . .  

% coefficient with angle of attack rate . 

, Variation of yawing moment coefficient 

P 

Variation of yawing moment coefficient . . . . . . . . . . . . .  

. . .  11.13.1 

. . .  11.14.1 

. . .  11.15.1 

. . .  11.16.1 

. . .  11.17.1 
. . 11.18.1 . ’. . 11.19.1 

. . .  11.20.1 

. . .  11.21.1 

. . .  11.22.1 . . .  11.23.1 . . .  11.24.1 . . .  11.25.1 . . .  
12. Description of Dynamic Stability Routine . . . . . . . . .  12.1 
13. Conclusions and Recommendations . . . . . . . . . . . .  13.1 
APPENDICES 

A. 

. .  
Description of Ground Effect Nethods 

B. Description of Interpolation Routines 

C. Description of Test Airplanes 



LIST OF ACRONYMS 

Acronym 

FAR 

GASP 

KU-FRL 

NASA 

SFF 

Definition 

Federal Aviation Regulations 

General Aviation Synthesis Program 

Kansas University - Flight Research Laboratory 
National Aeronautics and Space Administrat5on 

Side Force Factor 

iv 



SYMBOL -. 

Ai 
a.c. 

m ,  A 
b 

B 

b 
C 

e bi 

BL 

C 

E 

cD 
I- acD 

a- acD 

C~ aa 

‘D U au/ul 

a 

acD = -  
&E 5; a -  
2u1 

acD 
I- 

‘D a 
2u1 

9 

Ce 

L = -  
‘L qs 

acL 
‘L aa 

m -  

a 

LIST OF SYMBOLS 

DEFINITION 

Aspect ratio defined in Eqn. (5.3) 

Aerodynamic Center 

Aspect ratio 

Span 

ComFressibility correction factor 

Distance defined in Fig. 5.3.b 

Distance defined in Fig. 5.3.b (single engine) 
or Fig. 5.3.c (twin engine) 

Number of propeller blades 

Chord 

Mean aerodynamic chord 

Drag coefficient 

Variation of drag coefficient with 
at tack 

Variation of drag coefficient with 

Variation of drag coefficient with 
of angle of attack 

Variation of drag coefficient with 

Center of Gravity 

angle of 

speed 

rate of change 

pitch rate 

Section lift coefficient 

DIMENSION 

Distance defined in Fig. 5.3.b (single engine) 
or in Fig. 5.3.c (twin engine) 

Lift coefficient 

Lift curve slope 

ft 

ft 

ft 

ft 

ft 

rad-’ 

rad-’ 

rad-’ 

ft 

rad-‘ 

V 



SYMBOL 

c, = - aa a 

C 

.I--. acL 
'L ai, 
iH 

acL c - -  
L% a% 

acD =- 
'L U au/ul 

acL = -- 
cL a E 

2u1 
9 

acD 
cL* &E 

2u1 

= -  
a a -  

c, = - 
6R a &R 

LIST OF SYMBOLS (Cont'd) 

DEFINITION 

Section lift curve slope 

Lift coefficient at zero angle of attack 

Nondimensional variation of lift coefficient 
with stabilizer angle of incidence 

Variation of lift coefficient with elevator 
deflection 

Variation of lift coefficient with speed 

Variation of lift coefficient with pitch rate 

D ImNS IOX 

rad-' 

Variation of lift coefficient with rate of change 
of angle of attack 

Variation of lift 
deflection angle 

Variation of lift 
deflection angle 

Variation of lift 
incidence angle 

coefficient with flap 

coefficient with elevator 

coefficient with stabilizer 

Variation of rolling moment coefficient with 
aileron angle 

Variation of rolling moment coefficient with 
rudder angle 

rad-' 

rad-' 

rap-' 

rad-' 

rad-' 

-1 rad 

rad-' 

rad-' 

-1 rad 

vi 



SYMBOL 
ac., 

'm 

m 
'm = K  

ac 
a 

m C 
0 

"m c = -  
m6E a6E 

i 

&"l 

a 'm c = -  
m% a% 

acm m -  

'm 6E a% 

acm c = -  mtr a iH 

LIST OF SYMBOLS (Cont'd) 

DEFINITION 

Variation of rolling moment coefficient 
with yaw rate 

Variation of rolling moment coefficient 
with sideslip angle 

Variation of rolling moment coefficient 
with roll rate 

Pjrching moment coefficient 

Variation of pitching momer,: cqefficient 
with angle of attack 

Pitching moment coefficient at zero angle 
of attack 

Variation of pitching moment coefficient 
with elevator deflection 

Variation of pitching moment coefficient 
with pitch rate 

Variations of pitching moment coefficient 
with rate of change of angle 

Variation of pitching moment 
with flap deflection angle 

va tiat ion of pitching moment 
elevator deflection angle 

Variation of pitching moment 

of attack 

coefficient 

coefficient with 

coefficient 
with stabilizer incidence angle 

DIMENSION 

rad-' 

rad-' 

rad-' 

rad-' 

rad-' 

rad-' 

rad-' 

r ad-' 

rad-' 

rad-' 

vii 



LIST OF SYMBOLS (Cont’d) 

SYMBOL 

cN 

a ‘n c = -  as n8 

a ‘n c = -  
np a JL 

2u1 

a ‘n c = -  
n rb r a -  

2u1 

a ‘n 
a6A 

c a- n 

‘1: 
cL 

(‘rile 

cR 

ct 

ti 
C 

C ?  
yJI 0 

ac 
c = y  
yB at? 

DEFINITION 

N o m 1  force coefficient 

Variation of yawing 
with sideslip angle 

Variation of yawing 
with roll rate 

Variation of yawing 
with yaw rate 

Variation of yawing 
with aileron angle 

Variation of yawing 
with rudder angle 

moment coefficient 

moment coefficient 

moment coefficient 

moment coefficient 

moment coefficient 

Root chord at centerline 

Distance defined in Fig. 5.3.b 

Root chord 

Tip chord 

Distance defined in Fig. 5.3.b 

Factor obtained from Fig. 5 . 5  

Variation of side force coefficient 
with sideslip angle 

DIMENS ION 

rad-’ 

rad-’ 

rad-’ 

rad-‘ 

rad-’ 

ft 

ft 

ft 

ft 

ft 

rad-’ 

viii 



LIST Ob' SYMBOLS (Cont'd) 

D IMENS ION 

rad-' 

DEFINITION SYMBOL 

ac 
c = -  
yp a EL 2u- 

Variation of sideforce coefficient 
with roll rate 

ac c .;Y 
"r a - 

2u1 
rb Variation of side force coefficient 

with yaw rate 

ac 
c = J  

y6* 

rad-' Variation of side force coefficient 
with aileron angle 

ac 
c =-Y 
y6R 

rad-' Variation of side force coefficient 
with rudder angle 

Dianeter 

Drag 

ft 

lbf 

ft Fuselage diameter at the wing root chord 

Oswald's efficiency factor 

Propeller in flow factor, see Fig. 5.4 

e 

f 
2 ft/sec Gravitational acceleration 

Height 

g 

h 

hac 
ft Height of wing aerodynamic center above 

ground 

Height defined in Fig. 4.4 ft 

ft 
.* hC 

heff Effectiva height above ground, defined in 
Fig. 4.2 (no flap deflection) or in Eqn. 
(4.13) (with flap deflection) 

Height defined in Fig. 4.4 ft 

ft Height from wing root chord to horizontal 
tail aerodynamic center 

ft Height of wing trailing edge above ground h~~ 

ix 



LIST OF SYMBOLS (Cont'd) 

DEFINITION 

S t a b i l i z e r  angle of incidence 

SYMBOL DIMENSION 

deg , rad 

deg , rad 

deg, rad 

Thrust i n c l i n a t i o n  angle 

Wing angle of incidence 

Correction f a c t o r  f o r  aspec t  r a t i o  

Correction f a c t o r  f o r  ho r i zon ta l  t a i l  p o s i t i o n  

Factor defined i n  Eqn, (5.36) 
power % 

Empirical f a c t o r  t o  c o r r e c t  f o r  body e f f e c t  on 
wing l i f t  curve s lope  

Correction f a c t o r  f o r  taper  r a t i o  

K 1  Empirical c o r r e l a t i o n  f a c t o r  in Fig. 5.8 

Correction f a c t o r  f o r  maximum l i f t  in Fig. 5.11 

L i f t  

K 2  

L l b f  

'b Length of fuselage 

Distance defined i n  Fig. 5.15 

f t  

a- 
C/4" f t  

11 
=4 

Distance from the  nose of t he  a i r p l a n e  t o  the  
cen te r  of g rav i ty  

f t  

Distance defined i n  Fig. 5.3.a f t  

f t  

f t  

f t  

Distance defined i n  Fig. 5.3.a 

Distance defined i n  Fig, 5.16 

Distance defined in Fig. 5.18 

Mach number 

'n 

'no 

M 

Airplane mass l b  

l b f  

l b f  

m 

N 

N 
P 

P rope l l e r  normal force  

Normal force  

N Number of engines 

Number o f passengers N 
Pax 

X 



LIST OF SYMBOLS (Cont'd) 

SYMBOL 

9 

9 
- 
RP 
S 

si 

sHi 

so 

T 
T *r = p,sw 
T 

I- 

TC pV2D2 

v, u1 

vIUU 

v!3 

'ROT 
w 

aisle W 

W 
C 

W n 

seat W 

X 

ac f 

DEFINITION 

Pitch rate 

Dynamic pressure 

Propeller radius 

Area 

Area defined in Eqn. (5.3 bJ 

Area defined in Eqn. (5.37) ,Jingle eng-le) 
or in Eqn. (5.38) (multi-engine) 

Area defined in section 5 

Thrust 

Thrust coefficient 

Thrust coefficient 

Airspeed 

Minimum unstick speed 

Stall speed 

Rc tation speed 

Weight 

Width of aisle 

Cabin width 

Nacelle width 

Width of seat 

X-axis, positive forward from the 
center of gravity 

Distance from leading edge of the wing ~ 

to the aerodynamic center in tenths of c 

Distance from the leading edge of the wing 
m.g.c. to the airplane in tenths of c 

DIMENSION 

rad/sec 

lbf/ft2 

ft 

ft 

ft 

ft 

2 

2 

2 

lbf 

f t /sec, knots 

ftlsec, mph 

ftlsec, mph 

f t I s e c , mp h 

lb 

ft 

ft 

ft 

ORIGINAL M E  I& 
OF POOR QUALITYl 

xi 



LIST OF SYMBOLS (C * c'd) 

SYMBOL 

'sr 

Xpi lo t  

X' 
P 

X 
P 

x" 

i y c  

zH 

GREEK SYMBOLS 

h- 

x 
c/4 

a 

a 

B 

0 

CI 

ai 

DEFINITION 

Distance from a i rp l ane  c.g. t o  the  
hor izonta l  t a i l  a.c. 

Distance defined i n  Fig. 10.12 

Distance defined i n  Fig. 5.3.a 

Distance def ined in Fig. 5.3.a 

Distance defined i n  Eqn. (5 .49 )  

Distance defined i n  Fig. 5.3.b 

Distance def ined i n  Fig. 5.3.a 

Distance def ined i n  Fig. 5.3.a 

Distance def ined i n  Fig. 5.3.a 

Distance defined i n  Fig. 5.3 .a 

l j istance def ined i n  Fig. 5.3.a 

Distance dcfined i n  Fig. 5.3.a 

Quarter chord sweeD angle 

Taper r a t i o  

Cnange of  a quant i ty  

Angle of a t t a c k  

Angle of a t t a c k  f o r  zero lift 

Factor def ined i n  Equation (4.4) 

Factor def ined i n  Equation (4.8) 

Induced angle of a t t ack  

DIMENSION 

f t  

f t  

f t  

f t  

f t  

f t  

f t  

f t  

f t  

f t  

f t  

f t  

deg, rad  

deg, rad 

deg, rad 

deg , rad 

xii 



LIST OF SYMBOLS (Cont'd) 

GREEK SYMBOLS (Cont'd) 

h- 

6 

Y 

c/2 

a- 
'E 3dE 

E 
POW 

e Ai 

a 
P 

SUBSCRIPTS 

ac 

A 

b 

B 

cg 

c 

E 

e 

eng 

fus 

t 

Half chord sweep angle 

Control surface deflection 

Flight path angle 

Elevator effectiveness 

Downwash angle 

Thrust angle of attack 

Total downwash angle at horizontal tail 

Taper ratio of immersed wing 
(see Fig. 5.3.b) 

Local angle of attack of the propeller 
plane 

Upwash angle 

Ratio of dynamic pressures at the horizontal 
tail 

Aerodynamic center 

Aileron 

Body 

Body axis 

Center of gravity 

Cabin 

Elevator 

Elevator 

Engine 

Fuselage 

DIMENSION 

deg, rad 

dag, rad 

dcg, rad 

deg, rad 

deg, rad 

deg, rad 

deg, rad 

deg, rad 

xiii 



L I S T  OF SYMBOLS (Cont'd) 

SUBSCRIPTS (Cont 'd) 

F 

f 

FUS 

GE 

H 

L 

LE 

LAND 

MIN 

MAX 

NAC 

P 

P 

Prop 

PROP 

R 

R 

S 

t 

TE 

TO 

V 

W 

OD 

1 

Flaps 

Flaps 

Fuselage 

Ground e f f e c t  

Horizontal ta i l  

Landing 

Leading edge 

Landing 

Minimum 

Maximum 

Nacelle 

Power 

Propeller 

Propeller 

Propeller 

Rudder 

Root 

Stabi l i ty  axis  

t i p  

Trailing edge 

T a k e o f f  

Vertical ta i l  

Wing 

Inf in i t e ly  far away 

Steady s t a t e  

x i v  



NUMBER 

2.1 

3.1 

3.2 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

5.1 

5.2 

5.3.a 

5.3.b 

5.3.c 

5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

5.10 

5.11 

LIST OF FIGURES 

PAGE DESCRIPTION - 
Proposed Timeschedule 

Flowchart for Subroutine "TRIM" 

Listing of Subroutine "TRIM"' 

I Q - : ~  Vortex System 

Definition of Effective Height 

Total Effect of Ground-Proximity on Wing Lift 

Definition of Geometry Parameters 

Flovchart of Subroutine "GROUND" 

Listing and Sample Printout of Subroutine "GROUND" 

Direct Effect of Power 

. Indirect Effects of Power 

Definition of Geometric Parameters 

Definition of Geometric Parameters, Single Engine 

Definition of Geometric Parameters, Multi Engine 

Variation of f with TC (Ref. 5.1) 

Propeller Side Force Coef f lcient (Ref. 5 -1) 

Propeller Side Force Coefficient as Function 
of SFF (Ref, 5.1) 

Upwash Gradient at Plane of Synmetry for 
Unswept Wings (Ref. 5.2) 

Empirical Correlation Factor for Additional 
Lift Due to Slipstream (Ref. 5 . 2 )  

Propeller induced downwash (Ref. 5 . 2 )  

Effect of Power on Maximum Lift 

Correction Factor for Maximum Lift (Ref. 5.2) 

2.2 

3.8 

3.9 

4.1 

4*3 

4.4 

4.5 

4 .8  

4.9 

5.2 

5.2 

5 .3  

5.4 

5.5 

5.6 

5.7 

5.7 

5 .9  

5.11 

5.12 

5.14 

5.14 



LIST OF FIGURES (Cont'd) 

NUMBER 

5.12 

5.13 

5.14 

5.15 

5.16 

5.17 

5.18 

5.19 

5.20 

5.21 

5.22 

5.23 

5.24 

6.1 

6.2 

6.3 

6.4 

6.5 

6.6 

6.7 

8.1 

DESCRIPTION 

Effect of Power on Downwash for Single 
Engine Airplanes (Ref. 5.2) 

Effect of Power on Downwash for Multiengine 
Airplanes (Ref. 5.2) 

Effect of Power on the Dynamic Pressure 
Ratio at the Tail (Ref. 5.2) 

Geometry of the Wing 

Shape of Nacelle (Twin Engine) 

Nacelle Shape Parameter, Twin Engine Airplanes 

Shape of Nacelle (Single Engine) 

Nacelle Shape Parameter, Single Engine Airplane 

Flowchart of Subrcutine "POWER" 

Listing of Subroutine "POWER" 

Comparison of Power Effects 

Comparison of Power Effects 

Comparison of Power Effects 

Definition of Dimensional and Nondimensional 
Aerodynamic Center Locations 

Aerodynamic Center Locations of Lifting 
Surfaces 

Geometric Parameters for the Computation of the 
Effect of Body or Nacelles on a.c. Location 

Upwash Ahead of the Wing 

Flowchart for Subroutine "CMALPHA" 

Listing of Subroutine YMALPHA" 

Comparison of Predicted Airplane Pitching 
Moments with Literature 

Definition of Parameters 

PAGE - 
5.15 

5.15 

5.19 

5.24 

5.25 

5.26 

5.27 

5.28 

5.41 

5.45 

5.50 

5.51 

5.52 

6.3 

6.3 

6.6 

6.6 

6.16 

6.18 

6.22 

8.5 



LIST OF FIGURES (Cont'd) 

8.2 

8.3 

8.4 

9.1 

9.2 

9.3 

9.4 

9.5 

9.6 

10.1 

10.2 

10.3 

10.4 

10.5 

10.6 

10.7 

10.8 

10.9 

10 . 10 
10.11 

10 . 12 
10.13 

10.14 

DESCRIPTION 

Flowchart f o r  Subroutine V M C "  

L i s t i n g  of Subroutine. "VMC" 

Minimum Speed VEic as a Function of Bank Angle 

Takeoff Parameters 

The Functions F(h) and F(a) Used in Y'erry's 
Method f o r  the Analysis  of t he  Airborne Path. 
(Derived from Ref. 9.2) 

Flowchart f o r  Subroutine "ROTSPD" 

L i s t i n g  of Subroutine "ROTSPD" 

Comparison of Takeoff speeds 

Comparison of Air-Distances 

$. S t a t i s t i c a l  Data for Pi tch ing  Moment of I n e r t i a  

S t a t i s t i c a l  Data f o r  Rol l ing Moment of I n e r t i a  

S t a t i s t i c a l  Data f o r  Yawing Moment of I n e r t i a  

PAGE 

8.5 

8.7 

- 

8.12 

9.2 

9.5 

9.10 

9.12 

9.15 

9.16 

10.2 

10.3 

10.4 

b i rp l ane  Geometry 10.6 

Parameter f o r  Wing Roll ing Moment of I n e r i t a ,  Iox 

Parameter f o r  Fuselage P i tch ing  Moment of 

10.7 

I n e r t i a ,  I 10.8 

Inertia, I 10.9 

of I n e r t i a ,  I 10 . 10 
10 . 11 

Fuel Tank Geometry 10.14 

OY 

Parameter f o r  Fuselage r o l l i n g  Moment of 

ox 

Parameter f o r  Horizontal  T a i l  Rol l ing Moment 

ox 

Parameter f o r  Vertical Tail Roll ing Moment 
of I n e r t i a ,  Iox 

Tip Tank Geometry 10 . 15 
Passenger Compartment 10 . 16 
Flowchart of Subroutine "INERTA" 10.31 

L i s t ing  of Subroutine "INERTA" 10 . 34 



W E R  

11.1.1 

11.1.2 

11.1.3 

11.2.1 

11.2.2 

11.3.1 

11.3.2 

11.3.3 

11.6.1 

11.6.2 

11.7.1 

11.7.2 

11.7.3 

11.7.4 

11.9.1 

11.9.2 

11.10.3- 

11.10.3 

11.10.4 

11.12.1 

11.12.2 

11.13.1 

11.13.2 

LIST OF FIGURES (Cont'd) 

DESCRIPTION 

Method for Estimating the Oswald Efficiency 
Factor 

Flowchart of "CDALPH" 

Listing and Sample Printout for Subroutine 
"CDALPH" 

Flowchart for Subroutine "LIFCRV" 

Listing and Sample Printout for Subroutine 
l p ~ ~ ~ ~ ~ ~ l l  

Geometric Parameters for Horizontal Tail 
Locat ion 

Flowchart for Subroutine "DOWNWS" 

Listing and Sample Printout for Subroutine 
"DOWNWS" 

Flowchart for Subroutine "CLUU" 

Listing and Sample Printout for Subroutine "CLUU" 

Wing Geometry 

Flowchart for Subroutine "CMUU" 

Listing an? Sample Printout for Subroutine "CLUU" 

Comparing jia S 
'w 

Flowchart of "CLQUE" 

Listing and Sample'.Output ,for Subroutine "CLQUE" 

Correction Constant K for Wing Contribution 

PAGE - 

11.1.2 

11.1.3 

11.1.4 

11.2.6 

11.2.7 

11.3.2 

11.3.5 

11.3.5 

11.6.2 

11.6.2 

11.7.2 

11.7.6 

11.7.7 

11.7.8 

11.9.5 

11.9.6 

11.10.2 

Listing and Sample Printout for Subroutine "CMQUE" 11.10.11 

Results of Subroutine "CMQUE" 11.10.12 

Flowchart for Subroutine "CLADOT" 11.12.3 

Listing and Sample Printout for Subroutine "CLADOT" 11.l2.3 

Flowchart for subroutine ''CMADOT" 11.13.3 

Listing and Sample Printout for Subroutine ''CMADOT" 11.13.3 

xvili 



LIST OF FIGURES (Cont'd) 

NUMBER 

11.14.1 

11.14.2 

11.14.3 

11.14.4 

11.14.5 

11.14.6 

I1 .14.6 

11.14.7 

11.14.7 

11.15.1 

11.15.2 

11.15.3 

11.15.4 

11.15.5 

11.15.6 

11.15.7 

11.15.8 

11.16.1 

11.16.3 

DESCRIPTION 

Wing-body Interference Factor for Wing-body 
Sideslip Derivative Cy 

Empirical Factor for Estimating Sideslip 
Derivative for Single Vertical Tails 

B 

Effect of Body Interference on Aspect-Ratio, 
Used for Estimating Sideslip Derivative for 
Single Vertical Tails 

Effect of Horizontal Tail Interference on 
Aspect Ratio, Used for Estimating the Side- 
slip Derivative for Single Vertical Tails 

Factor Accounting for Relative Size of Hori- 
zontal and Vertical Tail 

Flowchart for Sub routine "CYBETA" 

Cont inued 

Listing of Subroutine "CYBETA" 

Continued 

Wing Sweep Contribution to CQ 

Compressibility Correction Factor to Sweep 
Contribution to Wing Cg 

Fuselage Correction Factor 

B 

B 

Effect of Uniform Geometric Dihedral on Wing C 

Compressibility Correction to Dihedral Effect 
on Wing CQ 

Effect of Wing M s t  on Win& CQ 

Flowchart for Subroutine "CLBETA" 

0 

8 

Listing and Sample Printout for Subroutine 
YLBETA~' 

Empirical Factor for Body + Wing-Body 
Interference 

Effect of Fuselage Reynolds Number on 
Wing-Body Combinations 

PAGE - 
11.14.2 

11.14.4 

11.14.5 

11.14.6 

11.14.6 

11.14.13 

11.14.14 

11.14.15 

11 14 16 

11.15.2 

11.15.3 

11.15.3 

11.15.3 

11.15.6 

11 . 15.6 
11.15.13 

11.15 -14 

11.16.2 

11.16.2 

xix 



LIST OF FIGURES (Cont'd) 

NUMBER 

11.16.4 

11.16.5 

11.17.1 

1. i  . 17.2 
11.18.1 

11.18.2 

11.18.3 

11.18.4 

11.19.1 

11.19.2 

11.19.2a 

11.19.3 

11.19.4 

11 . 19.5 
11.20.1 

11.20.2 

11.21.1 

11.21.2 

11.21.3 

11.21.4 

11.21.5 

11.23.1 

DESCRIPTION 

Flowchart of Subroutine "CNBETA" 

Listing and Sample Printout for Subroutine 
" CNBETA" 

Flowchart for Subroutine "CYPE" 

Listing and Sample Printout for Subroutine ''CYPE" 

Roll Damping Parameter, Used for Computation 
of c RP 
Geometry for Determining Distance from 
Vertical Tail A.C. to Body X-axis. 

Flowchart of Subroutine "CLPE" 

Listing and Sample Printout of Subroutine "CLPE" 

Effect of Wing Twist on Wing Rolling 
Derivative Cn 

Effect of Flap Deflection of Wing Rolling 
Derivative C 

P 

"p 
Definition of Geometric'Parameters 

Influence of Flap Chord on Flap Effectiveness 

Flowchart of Subroutine "CNPE" 

Listing and Sample Printout of Subroutine "CNPE" 

Flowchart of Subroutine "CYARE" 

Listing and Sample Printout Subroutine "CYARE" 

Wing Yawing Derivative, C 

Effect of Wing Twist on C 

Effect of Flaps on C 

11, 

'r 

kr 
Flowchart of Subroutine "CLARE" 

Listing and Sample Printout of Subroutine "CLARE" 

Geometric Parameters for Control Surface Flap 

PAGE - 
11.16.9 

11.16.10 

11.17.2 

11.17.3 

11.18.2 

11.18.4 

11.18.9 

11.18.10 

11.19.3 

11.19.3 

11.19.4 

11.19.6 

11.19.10 

lI.19.11 

11.20.2 

11.20.3 

11.2102 

11.21.2 

11.21.4 

11.21.8 

11.21.9 

11.23.1 

xx 



LIST OF FIGURES (Cont'd) 

NUMBER 

11.23.2 

11.23.3 

11.23.4 

- 

11.23.5 

11.23.6 

11.23.7 

11.23.8 

11.24.1 

11.24.2 

11.24 . 3 
11.24.4 

11.24.5 

11.25.1 

11.25.2 

11.26.1 

11.26.2 

11.26.3 

11.26.4 

11.26.5 

11.26.6 

11.26.7 

DESCRIPTION 

Influence of Flap Chord on Flap Effectiveness 

Span Factor of Inboard Flays 

Theoretical Lift Effectiveness of Plain 
Trailing Edge Control Flap 

Empirical Correction for Lift Effectiveness of 
Trailing Edge Control Flaps 

Empirical Correction for Lift Effectiveness of 
Plain Trailing Edge Control Flaps at High 
Control Deflections 

Flowchart of Subroutine "FCLDF" 

Listing and Sample Printout of Subroutine 
"FCLDF" 

Determination of Ca6/k 

Correction for Flap-Span Effect 

Correlation Constant for C 

Flowchart of Subroutine "AILDER" 

Listing and Sample Output Subroutine "AILDER" 

Flowchart of Subroutine "RUDDER" 

Listing and Sample Printout Subroutine "RUDDER" 

Geometry of Aileron 

Rate of Change of Section Hinge Moment Ch 
with Angle of Attack a 

Theoretical Hinge Moment Derivative 

Effect of Nose Balance on Section Hinge 
Moment Derivatives 

Geometry of Control Surface 

Various Types of Nose Shapes 

Correction for Induced Camber 

PAGE - 
11.23.3 

11.23.4 

11.23.4 

11.23.5 

11.23.6 

11.23.12 

11.23.13 

11.24.2 

11.24.3 

11.24.4 

11.24.8 

11.24.9 

11.25 . 5 
11.25.6 

11.26.1 

11.26.2 

11.26.2 

11.26.4 

11.26.4 

11.26.4 

11.26.5 

xx i 



NUMBER 

11.26.8 

11.26.9 

11.26.10 

11.26.11 

11.26.12 

11.26.13 

11.26 -14 

11.26.15 

11.26.16 

11.26.17 

11.16.18 

11.26.19 

11.26.20 

11.26.21 

A. 1 

A. 2 

A. 3 

A. 4 

A. 5 

A. 6 

A. 7 

B.1 

LIST OF FIGURES (Cont'd) 

DESCRIPTION 

Effect of Control Surface Span 

Control Surface Span Parame%rs 

Correction for Chord Ratio 

Effect of Open Gap on Section Hinge Moment 
Coefficient for a .35; Flap 

Effect of Bend Angle on Hinge Moment 
Coefficient for a -2; Flap 

Correction for Flap-Chord Ratio 

Ratio of Actual to Theoretical Hinge Moment 

Theoretical Hinge Moment Derivative 

Effect of Nose Balance on Section Hinge 
Moment Derivative 

Listing Surface Correction for Hinge 
Moment Derivative 

Correction Factor for Control Surface Span 

Effect of Horn Balance 

Flowchart of Subroutine "CONSURF" 

Listing and Sample Printout of Subroutine "CONSURF" 

PAGE - 
11.26.6 

11.26.6 

11.26.7 

11.26.8 

11- .26.9 

11.26.9 

11 . 26.11 
11.26.11 

11.26.12 

11.26.14 

1L26.15 

11.26.15 

Effect of Ground Proximity on Wing Lift-Curve Slope A.3 

Ground Effect on Lift-Curve A. 4 

Effect of Trailing Vortex on Lift in Ground A. 6 
Effect 

Effect of Bound Vortex on Lift in Ground Effect A. 6 

A. 7 

A.7 

A. 10 

B. 3 

Effect of Finite Span on Lift in Ground Effect 

Effect of Flaps on Lift in Ground Effect 

Comparison of Ground Effect Methods 

Listing of Function "RDP" 

xxii 



NUMBER 

c.1 

c. 2 
c. 3 
D.1 

LIST OF FIGURES (Cont'd) 

PAGE - DESCRIPTION 

Threeview of Airplane A c.2 

Threevlew of Airplane B c. 3 

Threevlew of Airplane C c.4 

Listing of Subroutine "DYNSTAB" D. 2 



LIST OF TABLES 

NUMBER 

2.1 

3.1 

4.1 

- 

5.1 

6.1 

6.2 

6.3 

6.4 

8.1 

8.2 

9.3 

8.4 

9.1 

10.1 

10.2 

10.3 

11.1.1 

11.2.1 

11.3.1 

11.6.1 

11.7.1 

11.7.2 

DESCRIPTION 

Proposed Budget 

Variable Names and Origins in Subroutine "TRIM" 

Variable Names and Origins in Subroutine 
"GROUND" 

Variables in Subroutine "POWER" 

Wing Geometry (Test Wings for "ACEM") 

Results of Calculations for "ACEM" 

Comparison of Calculations for "ACEM" 

Variables in Subroutine "CMALPHA" 

HP-25 Routine for Single Degree of Freedom VMc 

"VMC" Variable List 

Results Hand Calculation 

Results Computer-Runs 

Variable Names in Subrout ine "ROTSPD" 

Variable Names in Subroutine "INERTA" 

Comparison of Inertia Computations 

Inertia Calculations, Comparison 

Variable Names in Subroutine "CDALPHA" 

Variable Names in Subroutine "LIFCRV" 

Variable Names in Subroutine "DOWNW!:" 

Variable Names in Subroutine "CLUU" 

Hand Calculation for Wing #l 

Hand Calculation for Wing 12 

PAGE 

2.4 

3.5 

- 

4.6 

5.34 

5.7 

5.8 

5.9 

5.12 

8.8 

8.9 

8.11 

8.12 

9.7 

10.20 

10.28 

10.30 

11.1.3 

11.2.4 

11.3.4 

11.6.1 

11.7.3 

11.7.4 

xxiv 



NUMBER 

11.7.3 

11.7.4 

11.7.5 

11.7.6 

11.7.7 

11.9.1 

11.10. 1 

11.10. 2 

11.10.3 

11.12.1 

11.12.2 

11.12.3 

11.13.1 

11.13.2 

11.13.3 

11.14.1 

11.15 $1 

11.15 .2 

11.16.1 

11.17.1 

11.17.2 

11.17.3 

11.18.1 

11 18.2 

11.18.3 

LIST OF TABLES (Cont'd) 
- .  

DESCRIYTI3N 

Variable Names in Subroutine "CMITU" 

"CMUU" Subroutine Test Results 

"CTNU" Test #1 

"CMIIII" Test 82 

"CMUU" Test I? 

Variable Names in Subroutine "CLQUE" 

Lift-Curve Slope VS. Mach Number 

Results Hand Check 

Variable Names in Subroutine "CMQUE" 

Airplane A Test Results 

Variable Names ir. Subroutine "CLADOT" 

Subroutine rest Results 

PLplane A Test Data 

Variable Names in Subroutine "CMADOT" 

Subroutine "CMADOT" Test Data 

Variable Names in Subroutine "CYBETA" 

Variable List for Subroutine "CLBETA" 

Flight Conditions for Tests 

Variable Names in Subroutine "CNBETA" 

Data for 

Variable Names in Subroutine "CYPE" 

Test Results, Airplane A 

% Tests 

Hand Check of Yigure 8.1, Reference 11.18.1 

lest Cases 
Variable Names in Subroutine "CUE" 

PACE - 
11.. 7.5 

11.. 7 .7 

11.7.8 

11.7.9 

11.7.10 

11.9.3 

Li.10.6 

11.10.7 

11.10.8 

11.12.2 

11.12.2 

11.12.4 

11.13.2 

11.13.2 

11.13.4 

11.14.11 

11.15.10 

11 -15.20 

11.16.7 

11.17.1 

11.17.1 

11.17.3 

11.18.5 

11 18.6 

11.18.7 



NUHBER 

11.18.4 

11.19.1 

11.19.2 

11.19.3 

11 .19.4 

11.21.1 

11 . 21.2 
11.23.1 

11.24.1 

11.25.1 

11 . 26.1 
13.1 

A. 1 

A. 2 

A. 3 

A.4 

c. 1 

c.2 

LIST OF TABLES (Cont'd) 

DESCRIPTION 

Output Test Runs C 

?est of Function RDP 

C Test Cases 

Variable Names in Subroutine "CNPE" 

C.p Test Cases Comparison 
Variable Names in Subroutine "CLARE" 

Test Data 

Variable Names in Subroutine "FCLDF" 

Variable Names in Subroutine ttAfLDER" 

Variable Names  in Subroutine "RUDDER" 

Variable Names in -Subroutine "CONSURF" 

"P 

Accuracy of Computer Programs 

Calculation of Ground Effect for Corning Method 

Calculation of Ground Effect by Perkins and 
Rage Method 

Calculation of Dafcom Method 

Calculation of Torenbeek Method 

Data for Test Aircraft. 

Data for Subroutine "INERTA" 

PAGE - 
11.18.11 

11.19.4 

11.19.7 

11.19 . 8 
11.19.12 

11.21.6 

11 -21 -12 

11.23.10 

11.24.7 

11.25.4 

13.2 

A. 2 

A. 4 

A. 6 

A. 7 

x x v i  



Cinapter 1 

INTRODUCTION 

This report presents the work performed from August 15, 1977 through 

May 31, 1978 under the funding of National Aeronautics and Space Administra- 

tion Grant NSG 2145. 

This project is a follow-up of research performed at Kansas University 

from May 16, 1976 through July 31, 1977. Both projects were aimed at enhan- 

cing the usability of the General Aviation Synthesis Program (GASP). 

GASP program is an assembly of computerized design methods to aid in the 

preliminary design phase of, specifically, general aviation airplanes. 

The 

The proposal for this project stated the program objectives as follows 

(Reference 1.1) : 

To determine those stability and control characteristics 

which are critical to the preliminary design process. 

To evaluate stability and control analysis methods currently 

available to determine those methods most appropriate for the 

preliminary design functions which GASP performs. 

To determine how the methods of 1) may be used to provide the 

proper constraints and/or analysis functions for GASP. 

To develop the appropriate subroutines for the methods of 3) 

and how they may be appended into GASP. 

More specifically, attention will be given to the determination of the 

following stability and control characteristics in the preliminary design 

process: 

1.1 



1) S t a t i c  Longitudinal S t a b i l i t y  

1.1 S t a t i c  .Xargin d s / d C L  

1.2 S t a t i c  S t a b i l i t y  CN 

1.3 
a 

Neutral  po in t  f o r  s t i c k  f r e e  as w e l l  as s t i c k  f ixed  case. 

2) S t a t i c  D i rec t iona l  S t a b i l i t y ,  including p rope l l e r  e f f e c t s .  

3) Engine-Out Control 

Analyze conf igura t ion  f o r  minimum c o n t r o l  speed, VNc, from 

s i n g l e  degree of freedom as  w e l l  as t h r e e  degree of freedom I 

po in t  of view. 

4)  Rotation Velocity,  VR 

5 )  Dynamic Longitudinal S t a b i l i t y  

Determine f o r  s t i c k  f ixed  case: 

5.1 Short period damping. 

5 . 2  Short period undamped n a t u r a l  frequency. 

5.3 Phugoid damping. 

5 . 4  Phugoid undamped n a t u r a l  frequency. 

6) Lateral-Directional Dynamic S t a b i l i t y  

Determine c h a r a c t e r i s t i c s  o f :  

6 .1  S p i r a l  mode. 

6.2 Dutch r o l l  mode. 

7) T r i m  a t  Low Speed a1d forward CG 

A t r i m  rou t ine  w i l l  be incorporated.  

The approach taken t o  comply with above ob jec t ives  was t o  develop sepa ra t e  

cJmputer subroutines which can be added as a package t o  GASP. Also t hese  sub- 

rou t ines  can be used as a separate subprogram t o  compute the  Dynamic Longitudinal,  

Lateral-Directional S t a b i l i t y  c h a r a c t e r i s t i c s  f o r  a given a i rp l ane .  

1.2 



Deta i l s  of the program as w e l l  a s  of the project organization and 

f inancia l  s ta tus  are presented in Chapter 2 .  

L REFEREXES : 

1 . 1  Roskam, J .  e t  a l . ,  "A Study of Commuter Airplane Design Optimization," 
Continuation proposal t o  NASA Antes Research Center, July, 1977.  

1.3 



CHAPTER 2 

GENERAL INFORMATION 

This chapter will describe briefly the management of the pro,ect as well 

as the financial and research status. Also it will outline some of the 

peculiarities and limitations of the computer programs. 

2.1 PROJECT MANAGEMENT 

Figure 2.1 shows a proposed time schedule. The actual time schedule 

followed closely the proposed schedule up until February 1978. 

time considerable time was spent on developing subroutines for the computa- 

tion of stability and control derivatives. 

After that 

From August 1977 until February 1978 one graduate and one undergraduate 

research assistant were on the payroll. 

two more Undergraduate research assistants joined in the effort. 

the month of May support was received from one additional graduate research 

ass is tan t . 

From February 1978 until May 1978 

During 

2.2 RESEARCH STATUS 

As of the writing of this report all of the computer subroutines that 

needed to be developed in order to meet the objectives outlines in Chapter 1 

were finished. 

Iil January 1978 word was received of the Computer Center of Kansas Univ- 

ersity that the transliteration process,started during the previous project 

at K.U., of the K.U. version of GASP finally was finished. Test runs for two 

airplanes, one a single engine propeller airplane and the other a twin engine 

jet airplane, were done and proved satisfactorily. 

Use was made of several existing subroutines developed by R.U.-F.R.L. 

2.1 





They are doc*Jmented i n  References 2.1 and 2.2. 

All subrout ines  have been t e s t ed  out separa te ly ,  a test of the complete 

program has not y e t  been done. 

rou t ines  developed. 

Chapter 13  f ea tu res  a list of a l l  the  sub- 

2.3 FINANCIAL STATUS 

The budget f o r  p ro jec t  3130 i s  presented in Table 2.1. A complete 

breakdown of expenses through May 31, 1978 was not  poss ib le ;  however, an 

est imat ion,at  the  time of this r epor t ,  of t he  balance of funds f o r  NASA 

Grant NSC 2145 revealed an estimated d e f i c i t  of $1500.00, This d e f i c i t  is 

mainly due t o  an usforeseen increase  in the  s a l a r y  expendi tures  f o r  the 

month of May 1978. 

2.4 REMARKS CONCERNING COMPUTER RO'JTINES 

The computer rou t ines  are based on a mixture of e x i s t i n g  methods. Ex- 

tensive use was made of empir ical  data.  Care w a s  taken t o  ensure t h a t  the  

d a t a  are appl icable  t o  the  range of general  a v i a t i o n  a i r c r a f t  considered 

i n  t h i s  research i.,e., ranging from the  Cessna 150 type of a i r c r a f t  t o  the  

Learjet type of a i r c r a f t .  

involved is from M = 0.0 up t o  M = .99 unless  otherwise indicated.  Sweep- 

angles  of t he  wing quarter-chord range from small negat ive values  up to 35 

Generally the  Mach number range of t he  methods 

0 

sweep-bmk. 

otherwise indicated.  I f  d a t a  wi th in  these  l i m i t s  were not s u f f i c i e n t  then 

The aspect r a t i o  range goes up t o  = 14 i n  general ,  aga in  unless  

ex t rapola t ions  O P  da ta  from o t h e r  sources  were added. 

Data f o r  graphs were implemented e i t h e r  one of two ways. Use w a s  made of :  

. Curve f i t t i n g  techniques. An HP-65 ca lcu la to r  with s tandard 

rou t ines  was used f o r  t h i s .  

. A rou t ine  "RDP," was developed t h a t  i n t e r p o l a t e s  between curves 

2.3 



TABLE 2.1: PROPOSED BUDGET 
September 1, 1977 - May 31, 1978 

NASA - KU - TOTAL - Direc t  Costs: 

Salar ies and Wages 

Pr inc ipa l  Inves t iga tor  (Roskam) 
5% for 8.5 months, Academic 
100% for 1 month, Sumner 

1 Graduate 
Research Assistants 

75% for 8.5 months 
100% for 0.5 month 

50% f o r  8.5 months 
100% for 0.5 month 

1 Undergraduate 

Secret a r y 
1 month 

Tota l  Salar ies and Wages 

74 5 
1,754 

744 - 

6,375 
475 

6,375 
475 

3,188 
350 

3,188 
350 

.. - 
745 

500 

14,132 

Fr inge Benef i ts :  
17% Facul ty and S t a f f  
7% Sutdent 

510 
727 

637 
727 

Other D i rec t  Costs 
Computer Cost 
Travel t o  NASA and Meetings 
Suppl ies  and Reproduct ion  
Telephone 

Total Di rec t  Costs 

1,500 
800 
500 
200 

17,624 

1,500 
800 
500 
200 

18,496 

I n d i r e c t  Costs: 

54.92% fo Salar ies s Wages 409 - 
$1,281 

7 ;352 

$24,976 TOTAL PROPOSED COSTS 

Salary Schedu 1 e: 

J. Roskarn $1 , 7541mo. 
Grad. Asst. 95O/m. (750 f o r  75%) 
Undergrad. Ass t . 700/mo. 
Secretary 500/mo. 
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and graphs. 

whereupon Function "RDP" the corract iteration performs. 

Points on a curve are input as data in the subroutine 

See 

Appendix B for a description of "RDP." 

The computations for the stability and control derivatives in Chapter 11 

are in the airplane stability axis system. 

2.5 REFERENCES 

2.1 Wyatt, R.D.  et al. A Study of Commuter Airplane Design Optimization 
Third Status Report. KU-FRL 313-4 Aug. 1977. 

1 . 2  Postay, M. A computer Program for Determining men and Closed Loop 
Dynamic Stability Characteristics of Airplanes and Control Systems. 
KU, May 1973. 
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CHAPTER 3 

TRIM - 

3.1 INTRODUCTION 

This subroutine calculates stabilizer angle of incidence, elevator 

deflection and lift coefficient of the horizontal tail needed for moment 

equilibrium in cruise. The program distinguishes two cases: one in 

which there is a fixed stabilizer with an elevator and one in which 

there is an adjustable stabilizer with an elevator. 

the airplane is trimmed with the elevator; in the second case, with the 

stabilizer while elevator deflzction is zero. The resulting stick 

force is not calculated. 

In the first case 

3.2 TRIM EQUATIONS 

There are two unknowns to be calculated: angle of attack and . 

either elevator deflection or stabilizer incidence. Therefore, two 

equations are needed: 

equation. From Reference 3.1: these are found to be: 

the lift equation and the pitching moment 

mg cos y = (C + cL a + cL f~ + cL 
fI a 

0 

Since the airplane is considered to be in level flight, the flight 

path angle is either zero or very shallow, so cos y - 1. The zero 

on the left hand side of Equation (3.2) represents the moment equilib- 

rium condition. 

All posslble power effects are assumed to be included in the above 

equations. These effects are calculated in the subroutine POWER (see 
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Chapter 5) and can be added to the stability derivatives as determined 

by the shape of the airplane. 

The above equations can also be written in matrix form. For the 

case in which the airplane is trimed with the elevator, they become: 

in which : 
( 3 . 4 )  

The value of is fixed, e.g. at a value which yields minimum trim 

drag in cruise. 

If the airplane is trimmed with iH, the matrix form of Equations 

(3.1) and (3.2) becomes: 

a 

iH 

cL1- LO 
- 

%l 6E -c - 
MO 6E 

(3.5) 

The value of 6 

to have two deflections at a time for moment trim (for force trim, 

i.e. zero stick force, it is different). This means that the right 

hand aide of Equation (3.5) is reduced to: 

will be taken as zero because it is not necessary E 

1 

cL1- LO 

-C 
MO 

The solution of the matrix equatlons (3.3) and (3.5) can be written 

aa follows: 
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{ 4 = [ A F k  t 
If the airplane I s  elevator trimmed, the solution becomes: 

I:, I = 

[: a 
a 

a cL 

54 
0 

cL 

cM 

6E 

6 .. 
A 

c -e -cL 

-e -cM iH 
L1 Lo iH 

Mo iH 

(3 .7)  

In the case of trim with stabilizer incidence, the solution becomes, 

witt the reduced right hand side of Equation (3.5): 

. 
cM 

m 
a -5f a 

C i  
cL 

CM a 

iH cL 

c 
MiH 

-C 
cL1 LO 

-% 0 

(3.9) 

Once the airplane is trimmed, the horizontal tall load can be 

calculated according to: 

= CL (a  + iH - c + ~ ~ 6 ~ )  

%I 

(3.10) 

It is assumed that the horizontal tall is equipped with a symmetrical 

airfoil. Power effects are assumed to be included in CL and in E. 

aH 

Checks will have to be made on limits of control surface deflec- 

tions and on the maximum lift coefficient of the horizontal tall. 
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I f  one or more of the ca lcu la ted  values f a l l  ou ts ide  the l i m i t s ,  

appropriate  ac t ion  must be taken. 

3.3 PROGRAM DESCRIPTION 

Subroutine TRIM ca l cu la t e s  values  of lH, 6E and C according t o  
LH 

the  equations described In the  previous sec t ion .  To l e t  the computer 

know which case It has  t o  consider ,  there  is  a con t ro l  parameter KCONT. 

For KCONT - 10 the a i rp l ane  is  trimmed with the e l eva to r ,  and f o r  

KCONT = 12 the  a i rp l ane  is trimmed with s t a b i l i z e r  incidence.  

1'0 make the  program a s  e f f i c i e n t  as poss ib l e ,  the  dummy va r i ab le s  

PEA, CUE, ARE and ESS are used. Values of these  va r i ab le s  depend 

on the  value of KCONT. They are put i n t o  a matr ix  equation; the 

so lu t ion  vec tor  of t h i s  equation cons i s t s  of a and another dummy 

va r i ab le ,  CS. This  one is e i t h e r  iH or 6E, depending on the  va lue  

of KCONT. The program flowchart ,  given i n  Figure 3.1, shows how 

t h i s  a l l  works out .  

The program l i s t i n g  and a sample output are shown in Figure 3.2, 

The sample output  can be compared t o  the  r e s u l t s  of the  hand calcu- 

l a t i o n  i n  the  next sec t ion .  

is given i n  Table 3.1. 

A l ist of va r i ab le s  used i n  the  program 

3.4 HAND CALCULATION 

A hand ca l cu la t ion  has been done f o r  Airplane A,  f o r  which da ta  

are presented i n  Appendix C .  

s t a b i l i z e r  incidence,  Equation (3.9) I s  used t o  calculate a and iH 

while 6E - 0. 

a t  an a l t i t u d e  of 45,000 f t  with a c ru i se  Mach number of 0.83. 

Since t h i s  a i r p l a n e  is trimmed with 

The c r u i s e  condi t ion f o r  t h i s  a i rp l ane  I s  a f l i g h t  

The r e s u l t s  of Equation (3.9) are: 
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a - 1.69 deg 
iH - 0.37 deg 

This can be used as input for Equation (3.10), of which the result is: 

Compared to the actual horizontal tail load of this airplane In cruise, 

the result is accurate within 4 percent. 

The computer generated a value of: 

TABLE 3.1 VARIABLE NAMES AND ORIGINS IN SUBROUTINE TRIM 

NAME ENG. SYMBOL DIMENSION ORIGIN 2mARKs 

ALPHA 

ARE 

CLAH 

CLALP 

CLDE 

CLEPiAx 

CLHMIN 

CLHT 

a 

R 

H a cL 

a cL 

D-Y --- rad 

--- _-- 
rad-’ Common 

rad-’ Common 

rad-’ Common 

-_- Common 

_-- 

rad-’ 

Common 

--- 

Common 
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TABLE 3.1 VARIABLE NAMES A ! !  ORIGINS IN SUBROUTINE "TRIM" 
(continued) 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 

CLO 

CLl 

C 
Lo 

--- Common 

cL1 
-- Common 

rad-' CHALP 

CMDE 

% a 
Common 

Common -1 rad 

CMIH rad-' Common cM 
iK 

CMO Coaunon 

cs 

CUE 

DADDE 

rad" AcL 
a% 

Common 

DCUUP rad-' 

rad-' 

rad-' 

Common 

P a AcL 

DCLDEP Common 

DCLIHP AcL 

i% 
Comon 

DCLOP _-- Common AcL 
OP 

rad-' 'lCM DCMALP Common 
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TABLE 3 . 1  VA!!XBLE NAMES AND ORIGINS I N  SUBROUTINE "TRIM" 
(con t hued)  

NAME ENG. SYMBOL DIMENSION ORIGIN RErfA!! 

D O E P  

DCMIHP 

DCHOP 

DEDEG 

DELTEL 

DELTMA 

DELTMI 

EPS 

ESS 

EYEDEG 

EYEA 

EYEHMA 

EYEHMI 

PEA 

RAD 

Ep 
"6 

rad-' Common 

-1 Common rad 

OP 
A% 

6 

E 

S 

fi 
+.l 

5i mln 
P 

del3 

rad 

rad 

rad 

rad 

rad 

Common 

Common 

Common 

--- 

Common 

Common 

Conversion 
Factor 
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CONPUTE COHPUTE 
PEA , CUE , PEA , CUE , 
ARE , ESS ARE , ESS 

I 1 
A 

coMPUfE (3.8) 
a and CS (3.91 

L 
I 

7 
COMPUTE COMPUTE 

i" - cs 6E - CS 

no 

COMPUTE 

I 
no 

I 

I 

Figure 3.1: F l o v h r t  for subroutine "TRIM" 
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I;C15C**+** SUeRCUfXNE TRIM (EYEP,DELTEL,CLHT) ***** 
OG20C***** ***** 
CC30C***** THIS SUEROUTINE CALCULATES TRIP ANGLES AlrD T A I L  LOAD ***** 
C040C***** NECESSARY FOR YCYENT E Q U I L I B R I L !  I N  CRUISE. ***** 
0050c***** ***** 
0051  DATA CLl , CLO,CLALP,CLIH,CLAP/ -265, . 06,6.76,. 548,4.068/ 
0 0 5 2  DATA CLDE,CflO,CWALP,CPIH,CRDE/.418,.O47,-l.CO?,-2.693,-1.34~/ 
OC53 DATA DCLGP,DCLALP,DCLIHP,DCLAHP,DCLDEP,DC~OP/.O,.O,.~,.G,..@,.O/ 
0054 DATA DCMALP,DC1IHP,DCMDEP,DADDE,EPS,KCCNT/.O,.O,.O,.S,.O654,12/ 
0055 DATA EYEHM1,EYE~A,DELT#I,DELTMA/-.1414,.017S,~.261~,.261~/ 
0 0 5 6  DATA CLHRIN,CLHMAX/-l.S,1.5/ 
OOdC 
QC7C 
QC80 5 
GO99 
0100 10 
O X 2  
!I104 11 
0110 
01 2 0  
0130 
0140 12 
0150 
016G 15 
0170C***** 
G?8GC***** 
01 90C***** 
020QC***** 
021 oc***** 
0220  
0 2 3 0  
0 2 4 0  
0250 
0260 
0270 
0280 20 
029(3c***** 
o:ooc***** 
031 OC***** 
0320C***** 
0330C***** 
0340  
0350 
0360 
03 70 
0380 
0390 25 
0395C***** 
0400C***** 
0410C***** 
0420c***** 
0425C***** 

DIMENSIO~ A c 2,2) ,e(2j 
WRITE (6,s) 
FCRPAT (lOX,"KU-FRL DEVELCPED SUeR@UTIF!E FOR CALCULATION") 
URITE (6,101 
FORMAT (lOX,"OF TRIR ANGLES AND T A I L  LOAD I N  CRUISE") 
WRITE (6,111 
FGRRAT (lOX,"TESTRUN LEARJET 26"// / I  
I F  (KCCNT.EQ.10) GC TC 15 
I F  (KCONT.EB.12) GO TO 20 
WRITE (6,121 KCONT 
FORFAT (lOX,"KCOMT= ",112," THIS I S  AN ILLEGAL VALUE"//) 
GO TO 80 
COMTI NUE 

THIS IS THE CASE I N  WHICH THERE I S  A FIYEO FTAeILIZER 
WITH AN ELEVATOR; THERE I S  NO TRIP! TAB, 
THE AIRPLANE IS TRIPWED WITH DELTA E. 

EYEH=.O 
PEA=CLDE+DCLDEP 
C UE=CKDE+DCMDEP 
ARE=(CLIH+DCLIHP)*EY EH 
ESS=(CRIH+DC?IIHP)*EYEH 
GO TO 25 
CONTINUE 

THIS IS THE CASE I N  WHICH THE AIRPLANE HAS AN ALL- 
MCVING T A I L  WITH 4N ELEVATOR; THERE I S  NO TRIM TAB. 

***** 
***** 
***** 
***** 
***** 

***** 
***** 
***** 

THE 4IRPLANE I S  TRIMMED WITH I H  WHILE DELTA 

DELTEL=.O 
PEA=CLIH+DCLfHP 
CUE=CM IH+DCNIHP 
ARE=.O 
ESS=.O 
CONT I NUE 

CCMPUTATION OF THE ELEMENTS OF THE 
MATRIX EQUATION FOR TRIPl WITH DELTA E OR I P  
AND SOLUTION OF THE EQUATION 

Ffgura 3.2: Listing of subroutine "TRtH" 

.. 

E I S  ZERO. ***** 
***** 

***** 
***** 
***** 
***** 
***** 



043 0 
0440 
c4s 0 

0470 
0480 
0490 
c5 00 
0510  
G5 20 
0530 
0540 
0550 
0560 
061@C***** 
062OC***** 
0630C***** 
0540 
0650 
0660 35 
0670 

0690 
065 2 
0696 
07COC***** 
071 OC***** 
0720c***** 
073 0 
0740 
Of50 45 
0760 
0770 50 
07EOC***** 
0790C***** 
080OC***** 
0810C***** 
OF20 

0840 
OS50 55 
OM0 
0870 60 

e4 50 

0680 40 

0830 

oaatlc***+* 
owoc***** 
owoc***+* 
0910 
0920 
0930 
0940 
0950 
0960 
0970 
0980 
0990 
1000 

65 

70 

75 
80 
85 

1 

I 

I 

A ( 1,l) =CLALP+D CLALP 
A ( 1 , Z )  =PEA 
A (2,l) =CPALP+tCNALP 
A ( 2 , Z )  =CUE 
0 ( 1 ) OC L 1 -CLO-D C LO F A R E  
B (21 =-CrlC-D CMCP-ES S 
DETER~A(1,11*A(2,2)-A(1,2)*A(2,1) 
ALPHA=tB(l )*A (2,Z) -B (2) *A( 1 ,z> 1 /DETER 
CS=(B(2)*A(1,11-B(l)*A(2,111/DETEF 
RAD=57 . 29578 
I F  (KCONT,EQ,lO) GC TC 40 
EY EH=CS 
EYEDEG=EYEH*RAD 
DEDEG=DELTEL*RAD 

CHECK I F  I H  DOES NCT EXCEED I T S  MAXIPUM VALUE ***** 
***** 
***** 

I F  (EYEH.EE.EYEHNI.AND.EYEH.LE.EYE~A1 GO TO 50 
YRITE (6,351 EYEDEG 
FOREAT (10X,"IH= *',l F10.3," DEG; EXCEEDS MAXIWUM VALUE"//) 
GO TO 80 
CON T I  NU€ 
DELTEL=CS 
EYEDEG=EYEH*RAD 
DEDEG=DELTEL*RA D 

CHECK I F  DELTA E DOES NOT EXCEED I T S  MPXIIUrW VALUE ***** 
I F  (D€LTEL.GE.DELTT?~.AND.DELTEL.LE.DELTMA) GO TO 50 
WRITE (6,451 DEDEG 
FORMAT (lGX,"DELTA E= ",lF10.3," DEG; EXCEEDS MAXIMUM VALUE"//) 
GO TO 80 
CON T I NUE 

CALCULATION OF HCRIZONTAL T A I L  L I F T  COEFFICIENT ***** 
AND CHECK I F  I T  DOES E!OT EXCEED I T S  MAXIMUM VALUE ***** 
CLH?+(CLAH+DCLAHP)+(ALPHA+EYEH-EPS+DADDE*DELTEL1 
I F  (CLHT.GE~CLHMIN.AND.CLHT.LE.CLHMAX) GO TO 60 
URITE (6,551 CLHT 
FORMAT (lOX,"CLH= ",1 F10.3," 
GO TO 80 
CCN T I  NUE 

OUTPUT DATA ***** 
WRITE (6,651 EYEDEG 
FORRAT (10X,"IH= ", 1 F10.5," DEG"// 1 
URITE (6,701 DEDEG 
FORMAT (lOX,"DELTA E= ",lF10.5," DEG"//) 
URITE (6,751 CLHT 
FORMAT (10X,"CLH= ", 1 F10.5//1 
WRITE (6,851 
FORMAT (lox,"***** END OF SUBROUTINE TRIM *****"///I 
STOP 
END 

***** 
***** 

***** 

***** 

EXCEEDS VAXIMUM VALUE"// 1 

***** 
***** 

Figuro 3.2: concinuod 



figure 3.2: continwd 

3.5. REFERENCES 

3.5*1: Boskam, J. Flight  Dynamics of Rigid and Elas t i c  
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CHAPTER 4 

GROUND EFFECT 

4.1 INTRODUCTION 

The method cu r ren t ly  used i n  GASP t o  compute the  ground e f f e c t  

is a simple one from Reference 4.1. 

above ground and aspect  r a t i o  as var iables .  

This method uses only height  

However, References 4 . 2  

and 4.3 ind ica t e  t h a t ,  among other  things,  the  l i f t  coe f f i c i en t  gen- 

e ra ted  by the  wing is of g rea t  importance i n  determining the  ground 

e f f e c t .  Several  methods f o r  ca lcu la t ion  of t h e  ground e f f e c t  were 

compared, and t h e  method provided by Reference 4.4 was f i n a l l y  chosen 

f o r  its completeness and relative s impl ic i ty .  

4 . 2  DERIVATION OF EQUATIONS 

I n  t h i s  chapter t he  method of Reference 4.4 w i l l  be described. 

Appendix B descr ibes  the  o the r  methods used i n  the  evaluation. The 

method used i n  Reference 4.4 is based on a l i f t i n g  l i n e  theory. In 

a s i t u a t i o n  vhere the  ground is within a wingspan d i s t ance  from the  
I 

wing, a system of image v o r t i c e s  may be set up t o  account f o r  the  

e f f e c t  of ground proximity on t he  wing. The image vor tex  system is 

set up such t h a t  the boundary condi t ion I s  met: i.e., t he  normal 

ve loc i ty  on the  ground plane is zero. Figure 4 .1  dep ic t s  the  s i t u a t i o n .  
- 

- -  Bound Vortrx 
Trailing Vortex 

I 

Figure 4.1: bag8 Vortex System 



The e f f e c t s  of t he  image vor tex  system may be summarized as f o l l o w :  

1. The image vor tex  of t he  bound vortex induces a veloc i ty  

d i s t r i b u t i o n  i n  the  opposi te  d i r e c t i o n  t o  the  f r e e  stream 

ve loc i ty ,  thus r d u c i n g  the l i f t .  Also the camber and 

incidence of t he  wing a i r f o i l  are increased,  thereby 

increas ing  the  l i f t .  

The image v o r t i c e s  of t he  t r a i l i n g  vor tex  system induce 

upwash a t  the  wing which may be seen as an  increase  i n  

wing angle  of a t t ack .  

2. 

The e f f e c t  of the  bound image vor tex  may be found by applying Helmholtz's 

law which 

From t h i s  

as : 

gives t h e  decrease in speed a t  t h e  a i r f o i l :  - 
AV 
V; 8~ h/c  
- =  

t he  increase  i n  angle  of a t t a c k  t o  maintain C, may be found 

c,2 
4r h/c  ct ha = 

a 

(4 2) 

The e f f e c t i v e  increase  i n  camber is propor t iona l  to AV/V, and the  chord 

length  inverse ly  proport ional  t o  the  height .  

age upwash induced by the  image t r a i l i n g  vortex is equal t o  the  upwash 

a t  the  mid chord poin t ,  t he  decrease i n  angle  of a t t a c k  t o  maintain CQ 

By assuming t h a t  t he  aver- 

constant may be found as: 

AV c cI1 
64n (h/c)2 Aa = -.25 -- = - V, 2h 

( 4 . 3 )  

For f i n i t e  wings the  e f f e c t s  described above a r e  less due t o  the  f i n i t e  

length of the  vor t ices .  A cor rec t ion  f a c t o r  8 takes t h i s  into account. 

The t o t a l  e f f e c t  of the  bound image vor tex  may now be found from: 
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"1 4n h/c 16 h/cg 

where : 

B - 1 + (2 heff/b)2 - 2 heff/b 
The effective height heff is as defined in Figure 4 . 2 .  

Figure 4.2: Defiaitioa of Effective Height 

The induced upwash due io the images of the trailing vortex may be seen 

as a reduction in angle of attack to maintain C, constant: 

(4 6 )  1 A2u = - ua 
where: u1 = C L / x l  

u = EXP [- 2.48 (2 heff/b)*768] 

(4.7) 

(4 8) 

Again, u is a correction factor which takes the finite length of the 

vortices into account. A general expression for swept wings of arbi- 

trary aspect ratio is: 

A2a = - uCL ( l / C L  - l / C Q  
a a 

(4 9 )  

The total effect of the ground on the wing lift is as seen in Figure 

4 . 3 .  
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A 
/ 

Ground Effect 

tlgur. 4.3: Total Effect of Grcund- 
Prcrfmity on Ulng Lfft 

There are s e v e r a l  o the r  e f f e c t s  of ground proximity on the  l i f t  of t h e  

complete a i r c r a f t ,  genera l ly  of lesser' importance than the e f f e c t s  de- 

s c r ibed  above. They are the  following: 

1. The image vor tex  system mduces a n  upwash a t  the  ho r i zon ta l  

t a i l p l a n e ,  thereby chaaging the  l i f t .  Also ground e f f e c t  

causes a s h i f t  i n  t he  iring center  of pressure  which causes 

a moment t o  be  counteracted by e l eva to r  de f l ec t ion .  Further- 

more, the  image v o r t i c e s  of t he  t a i l p l a n e  i tself  causes up- 

wash or downwash. All these  e f f e c t s  are not  e a s i l y  ca l cu la t ed  

and of r e l a t i v e l y  small magnitude and the re fo re  will be d i s -  

regarded. 

2. The pressure  d i s t r i b u t i o n  around the  a i r f o i l  changes consider- 

h x  
ably w i t h i n  ground proximity. The a t t a i n a b l e  C 

w i l l  be decreased, which can have an important in f luence  on 
8: 

. Again these  e f f e c t s  cannot be expressed i n  a r ead i ly  vm 
usable format. 
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Summarizing, the t o t a l  e f f e c t  of the  ground proximity on t he  a i r p l a n e  

l i f t  may be expressed as: 

-- l*- cL 

cL aD 

This expression provides the  l i f t  increase  a t  constant  angle  of a t t ack .  

To account f o r  t he  e f f e c t  of f l a p  de f l ec t ion  on he ight  above t h e  

ground, t he  following expression was der ived (see Figure 4.4): 

The he ight  of the  t r a i l i n g  edge is: 

2 hac - hf (disregarding hc) 

or: hTE 2 hac - SZN 6f (;) ( c )  

For the  e f f e c t i v e  he ight ,  he f f ,  i t  is seen t h a t : ,  

h e f f . z  hac - SIN df  (2) (e) 

* 

(4.11) 

(4.12) 

(4.13) 

Figure 4.4: Definition of Geomcry Parunterr 
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4.3 DESCRIPTION OF PROGRAM 

A flowchart for the program is shown in Figure 4.5. The program 

essentially only calculates the ground effect factor Kc . Elsewhere, 

in the calling routine, this factor is used to calculate the increase 
LGE 

(or decrease) in lift for a given angle of attack or to calculate the 

change in angle of attack for a given lift coefficient. Shown in Figure 

4.6 is a listing and a sample output of the program. 

Table 4.1 shows a listing of the computer parameters. Appendix A 

shows a comparison with other methods. 

is given in Appendix A. 

TABLE 4.1 VARIABLE NAMES AND ORIGINS IN SUBROUTINE GROUND 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 

ALPEILO 

AR 

B 

BETAG 

c3 

c4 

CBARW 

CFOC 

a 

a 

R 

b 

0 

0 

C" 
J 

c4 
.I 

C W 

ft 

ft 

--- 

Calling 
Subroutine 

Common 

Common 

Common 

--- 
--- 
'.I-- 

Common 

Common 

Correction 
Factor 



TABLE 4 .1  VARIABLE NAMES AND ORIGINS I N  SUBROUTINE G R N N D  (Continued) 

MAME ENG. SYMBOL DIMENSION ORIGP; REMARKS 

CLALPH 

CLOCE 

DELCL 

DELCLL 

DELXLP 

DELCTO 

DEL= 

DELF 

‘ DLMC4 

DLMC2 

HAC 

HEFF 

KCLGE 

RELF 

m c 4  

RLMCZ 

SICMA 

SLM 

U 
cL 

ACLLAND 

AcLLAND 

*C 

AcL 

Lpawer 

T.0 

6 
fL  

6f 

‘114~  

%/2c 

hac 

KCLGE 

‘ 1 1 4 ~  

2c 

U 

x 

rad-’ Calling 
Subroutine 

rad Common 

Common 

Common 

Common 

Common 

CalLlng 
Subroutine 

*-- 

Common 

Dtunmy 

D-Y 

Dummy 

Dummy 
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START 0 

f ig .  4.2 

(4.8) 

(4.10) 

Figure 4.5: Flowchart of tubrautlne "GROUND" 
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E'€\! TI!€ CRCCF'D EFFECT FACTCR IS CALC1.LATEb 

CiAC 

45 7% 
4Z.4622 
11.1Wt 
ZC.2426 
T5.CtcBe 

. 34.2170 
52.GZC2 
29.7414 
27.4534 
25.1658 
2Z.278G 
20.59G2 
1E .X24 
16,6146 
13.7268 
11.4m 

9,lSlZ 
6.8634 

0 4.Ci56 
, . t 3 3  

HEF F 

SC.C;&~S 
€5 . 4GZC 
6P .  9 f 72 
76,241 7 
71 . 7661 
67,lStiS 
62.614F 
5 5 , E C Z  
53 . 4637 
4€.8?31 
4 4 . 3  25 
3s. 7269 
3,1613 
30.St57 
26.01 c. 1 
21.4345 
160E589 
12.28: 

7 73117 
3.lfZ1 

KC LCE 

1.ccc2. 
1 . cc04 
1 . m e  
1 .CC?2 
1 .CClE 
1 .cc25 
1 . W X  
1 . E 4 5  
1 . GC6C 
1 .CC79 
1 .r,?c12 
1,0132 
1 .GfTt  
1.C21F 
1 .C2"2 
1 . E 5 2  
1.0463 
1 .c551 
t .a761 
1.14; t  
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CHAPTER 5 

POWER EFFECTS 

5.1 INTRODUCTION 

This chapter  descr ibes  the  subrout ine  t h a t  c a l c u l a t e s  the e f f e c t  

of power on l i f t  and moment along the  P-axi?. The program uses 

formulas and empir ica l  d a t a  compfled from several references.  The 

curren t  setup only c a l c u l a t e s  p rope l l e r  e f f e c t s .  However, the  calcu- 

l a t i o n  of the e f f e c t  of j e t  engines is f a r  more s t ra ight forward .  

5.2.1 DERIVATION OF EQUATIONS, EFFECTS ON LIFT 

The e f f e c t  of power on the a i r c r a f t  c h a r a c t e r i s t i c s  may be s p l i t  

up i n  two p a r t s :  

Direct e f f e c t  due t o  p r J p e l l e r  fo rces  

I n d i r e c t  e f f e c t  due t o  p r o p e l l e r  s l ips t ream.  

The d i r e c t  e f f e c t s  are the  following (see Figure 5.1): 

1. The prope l l e r  normal fo rce  adds t o  the  t o t a l  l i f t  

force . 
The p rope l l e r  thrust fo rce  adds t o  the t o t a l  l i f t  2. 

force . 
The i n d i r e c t  forces  are the  f 0 1 1 0 ~ l n g  (see Figure 5.2): 

3. Due t o  the  s l i p s t r eam over the  wing (increased ve loc i ty ) ,  

t he re  will be an i nc rease  i n  wing normal force.  

The p rope l l e r  s l i p s t r eam w - l l l  act as a form of boundary 

l aye r  con t ro l ,  thereby inf luenc ing  the  maximum a t t a i n a b l e  

4. 

l i f t  coef f l c i e n t  . 
Due t o  the  increase  in v e l o c i t y  ar the t a i l  loca t ion ,  5. 

t he re  w i l l  be a change i n  t a i l - l i f t .  

5.1 



6. The downwash at the tai: will be influenced. 

I- 

- 

ffguro 5.1: Di rect  e f f e c t  o f  povr  

i". 

F I g u n  5.2: Ind i rec t  e f f a c e r  o f  pmmr 

The total lift coefficient of the airplane may now be expressed 

as: 

- 
Propeller Forces 

wing Horizontal Tail 
b .  T 1 

Propeller Slipatream Effects 
(5.1) 
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5.2.1.1 EFFECT OF PROPELLER FORCES 

The def in i t ion  of the geometric parameters is as given i n  Figure 

5.3. 

T L 
or 
V i 

Nn 

+=- Z h  c 

bit 

Figure 5.3.8: Definltlan of  geometric parmters  . .  

. .  
The contribution of the thrust vector to l i f t  is obtained from: 

where : 

N is the number of engines 

Thrust /prop '$/prop = 
L s w  

(5.2.a) 

(5.2. b) 
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In YZ-plane at wing 
Outline of slipstream quarter-chord mean 

- aerodynamic chord of 
immersed portion of -- wing 

- 

X 

I 

Figure 5.3.b: Definition of geometric 

I 

~ r o n u t e r s ,  single engine 

qi A. = - -  
le (Cq) e 

ti 
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No. e 
k 
It 

4 
P 
Q rn 

Flgur. S.3.c: D e f i n i t i o n  of geometric parameters, mlti engine 

5.5 



The contribution of the propeller normal force to the lift is 

obtained from the following equation from Reference 5.1: 

= N f c a cosa - 
Y;1 P * sw 

(AcL)* P 0 

where : 
f is the pro?eller inflow factor from 

Figure 5.4 as a function of 
2 2  T = (T/prop)/pV D 

C 

( 5  3) 

(5.3.a) 

C is a function of propeller type and 

* operating condition. The values for 
y; 

a particular propeller family are given 

in Figure 5.5. Extrapolation to other 

propellers can be made by means of Figure 

5.6 on the bas i s  of the "side-force factor", 

SFP. 

eter, approximated by Equation(5.4.) 

This is a geometrical propeller param- 

Figure 5.4: VarIrtim of  f with TC (ref 5.1) 

. ORlGINALMGEIb 
OF POOR QU- 
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g’at O.E radius, d c ~  

Figure 5.5: Propeller r ide- force cocf f ic i *ent  (ref 5.1) 

Figurn 5.6: Prap.1 Ier r ib - torco  c # f t i c i e n t  
as function of SFF ( rof  5.1) 
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The propel le r  s i d e  force f ac to r  is given by: 

where: 
b/D is t he  ratio of blade width t o  propel le r  

diameter and the  subsc r ip t  is t he  r e l a t i v e  

r ad ius  a t  which the  r a t i o  is measured. 

The local angle  of a t t a c k  of the  p rope l l e r  plane,  ap, may be 

obtained from: 

( 5 . 5 )  

where : 

- -  is t he  upwash gradient  a t  the  p rope l l e r ,  
aa 

obtained from Figure 5.7. 

is t he  ving angle of a t tack :  "w 
% = % + c  
is the  zero l i f t  angle  of t he  wing aO 

The total  e f f e c t  of propel le r  s i d e  force  on l i f t  may now be 

ca lcu la ted  as follows: 

f o r  des i red  prop], 

0 
(ACL) from Figure 5.5 N f C 

N 
P 

(5.6) 

Using HP 65 curve f i t t i n g  rout ines ,  t he  following approximations 

were found: 

f - 0.652 + 1.183 LN (Tc + 1.3) ( 5  7)  
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where : 
is  the  blade angle a t  75% of the p rope l l e r  

radius  (in degrees) 

'0.75 

a c t u a l  prop -- -2.938 + 0.901 Ltt(SFF) C r e f  prop 

0 
9; 

-rerw 
X '  aru = -0.1136(-$-) -0.027 (a- 4) 

1 

(5 9) 

(5.10) 

" 
2.0 1.6 1.2 0 -.4 -. 0 

ti 
*a  $ *4  - 

Figuro 5.7: Upurh  gradiont a i  plane o f  symmtry f o r  
unrmet  wings ( r e f  5.2) 

5.2.1.2 EFFECT OF PROPELLER SLIPSTREAM, INCREASE IN DYNAMIC PRESSURE 

The contr ibut ion of power t o  l i f t  due t o  change i n  dynamic pressure 

on t he  Immersed po r t ion  of the wing is obtained from the  fO110~iUg 

equation from Reference 5.2 : 

(5.11) 
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where : 
is an empirical correlation parameter for 

additional wing lift due to the power ef- 

fects. May be obtained from Figure 5.8. 

Aiw 

k 
- is the increase in dynamic pressure due to 

propeller slipstream on the immersed portion 

of the wing, as given by Equation 5.12: 

(5.12) 
Atw Sw (T;/P~OP) 

2 
-- I - 

n R  
Q, P 

Si/prop is the portion of the wing immersed in the 

propeller slipstream (per propeller), ob- 

tained from Figure 5.3 with: 

Zs = -x' (ab - c -' E ) + ZT 
P U P  

The upwash at the propeller plane Is obtainel 

(5.10) and: 

The propeller-induced downwash is given by: 

(5.13) 

(5 14) 

(5.15) 

from Equat-an 

The derivative ac /aa follows from Reference 5.2: 
P P  

(5.16) 

(5.17) 

5.10 



where : 
C,, and C2 rollow from Figurg f . 9 ,  and 

( c  , ) follows from section 5.2.1. 
yly, ? 

2. 

.- 
figure 5.81 Lnplrlcrl correlrtlm factor  for  sddltlonal t l f t  

dw to rl Iprtrem ( r e f  5.2) 
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Propeller angle of attack is given by Equation (5.5). Using 

HP 65 curve fitting routines, it may be found for Figure 5.8: 

2 X. - 2.6384 A, 2*0312 + (-3.8116+ 4.2237 Ai - 1.6186 Ai) A + 
I a 

+ (0.0418 Ai 1.3383) 

X2-1.9938 + 1.2194 LN 

x p l  + 3) 
x3- 10 

K1 = + 0.9191 e x3 + -  Y 
5 

3 
(5.19) 1 .  

ra 

(5.20) 

(5.21) 

(5.22) 

The equation for the propeller induced downwash was found to be: 

- 0.0504( S&/P~OP) p2 )]( Cy; ) 
8 R  

0 

1.0 

.8 

.6 

.4 
c1 or cz 

.2 

0 

P 

I I I I I I I I i h I  ~ 

(5.23) 

FlQure 5.9: Pmpmller Induced domush ( ref  5.2) 
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5.2.1.3 EFFECT 9F PkOPELLER SLIPSTREAM, PROPELLER DOWNWASH E 
P 

The contribution of power to lift due to change in angle of 

attack as a result of propeller downwash, c , may be obtained trorn: 
P 

- where : 

is defined by Equation (5.12) - AqW - 
?o 
Si/prop is defined by Equation (5.13) 

and c 
(Aa) =-_e is the change in angle of attack 

1 - -  (5 .25 )  =i 

5.2.1.4 EFFECT OF POWER ON PIAXIMUH LIFT. 

So ?4r the effect of power on lift at discrete angles of attack 

has 'been calculated. Power also has an effect on maximum attainable 

lift, since the angle of attack at which stall occurs first will be 

increased with power. This depends ?ttmarily on the ratio of im- 

mersed wing area to total wing area. 

effect. 

Figure 5.10 illustrates the 

The increment in maximum lift due to power may be obtained from 

the following empirical equation: 

(5.26) 

where : 
(Act') is the increment in tail-off lift 

due to power at power-off maximum 
lift angle of attack. 

Power 
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K2 is a correction f o r  immersed wing area, 

obtained from Figure 5.11. 

r 

C LFM 

# 
/ 

. /  I 

8 
a 

Figure 5.10: E f f e c t  of powr.on r v x i n n  l i f t  

0 .1 .2 . 3  .4 .5 .6 
si 

r, 
- 

\ 

Figure 5.11: Correction factor for m x i n w  l i f t  (ref 5.2) 
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Using a HP 65 curve-fitting routint, it was found for the Factor E;: - 
= 1.1854 - 2.1129 - + 7.6104 (:I 

K2 sW 
(5.27) 

By using the foregoing procedures, the tail-off lift character- 

Now the effect of power istics of the airplane can be calculated. 

on the tail-plane lift will be calculated. 

in lift of the horizontal tail on the total lift of the airplane is 

small; however. the e€fact on pitching mment is significant. 

The effect of the change 

5.2.1.5 EFFECT OF POWER INJUCED DOWNWASH ON RORIZONTAL TAIL-LIFT 

The 'power induced change in downwash at the tail, (A$) 
Power 

may be estimated for single engine airplanes by using Figure 5.12 

or for multiengine airplanes by using Figure 5.13. These figures 

, 

are from Reference 5.2. The variables involved are: 

Propeller-off downwash angle calculated (EH) 
props off 

in subroutine DOWWS. 

Ti/prop Propeller thrust coefficient. 

Wing area. % 

Propeller radius. 
RP 

Distance from thrust axis to horizontal 

tail (see Figure 5.3). 

By using HP 65 curve-fitting routines, the following approxi- 

mationsmay be found fromligures 5.12 and 5.13. 

on aownwash for single engine airplanes may be calculated with: 

The effect of power 
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0 .I .a 1.2 %w@ 
sltz 

Figure 5.12: Effect of powr on doumarh for  single mgim a i rp lanes  ( r e f  5.2) 

0.4 .f 1.0 1.2 
f h l  - 
2RP . 

Figure 5.13: Ef fect  of m r  on dowwsh for  nultlcngino rirp1rn.r (ref 5.2) 
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0.0688 (Eh) 1.2345 
X4 = 0.5376~ props O f f  + 0.4366(zh) - 

props of f  
P 

O.1091(Eh) 1 3152 

props of f  
P 

(Ac,) * X4 10.8189 - 0.0185 
Power 

(5.28) 

(5.29) 

For multiengine a i rp lanes  the  following equations can be used: 

+ 2 X5 = -1.0234 + O.9775(ZH) - 0.1032 (EB) 
prop o f f  prop of f  

- + 3.5191 - 0.2409(ZH) + 0.2O25(zH) 2 
prop of f  prop of  

0.  2253(EH) prop o f f  ( ~ ~ ~ ~ o P ) ~  

I 
0.87 38e (5.30) 

x6 = X5(No Flaps) (5.31.a) X6 = 0.5 + 0.889 Xs (Flaps) (5.31.b) 

where: (E,) i n  degrees. 
pover of f  

= 0.9951+0.0419-- %' 0 . 3 0 2 ( k r  l X 6  (5.32) I 2RP 
(Arg) 

power 

where the  height  of the  hor izonta l  t a i l  above the  th rus t  

is given by the  fr 'lowing equation,see Figure 

5.3.a, 

(5.32. a) 
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To calculate the effect of power on dynamic pressure ratio at - 
l ih  

the tail, 7. use can be made of Figure 5.14 (from Reference 5.2). 
qln 

For low values of Ti (close to zero), use rphould be made of the fret- 

fl ight value for the tail. 

(5.33) 

The effective height of &he propeller slipstream, % , at the 
ef f 

tail, may be calculated as follovs (s e Figure 5.3): 

(5.34 .a) 

where : 
I s  the vertical distance from X - body 

axis to slipstream centerliae at  114 ci: 
=S 

zs = -X' (Qb - E: - t ) + ZT (5.34.b) 
P U P  

The change In lift due to above effects may be obtained from 

where : 

(Ref. 5.2) (5.35) 

( 5  :36) 
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is the l i f t  of the t a i l ,  referenced 

to the ta i l  area and a dynamic pressure 

of one. 

’H’ 
( ‘h (h f 1 

Figure 5.14: Ef fect  of porr on th dynamic pressure r a t i o  
at the tail ( r e f  5.2) 
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The t a i l  l i f t  may be obtained from: 

(5.36. a) 

&ere : - AC . (5.36. b) % ab - power o f f  ‘power 

The area of the ho r i zon ta l  tai l ,  immersed i n  the  slipstream, 

may be ca lcu la t ed  as follows (see Figure 5.3): 

Single-engine a i rp l anes :  

(5.37) 

Multi-engine a i rp l anes :  

(5.38) 
s% 

The t o t a l  e f f e c t  of power on l i f t  may now be ca l cu la t ed  as 

ind ica ted  by Equation (5.1 .) 

Now t h a t  the  e f f e c t s  of power on t h e  l i f t  force of the a i r p l a n e  

are kaown, the  e f f e c t s  on moment about t h e  Y-axis may be ca lcu la ted .  

5.2.2 DERIVATION OF EQUATIONS, EFFECT ON PITCHING MOMENT 

The t o t a l  e f f e c t  of power on pi tch ing  mment may be sumar i zed  

as i n  Equation (5.39) : 

where: 

‘5 .) is the power-off, t a i l - o f f  p i t ch ing  
wf n 

moment obtained elsewhere in t he  power o f f  

program. 
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is the pitching moment due to offset 

thrust . 
is the pitching moment due to offset 

propeller normal force. 

is the effect of propeller slipstream 

dynamic pressure increment on zero 

lift pitching moment. 

is the total effect on pitching moment 

due to slipstream dynamic pressure and 

angle of attack changes. 

is the effect of'propeller slipstream 

03 nacelle pitching moment. 

is the effect of dynamic pressure and 

downwash on pitching moment due to 

tail-lift. 

is the power-on pitching moment of the 

tail. 
(T) 

hf 

5.2.2.1 PITCHING MOMENT DUE TO THRUST OFFSET 

The pitching moment due to thrust offset may be obtained from: 

( 5 . 4 0 )  

where the geometric parameters are defined in Figure 5.3. 

5.2.2.2 PITCHING MOMENT DUE TO PROPELLER NORM4L FORCE 

This effect may be calculated with: 

5.21 



(5.41) 

&ere : 
(AC,) is the p rope l l e r  n r m a l  force ,  t o  be obtained 

Y 

Np from Equation (5.3). 

The geometric parmeters are defined i n  

Figure 5.3. 

5.2.2.3 THE ZERO LIFT PITCHING INCREMENT 

Due t o  the  e f f e c t  of slipstream on the  wing and nace l l e s  a t  zero 

l i f t ,  there  w i l l  be a change i n  zero l i f t  p i tch ing  moment: 

("$1 I K -  (C 1 (Ref. 5.2) 
"w Mo * A i w  iprop o f f  

(5.42) 

where : 
K -  is the f a c t o r  t h a t  takes  the  power e f f e c t  

i n t o  account, t o  be ca lcu la ted  from Equa- 
A'W 

t i o n  ( 5 . 4 3 ) .  

K -  
*qW 
*(:)(:)e) (Ref. 5.2) (5  43) 

where : 
A i w  - is the increase  i n  dynamlc pressure r a t i o ,  

t o  be ca lcu la ted  with Eqcstion 5.12. 

- 
q, 

is the immersed por t ion  of t he  wing area 

(see Figure 5.3) : 

si 

(5.44) 

The zero l i f t  pf tching moment (s ) may be determined 
0 

iprop of f  
as foll-ous: 
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For twin-engine airplanes : 

- (C ) 

Area not immersed MO 
* (C 1 

prop off wn 'CM 0 MO 
iprop off 

( 5 . 4 5 )  

where : 
is the propeller-off of the 

0 

Wnprop Off wing and nacelles, obtained elsewhere. 

and : 

psi sjktG:mrsed] ( 5 . 4 6 )  

'prop off 

(C 1 
Area not immersed MO 

where : 
is obtained elsewhere 

'prop off 

- sw - si C = 
not immersed bW - bi 

For 8 single-engine airplane: 

( 5 . 4 7 )  

with (C ) which is tne 

prop off wf MO 
Replace (% 1 

prop off O wn 

propeller-off $ of the wing and fuselage obtained elsewhere. 
0 

5 . 2 . 2 . 4  PITCHING MOHENT INCREMENT DUE TO CHANGE IN WING LIFT 

This power effect may simp1.y be obtained from: 

( 5 . 4 8 )  

where : 
is the distance between aerodynamic center 

of the immersed wing and the center of 

gravity. 

% 
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See Figure 5.1s for geometry definition. 

Ffgurm 5.15: homotry of tho wing 

The increments in lift due to power, (AC,) and (AC,) , 
P' 

E A% 
may be found from Equations ( 5 . 1 1 )  and ( 5 . 2 4 ) ,  respectively. 

# 

5 . 2 . 2 . 5  PITCHING MOMENT DUE TO EFFECT OF SLIPSTPEAM ON NACELLE 

For multi-engine installations the effect of the propeller 

slipstream on nacelle pitching moments may be calculated *with 

Equation ( 5 . 5 0 )  (from Reference 5 . 2 ) :  

(A%) - - 
36.5 Swcw 

P 
n 

( 5 . 4 9 )  

(5.501 

OK: N(cp+cU) (1 + ?)lw:dx ] 5 7 . 3  (5.51) 
36.5 S w G  

P 
n 

where: 
E and eu are obtained from Equations (5.16) and ( 5 . 1 7 ) .  P 
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is obtained from Equation (5.12). 

nacelle 

Figure 5.16: Shape of  nacelle (twin engine) 

0 

To see if there I s  a general trend in the shape of nacelles, 

s o w  research was done. 

aad reciprocating engines. 

Distinction was made between turbine engines 

The nacelle was divided into five equal 

parts, as shown in Figure 5.16. Then the parameter wn2Ax was deter- 

mined as a function of nacelle length, &,. 

in Figures 5.17 and 5.19. 

straight-line approximations. 

parameter w *Ax thus found for twin engine aircraft are: 

The results are shown 

Also included in this figure are two 

The equations for the nacelle shape 

n 

Reciprocating engines: 

2 wn AX -3.07 + 10.51 En 

Turbine engines: 

2 w AX -6.84 + 6.90 fin n 

(5.52) 

(5.53) 
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Figure 5.18: S h p c  of  ttace1Ie (single engine) 

For s i n g l e  engine a i r c r a f t  t he  following approximation vas found: 

w *Ax = -28.06 + 16.59 llm n 

5.2.2.6 THE PITCHING MOMENT CONTRIBUTION OF THE HORIZONTAL TAIL 

The power-on p i tch ing  moment cont r ibu t ion  of t he  s o r i z o n t a l  

ta i l  may be obtained from: 

( 5 . 5 4 )  

(5 .55 )  

where : 
is t he  d is tance  from c.g. t o  qua r t e r  chord 

point  of t a i l  mac. 

(E  is the  t a i l  l i f t  based on S as a funccion W 

hf of:  
%i 

2 )  and e leva tor  de f l ec t ion  5e 

- 
98 

9, 
3) and , the  dynamic pressure  r a t i o .  
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The tail-lift coefficient then follows from: 

(5.57) 

This concludes the derivation of the equations of the effect of 

power on the lift and pitching moment characteristics of single or 

awlti-engine propeller aircraft . 
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5.3 HAND CALCULATXON 

This is a hand calculation of the power effect subroutine for 

Airplane C. The data are given in Appendx D. 

The computations are for the following flight conditions: 

= .797 cL 

V = 144 ft/sec 

% = 0.105 rad 

T 
Prop 

= 965 lbs 

The following moment coefficients are from Reference 5.2: 

-.024 H 
OW 

Following is a step-by-step hand calculation for Airplane C 

for the above flight conditions: 

=T Eqr.. 5.2.b: 

Eqn. 5.2.a: T'fprop c 

Eqn. 5.2: (EC,) 
T 

Eqn. 5.3.a: Tc/prop 

Eqn. 5.7: f 

Eqn. 5.8: C 

0 
y ; 

Eqn. 5 . 4 :  SFF 

= -.lo5 rad 

= 0.22 

= 0.0461 

= 0.54 - 1 .376  

L' 0 .098  

= 97.847 
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C actual 

y; 0 
Eqn. 5.9: 

Eqn. 5.10: 

Eqn. 5.6: 

Eqn. 5.12: 

Eqn. 5.16: 

Ega. 5.23: 

Eqa. 5.5: 

Eqn. 5.11: 

Eqn. 5.15: 

Eqn. 5,l.m: 

Eqn. 5.l.n: 

Eqa. 5.l.p: 

Eqn. 5.1.q: 

Eqn. 5.19: 

Eqn. 5.20: 

Eqa. 5.21: 

Eqn. 5.22: 

Eqn. 5.11: 

C , reference 

0 
y* 

- 

u E 

c e 

zS 

=2 

x3 

5 

- 1.192 

= 5.4327 

-0.189 - 0.00705 

- 1.3850 

-0.0332 rad 

* 0.2910 

- 0.1381 rad 

- 0-0602 rad 

= -1.4564 f t  

= 5.2671 f t  

- 28*2713 ft2 

= 28.6178 €t2 

= 0.9696 

* -3.0406 

- 1.2512 

- -0.0051 

- 0.7521 

* 0.2936 
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Eqn. 5 .25:  (Aa) = -0.0321 rad 
si 

Eqn. 5.24: (ACL) 
E P 

Eqa. 5.27: % 

AC 
%ax 

Eqn. 5.26: 

Eqn. 5.30: x5 

'6 Eqa. 5.31.a: 

Eqn. 5.32.a: 

Eqn. 5.32: (A€,) 
power 

Eqn. 5.34.b: Zs 

Eqn. 5.34.a: Z 
%FF 

Eqn. 3.38: S 

Eqn. 5.33: x? 

Eqn. 5.34: Ai,/:, 

Eqn. 5.36: % 
power 

H Eqa. 5.56: a 

Y f  
Eqn. 5.35: 

Eqn. 5 .40 :  (4%) 
T 

Eqn. 5 .41  : (AC,) 
NP 

= -0.1141 

= 1.3353 

= 0.3023 

= 0.0769 

= 0.0769 

= -0.801 f r  

= 0.0765 rad 

-1.4564 f t  

= 1.1373 f t  

2 = 6.8668 f t  

= 0.4453 

= 0.3995 

= 0.2555 

= -0.0566 rad 

= -0.2324 

-0.0594 

-0.0771 

= 0.0075 
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Eqn. 5 . 4 3 :  K = 0.2424 

- 
'not im. Eqn. 5.47:  = 4.8642 f t  

Eqn. 5 .46 :  (so) -0.0156 

not imm. 

Eqn. 5 .45 :  ($ ) = -0.0084 
0 

iprop off 

Eqn. 5.42:  (A$ 1 = -0.0041 

A< 
0 

ltr Eqa. 5.49: 

Eqn. 5.48: 
WL 

2 w Ax n Eqn. 5.52: 

Eqn. 5.51: (A%) 
nP 

(-3 
hf 

Eqn. 5.55: 

* 0.775 f t  

-0.0271 

3 = 40.757 f t  

= -0.00273 

= 0.1736 

5.4 DESCRIPTION OF PROGRAM 

A flowchart  of t he  program is shown i n  Figure 5 .20 .  The i n t e g e r  

va r i ab le  €NF' is used t o  d i s t ingu i sh  between s i n g l e  engine (ENP=l) and 

twin engine a i rp l anes  (ENP=2), s i n c e  the  formulas are not always the  

same. For the  s i n g l e  engine case the  dimensions of t he  immersed area 

are calcula 'zd itsing an approximation f o r  the  he ight  of the  p rope l l e r  

slipstream above the  body X-axis a t  the  wing qua r t e r  chord point (Zs) .  

After  the  ca l cu la t ion  of ZS, t he re  is a loop back t o  r eca l cu la t e  the  

immersed wing c h a r a c t e r i s t i c s  f o r  the s i n g l e  engine case; t h i s  is 

only done twice. It is poss ib l e  to c a l c u l a t e  only the  e f f e c t s  on 
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lift by setting the integer KLTI equal to 1. It is also possible 

to include the calculation for C ; in this case the computer will 

return to the calling subroutine when the variable KCLM is set to 2. 
&IC 

In neither of above cases are the effects on moment calculated. Twice 

another subroutine is called: subroutine DOWNWS for the calculation 

of ac/aa and function "SLOPE" for the calculation of wing and tail 

plane lift-curve slope. 

A listing of the program and a sample output for Airplane C 

are shown in r'igure 5.21. A comparison of computed power effects 

for the fuselage-wlng-nacelle combination with wind tunnel test 

results shown in Figures 5.22 5.23 and 5 .24 .  

TABLE 5.1 VARIABLES IN SUBROUTINE "POWER" 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS/DEFAULT 

ALPHLO 

ALPHT 

ALPOH 

ALPPR 

ALPT 

ALPW 

AR 

ARI 

B 

W 
O0 

H a 

a 
OHT 

a 
P 

T a 

aW 

R 

b 

rad 

rad 

rad 

rad 

ft 

Calling 
Subroutine 

Common 

Common 

Common 

Common 

--- 

Common 

Coimnon 
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TABLE 5.1 VARIABLES IN SUBROUTINE "POWER" (con t hued) 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS/DEFAULT 

(b/D)0.3 _-- 
(b/D)O. 6 --- 
( b/D)O. 9 --- 

BDO3 

BDO6 

BDO9 

BIMME 

Common .0693 

Common 082 

Common .0682 

--- f t  bi 

BHT b~~ f t  Common 

No. of Blades 

21.5 

BL 

BLANG 

Common 

Common '0.75 

f t  CBARI' 

f t  CBARW Common 

cL 
--- Common 

_-- cc I LH hf 

CLHHF 

CLHSQ 

CLTOT 

CMHHF 

C 
LTOT 

(C I 
'hf 

CMODQW 

(CM 0 
iprop off 

CMOIP 

CMONI 

i m e r s e d  
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TABLE 5 . 1  VARIABLES I N  SUBROUTINE "POWER" (cont hued)  

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS /DEFAULT 

CMOW 

CMOWN 

CPITOT 

CMWFN 

CNOTJ 

CRCLW 

CROOTW 

C T I P I  

CTIPW 

CYPSA 

CYPSR 

DALPSI 

DCLDQW 

DCLEP 

prop off  wn 

(C,) 
TOT 

(%i) w f  n 
- 
C not i m m e r s e d  

--- Common 

-_- Common 

f t  

f t  

--- 

rad 

--- 
Common 

Common 

--- 

Common 
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TABLE 5.1 VARIABLES IN SUBROUTINE "POWER" (continued) 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS /DEFAULT 

DCLNP 

DCLMAX 

DCLT 

DCLWF 

DCMNAC 

DCMNP 

DCMT 

DCMTOT 

DCMWL 

D E W  

DEPDA 

DEUDA 

DPROP 

DQHQI 

DQWQI 

ELCG 

-_- 

Common 
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TABLE 5 . 1  VARIABLES IN SUBROUTINE "POWER" (continued) 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS/DEFAULT 

ELC4W 

ELHT 

ELTH 

ENP 

EPS 

EPSP 

EPSU 

EYET 

EYEW 

FN 

FPR 

FWOB 

Kl 

K3 

KCLM 

DWQ 

mow 
LN 

LNO 

'1/4< 

E ' H  

N 

(CHI 

c P 

E 
U 

IT 

i" 

T 

f 

bc 

K2 

K3 

--- 
"A< 

--- 
'n 

'nose 

ft Common 

ft Common 

ft Common 

Common 

Common 

--- 
rad 

rad 

rad 

rad 

rad 

lb 

--- 
ft 

_- 
ft 

ft 

-_- 

Common 

Common 

Comon 

Common 

--- 
Common 

Common 

No.  of Engines 
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TABLE 5.1 VARIABLES IN SUBROUTINE "POWER" (continued) 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS /DEFAULT 

NTYE 

QINF 

QHQI 

-e- -_- 
Common 

C , actual 

C reference 
y% 

$ 0  

YI 
RATCYP --- 

lb see 2 4  /ft 

f t  

RHO 

RPROP 

Common 

C o m o n  

P 

P R 

SFF SSP ___ 
ft2 

2 ft 

sH Common SHT 

SHTI 

SLMI --- 

rad-' 

-_- 

Common 

Common 

SLOPE 

rad-' StOPEH 

?? ;I 
cL 

2 

2 

2 

f t  

ft 

ft 

rad 

SPROP --- 
prop 
S 

Common 

-_- 
sw 
SWI 

S 

si 

Connnon SWPQC '114; 

SWTRP --- --e 
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TABLE 5 . 1  VARIABLES I N  SUBROUTINE "POWER" (cont hued)  

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS/DEFAULT 

TCPRIM 

TCPROP 

V 

UNDX 

X l  thru 

XP 

XPP 

xw 

YCI 

YT 

zs 

ZW 

ZT 

ZHT 

ZHHT 

x7 

Thrust /prop 
2 2 p * V D  

Prop 

V 

2 wn Ax 

XI thru X7 

P 
x 

X' 
P 

'tr 
Y 
ci 

YT 

zS 

zT 

Z 
HT 

f t l s e c  

3 f t  

f t  

f t  

f t  

f t  

f t  

f t  

f t  

i t  

f t  

f t  

--- 

Common 

_-- 
--- 

Common 

Common 

Common 

--- 

Common 

Comon 

Comon 

--- 

ZHEFF z 
Heff 

f t  
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C m  

COEFFICIENT 
-1- 

b 

(5.2.r) 

. . - 
Figure 5.20: F l o u h r t  o f  rubroutin. 8 8 P M R 8 8  

CWPUrr 

C o h l a I  WTI on 
lWUST (5.2) 

4 A 

.~ . 5.41 

t 
CQlOVTE 
THRUST 

COEFF I C  I EWT 
(5.3.1) 

CoIleuTr 
PROP. INFLW 

FACTOR : 
(5.7) 

CbnwfE 
Ulwc 
U M  

(5.10) 

COIPUTE 
SIDE-FORCE 
COIEFF ICIEWT 

i 

(5.8) 

COnPUTE 
HORML (5.6) 
FORCE 

C(HIwTE 
SIDE-FORCE 

FACTOR 
(5.4) . 

CWUTE 

PRESSURE 
D Y W  I C 

v 

(5.12) 

C W T E  
SlOE-FORCE 
FACTaR RATIO 

L 

(5.9) 

(5.16) 
UPWASH 



CWUTE 

WGL: SC 

i,r PROPELLER (5.17) 

. + 
ConpuTr 

SLIPOTREM (5.15) 
msiiiaa 

l&zF (5.1.0-1) 
AREAS (5.38) - 
COMPUTE 

EFFECT 
LIFT (5.11) 

4 
COHPUTE 

CHANGE IN (5.25) 
ANGLE OF 

ATTACK . 
I 

COMPUTE 

Q 
KCLH - 1, 9- 

TAIL-OFF 
(5.2) 

FACTOR 

Cr)r(wTE 
C W G E  IN 
M X l M  

L IFT  

COMPUTE 
DOWNWASH 

I -'-e- ENP = 2 

COMPUTE (5.28 ) * AIL W A S H  ( 5 * 2 9 )  
CHANGE IN  

Figure 5.20: Continued 
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Q 

- 

I EFFECT1 VE 
TAIL HEIGHT :::::::I I 

COMPUTE (5.36) 
TAIL LIFT (5.35) 

POWER ON (5 .36 .4  
(5.36. b) 

COMPUTE 
PITCHING (5.40) 
M E N 1  

, 

FACTOR 

COMPUTE 
PITCHING (5.41) 
WHEN1 

i 

Q 
COMPUTE 
PITCH I NC 

(5.41) 

CHANGE I N  

(5.49) 

COHPVTE 

PITCHING m)n 

1 

COMPUTE COMPUTE 
NACELLE (5.52) NACELLE (5.53) 

PARAMETER PARAMETER 
I 

I 
. . .- 

I iyre  5.20: Continued 
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CHANGE I N  
ITCHING nOn. 

COWUTE 
HOR. TAIL 

NGLE JF ATT. 

COHPUTE 
PITCHING 

WHEN1 
~ HOR. TAIL 

' (5.51) 

1 

(5.55) 

(5.57) 

COHPUTE 
TOTAL CHANGE 

PITCHING non. . 

Pigurm 5.20: Continuad 
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10 
20 
30 
4 0  
50 
60 
76 
80 
90 
100 
710 
120 
130 
1 4 0  
150 
160 
170 
180 
190 
200 

21 0 
220 
230 
240 
25 0 
260 
27 0 
280 
290 
300 
31 0 
320 
330 

SUBROUTINE POWER (CLTOT,DCMTOT,DEHD,DQHQI,DQWQI,EPS,EPSP) 
REAL K1 ,KZ,K3,KHPOW, LN,LNO 
INTEGER ENP,NTYE,TESTl 
COMnON/WING/DLMC4,AR,SLM,B,CRCLW,CBARW,SW,CLAWP 
COIVIMON/HORZ/DLMC4H,ARH,SLMH,BHT,CBARHT,SHT,CLAHP,CRCLHT 
COMON/FLITE/ALPYA,EM,CL 
COMHON/CEOM/DIHD,ZW,SAH,XHMAC,ELINC 
COMMON/FUS/ ELF, DFUS, HC,WC,LN, ELTH, HH, SO, R 2 I  ,LV, Z V  
COMHONIW ING 2/  CROO TW, C T I  PW, E Y EW 
COlcllYON/PRPLSN/ENP, NTY E, EYET,YT,ZT, FN 
COMMON/PROP/ElLANG,BD03,BDO6,6DO9,BL,OPROP,XPP,XP 
COMMON/SHAPE/MYl,NYl,MC,NC,ELC4W,DELTLC,ELODT 
COIVIMON/TEST/ILIFT,TESTl,KCLM,KLTI 
COMMON/ F US2/ ZHHT , F W OB,ELHT, LNO 
COMMON/W EIGHT/ ELCG, W E1 GHT 
COMMON/TRIM/ EY EH ,C LHT, DELTEL 
C CMMON / A E R 0 / RHO, TA S 
COMMON/HORT2/ALPHLO,ALPOH 
ALPT=ALPHA+EYET 
QINF=.S*RHO*(V**2.) 

TCPRIM=FN/ (QINF*S'rJ) 
D C LT=ENP*TC PRI M*S I N  (A LPT 1 
ALPOUT=ALPHA*57 . 3 
WRITE (6,1011) ALPOUT 
WRITE (6,101 2) TCPRIM 
WRITE (6,1015) DCLT 

TCPROP=FN/(RHO*(V**2.)*(DPROP**2.)) 
FPR=.652+1.183*ALOG (TCPROPt1.3) 
C YPSR=.013*(BLANG**,657) + ( .0125+.00125*BLANG) * (EL-2.) 
S F F=S 2 5 . * ( B DO3 +E DO5 +270. *E DO9 
RATCYP=-2.938+.901*ALGG(SFF) 
IF (ENP.EQ.21 GOTO 20 
ZS=ZT-ATAN (ALPHA 1 *XPP 

340 10 CONTINUE 
250 
360 
370 

390 
400 
41 0 
420 
430 
440 
450 
460 
470 
480 
490 

380 

N=N+l 
B IMME=2. *SQRT (ABS (RPROP**2- (ZS-ZW 1 **2) 1 
SLMI=CTIPI/CROOTW 
YC 1=.333*(BIMME/Z 1 * ( (1. +2. * S L M I )  / ( 1. + S L M I  1) 
C~ARI=.6667*CROOTV*~~l.+SLMI+SLMI**2.~/~l.+SLMI~~ 
SWI=BIMME*CBARI 
ARI=BIMME/CeARI 
I F  (ENP.EQ.1) GOTO 30 

CBARI=CTIPW+(((CRCLW-CTIPW)+(B/2.-YT))/(B/2.)) 

DEUDA=- .1136* ( (XPP/ CBAR I 1 ** (-1 814 1 1 -. 027, CAR-4.) 

DCLNP=ENP*FPR*CYPSR*RATCYP*(ALPT-DEUDA*(ALPW-ALPHLO))* 

20 CONTINUE 

3 0  CONTINUE 

ALPW=ALPHA +EY EW 

8 ( (3.141 6*RPROP**2.) / SW) 

Figure 5.21: List ing  of Subroutine "POWER" 
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500 
51 0 
520 
530 
540 
550 
560 
570 
580 
5 90 

.600 
61 0 
620 
630 33 
640 
65 0 
660 
670 
680 
690 
7CO 
71 0 
720 
73 0 
74 0 
750 
760 
770 35 
780 
790 
so0 
81 0 
820 40 
830 
840C 
850 
860 
8 70 
880 
890 
900 
910 
920 
930 50 
940 
950 
960 
970 
98 0 
990 

WRITE (6,1020) DCLNP 
DQWQI=(SW*TCPRIM) / (3.1416*(RPROP**2.)) 
EPSU=DEUDA*( ALPW-ALPHLO) 
SWTRP= (SW*TCPRIM) / (8.*(RPROP**2.1) 
CYPSA=C YPSR*RATC YP 
DEPDA+. 3?32+. 1703*ALOC (SWTRP)+( . 21 15-. OSOL+SWTRP)*C YPSA 
ALP PR =ALPT-DEU DA* ( ALPW-A LPHLO 1 
EPSP=DEPDA*ALPPR 
I F  (ENP.EQ.1) GOTO 33 
BIMHE=2.*SQRT(RPROP**2.-(ZS-ZW)**2) 
SWI=B IME*CBAR I 
ARf=BIMME/CBARI 
Y C I = Y T  
CONT I NU€ 
X1=2.6384*(ARI**2.0312)+(-3.e116+4.2237*ARI-~.6186*~ARI**2.~~*AR 
&+(.0418*(ARI**1.3383))*(AR**2.) 

XZ=l .  9938+102194*AL0G (SWTRP) 
x3= (X2*( X1+2.))/10. 
K 1 =. 91 91 *EXP (- .3663*SWTR P I  +X3 /5 
DCLDQW=ENP*Kl*DQWQI*CL*(SWI/SW) 
WRITE (6,1025) DCLDQW 
DALPSI=-(EPSP/(l.-DEUDA)) 
DCLEP=ENP*(l.+DQWQI)*SLOPE*DALPSI*(SWI/SW) 
WRITE (6,1030) DCLEP 
I F  (KLTI.EQ.1) GOTO 140 
IF (KCLM.EQ.l.OR.KCLM.EQ.2) GOTO 35 
GOTO 40 
CONT I NUE 
D C LW F =D CLE PtD  CLDQW t D  CLNPtD CLT 
K2=1 . 1854-2.11 29* (SW I / S W  1 +7.604*( (SW I / SW 1 *+Z .  1 
DCLMAX=KZ*DCLWF 
WRITE (6,1032) K2 
CONTINUE 
I F  (KCLM.EQ.2) GOTO 140 
CALL SUBROUTINE DOWNWS (DEPDAL) 
EPS=DEPDAL*(ALPW-ALPHLO) 
I F  (ENP.EQ.2) GOT050 
X4=(.5376*EXP(3.9419*EPS)+.4366*((EPS*57.3)**1.2345)*S~TRP- 

2 HT=ZHHT -ZT+ATAN ( EY ET 1 * ( XP+ ELTH) 
DEHP=.6*X4*(.8189-.0185*(ABS(ZHT)/(2.*RPROP1)- 

&.1953* ( (ABS (ZHT 1 / ( 2. *RPROP) 1 *+2) 
I F  (ENP.EQ.1) GOT0 90 
CONTINUE 
ZHT=ZHHT-ZT+ATAN(EYET)*(XP+ELTH) 
X 5 =  (-1. 0234+56. 01 *EPS-. 1032* ( ( EPS*57 . 3) **2 1 + 
&(3.5191-13.8*EPSt.2025*((EPS*57.3)**2))*SWTRP- 

I F  ~ILIFT.EQ.2.OR.ILIFT.EQ.3.OR.ILIFT.EQ.5.OR.ILIFT.EQ.6~ GOTO 60 
X6=X5 

&( .1091*((EPS*5 7.3)**1.3152) )*(SWTRP**2) 1i57.3 

&(.8738*EXP(12.909*EPS))*(SWTRP**2))/57.3 

1000 GOTO 80 
1010 60 X6=.5+.889*X5 
1020 80 CONTINUE 

Figure 5.21: Continued 
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1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
11 70 
1180 
1190 
1200 
121 3 
1223 
1230 
1240 
1250 
1350 
1273 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1190 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 

DEHP= .6* ( .9951 t. 041 9* (ZHT/ (2. *RPROP) 1 -. 3021 * ( ( Z H T I  ( 2. *RPROP) 1 
&**2) )*x6 

90 CONTINUE 
ZS=-XPP*(ALPHA-EPSU-EPSP)+ZT 
I F  (N.EQ.?) GOTO 9s 
I F  (ENP.EQ.1) GOTO 10 

ZHEFFsZS-ELHT*(ALPHA-EPSU-EPSP-EPS-DEHPI-ZHT 
SHTI=(((BHT/2.-YT)+SPRf(ABS(RPROP+*2-ZHEFF**2))) 

95 CONTINUE 

&/ (BHT/2.)) *SHT 
X7=(.34+SWTRP)*(.86S*(SHTI/SHT)) 

KHPOW=(SHT/SW)*(QHQI+DQHQI) 
ALPHTZALPHA-EPS-DEHPtEYEH 
CLHSQ=SLOPEH*(ALPHT-ALPOH) 
CLHF=CLHSQ*KHPOW 
WRITE (6,1035) CLHF 
DCMT=ENP*TCPRIM*(ZT/CBARW) 
WRITE (6,1037) 
WRITE (6,1040) DCMT 
DCMNP=DCLNP*(XP/CBARV)/COS(ALPT) 
WRITE (6,1045) DCMNP 
KDQW=DQWQI * (SW I /SUI * (CBAR I /CBARW) 
I F  (ENP.EQ.2) GOTO 100 
CMOWN=CMOWF 

DQHQI=(1.01-.1438*(ZHEFF/RPROP)-.3904*((ZHEFF/RPROP~**~~~*X~ 

100 CONTINUE 
C NOT I = ( S W -S W I 1 / ( 8-8 IMME 1 
CMONI=CMOW*((SW-SWI)/SW)*(CNOTI/CBARW) 

CMOIP=CMOWN-CMONI 
CMODQW=KDQW*CMOI P 
WRITE (6,1050) CMODQW 
XW=ELCG-(ELC4Wt(YCI+FWOB/2.)*ATAN(SWPQC)) 
DCMWL=- ( D CLD QW t D  CLE P I  * (XW / CBARW 1 
WRITE (6,1055) DCMWL 
I F  (ENP.EQ.2) GOT0 110 
WNDX=-28.06+16.59*LNO 
I F  (ENP.EQ.1) GOTO 130 

I F  (NTYE. EQ. 5 .  OR. NT'lE. EQ. 2. OR. NTYE. EQ.3) GOTO 120 
WNDX=-6.84+6.9*LN 
GOTO 130 

120 WNDX=-3.07+ 10.51 *LN 
130 CONTINUE 

110 CONTINUE 

DCMNAC=-ENP*((EPSP+EPSU)/(36.S*SW*CBARW))*(l.tDQWQI)*WNDX*S~.29 
WRITE (6,1060) DCMNAC 
ALPHTP=ALPH A-E PS-D EH P 

WRITE (6,1065) CMHHF 
CM HH F =- ( ELTH / CBA R U 1 * C LH F 

Figure 5.21: Continued 
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1510 DCMTOT=DCMT+DCMNP+CMODQW+DC!lWL+DCMNAC 
1520 CLTOT=CL+DCLW F+CLHF 
1530 WRITE (6,1067) 
1540 WRITE (6,1068) CLTOT 
1550 WRITE (6,1070) DCMTOT 
1560 CMTOT=CMWFN+DCMTOT+CMHHF 
1570 WRITE (6,1075) CMTOT 
1580 WRITE (6,1080) 
1590 140 CONTINUE 
1600 100C FORMAT (lox,"*** KU-FRL DEVELOPED SUBROUTINE: POWER EFFECTS***" / / / )  
1610 1005 FORMAT (lOX,"---TESTRUN FOR A I R P L A N E  C---"///) 
1620 1010 FORMAT (lox,"... EFFECTS ON L I F T  ..." / / )  
1630 1011 FORMAT(lOX,"* 9ODY ANGLE OF ATTACK= ",1F5.1," DEG"//)  
1640 1012 FORMAT(lOX,"* THRUST C O E F F I C I E N T =  
1650 1015 FORMAT (lOX,"DCLT= ", 1 F10.4/  1 
1960 1020 FORMAT (1OX,"DCLNP= ",lF10.4/) 
1670 1025 FORMAT (lOX,"DCLDQW= ",lF10.4/) 
1650 1030 FORMAT (lOX,"DCLEP= 
1690 1032 FORMAT (10X,"K2= ",lF10.4/) 
1700 1035 FORMAT (lOX,"CLHF= ", lF10.4/ / / )  
1710 1037 FORMAT (lox,". .. EFFECTS ON P I T C H I N G  MOMENTS . . . I  I / / )  

1720 1040 FORPIAT (lOX,"DCMT= ", 1 F10.5/  1 
17f0 1045 FORMAT (lOX,"DCMNP= ",1F10.5/) 
1740 1050 FORMAT (lOX,"CMODQW= ",1F10.5/) 
175 0 1055 FORMAT ( 1 OX ,I'D CKW L= ", 1 F10.5 I )  
1760 1060 FORMAT (lOX,"DCMNAC= ",1F10.5/) 
1770 1065 FORMAT (IOX,"CMHHF= " , lF lO.S/ / / )  
1780 1067 FORMAT (IO%,". .. TOTAL EFFECTS OF POWER ..." / / I  
1790 1068 FORMAT (lOX,"CLTOT= ",lF10.4//) 
1800 1070 FORMAT (lOX,"DCMTOT= ",lF10.5//) 
1810 1075 FORMAT (lOX,"CMTOT= ",lFlO.S///) 
1820 1080 FORMAT (lox,"*** END OF SUBROUTINE POWER * * * " I / / )  
1 8 3 0 C  RETURN 
1840 STOP 
1850 END 

' I ,  1 F4.2 / / )  

'I ,1F10.4/) 

lieure 5.21: Continued 
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*** KU-FRL DEVELOPED SUBROUTINE: POWER EFFECTS*** 

---TESTRUN FOR AIRPLANE C--- 

... EFFECTS ON L I F T  ... 
* BODY ANGLE OF ATTACK= 11.7 DEG 

* THRUST COEFFICIENT= 0.22 

DCLT= 0.0895 
DCLNP= 0.0131 
DCLDQW= 0.4881 
DCLEP= -0.2232 
K 2= 1.0495 
CLHF= 0.0019 

... EFFECTS ON PITCHING MOMENTS ... 
DCMT= -0.07708 
DCMNP= 0.0141 5 
CMODQW= -0.00125 
DCMWL= -0.05 738 
DCMNAC= -0.00784 
CMHHF= -0.00567 

... TOTAL EFFECTS OF POWER ... 
CLTOT= 1.6944 

DCMTOT= -0.12941 

CMTOT= -0.14308 

*** END OF SUBROUTINE POWER *** 

Figure 5.21: Continued 
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5 . 5  CONCLUSIONS 

A comparison of computer generated d a t a  with the handcal- 

cu la t ion  showed t h a t  the  program worked properly.  Figures  5.22 

through 5.24 show that the  computer program p r e d i c t s  t he  power- 

on c h a r a c t e r i s t i c s  f a i r l y  well. No run f o r  t h e  e f f e c t  on p i tch ing  

mament f o r  a i r p l a n e  B was done, however f i g u r e  5.23 ind ica t e s  

t h a t  t h i s  e f f e c t  a l s o  is f a i r l y  well predicted.  

The program a l s o  computes the  propel le r  side fo rce  de r iva t ive ,  

which is used in t he  computation of Cn . Comparison with da t a  i n  

Reference 5.2 shows t h a t  t h i s  va r i ab le  is predicted wi t ldn  5 X 
B 

accuracy. 
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CRAETER 6 

STATIC LONGITUDINAL STABILITY 

6.1 INTRODUCTION 

This chapter describes the computation of static stability, 

$ , static margin, dcn/d%, and neutral point, for both stick 

fixed and stick free cases. 

referring to subroutine POWER (Chapter 5). 

on Reference 6.1. 

be known. 

a 
Power effects are accounted for by 

The method is based 

The center of gravity location is assumed to 

6.2 DERIVATION OF EQUATIONS 

The static stabilitp parameter, % , may be computed from: 
a 

is the lift-curve slope of the complete. 

airplane, as coaputed in subroutine 
a cL where : 

LCSLOPE . 

is the static margin which may be found 

from: 

- dCEi 
dcL 

The airplane aerodynamic center location, zac, may be obtained 

from: 
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Equation (6.3) is for the stick fixed case. For the stick 

free case the following equation should be used: 

The various variables in Equations (6.3) and (6.4) are calcu- 

lated as follows: 

The lift-curve slope of the horizontal tail angle of 

the wing body combination, CL and CI, , respectively, 
E 4jB a 

are computed in subroutine “LIFCRV? 

The downwash de/da is calculated in subroutine”D0WNWS‘. 

The control-surface parameters C,, , ZE and Ch are 
6* a 

computed in subroutine “CONSURF’. Section 11.26. 

The aerodynamic center of &he horizontal tail plane and 

of the wing, fa 

Figure 6.1. 

respectively, are defined in 
CW’ 

and fa 
5i 

They may be computed with reference to Figure 

6.2. 
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. Figure 6.1: D e f i n i t i o n  o f  dimensional and non- 

dimensional aerodynamic center locations 

Figure 6.2: Aerodynamic conter locations of  l i f t i n g  surfacer 
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To convert the value of X'  

nondimensional value 

/CR, from Figure 6.2, to the ac 
use is made of Equation (6.5) ac' 

where K and K are give:i as: 1 2 
2 

K1 1.5 - .1475 X - .625 X 

(6 7) 
2 K2 = (.09396+.16246 X + .02113 X ) &ALE 

where ALE in rad. 

Note: The Equations (6.G) and 6.7)were obtained from 

Figures 3.10 and 3.11 of Reference 6.1 by curve 

fitting techniques. 

The wing-body aerodynamic center may be computed from: 

The body-induced aerodynamic center shift AZac in Equation 
B 

(6.6) follows from: 

(6.7) -dM/da (Body and/or Nacelles, Tailboom) - -  A E  = ac 
B qScCt 

"w. 

where : 

The geometric variables in Equation (6.8) are defined 

in Figure 6.3. 

The downwash ahead, of the wing may be found from Figure 6.4. 

Note the different curves for different parts of the body 

forward of the wing. 
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The downwssh behind the wing may be found from: 

.. 

I 

Span ( f t )  

2 Surface ( f t  ) 

Aspect Ratio 

Root Chord ( f t )  

Tip Chord ( f t )  

-1 dc 1 ( 1  A) - hi 
do da tH 

xi 

#l #2 t 3  

34.0 30.0 30 .0  

204.0 165.0  180.0 

5 . 6 6 7  5 .45  5.00 

6 . 0  7.0 10.0 

6 . 0  4 . 0  2 . 0  

dc 
da where - is found from Section 1 1 . 3 ,  Equation (11.3.1). 

If CL # .08 deg-l, then a co r rec t ion  has t o  be appl ied 

Qw 
t o  Equation ( 6 . 9 ) :  

- 
CL-.08 

dc -I da 
cL 

% QW 

(6.10) 

This concludes the  de r iva t ion  of equat ions f o r  the  S t a t i c  Longi- 

tud ina l  S t a b i l i t y .  

6.3 HAND CALCULATION 

Following is a hand ca l cu la t ion  f o r  Airplane C. Data f o r  t h i s  

a i rp lane  are provided i n  Appendix C. 

A separa te  checkcut f o r  Function "ACEM" w a s  done t o  make sure 

that t h i s  program works properly.  Tests were done f o r  th ree  d i f f e r e n t  

wings; da ta  are given i n  Table 6.1. 

TABLE 6.1 WING GEOMETRY (Test dings f o r  "ACEM") 
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TABLE 6.1 WING GEOMETRY (Test Wings for ‘‘ACEM”) (continued) 

WING 

MAC (ft) 

Taper Ratio 

L.E. Sweep (deg) 

Lat. Pos. AC. 

bl t 2  t 3  

6.0 5.65 7.0 

1.0 .571 20 

0.0 6.843 43.13 

8.5 6.75 5.8 

Calculations were done for different Mach numbers for each wing. 

The results of these calculations are given in Table 6.2. 

TABLE 6.2 RESULTS OF CALCULATIONS FOR “ACE%” 

WING 

MACH 

6 

I1 
.o .5 

1.0 .866 

0.0 0.0 

0.0 0.0 

.24 .24 

.24 .24 

62 

.o .95 

1.0 .312 

.654 .654 

.12 .384 

31 297 

.241 .225 

83 
.o .85 

1.0 .527 

4. ti85 4.685 

.937 1.779 

.73a .804 

.278 .373 

A comparison with the values as computed by the compur t program 

is given in Table 6.3. 
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TABLE 6 .3  COMPARISON OF CALCUTATIONS FOR "ACEM" 

1 WING 

I MACH 

&Cv 

(Hand ca lc . )  

ii 
"54 

(Computer ) 

X error 

II 1 

.o .5  

.24 .24 

.267 .267 

11.3 11.3 

112 

e o  .95 

.241 

.244 

1 .2  

.225 

,226 

.44 

.o 
~~ 

85 

.373 

.373 

1.1 

From these results i t  appears that Function "ACEM" works properly. 

The hand check for  Airplane C was done for the following f l i g h t  

conditions: 

% = 2.0 (deg) 

CL = 0.461 

M - 0.175 
Function "SLOPE" g ives  : 

= 4.495 (rad'') 

= 4.653 (rad-') 

H a cL 

cL 
% 

Subroutine "LIFCRV" then computes : 

cL = 4.651 (rad'') 

The downwaeh is computed in  subroutine "DOWNSW" as: 

dcfda = 0.627 

ORIGINAL U O E  ? 

OF POOR Q U W  
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Function "ACEM" computes the aerodynamic center positions as: 

% = 0.219 

Subroutine "MITLTOP" computes the aerodynamic center shift due 

t o  body as: 

A Zac 1 -0.038 
B 

Assuming a dynamic pressure ratio at the horizontal tail of 

tlH = 1.0 

Equation (6.3) then gives : 

- 0.305 
Fixed 'ac 

Equation (6.4) gives the aerodynamic cen 

stick-free case as: 

- 0.304 
Free 'ac 

a r  posi Lon for the 

In this case the hing-moment data were obtained from Reference 

6.2 as: 

= .115 (rad-l) 
a 'h 

The static margin now can be computed according to Equation (6.2) 

as: 

d$/dCL - -0.205 (stick fixed) 

d%/dCL = -0.204 (stick free) 
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The lift-curve slope of the complete airplane is computed in 

subroutine "LIFCRV" as : - 5.183 (rad-') CL 
%EM 

Finally, Equation (6.1) computes the static longitudinal stability 

as : 

% - -1.061 (rad-') for the stick-fixed case; 
a 

or: = -1.057 (rad-') for the stick-free case. 
a 

6 . 4  PROCRAM DESCRIPTION 

The computation of the Static Longitudinal Stability parameters 

is split into several parts. 

1) Function "ACPI" computes the aerodyr.amic center pos Ction 

for a given lifting surface. 

Subroutine "MULTOP" computes the aerodynamic center shift 2) 

due to body presence. 

3) A mainline that performs the computations and calls the 

respective subroutines as functions. 

Function "ACE"' will be described hereafter. The curves of Figure 

6.2 are input as straight lines. The curved sections of the curves 

may be ignored, since these parts apply only for high Mach numbers and 

high sweep angle combinations, To avoid the problem of the dual nature 

of the X-axis, the following conversion can be made: 

B TadLE - 2. - 6 TanALE (6.11) 

A l l  the curves of Figure 6,2 are put in an array DD. An lnter- 

polation routine is int - mal in Function "ACEM" to compute the aero- 
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dynamic center position for given planform parameters. 

Subroutine "hULTOP" is an existing routine that Is documented 

in Reference 6.3. 

(6.7). 

It perrorms an iteration according to Equation 

Two variables in the subroutine "MULTOP" need special mention: 

the shape parameters Ny and 3,. They define the shape of the nose 
1 

as seen from above and, therefore, the width cf the fuselage at a 

certain station. They are defined and computed in Reference 6.3. 

TABLE 6 . 4  VARIABLES IN SUBROUTINE "CMALPHA" 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 

ALPHA 

AR 

ARC 

ARH 

a rad 

--- 
Common 

Common 

_-- 
Common 

Al 

Rk 
B 

CBARH 

B ft 

ft 

Common 

--- - 
H C 

CBARW ft 

rad-' CHA 
a ch 

rad-' "CONSURF" CHD 
6 ch 

CL 

CLAH 

cL Common 

" SLOPE" 

--- 
rad-' 

H a CL 

rad-' CLAHP 
H a cE Common 
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TABLE 6 . 4  VARIABLES IN SUBROUTINE "CMALPHA" (continued) 

, 
NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 

rad-' "L IFCRV" 

rad-' "SLOPE" 

CULPA 

CLAW 

CLAWB rad-' 

rad-' 

rad-' 

rad-' 

rad-' 

CLAW 

CMAFIX 

CMAFR 

CMAFRE 

W a cll Common 

f i x  
CM a 

a free 
CM 

'free 
CM 

' CMCLFI rad-' d$/dCL 
fix 

-_- 

rad" CMCLFR dCM/dC 
Lfree 

--- 

rad-' 

rad-' 

rad-' 

rad-' 

ft 

CMFI 

CMFXX 

CMFR 

CMFREE 

CRCLW 

CRCLWC 

DCMTOT 

ft 

rad" 

--- 
"POWER" 

t o t  
A% 

"POWER" DEHP AC P 
rad 
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TABLE 6.4 VARIABLES IN SUBROUTINE "CMALPHA" (continued) 

NAME ENG. SYMBOL DIMENSION ORIGZX REMARKS .I 

DEHPA 

DELTC 

DERDAL 

DFUS 

DLMC4 

DLMC4C 

DMC4H 

W Q I  

DXACB 

ELC4W 

ELF 

E W D T  

ELTH 

pi 

EMC 

FACT 

HC 

HII 

KSURF 

LN 

"DUXWS" 

Comuon ft 

Common 

--- 
Comon '1/4cH 

"POWER" 

"WJLTOP" 

AnH 

B 
f t  

'1/4Ew ft 

ft 

Common 

efus Common 

af uJDf us 

'H 
M 

Common 

Commron 

ft 

ft Common 

--- 
Common enoee 
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TABLE 6.4  VARIABLES I N  SUBROUTINE "CMALPHA" (continued) 

NAME ENG. SYHBOL DIHENSION ORIGIN REMARKS 

1 pft 

% 

Nn 

NC 

sH 

a 

aE 

1 

-u 

sW 

nc 

NY1 

Coaebn 

NC Common 

2 ft SHT CormPon 

SIII 

SIMH 

colmmn 

Co-n 

SLMC 

sw 
Coamon 

Common 

"CONSURF" 

2 ft 

TE 

QHQI - 
"POWER" 

P 

ft 

ft 

C o m n  
cg 

fixed i,C 

- 
free xaC 

H f c 

j i  
""w 

xac 

'nac 

- 
WB 

XBABFI 

XBARFR 

XBARH 

XBARU 

XBARWB 

XNAC 

ft 

ft 

ft 

ft 

ft 
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START 7 
conpun 

..e. LOCATIOh 
CONT. FIXED 

INPUT 171 (6.3) 

COnPUfE 
STATIC HARGlll 

COWT. FIXED 
i 

V I  t lGdOOY 

(6.2) 
ConwTE 

1 .c. LOCAT I ON 
HOR. TAIL 

6.16 

"ACEH" 

COMPUTE 
STAT. STAB. 
CONT. F I X E D  

(6.1) 
C W U T E  

J.C. LOCATIO 
WING 

"ACEb' 

COnPutE 

NOnE.YTS 
H I  NGE "CONSURF' 

> 

ConPutE 
L I FT-CURVE 

SLOPE H. TAIL  
"SLOPE" 

C W J T E  
J.C. LOCATIO 

CONT. FREE 
J 

(6.4) 
CWPUTE 

L I FT-CURVE 
SLOPE WING 

"SLOPE" 

i 

COMUTE 
STATIC MR61 
COW. FREE 

(6.2) 



I I  - I I  + 1 
START c3 

I fi?UT 13 
ANGLES, 
FACTORS 

I MITI AL I LE 
I t -  I 

J - l + l  
L - J  l ,  

It - I 

1 

1 

COMPUTE 0 
UNEORAECTEO w .c. LOEATIOW 

CORRECTEO 
.c. LotATloll 

lituse 6.5: batioud 
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1 cc 
20c 
30 
40 
50 
60 
70 

90 
100 
110 
120 
130 
140 
1 so 
160 
1 70 
1 8 0 C  
190 
200 
2: 3 
220 
230 
240 
25 0 
260 
270 
28 0 
290 
300 
31 0 
320 
33% 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
410 
480 
490 
500 
s10 
5 20 
S30 
540 
550 

a0 

S W R O U T I N E  CMALPHA (CMCLFI,CMAFIX,XBARFI,XBARFR,CUCLFR, 

U R I T E  (6,1000) 
REAL LN,MYl,NYl,MC,NC 
CO~ON/UfNG/DLMC4,AR,S~,B,CRCLU,CBARU,SU,CLAUP 
COMH0N/HORTAIL/DLMC4H,ARH,SLMH,CBARH,SHl,CLAHP 
COFI)ION/FUS/ELF,DFUS,HC,UC,LN,ELTH,HH 
CO#ilON/YEIGHT/XBARCG,UEIGHT 
COMFION/NAC /XNAC 

COWON/FLITE/ALPHA,EM,CL 
XBARH=ACEM (EM,ARH, SLMH,DLHC4H,CRCLH) 
XBARY=ACEn (EM,AR,SLM,DLMC4,CRCLU) 
C LAH=SLOPE (DLMC4H, SLMH, ARH, EM, CLAHP 1 
CLAU=SLOPE (DLMC4,SLN,AR,EM,CLAWP) 

&CMA F RE) 

CORHON/SHAFE/MY1,NYl,MC,NC,ELC4U,DELTC,ELODT 

CLAWB=CLAW*(1,-.25*(DFUS/B)**2.+.025*DFU/B) 
C A L L  9OUNUS (DEPDAL) 

C A L L  POWER (DEHP,DQHQI) 
DEHPA=DEHP/ALPHA 
DEPDAL=(l.-(DEPDAL+DEHPA)) 
QHQIP=QHQI+DQHQI 
C A L L  MULTOP (ELF,DXACB) 
XBARUB=XBARW+DXACB 
FACT=(CLAH/CLAWB)*QHQI~(SHTISW)+DEPD.IL 
XBARFI=(XBARUB+FACT*XBARH)/(l.+FACT) 
CHCLF I=XBARC6-XBARFf 
CLALPA=CLAUB+CLAH*QHQIP*(SHT/SW *DEPDAL 
CMAF I=CMC L F  I *CLALPA 
CMFI=CMAFI*ALPHA 
CMFIX=CRFI+DCMTOT 
CMAFIX=CMFIX/ALPHA 
I F  (KSURF.EQ.1) GOT0 50 
C A L L  CONSURF (CHATE,CHDE) 

50 XBAR FR= (XBARWB+FACT*XBARH* (1. -CHA*TE/ CHD 1 1 

CMAFR=CRCLFR*CLALPA 
CMFR=CMAFR*ALPHA 
CRFREE=CMFR+DCMTOT 
CMAFRE=CMFREE/ALPHA 
WRITE (6,1050) X B A R F I  

1050 FORMAT (lOX,"XBARFI = 
WRITE (6,1060) C M C L F I  

1060 FORMAT (lOX,"CMCLFI = 
WRITE (6,1070) C M A F I X  

1070 FORMAT (lOX,"CMAFIX = 
U R I T E  (6,1080) XBARFR 

1080 FORMAT (lOX,"XBARFR = 
WRITE (6,1090) CMCLFR 

1090 FORMAT (lOX,"CMCLFR = 
U R I T E  (6,1100) CMAFRE 

1100 FORMAT (lOX,"ChAFRE = 
333 CONTINUE 

RETURN 
END 

& ( I  .+FACT*( l  ,-CHA*TE/CHD)) 
CMCLFR=XBARCG-XBARFR 

f i g u r a  6.6: L i s t i n g  of subroutine bgCnALP~t l  

I*, 1 F10.5 1 

'I, 1 F 10.5 1 

", 1 F l  0.5 1 

", 1 F 10 . 5 1 

", 1 F10.5 1 

0BK;IBIAL RAGE Sb 
OF POOR QUALITY 

'I, 1 F 10.5 1 
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10 
20 
30 
40 
so 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
21 0 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
41 0 
4 20 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 

FUNCTION ACEM (EMCIARC,SLMC,DLMC4C,CRCLUC) 
REAL K1,KZ 
RLMC4C=DLMC4C*.O1745 
SWPLE=ATAN(SIN (RLMC4C) /COS (RLMC4C) t (1 . /ARC)*( (1 . -SLWC) / (1 . +SLMC) 
SWPLL=SWPLE 
DINENSION DD(6,7),AA(?),SS(b) 
DATA AA (1 1 ,AA (2) ,AA (3) ,AA (4), AA (5 1, AA (6) ,AA (7) 

&/0.,1. ,2. ,3. ,4. ,S. ,6. / ,SS(l) ,SS(2>,SS(3l,SS(4),  
&SS(S),SS(6)/0.,.2,.25,.33,.5,1.0/ 

EETAM=SQRT(l.-EMC**2.) 
TSWPLE= (SIN (SWPLL) 1 / (COS (SWPLL 1 ) 
A=ARC*TSWPLE 
B=TSWPLE/BETAM 
IF(B.LE.l.)CO TO 1 
C=BETAM/TSUPLE 
8=2.0-C 

1 OD(1,1)=.1736-.0645*8 
DD(1,2)=.253-.0311*8 
OD (1,3)=.335 
DO (1,4)=.4217+. 0274*8 
DD(1,5)=.5042+.0594*8 
OD (1,6)=.5858+.0889*8 
DD(l,7)=.6814+.0929*8 
OD(2,1)=,1586-.08*8 
0D(2,2)=.2862-.035*B 
I) D (2,3) = . 407 
DD (2,4) =. 51 8+ . 031 3*8 
DD(2,S)=.639+.055*8 
D D (2,6 1 = . 74 5 t .0718*B 
DD(2,7)=.8634+.0735*B 
DD (3,l I = .  1784- . 0752*8 
00(3,2)=.299-.0325*8 
OD (3,3) =. 41 59+ .008*8 
DD(3,4)=.5409+.0368*8 
OD (3,s) =.6683+,054*8 
00(3,6)=.7938+.065*8 
DD(3,?)=.9313+.0625*B 
DD(4,1)=.1823-.0844*9 
OD (4,2)=. 325-.0406*8 
DD(4,3)=.4603-.0061*B 
OD (4,4)=.5904-.029*8 
DD(4,5)=.7281+.0464*8 
DD(4,6)=.8821+.0441*B 
OD (4,7)=1.0344+ .0479*8 
DD ( 5 , l )  = . 1 939-. 075 7*8 
DD(5,2)=.358-.0364*8 
DD(5,3)=.5275-.0094*B 
DD(5,4)=.6944+.0183*8 
DD ( 5 , s  1 =. 87?2+. 021 4*8 
DO (5.6) =l. 0346+. 032*8 
DD (5,?)=1.1856+.0483*B 
DD (6,l I = .  26?S-. 1001 *E 

Ffguro 6.6: conrlnucd 
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530 DD(6,2)=.5118-.0648*6 
540 DD(6,3)=.7609-.C'?38*B 
550 DD(6,4)=1.0 
560 OD(6,S)t1.2456-.0028*6 
570 DD(6,6)=1.4989-.011*B 
580 00(6,7)+1.7449-.0195*6 
590 DO 2 I=1,5 
600 K = I  
610 J= I+ l  
620 L=J 
630 
640 2 CONTINUE 
650 3 DO 4 II=1,6 
660 J J=I I+1 
670 M = I I  
680 N-JJ 
690 IF(A.CE.AA(M).AND.A.LE.AA(N))GO Tc) 5 
700 4 CONTINUE 
710 

IF(SLMC. GE.SS(K) ,AND .SLMC .LE. SS(L))GO TO 3 

5 Dl=DD(K,N)-(Ah (N)-A)*(DD (K, NI-DD (K,M) 1 
720 
73 0 
740 
-50 
760 
770 
780 
790 
SCO 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
21 0 
220 
23 0 
240 
250 
260 

D 2=DD (L, N) - ( AA (N) -A 1 * ( DD (L, N) ODD (L ,MI 
D=D 2- (S S (L) -SLMC 1 * (0 2-D 1 ) / ( SS (L) 45 (K) 
X PA C W =D * C R C LW C 
I F  (SLMC. GE . -3) Kl=-. 571 *(SLMC-2.751) 
Kl=J.5-.1475*SLMC-.625*SLHC**2 
K2= ( .09396+. 16246*SLMC+. 021 13+SLMC**2) *ARC*tWPLE 
ACEM=Kl * (D-KZ) 
RETURN 
END 

SUBROUTINE MULTOP (LHNEW,DXACB) 
COMMON/WING/DLMC4,AR,SLM,B,CRCLW,CBARU,SW,CLAWP 
COMMON/AERO/EM,RHO,TAS 

COMMON/NAC/XNAC 
COMMON/FUS/ELF,DFUS,HC,WC,LN,ELTH,HH 

COMMON/SHAPE/MY 1 ,NY 1 ,MC ,NC, ELC4W, DELTLC ,ELODT 
POLY (X,C,Cl ,C2,C3,C4)=C+Cl *x+c2*x**2. +c3*x**3. +c4*x**4. 
REAL LN,NYl,MYl,LT,ELF,LCOLD,LCNEW,NC,MC,LH,LHNEU 
DATA CO,Cl,CZ,C3,C4 /1.90,-1.6958,1.5759,-0.7292,0.1302/ 

DATA DO,Dl, D2,D3,D4/6.2503,-23 . 0908,60.3553,-78.4540,38.2895/ 
CLAWM=SLOPE (DLMC4,SLM,AR,Efl,CLAWP) 
QBAR=. 5*RHO*T9S**2 
XLE = ELC4W - (CRCLW/4.) 
CRF = WC*CRCLW*(SLM-l .)/E +CRCLW 
D X I  = XLE/5. 
SUM = 0. 
DO 100 I=1,5 
X I  = XLE - (DXI*O.S)- D X I * ( I - l )  
IF(XI.LE.(XLE-LN)) GO T3 10 
U F I  = WC*((1.-(((LN+XI-XLE)/LN)**NYl))**(l./MYlI) 
GO TO 20 

10 W F I  = WC 
IF(I.LT.5)CO TO 20 
WFI  = WC+XNAC 

DEDA = POLY (XCF,CO,Cl,Ci,C3,C4) 
20 XCF = X I / C R F  

Flguro 6.6: C0ntin-d 
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270 

2 90 
300 
310 
3 20 
330 
340 
350 
360 
370 
3 80 
390 
400 
410 
4 20 
430 
440 
450 
460 
470 
480 
490 

zao 
I F ( 1 .  GT .4) DEDA = POLY (XCF, DO, 01, D2,03,D4> 
O E D A I  = DEDA*CLAUM/0.08 

L T  = E L F  + DELTLC - X L E  - CRF 
D X I  = L T / S  
LCNEU = ELODT * HC 
DC! 200 I=1,5 
X I  = D X I * ( I - l  )+(O.S*DXI) 
IF(XI .LE.(LT-LCNEW))  GO TO 30 
W F I  = WC*((1.-(((LCNEW+XI-LT)/LCNEW)*~NC))**(l./HC)) 
GO TO 40 

30 W F I  = UC 

100 SUM = SUM t (DXI*WFI*WFI*DEDAI)  

40 L H  = LHNEW-CRF+. ZS*CBARU+ ((B/6. )*(1 .+Z.*SLM) / (1 .+SLM) -UC/2.) 
RLMC4=DLMC4*.01 745 
SWPLE=ATAN(SIN(RLMC4)/COS(RLMC4)+(l. /AR)*((l .~SLM)/(l.+SL~))) 

* * S I N  (SWPLE)/COS (SWPLE) 
C A L L  DOUNWS (DEPDAL) 
D E D A I  = (1 .-DEPDAL)*XI /LH 

200 SUW = SUM + (DXI*WFX*WFI*DEDAI)  
DMDA = (QBAR/36.5)*SUW 
DXACB = -I.*DMOA/(QBAR*CBARW*SW*CLAWM) 
RETURN 
END 

Plgute 6.6: Continued 
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* 
A flowchart of the program is given in Figure 6.5 . A listing 

and a sample output are given in Figure 6.6, 

To check the validity of the program, acomparioon was made 

with test data of Reference 6.2. The results are reproduced in 

Figure 6.7 for the stick-fixed case. 

Xcc = .lo:, use was made of the following equation: 

To compute the moment about 

was found from Reference 6.2 as C - .04. ““0 MO 

As may be seen from Figure 6.7, the program works quite well. 

6.5 REFERENCES 

6.1 Roskam, J. Methods for Estimating Stability and 

Control Derivatives of Conventional 

Subsonic Aircraft (Roskam Aviation 

and Engineering Corp., Lawrence, ICs.) 

6.2 Fink, M. P. & 

Freeman, D. C. Full Scale Windtunnel Investigation 

of Static Longitudinal and Lateral 

Characteristics of Light Twin Engine 

Airplanes (NASA TN D-4983) 

6.3 Wyatt, R. D., 

Griswold, D. A., 

6 Hammer, J. L. A Study of Comuter Airplane Design 

Optimization (KU-FRL 313-4/1977) 

* 
Note: A flowchart of Subroutine “MUtTOP” may be found in Reference 6.3. 
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CHAPTER 7 

DIRECTIONAL STABILITY 

7.1 INTRODUCTION 

Generally it is quite difficult to calculate the lateral-directional 

aerodynamic characteristics. The vertical tail plane is the dominant 

factor and this surface is situated in a complex asymmetrical flow field 

behind the wing/fuselage cembination, This chapter will describe some of 

the criteria important for the preliminary design phase. 

cribe some of the methods available for computation. 

Also it will des- 

7.2 DISCUSSION OF DESIGN CRITERIA 

The primary preliminary design criteria for the vertical tail are the 

following: 

1) The aircraft must possess positive directional static stability 

and the short-period later/directional oscillation must be 

well damped. 

2) After failure of the critical engine, the aircraft must remain 

controllable, in the case of multi-englne aircraft. 

To assure compliance with criterium l), an adequate value for C , the 
n8 

static directional stability parameter has to be provided. For single-engine 

subsonic airplanes the value for Cn 

.lo (Ref. 7.1). 

in seccion 11.16. 

is often found to lie between .04 and 
8 

A method for the estimation of the parameter Cn is discussed 
8 
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To comply with criterium 21, the vertical tail has to be able to 

produce a certain minimum sideforce C 

yawing moment of a stopped engine. In this case also the control-surface 

(1.e. rudder) parameters are Important. 

these parameters is given in section 11.25 as well as in 11.14. 

to derive the minimum control speed, V 

to counteract the disturbing 
yv 

A discussion of a method to compute 

A method 

, is given in section 8. 
MC 

7.3 REFERENCES 

7.1 Torenbaak, E. Synthesis of Subsonic Airplane Design, 
Delft University Press, Delft, The Netherlands. 
4F6. 
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CHAPTER 8 

VMC ROUTINE 

8.1 INTRODUCTION 

w i l l  be defined i n  t h i s  chapter as the  minimum speed a t  which level "MC 
o r  s l i g h t l y  climbing f l i g h t  is maintained with one engine ou t  and the remaining 

engine a t  maximum t h r u s t ,  i n  a steady state f l i g h t  condition. 

The GASP program i n  its o r i g i n a l  form does not check f o r  VMc. Three 

methods f o r  determining VMb were evaluated f o r  inclusion into GASP: 

of  Torenbeek (Ref. 8.2), and single-degree-of-freedom and three-degree-of-freedom 

methods from Re€. 8.1. 

the method 

The method of Torenbeek was found t o  be similar t o  the f i r s t  method from 

Ref. 8.1. Hand ca l cu la t ions  and computer so lu t ions  f o r  t he  methods of Ref. 8.1 

are presented i n  t he  following sect ions.  

8.2 SINGLE-DEGREE-OF-FREEDOM APPRVLIMATION 

From Ref. 8.1, p.  5.37, t he  moment equation about t he  a i r c r a f t  2 a x i s  

is given by: 

I 

8 + C  ndR 'R + O cn 8 

To check the  r o l l  axis,  the maximum s i d e s l i p  angle reached i f  t he  p i l o t  

does nothing is given by: 

and the a i l e r o n  de f l ec t ion  required f o r  t h i s  condition is given 

by: 

8.1 



P I 

( 8 . 4 )  & A  c, 
'A 

- 
A HP-25 rout ine  was w r i t t e n  to  al low a f a s t  check ca lcu la t ion .  A list 

of t h i s  rou t ine  is included as Table 8.1.  The rou t ine  f i n d s  rudder d e f l e c t i o n  

as a funct ion of f l i g h t  speed V; V is incremented by 0.5 mph a f t e r  each 

i t e r a t i o n .  Input values  

and r e s u l t s  are l i s t e d  below. Input  va lues  are taken from Ref. 8.3. Runs were 

made f o r  two values  of s i d e s l i p  angle,  0 deg. and 5 deg. ( i n  a he lp fu l  d i r e c t i o n ) ,  

The a i r p l a n e  used f o r  a check case was 8 Piper  Aztec. 

Bank angle  is not taken i n t o  account by t h i s  method. 

Resul ts  by this  method appear t o  be q u i t e  high. Maximum rudder de f l ec t ion  

f o r  the  Aztec is 22 degrees,  y i e ld ing  a VMc of about 103 mph a t  8 = 5 ' .  

is 1.5 (VStall), much higher than the  1.2 VStall requirement. 

lJMC 

error is unacceptable f o r  preliminary design, leading t o  the use o f ' t h e  three- 

This 

From Ref. 8.4, 

f o r  the  Aztec E, a l a te r  250 hp vers ion ,  is 80.6 mph. This l a rge  a p red ic t ion  

degree-of-freedom method. 

8.3 THREE-DEGREE-OF-FREEDOM METHOD 

From Ref. 8.1, p. 5.38, i f  a f ixed  bank angle  is assumed, t he  th ree  

remaining va r i ab le s  are 8, 6A, and 6R; these  may be found by the following 

equations: 8.5, 8.6 and 8.7. 

Examining these equat ions,  it is seen that i n  add i t ion  t o  the s t a b i l i t y  

weight, de r iva t ives  of t he  d e l t a  matrix, t he  necessary input  va r i ab le s  are: 

f l i g h t  path angle  y ,  bank angle  I # ~ ,  wing span and area, dynamic pressure  q,  

r o l l i n g  moment due t o  t h r u s t  L and yawing moment due t o  t h r u s t  N 
T1' T1  

Ea& angle  0 is  the  independent var iable; .  

is found by adding the  t h r u s t  of the  remaining engine t o  the  drag of the  

Yawing moment due t o  t h r u s t ,  

N 

feathered propel le r  and mult iplying by the engine moment arm, which i s  the  

la teral  d is tance  from the  c.g. 

T1' 

Rol l ing moment due t o  t h r u s t  is a funct ion of 

8.2 
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the t h r u s t  i n c l i n a t i o n  angle and the a i r c r a f t  angle of a t t a c k ;  a t  the  angles  

of a t t a c k  typ ica l  of low speed f l i g h t ,  the  componenrs of asymmetrical t h r u s t  

and drag i n  t h e  Z d i r e c t i o n  produce an apprec iab le  r o l l i n g  moment, i n  a 

d i r e c t i o n  which r equ i r e s  more a i l e r o n  d e f l e c t i o n  and inc reases  VHc. An 

add i t iona l  r o l l i n g  moment is produced by l i f t  due to the  s l ip s t r eam f o r  

propel le r  a i r c r a f t .  

rate of climb from GASP a t  an  assumed forward speed of 1.2 Vstall; t h i s  

approximation should be reasonable f o r  mst a i r c r a f t .  

F l i g h t  pa th  angle is  fouad from t h e  engine-out aaniunnn 

8.4 COMPUTER ROUTINE 

Fig. 8.1 illustrates the var i ab le  d e f i n i t i o n s  f o r  V 

Fig. 8.2 is a flowchart of the  subrout ine in t h e  checkout state. 
m* 

Varlables  

l i s t e d  under "Input0 are input  i n t e r a c t i v e l y  f o r  checkout purposes. 

Referring t o  P i g .  8.2, the d e l t a  mat r ix  and f l i g h t  pa th  angle are c q c t e d  

f i r s t  because they are used i n  the  computational loop which follows. 

drag due t o  the  f a i l e d  engine is ca lcu la ted  f o r  a p rope l l e r ,  t u rbo je t ,  o r  

turbofan. 

case the POWER subroutine is ca l l ed  and r e t u r n s  a value f o r  t h e  a d d i t i o n a l  l i f t  

due t o  the s l ips t ream of the  operating engine. The t h r u s t  r o l l i n g  moment is 

then computed. Rudder d e f l e c t i o n  is computed and compared with the  umcimum; 

i f  the  deflection is too g rea t ,  the  rou t ine  r e t u r n s  t o  Step 10 and inc reases  

forward speed by 0.2 fps.  

maximum, a i l e r o n  d e f l e c t i o n  is checked i n  a similar manner. 

Asymnetrical 

Thrust and drag are used t o  f ind  t h e  yawing moment. I n  the  p rope l l e r  

After the  rudder d e f l e c t i o n  is brought down t o  the 

The rou t ine  assumes a symmetrical a i r c r a f t ;  i.e., no c r i t i c a l  engine. 

Inclusion of engine r o t a t i o n  d i r e c t i o n  and P-factor was considered uunecessar i ly  

coplplex f o r  t h i s  program; i n  addi t ion,  t h e  d i f f e rence  i n  VEic due t o  torque and 

P-factor would usually be wi th in  the  e r r o r  due to o t h e r  f a c t o r s .  A l i s t i n g  of 

the subroutine is included as Fig. 8.3. A var i ab le  l i s t  is included fn Table 8.2. 
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Figure 8.1 V, Var iable Geometric Def in i t ions  

CORPUTE 

ANGLE 

Figure 8.2: Flowchart for subroutine **VcIcq* 
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10 
20 
30 
60 
50 
60 
70 
80 
90 
1co 
11c 
120 
1'0 
1 4 0  
9 50 
160 
170 
180 
190 
200 
21 0 
2! 5 
21 6 
21 7 
21 8 

230 
240 
250 
260 
265 
2 70 
280 
285 
286 
290 
320 
230 
331 
3 3 2  
334 
335 
336 
337 
340 

220 

REAL w , w u  
PRINT:"CYP,CLF, CF 
READ: CYS,CLE,CPT 
PRINT :"tYDA,CLOA,CKDA"- 
R V D :  CYbA,CLDA,CMDA 
PR I NT : "E Y D R , CLDR, CII'OR'' 
CEAD:C\DR,C&DR,CNDR 
PR1NT:"VSTALL IN FPS.,CLALPHA I N  RAD-1" 
READ: VSTALL,CLALPH 

PR1NT:"UINC AREA, YXNG SOPAN,ENG.SPAN/YING SPAN" 
READ: Sk!,E!?,BENG08 
PRINT:"PRCP, EFF,, RAX. HP, ONE ENG.,MAX. THRUST" 
READ: NP,HP)ISLS,THIN 
PR1HT:"PAX. RUDDER DEFL., RAX.AIL, DEFL, I N  DEG," 
READ: RUDDRW,WAXAIL 
PRINT: "GROSS UEIWT, CKE ENGINE CLIMB RATE" 
READ:UG,RC3 
PRINT: "BANK ANGLE DEG." 
READ: BANK 
PR1NT:"PROP. DIAW. IN FT, FIL'PWER OF ELADES,THRUST IMCL. ANGLE I N  OEG" 
READ: DPROP,BL,THRANG 
PR1NT:"IF JET ENGINE,ENT€R 7,CTHERUXSE ENTER 3" 
READ: NTYP 
PRIN1:"AVERAGE ItACELLE D I A  ." 
REA0:DBARN 
DENSIT = 0.0323769 
F T Y 4 . O  
RUDDRR=RUDDRP/57,3 
MAXA I L e A X A  IL/S?. 3 
BANK = BANK/57,3 
THRANG=THRANG/Sf.3 
DELTA =CYB*CLDA*CNDR+CYDA*CLDR*Ch%+CYDR*CLB*CNDA 

AR6=(RC3+0. I67 ) / (1 . 76*VSTAU) 
GARRA=ATAN(ARG) 
V = 0,6*VSTAU 

OBAR=O,5*DENSIT*V**2 
ALPHA=WC/(QBAR*SU*CLALPH) 
IF(NTYP.LT.5)GO TO 13 

12 FANDR=0.3722*DBARN*+2*QBAR 
NTl=(~ENGOB*BW*O.S)*(THIN+fANDR) 
LTl=SIN(THRANG+ALPHA)*NTl 
GO TO 14 

S-CNB*CLDA*CYDR-CNDA*CLDR*CYB-CNDR*CL@*CYDA 

10 v = v + 0.2 

13 PROPDR = QBPR*0,00125*BL*DPROP**2 
350 NTI = (BENGOB*BU*O. S)*(HPMSLS*NP*550,0/V + PROPDR) 
351 C CALL POWER(SL1FT) 
360 L T l =  NTl*SIN(ALPHA+THRAlJG)+SLIFT*BENGC~*@W*~.5 
370 14 R 1 3 = ~ ( Y G * S I K ( E A N K ) * C O S ( G A ~ A )  + FTY)/(PBAR*SW) 
380 R23 * -LTl/(QBAR*SU*BW) 
390 R33 = -(NTl)/(QBAR*SW*BU) 
4ao bRUDDR=(CYe*CLDA*R33+CYDA*R23*CNB+R13*CL8*CNDA 
41 0 g-CNB+CLDA*Rl~-CNDA*R23*C~-R~~*CLB*CrDA)/DELTA 
420 R=DRUDDR*DELTA 

Figurr 8.3: L l r t i n ~  of subroutine "VMc" 



460 vnc =I' 
47c DAILER = (CY@*RZ?*CKDRtR13*CLDR*CR8+CYDR*CLe*R~? 
baa &-CMB*R2~+CYOR-R33*CLDRtCYP-CN6R*CL~*Rl~)/DELT~ - -  ~ 

490 fF(APS(DAILER).GT.MAXAIL)GC T@ 10 
5co @ETA +(R13+CLOA*CNDR+CYDA*CLDR*R23-R33*CLDA*CYDR 
510 
520 v14C = V?!C*G.6818 
530 DAILER+DAILER*S?.Z 
560 BETA =BETA*57.3 

%-CNDA*CLDR*R 1 ?-CNDR*RZ?*C YDA 1 /DELTA 

5150 WRITE(6,20)VMC,DAILER,BETA 
560 20 FCRRAT(/,8WC = 8,F8.t,2X,8nPH',//,8AIl€R~N DEFLECTION = ',F!.Z, 
570 &2X, 8DEC8,//,8BETA = ',F8.2,ZX, 8DEG,g) 
57s STOP 
5c.@ EN D 

Figure 8.3: c o a t i a d  

TABLE 8.1 HP-25 ROUTINE FOR SINGLE OEGREE OF FREEDOM VyCc 

1 VS 
2 SlOl 
3 WS 
5 s n 2  

S WS 
6 
7 ws 
8 + 
9 WS 
10 X 

11 1 

12 6 

13 0 

14 0 

ST03 

x 

l5 16 R/S 
17 + 
18 STOS 
19 RCLS 

R C l O  20 
21 + 
22 3 

2 l  * 
23 f YX 

25 ACLl 

26 + 
27 CHS 

28 RCL2 

2 9  CHS 

30 + 

32 + 
33 Sf06  
34 f PAUSE 

35 RCLO 

36 . 
37 6 
38 8 
39 2 
40 x 
51 f MUSE 

41 f PAUSE 

43 . 
44 7 
4s 3 
4 6 3  

31 R C L ~  

57 ST-0 

48 GTOl9 



i ab le  8.2 VMC Variable L i s t  

VMC Variable Symbol Dcscr i p t ion Un i ts  type, Or ig in  .._ 

ALPHA 

BANK 

BENGOB 

BETA 

BL 

BW 

CLALPH 

CLB 

CLDA 

CLOR 

CNB 

CNDA 

CNDR 

CY B 

CY DA 

CY DR 

DA l  LER 

a 

0 

3 
bW 

B 

- 

bw 

cL a 

c 

C 

96A 

L6R 

C 

B ‘n 

‘n 
&A 

6R 
‘n 

cyf3 

6A 

cy6 

‘A 

Angle o f  Attack 

Bank Angle 

Engine Span over Wing 
Span 

Sidesl i p  Angle 

Number o f  propel l e r  
blades 

Wing span 

L l i t -Curve  Slope 

R o l l i n g  Moment due t o  
Sidesl i p  

Ro l l i ng  Moment due t o  
A i  Ieron Deflect i on  

Ro l l i ng  kment due t o  
Rudder De f 1 ec t  i on 

Yawing b n t  due t o  
Sides1 i p  

Yawing Moment due t o  
A i  le ron  

Yawing kment  due t o  
Rudder 

Side Force Coef f i c ien t  
due t o  S ides l i p  

Side Force Coef f i c ien t  
due to A i le ron  

Side Force Coef f i c ien t  
due t o  Rudder 

A i  l e ton  Def lect  ion 

rad 

deg . 
0 

rad, deg. 

- 

ft. 

rad - l  

rad-’ 

rad-’ ’  

rad-’ 

rad-’ 

rad-’ 

rad-’ 

rad-’ 

rado1 

rad - l  

rad, deg. 

In t c rna l  

Input 

Input, Comnon 

output 

Input, Common 

Input,  Comnon 

Input 

Input 

Input 

Input 

I npu 5 

Input . 

Input 

Input 

Input 

Input 

output 
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Table 8.2 VMC Variable L i s t  (continued) 

VflC Variable Symbol Descript ion Units Type, Origin 

DBARN 

DELTA 

DENS I T 

DPROP 

DRUDDR 

FANDR 

GAflMA 

HPflSLS 

LT 1 

MXAI L 

NP 

NT 1 

NTYE 

NTYP 

PROPDR 

R13 ,R23,R33 

RC3 

sw 

THRANG 

Hean Nacelle Diameter 

Determinant o f  Delta 
matr ix 

A i r  densi t y  

Propel l e r  Diameter 

Rudder Deflect 

Drag o f  Windmi 
turbofan 

on 

1 ing 

F1 i gh t  Path Angle 

Haximum sea-level 
horsepower 

Thrust Rol l  ing Moment 

Haximum A i  leron 
Deflect ion 

Propel l e r  Ef f ic iency 

Yawing Moment due t o  
Thrust 

GASP Engine type 
i nd i ca t o r  

GASP Propulsor type 
ind icator  

Drag o f  feathered pro- 
pel l e r  

Matr ix elements 

Engine-Out Rate o f  
C1 imb 

Wing Area 

Thrust i nc l i na t i on  angle 

f t  

- 

slugs/ft3 

f t  

rad, deg. 

l b  

rad 

hP 

ft l b  

deg 

f t  l b  

- 

- 

l b  

- 
f t  / m i n  

f t 2  

Input, Common 

Internal  

Internal  

Input, Comnon 

Internal  

I n ternal  

Internal  

Input, C o m n  

I n  terna 1 

Input 

Input 

Internal  

Comnon 

Common 

I n terna 1 

I n  terna 1 

Input, Comnon 

Input, C o m n  

Common 
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Table 8.2 VHC Variable L i s t  (conti.nued) 

VMC Variable Symbol De sc r I p t i on Un i ts  Type, Or ig in  

V V Ve loc i ty  f t /sec I nterna l  

6, deg s = o "  
VMC mph 

Minimum engine-out f t /sec,  mph Output 
con t r o  1 speed 'MC VHC 

41.3 37.7 35.8 33.5 29.0 26.7 22.1 

89.1 91.8 93.6 95.7 100.4 103.1 110.0 

VSTALL vs S t a l l  speed f t /sec Input 

6, deg 

VMc mph 
s - s '  

Gross Weight 1 bs. Input, Comnon "G 
WG 

38.0 36.6 32.0 29.2 26.7 22.3 21 .5 .  

88.0 89.0 92.5 95.0 97.5 102.5 103.5 

8.5 HAND CALCULATION 

With the a i d  o f  an HP 25 ca lcu la to r  a handcalculat ion was done f o r  

a i rp lane C. See Appendix C f o r  a threeview and data. Table 8.3 shows the 

r e s u l t s  o f  the ca lcu lat ion.  Compari son w i t h  the computer-run indicated 

per fec t  agreement . 
TABLE 8.3 RESULTS HANDCALCULAT I ON 

8.6 RESULTS 

Check-runs were made f o r  a i rp lanes A, C and H f o r  var ious banke;rgles. 

The r e s u l t s  are shown i n  Table 8.4. Also a comparison was made w i t h  aval -  

l ab le  testdata, again seeTable 8.4. Figure 8.4 shows the dependency o f  

VMc on bankangle, the data used were f o r  a i rp lane H. It may be concluded 

tha t  VHc i s  computed w i t h  reasonable accuracy. 
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TABLE 8.4 RESULTS COMPUTER-RUNS 

-1 0 

4 
I 
I 

I -5 

0 

5 

Piyre 0.4: Mainr S p u d  V u a Function of Bank Angle 
T h o  f f Par- t%s 
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C W T E R  9 

ROTATION SPEED 

9.1 INTRODUCTION 

The rpaed at which the aircraft rotates at  takeoff, VR, is 

calculated using a method from Reference 9.1. 

originally developed by Perry (Ref. 9.2) and is based on a constant 

rate of pitch-up after lift-off. 

that it is representative Of piloting techniques used in civil 

aviation since pitch angle can be directly observed, contrary 

to lift coefficient. 

assuming V = constant and (T - 0) = constant. 

This method was 

The advantage of the method is 

The equations of motion are linearized by 

9.2 DERIVATION OF EQUATIONS 

There are certain criteria concerning the speed during the 

takeoff (Ref. 9.3). The most important are the following: 

The rotation speed is the speed at 

which the pilot raises the nose wheel. 
'R 

'RLV1 Where V1 is the decision speed. 

v > 1.05v,,G Where VncG is the minimum speed for 

control during engine out cases. 
R- 

Should be chosen such that V2 is 'R 

reached at 35 ft, taking into account 

the speed increnent, AV, between VR 

and VI. 

v2-1.zvs 'S is the 1-8 stall rpaed. 

Is the speed at which the landing gear 

leaves the ground. 

' vLoP 
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VLoF 9*1V,, All engines or: 

V,,,cl.OSV,, For engine out conditions, where 

Vm is the minimum unstick speed, 

or the minimum speed at which the air- 

craft is still controllable when it 

leaves the ground. 

For low T/W ratios, V 

climb gradient. 

and VLOF may be increased to ensure positive R 

Figure 9.1 shows a schematic diagram of the takeoff. 

Figure 9.1: Taka-off par.rater8. 

9.2.1 ROTATION PHASE 

Assuming that the acceleration along the X-axis during the 

rotation phase is equal to the value at lift-off and a s s d n g  a 

mean rate of rotation about the Y-axis (de/dt),, it may be found 
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fo r  the  r o t a t i o n  dis tance:  

The angle  of a t t a c k  a t  which l i f t - o f f  

occurs; t h i s  follows from the CL - a 

curve i n  ground e f f e c t .  

OLOF 
where: 

The speed a t  l i f t - o f f  may be ca lcu la ted  as fOllOW8: 

u ~ ~ ~ - u  
VLOF = VR+AIV - V R +g{-"- (delat), LOF 

The r o t a t i o n  rate (d9/dt)g.depends mainly on e l eva to r  power and 

moment of i n e r t i a  about the Y-axis. 

say  be taken (Ref . 9.1) . 
As an average value 4.6 degfsec 

9.2.2 AIRBORNE PHASE 

The speed increment from lift-off speed t o  the  speed at 35' 

may be obtained from the  energy equation: 

(9.3) 

The c'tborne d is tance  is composed of two phases: 

A f la re -up ,  t he  f l i g h t  path angle  increases  from zero 

during t he  ground run t o  y at V2. 
2 

A phase with constant  climb angle  y . 
2 

The ca l cu la t ions  f o r  t h i s  p a r t  of t he  takeoff are based on Perry'm 

method (Ref. 9 . 2 ) .  Perry based h i s  method on nulperou8 observat ions 

of takeoffs  concerning l i g h t  as w e l l  as heavy a i r c r a f t .  From these  

observat ions funct ions were derived t h a t  descr ibe the  path of t he  

a i r c r a f t  a f t e r  l i f t - o f f .  Using these funct ions,  i t  is poss ib le  t o  
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ca lcu la t e  the gain i n  height  and the  f l i g h t  pa th  angle  during 

flare-up . 
The gain i n  he ight  a f t e r  l i f t - o f f  is given by: 

where: 
de 

rl (-) 
'LOF w F ( Q )  1 +-- 2g T - D  a d t A  

I dCL/da 
na c, 

LLOF 

F(h) I s  a non-dimensional funct ion of he ight ;  

may be determined from Fiqure 9.2. 

The r o t a t i o n  rate during flare-up may be approximated by using a 

value of (d8/dt)g or' 2-3"Isec for the  engine f a i l u r e  case and 

SO/sec f o r  t he  al l -engine case. 

The climb-angle during flare-up is  given by: 

y - = F ( 6 )  F(y)  d s  w 

( 9 . 3 )  

(9.6) 

(9.7) 

where: F(y)  is a nov-dimensional f l ight-path 

angle  funct ion depicted i n  Figure 9.2. 

The end of the  flare-up is reached when y - y2 ( f o r  the  engine out  

case)  o r  y - y3 ( fo r  the  al l -engine case). 

It should be noted t h a t  y can only be ca lcu la ted  when V2 2 

is known. Also, t he  funct ions F(h) and F(y)  are a funct ion of 

the  d is tance  t rave led  a f t e r  l i f t - o f f .  The ca l cu la t ions  are therefore  

iterative. 

By us ingHp 65 curve f i t t i n g  rout ines ,  t he  following set of 

formulae was found t o  f i t  the  curves i n  Figure 9 . 2 :  
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F(h) (0.01867 - -02682 X f +  ,21233 Xf 2 ) + 
+ t ( 3  0 na> (.0023 + ,0543[Xf - . 5 ] ) )  

F(y) = (0.09813 + .56022 Xf - .06661 X,*) + 
+ ( ( 3  0 nQ) (a009 + -0468 [Xf - . 4 ] ) }  

where : Xf I g.s 
2 

"LOP 

and s is the total distance from lift-off. 

( 9 . 8 )  

( 9 . 9 )  

(9.10) 
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9.3 PROGRAM DESCRIPTION 

A flowchart of the program is shown in Figure 9.3. Figure 9.4 

depicts the listing of the program. 

for theairplane A; Table 9.1 define6 the variables. 

Included is a sample output 

The lift-off speed is set slightly below the stall speed. The 

rotation rates (de/dt), and (de/dt), have default values .08 rad/sec 

and -04 rad/sec, respectively. Since these parameters are of prime 

importance for the rest of the calculations, they can be set at any 

other valce that suits more closely the configuration considered. 

(A routine that calculates these parameters as a function of inertia 

along the Y-axis and elevator control power may be useful.) 

lift-off speed is incremented by 2.5 ft/sec. The Mft-coetficient at 

The 

this value of lift-off speed is calculated, using an increment in 

normal acceleration of .OS ft/sec . If this value of the lift. 2 

coefficient is greater than the maximum lift coefficient (without 

ground-effect), the lift-off speed is incremented. The angle of 

attack in ground effect is calculated by subroutine "GROU!W". 

the calculated value of the lift-off speed, the value of (T-D)/W 

is calculated, using data obtained via "COMMOES'. 

For 

Now the rotation 

speed is calculated. A check is made to see if the rotation speed 

exceeds the speed for minimum control on the ground; if so, the 

lift-off speed is incremented and above procedure repeated. Xu 

the current setup, the VMc 

rotation distance is calculated. The total distance traveled so far 

is defaulted at .95 Vs. Now the 
GROUND 

is lncremented for the next loop in the program: 

Via subroutine "GROUND" the value for the lift curve slope I s  calcu- 

the airborne phase. 

lated. At this stage the functions F(y) and Fih) are calculated, 
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fromthe height and the climb angle. 

is incremented t i l l  the climb angle equals  the climb angle  f o r  the 

speed V2. (Vz = 1.2 V ) The dis tance needed t o  climb t o  35' 

is calculated.  

The l i f t - o f f  d i s t ance  SLOF 

S' 
Then a check is made f o r  the speed a t  35'; I f  t h i s  

is lower than V2, then the  l i f t - o f f  speed I s  incremented again and 

the  complete procedure repeated till  V35, = 1.2 Vs. 

9 .4  TEST;RI,!N 

The data  f o r  t he  t e s t r u n s  were found i n  Reference 9 .4 .  The 

testrun was done for a i r p l a n e  A, see Appendix C for data.  

WEIGHT DEPENDENT DATA: 

W = 9000 l b  W = 11400 l b  

VS = 152 f p s  = 175 f p s  vS 

= .071 0 - D )  /WLIpropp = -13 (T-D) /'LIFTOFF 

= -97 cL = 1.163 

Figure 9.4 shows the  computer output f o r  both runs. 

TABLE 9.1: VARIABLES IN SUBROUTINE ROTSPEED 

NAME ENG. SYMBOL DIMENSIOE; O R I G M  REMARKS /DEFAULT 

D-Y Al - ra3-l -- 
ALPHA a rad Common 

ALPCR 

ALPLQF U 

- a rad 

rad 

g 

LOF 
--- 
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TABLE 9.1 : VARIABLES I N  SUBROUTINE ROTSPEED (continued) 

ORIGIN REHAR#S/DEFAULT NAME ENC. SYMBOL DIHENSTQN 

BQDANG 

CD 

CL 

CUlbF 

DCLMG 

DELTSl 

DRTVl 

DTDTA 

DTDTR 

EYEW 

FG1 

FGAM 

FH 

FHl 

F l W m  

G 

CAMMA 

r m  

HAC 

HEIGHT 

rad 

- -. s 
- 
-- 
- 

f t  

f t / s e c  

rad/sec 

rad/sec 

rad 

- 
- 
- 
-- 
u_ 

2 f t / s e c  

rad 

rad 

f t  

f t  

CorPaon 

C o m a  

10 

2.5 

0.087 

0.087 

D-Y 

32.1741 
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TABLE 9.1: VARlABLES IN SIJRROUTKE ROTSPEED (continued) 

NAME ZNG. SYMBOL DLYF'SION ORIGIN REHARKS/DEFAULT 

81 hl f t  

L1-L3 

N u p  

m0 

s1 

rad-' 

lb see Ift 2 4  

ft 

n a 

0 

s1 

sAIR SAIR ft 

SLdF ft 

2 ftlsec 

ft 

SN 

SR0T 

n 

sROT 

sTOT 

sw 
T 

ft 

2 ft su 
T Common lb 

T-D 
W 
- 

ftlsec v2 v2 

v12 

- vL0P ftlsec 

f t Isec .95 vs VMCG vncG 

'ROT 

vS 

W 

xf 

f t Isec 

f t Isec 

lb 

-- 

-- 
ORIGINAL M G E  Is 
08 POOR QUALlnr VSTALL 

Common 

UI 

W 

XF 



1-1 <>- L3 ' 20 

A RETURN 

ANGLE OF All "GROUND" 6 
RDTAT I ON 
DISTANCE 

Flgure 9.3: Flowchrt for subroutine "ROTSPO" 
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;1;1 COEPUTE 

( 9 . 9  

HEIGHT AT 
END OF FLARE (9.4) 

I 

(9 .3)  

Flgura 9.3: continued 
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1 
2 
3 
4 
5 
6 
1 oc 
2 oc 
3oc 
40C 
soc 
60 
70 
80 
90 
95 
96 
100 
105 
110 
115 
116 
117 
130 
140 
145 
150 
155 
159 
160 
161 
162 
170 
180 
181 
182 
185 
190 
195 
200 
210c 
22 0 
223C 
224C 
225C 
228C 
230 
235 
240 
250 
258 
260 

DATA VS'IALL, :YEW, BODANG/168.9, .044, . O/ 
DATA SN,W,RH0,SW/0.,11400.,.0023769,231.77/ 
DATA HEfGHT,ALPHR,TDOWtO/2.7,. 124,. 122/ 
DATA A1,TDOW,T,CD,CL/S.114,.096,2000.,.06~4,1.163/ 
DATA VMCG,CLMAX/0.,1.32/ 
DATA DTDTR, DTDTA/ .09, .04/ 

SUBROUTINE ROTSPD (VROT) 

THIS SUBROUTINE CALCULATES THE ROTATION 
SPEED, ACCORDING TO THE METHOD OF TORENBEEK. 

WRITE (6,s) 

WRITE (6,6) 
FORMAT (lOX,"OF THE ROTATION AND THE LIFT-OFF SPEED") 
WRITE (6,4! 

REAL NALP 

5 FORMAT (lOX,"KU-FRL DEVELOPED SUBROUTINE FOR CALCULATION") 

5 

4 FORMAT (lOX,nTESTRUN FOR LEARJET MODEL 26"///) 

VLOF=VSTALL-2.5 
Ll=O 
L2=0 
t3=0 
k32.1741 
IF (DTPTR.EQ.0.) DTDTR=0.08 
CONTINUE 
IS (DTDTA.EQ.0.) DTDTA=O.OI( 
ALPGR=EYEW+BODANG 
GO TO 20 

2 CONTINUE 
L 3=L 3+1 
IF (L3.GT.20) GO TO 3 

VLOF=VLOF+2.5 
L 1 rL 1+1 
IF (Ll.GT.15) GO TO 12 
IF (SN. EO. 0. ) SNz1.05 
CLLOF=2.*SN*W/(RHO*SW*(VLOF**2.)) 
IF (CLLOF.GT.CLMAX) GOTO 20 
HAC=HEIGHT 
CALL GROUND 
ALPLOF =ALPHA 

20 CONTINUE 

COMPUTATION OF ROTATION SPEED AND DISTANCE 

TDOWLO=(T-D)/W 
VROTzVLOF-G*TDOWLO*((ALPLOF-ALPGR)/DTDTR) 
IF (VMCG. EQ. 0.1 VMCC:. gS*VSTALL 
IF (VROT.LT.VMCG) GO TO 20 
SROT=.5*((VROT+VLOF)*((ALPLOF-ALPGR)/DTDTR)) 

SLOF=C* ' 

41 CONTINUE 

Flgura 9.4: LIstlng of subroutine "ROTSPO" 
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27(3 
27 1 
272 
2 80 
285 
290C 
300 
310 
313c 
314C 
31 5C 
31 6C 
317C 
31 8C 
320 
330 
340 
34 1 
350 
351 
360 
370 
380 
390 
408 
409 
ill0 

' 420 
424C 
425C 
426C 
430 
440 
445 
446 
450 
451 
461 
464C 
465C 
466C 
470 
475 
476 
477 
480 
481 
4 82 
486 
489 
498C 

30 CONTINUE 
L 2 = L  2+ 1 
IF (L2.GT.50) GOT0 74 
SLOF=SLOF+lO. 
HACtH1 
CALL CLIFT 
DCLDAGtA 1 
NALP=DCLDAG/CLLOF 

THE FOLLOWING FORMULAS ARE HP-65 CURVE 
FITTINGS FOR FIG. 9.2 (REF 9.11, USED 
FOR COMPUTATION OF HEIGHT AND CLIMB- 
ANGLE DURING PITCH-UP 

FTHDOT=l . + (VLOF/ (2. *G ) 1 * ( 1 . /TDCW 1 *NALP*DTD'iA 
XF=G*SLOF/(VLOF**2.) 
FHl=(-. 01367-.02682*XF+. 21233*XF**2 .) 
FH=FH1+((3.-NALP)*(.0023+.0543*(XF-.~))) 
FG1=(-.09813+.56022*XF-.O6661*XF**2.) 
FGAM=FG1+((3.-NALP)*(.009+.0468*(XF-.4))) 

GAMMA2=(T/W-CD/CL) 
GAMMA=TDOW*FTHDOT*FGAM 

IF (CAMMA.LT.CAMMA~) GOTO 30 
Hl=(VLOF**Z./G)*TDOW*FTHDOT*FH 

50 CONTINUE 
L2=0 
S1=(35. -H 1 )/GAMMA2 
STOT=SROT+SLOF+Sl 

CHECK FOR V2 AT 35 FEET 

V2=VLOF+((G*(SLOF+S 1 )/VLOF) *(TDOW-35. / (SLOF+S 1 ) 1 ) 
V12=1.2*VSTALL 
L1=0 
SAIRzSTOT-SROT 
IF (V2.LE.VlL) GO TO 2 

GO TO 100 

WARNING MESSAGES 

90 FORMAT (lOX,"MORE THAN 15 ITERATIONS IN GROUNDROTATION"///) 
74 WRITE (6,811 

GO TO 50 
3 WRITE (6,861 
86 FORMAT (lOX,"ITERATION FOR V2 EXCEEDS LIMITS"///) 

GO TO 100 
12 WRITE (6,901 

81 FORMAT (10X,"MORE THAN 20 ITERATIONS IN LIFT-OFF PHASE"///) 

GO TO 41 
RETURN 

499 100 CONTINUE 

Figure 9.4: continued 

9.13 



504C 
505C OUTPUT DATA 
506C 
507 WRITE ( 6 , 1 0 9 1  W 
508 109  FORMAT (lOX,"WEIGHT= 
510 WRITE ( 6 , 1 0 1 )  VROT 
511 101 FORMAT (lOX,"ROTATION SPEED= 
512  WRITE ( 6 , 1 0 2 )  VLOF 

514 WRITE ( 6 , 1 0 3 )  V L  
5 1 5  1 0 3  FORMAT (10X,"SPEED AT 35 FT= 
5 1 6  WRITE ( 6 , 1 0 4 )  SROT 
517 104 FORMAT (lOX,"ROTATION DISTANCE= 
518 WRITE ( 6 , 1 0 5 )  SLOF 

5 20 WRITE ( 6 , 1 0 6 )  S 1  

522  WRITE (6 ,107)STOT 
523 107 FORMAT (lOX,"TOTAL DISTANCE= 
524 WRITE (6,108) SAIR 

513 102  FORMAT ( lOX,"tIFT-OFF SPEED= 

5 i 9  1 0 5  FORMAT (lOX,"LfFT-OFF DISTANCE= 

521 106 FORMAT (lOX,"CLIMB-OUT DISTANCE: 

525 1 0 8  FORMAT (lOX,"AIR-DISTANCE= 

", l F 1 0 . 2 , "  

n ,  1 F 1 0 . 2 , "  

" , l F 1 0 . 2 ,  

n , l F 1 0 . 2 , n  

, l F 1 0 . 2 , "  

" , l F 1 0 . 2 , "  

) I ,  1 F 1 0 . 2 , "  

W ,  ?F 1 0 . 2 ,  (' 
" , 1 F 1 0 . 2 , "  

530 WRITE (6,87) 
531 87 FORMAT (10X,"***END OF SUBROUTINE ROTSPD***"///) 
540  STOP 
550 END 

FT 

i 
FT I 

FT 

FT 

FT. 

3 --. ---e f ,  
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9.5 RESULTS AND DISCUSSION 

Figure 9.5 shows a comparison of calculated take-off speeds with 

flight manual data (Ref. 9.4). 

were found in Reference 9.5. 

and (d6/dtIA have a great influence on the results of the calculations. 

An increase i n  (de/dt), decreases the air distance, while an increase 

in (de/dt), increases the rotation speed. No data on actual pitch-up 

rates were available, but the ones used for the computation seeni to be 

reasonable. The GASP run shows a lower V and V mainly because of a 

low pitch-up rate during take-off. 

than actual values, but within 10%. Figure 9.6 shows the air distances. 

The data used in the calculations 

As stated earlier, the parameters (de/dt), 

R 2 '  

The air distances are all higher 

1 

100 110 120 130 140 
Airspeed kts 

Figure 9.5: Comprrlron of  trke-off  speeds 
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CHAPTER 10  

INERTIA ROUTINE 

10.1 INTRODUCTION 

Moments of i n e r t i a  are used i n  the  determination of the dynamic 

s t a b i l i t y  c h a r a c t e r i s t i c s  of an a i r c r a f t .  

f o r  input  i n t o  t h e  dynamic s t a b i l i t y  rout ine  are In, I y y ,  Izz, and 

The s p e c i f i c  values  needed 

represent ing morcents of i n e r t i a  i n  r o l l ,  p i t c h ,  and yaw, respec- IXZ' 

t i v e l y ,  and the  XZ c ross  product. 

In  its o r i g i n a l  form GASP does not  compute i n e r t i a s .  Several  

ideas  were cons: .ered f o r  producing an i n e r t i a  rout ine.  It was 

determined t h a t  the  i d e a l  rou t ine  should use mainly GASP var i ab le s  

and compute i n e r t i a s  wi th in  2 10%. 

I n e r t i a  d a t a  were s o l i c i t e d  from a number of a i r f rame manufac- 

t u r e r s  t o  provide base l ine  data .  

and examined f o r  t rends ,  i n  t he  hope t h a t  a modiCied s ta t is t ical  

method could be derived. These are presented as Figure 10.1-3. This 

Data for  18 a i r c r a f t  were graphed 

method d id  not produce the  des i red  r e s u l t s .  

A t r ia l  run was made with a method from Reference 10.1. This 

method is re-a t ive ly  simple and provides the required accuracy; i t  

was, therefore ,  chosen f o r  inc lus ion  i n t o  GASP. A desc r ip t ion  of 

the  method and r e s u l t s  follows. 

10.2 DISCUSSION OF METHOD 

The moment of i n e r t i a  of a body about i t s  own axis of r o t a t i o n  

is given by: 

(10.1) I - l r  2 pAdV 
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. 

0 

Flguro t O , l r  S t r t t r t i c r t  d r t r  for pltchlng moment of I n o r t i r  
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Flgurr 10.21 Statistlea1 data for rolllng moment of inrrtia 
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Figure 10.3: Strtirticrl data for yawing m n n t  o f  inertia 
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where: r is the  d i s t ance  t o  a poin t  from the 

r o t a t i o n  axis, and 

$oAdV is t h e  mass. 

The I n e r t i a  thus obtained w i l l  be r a fe red  to  as Io, f o r  a body about 

its own axis. 

t h e  p s r a l l e l  axis theorem: 

-Tiif3 i n e r t i a  may be transformed to a remote axis by 

(10.2) 2 I - I* + rr2 

where: 
r is t h e  r ad ius  t o  t h e  remote axis. 

In t h e  d e t a i l  design phase t h e  a i r c r a f t  may be broken up i n t o  

several hundred sec t ions  t o  de t e ra tbe  i n e r t i a s .  This is not  p r a c t i c a l  

i n  prel iminary design. 

through 10.3) it is apparent t h a t  a purely statistical approach 

Fro3 the  graphs of i n e r t i a  d a t a  (Figures 10.1 

would be d i f f i c u l t .  The method of Reference 10.1 combines some 

aspec t s  of weight breakdown and statistical &hods t o  produce rela- 

t i v e l y  rapid r e s u l t s .  

The method of Reference 10.1 d iv ides  t h e  empty a i r c r a f t  into 

f i v e  major sec t ions :  

1) win8 

2) Fuselage 

3) Horizontal  S t a b i l i z e r  

4) Vertical S t a b i l i z e r  

5) Po-wer P lan t  (Engine and Nacelle) 

Mass and d i s t ance  froin the  r o t a t i o n  axis are determined for 

each sec t ion ,  r e s u l t i n g  in the  mr2 tern of Equation (10.2); Io's 

f o r  each s e c t i o n  are given by s t a t i s t i c a l l y  based equations. 
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The inertias thus obtained are for the empty aircraft, gear up. 

Variable item inertias are estimated with formulas for standard 

geometric shapes. 

Fcrmulas for the 

illustrates geometric 

various I 0 's are presented below. 

variables. 

Figure 10.4 

a. 

Flguro 10.4: Alrplano -try 
 ORIGIN^^ W ~ E  

Wing Pitching Moment of Inertia, Ioy OF Qum 
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(1) then: (3 )  - (2)  - -- 
Mw 

where : 

(10.4) 

is the smallest of the following values: c. 

is the intermediate value Cb 
is the largest  of  these values cc 

Iop - .733 (3) 

then: 

b. Wing Rolling Moment of Inertia,  fox 

(For value of K see Figure 10.5.) 1' 

(1C.6) 

(10.7) 

Flguro 10.5: 

Paraastor for  Wing Rolling 
m t  o f  Inertia,lo 

X 
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IOZ c. Wing Yawing Moment of Inertia, 

d. 

Io2 = IOX + IOY 

IOY Fuselage Pitching tioment of Inertia, 

I =  OY 37.68 

(For value of K see Figure 10.6.) 2 '  

0' . 1  .2 . 3  .4 .5 .6 .! 

(10.8) 

(10.9) 

LF/2 - x 

LF/* 

Note: 

param t c r  : 
X-axi I ccF 

figure 10.6: 

Parameter for Fuselage Pltching 

bnmnt of  I n e r t i a ,  lo 
Y 

e. Fuselage Rolling Moment of Inertla, Iox 

0 -  Mf K3 (;;;tlJ - 
IOX 4 (10.10) 

(For value of K see Figure i0.7.) 
' 3' 

f . Fuselage Yawing P:ameny of Inertia, fOZ 

(10.11) Io2 = IOY 

IOY g. Horizontal Sta5ilizer Pitching Moment of Inertia, 

2 + cc Cb + cc 2 ) (1) = ; (-Ca + Cb 

(2) = 12 (-C7 + Cb 

If: 

P 3 + c Cb + c Cb2 + c (10.12) 
C C C 
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_I_ . - -. 
Figure 10.7: Paramtar for fuselapa Rolling 

l b n n t  of Inmrtia, I 
OX 

- -_ - -  

(112 
% (3) = (2) - - (10.13) 

where : 

(10.14) 5i - .5 (-Ca + Cb + CJ 

is the smallest of the following values: ‘a 
bHtanA 

(10.15) 
b ~ t a d ~ %  

; c  + 2 c%; 2 t, 

‘b I s  the intermediate value 

cc 
is the largest of these values 
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then : 

Ioy - .771 (3)  

h,  Horizontal Stabilizer Rolling Moment of Inertia, LOY 

(10.16) 

(For value of K4, see Figure lo.@.) 

. 

.S .6 .7 .8 .9 1.3 1.1 1.2 1.3 1 . 4  

Flgura 10.8: Paramter  for Horizontal  T a l l  

Rolling Nomen( of I n e r t i e ,  I 
OX 

(10.17) 

c 

Note: 

pa ram te r : 
X-rXf  I 

r 
cH 

b ‘RH + 2 ‘tH 

(‘RH + ‘tH ) 

10.10 



i .  

j *  

k. 

Horizontal Stabilizer Yawing 1:oment of Inertia, Ioz 

Io2 = IOY + IOX 

Vertical Stabilizer Pitching Moment of Inertia, Ioy 

(10.18) 

(10.19) IOY = IOX + Io2 

Vertical Stabilizer Rolling Moment of Inertia, Iox 

I 
IOX 18 

(For value of K5, see Figure 10.9.) 

0 1 I I 1 I I 

i 
L 

- 3  .4 .5 .6 .7 .I .9 1.0 1.1 

Figura 10.9: Parrmetar for  Yarticrl 1.11 Rolling 
t b m n t  of I n e r t i a ,  I 

OX 

Mote: 
X-rxi  s 
prram tar :  

(10.20) 
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1. 

m. 

n. 

0 .  

Vertical S t a b i l i z e r  Yawing Moment of I n e r t i a ,  Ioz 

i f :  (10.21) 2 2 + cc Cb + cc 1 (1) = g (-Ca + ‘b 

3 3 Cb + cc Cb2 + c 3, (10.22) 
C 

(2)  = fi + cb + cc 

where : 

. 
= .5 (-Ca + Cb + CJ 

is the smallest of t h ?  fol lowing values:  ‘a 

% 
c%; bvtanALEV; ct  + bVtanA 

V 

is the l a r g e s t  of t hese  values ‘b 

then : 

Ioz - .771 (3) 

Power Plant  Pitching Moment of I n e r t i a ,  Ioy 

(10.23) 

(10.24) 

(10.25) 

(10.26) 

(10.27) 2 
+ MeLEng 

Power P lan t  Rolling Moment of I n e r t i a ,  Iox 

Iox - .083 M % 

Power Plant  Yawing Moment of I n e r t i a ,  fOZ 

(10.28) 2 
P ac 

(10.29) IOZ = IOY 

K values are s t a t i s t i c a l l y  based and presented i n  graphic form 

as Figures 10.5 - 10.9, reproduced from Reference 10.1. 

was f i t t e d  t o  the K l  l i n e  with a power curve f i t .  K2 - K5 are l i n e a r  

An equation 

10.12 



equat ions of the  form y = mx + b. 

1.8438 + .64 K1 = 1.2454 (X1  - .585) (10.30) 

where : 

(10.31) 

K 3  = .07 + .186KC (Wf / W f )  (10.32) 
S 

K4 = 1.970X2 - 1.055 (10.33) 

where : 

(10.33a) 

IC5 = 2.3620X3 - 1.134 (10.34) 

where : 

X 3  = 2 l{byT*0.3333(cR+ 2ctm 1) 

(10.34a) 

Fuel and passenger i n e r t i a s  are not accounted f o r  by the method 

of Reference 10.1. 

Asmning t h a t  a l l  f u e l  is carried in the  wing and t i p  tanks, 

f u e l  i n e r t i a s  may be approximated as follows: 

Referring t o  Figure 10.11, the  f u e l  tank is assumed t o  s t a r t  a t  

the  fuselage and continue a d i s t ance ,  bfuel 12, to  a s t a t i o n ,  R. 

f r a c t i o n  of the  wing chord f i l l e d  with f u e l  is given by Cfuel 

The 
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Fwl Tank I 

I II I I-- 
i 

' / O  i 
ftgum 10.10: Frnl tank --try 

Fuel volume is assumed trapezoidal. 

volume with z ,  y ,  and r coordinates as shown, the inert ia  about the 

r = 0 plane is  given by: 

Integrating over the trapezoidal 

R 2  = 2X lo r pdMdr 

= 2X ~ ~ t 2 p ( Z 1  - Zlr + Z2r)(Y1 - Ylr + Y2r)dr 

I O X X  

(10.35) 

Z1, Z2, Y1, Y2, and p are constants, allowing integration 

of the equation t o  yield:  - R 3 (O.O~~~PX~Y~+O.OSPX Y + 0 . 0 5 ~ ~  y +0,2px y I O X X  2 1  1 2  2 2  
(10.36) 
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The var iab les  Z Z2, Y1, and Y2 a r e  funct ions of known var iab les :  1’ 

Z2 = 

where : 

( t / c r  - t / c t ) i L  - bfuel /b ) + t/ctc2 

= Cfue l  c1 

y2 = Cfue l  c2 
3 

32.174 
p = f u e l  dens i ty  i n  l b / f t  

(10.37) 

GASP approximates t i p  tanks a s  p r o l a t e  spheroids.  Tip tank 

va r i ab le s  are i l l u s t r a t e d  i n  Figure 10.11. 

(10.38) 

(10.39) 
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The t i p  tank l a t e r a l  loca t ion  va r i ab le  has a de fau l t  value of bW/2; 

using o ther  values drop tanks o r  nacelle f u e l  may be simulated. 

Io inertias are ca lcu la ted  f o r  t i p  tanks about t he  p i t ch  and yaw 

axes by: 

Bxis 2 1  IO =tip 5 1 2  (Axia) + (2/ M 

using the  inertia formula f o r  an e l l i p t i c a l  body of revolut ion.  

Io f o r  the r o l l  a x i s  is considered negl ig ib le .  

Passenger i n e r t i a  va r i ab le s  a r e  i l l u s t r a t e d  i n  Figure 10.12. 

I 

Figure 10.12: Possongw cocnp.rtnnt. 

(10.40) 

Passenger Io's about t he  r o l l  axis are found by assuming the  passenger 's  

mass t o  be uniformly d i s t r i b u t e d  over a 4.3 by 1.5 f t .  rectangle .  

i n  the  p i t ch  and yaw axes a r e  considered negl ig ib le .  

Io's 
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's required f o r  the  dynamic s t a b i l i t y  de r iva t ives  a r e  IXZ 
approximated by considering the  Ixz's of the  t a i l ! , ,  and the wing 

where appl icable .  

10.3 CHECK CALCULATIONS 

The sample a i r c r a f t  of Reference 10.1 was used f o r  a check 

ca lcu la t ion .  

a. 

See Appendix D f o r  da ta .  

Wing P i t ch ing  Moment of I n e r t i a  Ioy 

Ca - 8.75 
Cb - 17.08 
Cc - 25 
p - 27.98 
(1) * 5908.3 

(2) = 88370.4, 

(3) = 13492.6 
2 = 9485.3 s l u g  f t  IOY 

b. Wing Rolling Moment of k e r t i a  Iox 

2 Iox = 135546 slug f t  

c .  Wing Yawing Moment of I n e r t i a  Ioz 

2 = 145031 s lug  f t  IOZ - I O X  + IOY 

d .  Fuselage P i tch ing  Moment of I n e r t i a  Ioy 

2 
* 311319 s l u g  f t  *OY 

e. Fuselage Rolling MoPrent of I n e r t i a  Iox 

K3 = .98 
2 = 11899.9 s lug  f t  lox 
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f .  Fuselage Yawing Moment f I n e r t i a  Ioz 

2 = 311319 slug ft Io2 = I O Y  

ca = 3.539 

g. Horizontal S t a b i l i z e r  Pi tching Moment of I n e r t i a ,  Ioy 

Cb = 7.709 

C = 8.33 
C 

p = 4.97 

(1) = 149.61 

(2) = 837.4 

(3) = 117.2 

Ioy = 90.38 

h. Borizor ta l  S t a b i l i z e r  Rol l ing Moment of I n e r t i a ,  Iox 

K4 = .72 - 1723.8 % 
i. Horizontal  S t a b i l i z e r  Yawing Moment of I n e r t i a ,  Zoz 

Ioz = Ioy + Iox - 1814.2 

IOX j. Vertical S t a b i l i z e r  Rolling Moment of Xaertia, 

K5 - .93 

Iox - 188.6 

k. Vertical S t a W l i z e r  Yawing Moment of I n e r t i a ,  Ioz 

Ca = 12.56 

C,, - 20.8 

C, = 20.89 
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p - 0.64 

(1) = 122.2 

(2) - 1815.17 

(3) = 213.6 

Io2 = 164.7 

I O Y  
1. Vertical S t a b i l i z e r  P i tch ing  Moment of I c z r t i a ,  

2 IOY - lox + Io2 * 353.3 s l u g  f t  

m. Power Plant  P i tch ing  Moment of I n e r t i a ,  Iui 

Io* = 2748.8 

n. Power Plant  Rolling Moment of inertia,.XOX 

2 = 448.6 s lug  F t  lox 

0 .  Power P l a n t  Yawing Moment of I n e r t i a ,  Xo2 

2 Io2 = IOY = 2748.8 s l u g  f t  

xz p. A i r c r a f t  Cross Product I n e r t i a ,  I 

1x2, = 2892.1 

2 
‘‘wing 

A comparison of these r e s u l t s  with the  r e s u l t s  of Reference 10.1, 

as w e l l  as with the  computer t e s t run  output ,  will be done I n  Section 

10.4. 
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10.4 PROGRAM D' :RIPTION 

The method described iq Section 10.2 was transformed into a 

Table 10.1 shovs the computer variables FORTRAN computer routlne. 

as used in the program. 

gram. 

shown in Figure 10.14. 

used in the tests are given in Appendix D. 

Figure 10.13 shows a : I ~ w  chart of the pro- 

A listing of the program as well as a sample outpit is 

A description and three-view of the aircraft 

TABLE 10.1 VARIABLE NAMES IN SUBROUTXNE "INERTA" 

AXIS 

BENCOB 

BFUEL 

BHT 

BVT 

BW 

BXIS 

CA 

CB 

cc 

CGLG 

CFUEL 

S 

beng/bW 

bf ue l  

bm 

bVT 

by 

b 

% 

cc 

CGLG 

f uel 

Conmon Major axis of 
tip tank 

Zommon 

Common 

Co-n 

Common 

Common 

Common Minor axis of 
tip tank 

Common Radial distance 
from fuselage 
center line 
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TABLE 10.1 VARIABLE NGMES IN SUBROUTINE "INERTA" (continued) 

- NAME ENC. SYMBOL DEiENSION ORIGIN REMARKS 

CHORD1 

CBORDZ 

CON 

CONSTl 

CONSTZ 

CONST3 

CP.CLHT 

CRCLVT 

CRCLW 

CTHT 

CTVT 

CTW 

GBARN 

ELCG 

ELCCH 

ELCGV 

ELF 

ELN 

-_. 
--. 
--- 
--e 

--- 
--- 

.IT c? 

%r 
C 

C 

\ b l  

C 
tI!XT 

%r 

tw 

C 

C 

nac a 

'CG 

'CG, 

X 
"VT 

efus 

lL*sc 

D - v  

Dummy 

-Y 

D-V 

D-Y 

Dummy 

--- 
--- 
-u 

-- 
-- 
-- 

Common 

Common 

Common 

Coonuon 

Common 

Common 

Common 

Common 

Common 

Common 

Common 

Common 
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TABLE 10.1 VARIABLE NAMES IN SUBROUTINE "INERTA" (continued) 

NAME ENG. SYKBOL DIMENSION ORIGIN REE'MRKS 

ELTIP 

ELWIHG 

ENGIOX 

ENGIOY 

ENCfx 

ENGIY 

ENGIZ 

NELD 

Fusrox 

FUSIOY 

FUSiX 

Fus I Y  

FuSIZ 

G W I X  

GEARIY 

GEARIZ 

ft 

ft 

2 slug ft 

slug ft2 

2 slug ft 

slug ft- 

2 slug ft 

3 

lb/gaL 

2 slag ft 

slug ft' 
.* 

2 slug ft 

slug ft 

slug ft 

slug ft 

slug ft 

slug ft 

2 

2 

2 

2 

2 

Common 
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TABLE 10.1 VARIABLE NA??S IY SUBROUTINE "INERTA" (continued) 

NAME ENG. SYMBOL DIMENSION ORIGIN REHARKS 

HC 

HORIOX 

HORIOY 

EORIX 

HORIY 

HORIZ 

ft CotnmoU 

-- 2 slug ft 

slug ft 

slug ft 

slug ft 

slug ft 

slug ft 

slug ft 

slug ft 

--- 2 

2 

2 

2 

2 

2 

2 

I- 

n? 4n 
--- I 

zzHT 

Ixx 
INERTY 

INERTZ 

IOY 

IROW 

IROW2 
2 slug ft IXXP 

2 slug ft IXZ 

IXZH 2 slug ft 

2 slug ft Ixzv 

2 slug ft 1 x m  

ORIGINAL BAGE Ea 
OF POOR QUALITY 

2 slug ft IYYP 



TABLE 10.1 VARIABLE NAMES LN SUBROUTINE "INERTA" (continued) 

NAME ENG. SYMBOL DIMEHSION ORIGIN REMARKS 

IZZP 

Kl 

K2 

V? 

K4 

K5 

LENG 

M 

IYB 

MBT 

MEP 

KFTP 

MFW 

MHT 

MLG 

MP 

M P A W  

MPLMAX 

MTIP 

Pax 
I Z Z  

K1 

K2 

K3 

K4 

K5 

e 
=*g 

M 

W 

wB 

W 
P= 

t iP 
wf u e l  

Wfueb 

'HT 

'LG 

W 
P 

W 
Pax 

W 
PaxmaX 

t iP 
W 

2 s l u g  f t  

--- 
--_ 
--- 
--- 
--- 
f t  

lb 

Ib 

s lugs  

s lugs  

s lugs  

s lugs  

s lugs  

s lugs  

s lugs  

s l u g s  

s lugs  

s lugs  

Common 

--- 

Common 

-_- 

Dummy 
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TABLE 18.1 VARIABTE NAMES I N  SUBROUTINE "INERTA" (continued) 

NANE WG. SYMBOL DIMENSION ORIGIN REMARKS 

MVT 

Mw 

PAX 

PS 

R 

R l  

RELP 

RELR 

RHO 

SAB 

S.4H 

SF 

SWPLE 

SWPLEH 

SWPLEV 

TCR 

TCT 

TIPIOY 

WAX 

wvT 

% 
N 
P a  

'seat 

fgfus 

IEfus 

eng 
'CC 

fus 'CG 

P 

Sfus 

slugs 

slugs 

2 4  lb sec /ft 

--- 
ft2 

rad 

rad 

rad 

--- 
2 slug ft 

ib 

Common 

Common 

--- 
--- 
--- 

--- 

--- 
Common 

CommDn 

Common 

Common 

Common 

Common 

Common 

C o m o n  

_-- 

Common 

Excluding 
pilot 

.33 
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TABLE 10.1 VARIABLE NAMES I N  SUBROUTINE "INERTA" (continued) 

NAME ENG. SYMBOL DIPENSION O R I G I N  REMARKS 

VERIOX 

VERIOY 

VERIOZ 

VERIX 

VERIY 

VERIZ 

WAS 

lim 

WBT 

wc 

WEIGHT 

WEP 

WFIOX 

WFZX 

WFIY 

WFTP 

WFW 

I 
OXVT 

I 
OYVT 

I 
OZVT 

I 
XXVT 

5 T  
I 

I 
'VT 

Waisle 

wBs 

wB 

*C 
W 

W 
Pe 

fue l  I O X  

XXfue l  
I 

f ue 1 

"ZUCl 
t iP 

2 s l u g  ft 

s lug  ft 

s l u g  ft 

s l u g  f t  

s l u g  ft 

s lug  f t  

2 

2 

2 

2 

2 

ft 

l b  

lb 

f t  

l h  

lb 

s l u g  €2 

s lug  ft2 

2 s lug  f t  

lb 

l b  

Common 

Common Fuselage sec t ion  
weight 

Common Fuselage weight 

Common 

Common 

--- 

Common 

Common 

1.0.26 



TABLE 10.1 VARIABLE NAMES IN SUBROUTINE "INERTA" (continued) 

REMARKS NAME ENG. SYMBOL DIMENSION ORIGIN 

WHT 

WLG 

WNGIOX 

WNGIOY 

WNGIOZ 

WNGIX 

WNCIY 

WNGIZ 

WP 

WPLMAX 

ws 

WTIP 

WVT 

ww 

XP ILOT 

Y1 

Y2 

YCGENG 

'HT 

'LG 

O% 

OYW 

I 

I 

IO% 

IXXW 

I 
nW 

zzW 

wP 

Pax,ax 

I 

W 

seat 

t iP 

W 

W 

'VT 

W 
W 

Xpilot 

--- 
--- 

- 
en!? 

'CG 

lb Comon 

lb Common 

--- 2 slug ft 

slug ft 

slug ft 

slug ft 

slug ft 

slug ft 

2 

2 

2 

2 

2 

lb 

lb 

ft 

lb 

lb 

lb 

ft 

Common 

Common 

Common 

Common 

Comon 

Common 

Common 

Dummy 

Dummy 
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TABLE 10.1 VARIABLE NAMES IN SUBROUTINE "INERTA" (continued) 

ORIGIN REMARKS NAME ENG. SYMBOL DIMENSION 

YCGHOR %GHT f t  Common 

t iP 
%G 

CGwing 
P 

YCGTIP 

YCGWNG 

ft 

ft 

Common 

Common .18 bW 

Z1 

22 

ZCGHOR 

Dummy 

D W Y  

--- -e- 

--- 
Common 

- 
2 
C G ~ ~  

- z 
"VT 

ZCGVER ft Comon 
O 6  bVT 

- 
Z 
cGW 

ZCGWNG ft Common 

Table 10.2 illustrates the comparison between the result$ of 

the hand calculation, the data of Reference 10.1, and the computer 

output for the test airplane K (see Appendix D for details). 

TABLE 10.2 COMPARISON OF INERTIA COMPUTATIONS 

KU-FRL KU-FRL 
" INERTA" " INERTA" 

Hand Calculation Ref. 10.1 Compute r 

9,485.3 

135,546 .O 

145,031.0 

9,493.2 9,443.9 

135,591.5 135,861.6 

145,084.7 143,305.5 

I 
OYW 

IO% 

I 
OZW 

ORIGINAL MGE Ib 
OF POOR QU- 10.28 



TABLE 10.2 COMPARISON OF INERTIA COMPUTATIONS (continued) 

I 
OXfus 

I 
OYHoz 

I 
OXHOZ 

IoZHo z 

I 
"vert 

I 
O)bert 

I 
''Vert 

=ng 
I O Y  

I 
OZeng 

KU-FRL KU-FRL 
" INERTA" " INERTA" 

Hand Calculation Ref. 10.1 Computer 

311,319.0 

11,899.9 

311,319.0 

90.4 

1,723.8 

1,814.2 

353.3 

188.6 

164.7 

2,748.8 

448.6 

2,748.8 

311,473.4 

1.1,798.5 

31i ,473.4 

95.7 

1,774.9 

1,870.6 

305.2 

188.4 

116.7 

2,748.8 

447.9 

2,748.8 

311,994.9 

11,191.9 

311,994.9 

90.3 

1,724.4 

1,814.7 

339.3 

189.2 

150.1 

2,761.8 

448.6 

1,966.8 

2 NOTE: A l l  inertias in slug ft . 

Table 10.3 gives the results of computer runs to determine the 

mass properties for several general aviation aircraft. Also given 

are manufacturers'data. 
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TABLE 10.3 INERTIA CALCULATIONS, COMPARISON 

x 
TYPE 

E M?n# 

E UTOW 

F MWE 

F mow 

H MWE 

H mow 

A MWE 

A MTW 

INERTA 
HANF . 
INERTA 
MANF . 
INERTA 
MANF . 
INERTA 
MAVF . 

INERTA 
W F  . 
INERTA 
MANF . 
INERTA 
MIUF . 
INERTA 
m. 

650.6 
631.7 

697.0 

829.6 
794.2 

121s. 2 
1551.4 

9467.5 
8846.0 

17512.7 
14884 .O 

6793.2 
6045. o 
34319.6 -- 

2.9 

4.3 

27.7 

6.6 

15.0 

11.0 

644.4 
661.5 

645.9 -- - 
1560.2 
1571.3 

1879.8 
1878.3 

13930.9 
14318.0 

21554.0 
20270.0 

17260.9 
14948.0 

22561.9 --- 

2.7 

15.5 

.I 

2.8 

6.0 

13.4 

1231.9 
1157.9 

1254.9 --- 
2993.7 
2252.4 

3334.7 
3301.0 

22076.5 
21830.0 

37267.6 
33836.0 

22919.0 
19572.8 

52960.9 --- 

The average error i n  the computations i s  as follows: 

I 

6 . 0  

24.7 

1.0 

1.1 

9.2 

14.6 

11 3% 6.8% 5 .7% I 
It may be concluded that the subroutine INERTA performs w e l l  

within the accuracy required for preliminary design work. No data 

-25.96 

-1891.7 

-267.5 

-1320.4 

- 

were available for comparison with the Ixz computations. 
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COMPUTE 
K, , Kz 'K3 ' 
Kk 8 K5 .. 

f l  CA - CONSTl 

( 1  0 .30 -34 )  

CC CONST! 0 

9 
CONVERT 

WEIGHT TO 
MSS 

v 

CB = CONST?. 

CC = CONST3 

CB - CONST3 

CC - CONST2 

I I 

COMPUTE 

CONSTANTS 

CA CONST3 

C B  - CONSf2 

r C A  - CONST2 

C3 = CONSTI 

t f 1 
+ 

I 

F*gure 10 .13 :  Flowchart of  subroutine l+INERTP1l 

(10.5) 
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DENS I TY 

(10.6) 

(10.7) Fl 
1-1 oxv OZV 

~ ] ( 1 0 . 1 5 )  CONSTANTS *I 
CHECK = 0 

RESET 

CON .771 . -  
COKPUtE k COMPUTE 

( 1 0 . 2 0 )  

( 1 0 . 2 8 )  

COMPUTE Cl 
t-;] 

COMPUTE 

CONSTANTS 

CHECK - 1 0 
RESET F[ 

Figure 10.13:  continued 
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& COMPUTE 

t 
C W U T E  

en9 
I x x  

COEWITE :*I 

COMPUTE 
1 
' t n g  

* 

COMPUTE ~1 

ADO 
I NERTl  A 
COMPONEIiTS 

COMPUTE 

COMPUTE 

COMPUTE FI 

1 
C W U T E  $1 

Figure 10.13: continued 

C W P U T E  0 'xz I s  

COMPUTE 

C W W T E  

I NERT I AS 

COMPUTE 
PASSENGER I INERTIAS I 

TOTAL 
I NERTl AS < RETURN 

10.33 



10.34 



10.35 



r i w n  10.14: ContInucrQ 
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l i g ~ r r  10.14: continued 
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Figure 10.14: Sampla printout for subroutine "INERTA" 

10.5 REFERENCES 

10.1 Marsh, D .  Mass Moment of Inertia Estimation 

Methods, Manned Aircraft, 

SAWE Technical Paper # 313, 1962 
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11.1 VARIATION OF DRAG COEFFICIENT WITH ANGLE OF ATTACK, CD 
a 

11.1.1 INTRODUCTION 

This derivative is of importance only for slow speed flight. The 

computation is vcording to the method as described in Reference 11.1.1. 

11.1.2 DERIVATION OF EQUATIONS 

This derivative may be estimated, using the parabolic approximation 

of the drag polar: 
2 C, L +-  'D = c ~ o  p ~ l r  e (11.1.1) 

By differentiation, the derivative C may be found: 
Da 

2c c 
La (11.1.2) 

acDO 
+ rime CD = - aa a 

The first term in the right hand of the equation is often very small; it is  

also difficult ti calculate. Therefore, it will be disregarded. 

The lift curve slope, C 

If the Oswald Efficiency Factor, e, is not explicitly given, it may 

, may be computed according to Section 11.2. 
La 

be computed using Figure 11.1.1. 

11.1.3 HAND CALCULATION 

A hand calculation for Airplane A, using data presented in Appendix C, 

provides the following results: 

From Section 11.2 fol1.ows: 

C - 5 .25  (rad-') 
La 

11.1.1 



The Oswald efficiency factor follows from figure 11.1.1: 

Y - .87 
_ .  

For a lift coefficient of CL = .3,equation 11.1.2 then gives: 

C = .1939 (rad-*) 
DB 

This compares with a computer generated value of: 

CD = .1952 (rad'') 
a 

Reference 11.1.2 gives: 

CD = .225 (rad'') 
N La 

This is a difference of 13.2 X compared t o  the computer generated 

value . 
1.0 

.4 

.2 

-+\ f 1 - . 3  and . S  
x - 1.0 I 

0 4 8 12 16 20 
Wing Aipect Ratio 

Figure ll.l.l&Method for ertlmaring the Oswdd efficiency factor 

11.1.4 DESCRIPTION OF PROGRAM 

Table 11.1.1 provides a listing of the variables used In the 

program, Figure 11.1.2 shows a flowchart, while a listing and a sample 

11.1.2 



p r i n t o u t  are given in Figure 11.1.3. 

may be input; if not, it will be calculated according to Ffgure 11.1.1. 

The Oswald Efficiency Factor, e, 

TABLC 11.1.1 V A h X L E  NAMES IN SUBROUTINE "C3ALPHA" 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS - 
AR 4R 

CDA 
a cD 

cL CL 

a cL CLALPH 

E e 

--_ Common 

rad-' --- 

START 0 13 I NPUT 

COMPUTE Fl "L I FCRV" 

Default 

COflPUTE 
( 1  1.1.2) 

Ffgure 11.1.2: Flowhart o f  LICOALPH1l 
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7 :r' 
1: 

C D A  = 2.1SClF 3AD-1 

Figuro t t . f . 3 :  L i s t i n g  and sample printout 
for rubroutl no ITDALPHAI' 

RZFERENCES 

11.1.1 Roskam, J. Methods for Estimating Stability a& Controf Derivativea 
for Conventional Subsonic Airplanes. 
Corporation, Lawrence, KS. 1977. 

Roskarn Aviation and Engineering - 
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11.2 LIFT-CURVE SLOPE 

11.2.1 INTRODUCTION 

The method currently used in GASP to calculate the lift-curve 

slope of the airplane is one derived from Reference 11.2.1. The 

accuracy of this method is less than desired for the calculation 

of a variable that is of prime importance in design work. There- 

fore, a subroutine was developed that uses a refined method for 

the calculation of the lift-curve slope. 

11.2.2 DERIVATION OF EQUATIONS 

The lift-curve slope of 3 surface may be computed using the 

Polhamus Formula (Reference 2) : 

(11.2.1) 

This formula calculates the lift-curve slope of the surface without 

body. Using a lifting surface method (Ref. 11.2.3), calculations 

were made for the lift-curve slope of a wing without body and tail, 

as a function of aspect ratio and leading-edge sweep angle. 

results were compared with the results obtained with the Polhamus 

Formula. From this comparison an error-function was found. The 

error thus found is added to the value for the lift-curve slope 

found with the Polhamus Eormula to yield a corrected value for the 

lift-curve slope. 

in Appendix A. 

These 

The derivation of the error function is given 

m e  error function is given by: 

11.2.1 

.. 



- 4: SOL- 1+(1~87-.000223*hLE)*PR/100 (11.2.24 

where: in rad. 

The corrected lift-curve slope is now given by: 

S O L  cL a CORR a cL (11.2.3) 

To convert sweep angles of one chord position to another, use is 

made of the following formulas (Ref. 11.2.2): 

(11.2.4) 1 1 4 )  TANhc12 = TANhc/4 - 1R (- 1 + x 

(11.2.5) 2 1 4 )  
Tm$.,E TmAc/2 + \1+x 

For a ratio of wing span to fuselage diameter, b/d>2, the following 

approximation may be made: 

"w 
cL = Kws cL 
% 

(11.2.7) 

(11.2.8) d = 1 - .25($) + , 0 2 3  
2 where : 

The lift-curve slopes for wing and horizontal tail may be found 

using Equations (11.2.1) through (11.2,5) . The dovnwash ratio 

de/da may be found using Section 11.3. 

11.2.3 HAND CALCULATION 

Following i8 a hand calculation for Airplane A for which data 

ace presented in Appendix C. 

For a Mach number of M = .2, the lift-curve slope of the wing 

i6 : 
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(11.2.1) CL = 4.401 (rad-') 

"w 
(11.2.2b) SOL = 1.066 

(11.2.3) CL = 5.690 (rad ) -1 

The l i f t -curve  s lope  of the  hor izonta l  t a i l  is: 

(11.2.1) CL = 3.795 (rad-') 

% 
(11.2.2a) = 1.075 L 

(11.2.3) CL = 4.079 (rad-') 

"a 
The body cor rec t ion  f a c t o r  is: 

(11.2.8) qlB = .999 

The downwash follows from Section 11.3 as: 

dc/da = 0.338 

The t o t a l  a i rp l ane  l i f t -curve  s lope  then is: 

(11-2.6) CL = 5.260 (rad-') 
Q 

The computer program generated a value of: 

CL = 5.254 (rad-') 
a 

Reference 11.2.2 provided a value of: ORIGINAL BAGE EB 
OF POOR Q U M  

(+, = 4.956 (rad") 
a 

This is a d i f fe rence  of 5.7X compared t o  the  computer value.  

11.2.4 PROGRAM DESCRIPTION 

Table 11.2.1 provides a l i s t i n g  of t he  va r i ab le s  used i n  subroutine 

"LIFTCURV." Figure 11.2.1 shows a flowchart and Figure 11.2.2 shows a 

11.2.3 



listing and a sample printout. The comput8tloa of the lift-curve 

slope of a l i f t i n g  surface is done in function "SLOPE" to provide 

more versatility to the program. 

TABLE 11.2.1 VARIABLE NAMES It? S'JBROUTINE ''LIFl'CURV'' 

lata ENC. SYHBOL DIMENSION ORIGIN RENmKS 

AR 

Au?I 

BATA 

B 

c1 

c2 

CLAHT 

G U L P 1  

CLAPH 

CLAW 

DEFDAL 

DFUS 

DLMC4 

DLHC4H 

EM 

ETAHT 

AL 

4 3  

8 

b 

c1 

c2 

cL 
"E1 
-- 

E a ci 

2L 
"w 

d d d a  

*fus 

A- 
c / 4  

%/48 

M 

?E 

ColmDon 
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TABLE 11.2.1 VARIABLE NAMES IN SUBROUTINE "LIFTCURV" (continued) 

NAME ENG. SYMBOL DIMENSION ORIGIN RE.fARKS 

KAPPA 

KPOL 

KWB 

RLMc2P 

RLMCSP 

RLpaEp 

S?iT 

SLU 

SLHfI 

SLOPE 

su 

K 

%OL 

KWB 

%I2 

A- 
c / 4  

$E 

sH 

a 

+i 

cL a 

S 

-- 
rad 

rad 

rad 

ft2 

rad-' 

2 
ft 

Common 

Co-n 

Cormaboa 

Comon 

11.2.5 



(*) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 

r 

I 

UNCORRECTED ( 1  

CORRECTED ( 1 1.2.3) 

Flgurr 11.2.1: F l w h r c  for subroutine "LIFCRIP' 



1c I l ~ f R O U T I N E  LIFCRV (CLALPH) 
15 3EAL KW6 
20 COMPON/UIt~G/DLMC4,AR,SLN,B,CRCL~,CEARW,SW,CLA~P 
30 CCPMON/HORZ/DLPC4H,AR~,S~~,@~T,CBAPHf,SHT,CLAHF,CRCL~T 
35 COMMCN/FUS/ELF,DFUS,HC,UC,LN,ELTH,HH,SO,R2I,LV,ZV 
40 CCBMCN/AERO/ EM,RHO 
50 DATA EH,RH@,ETAHf/.2,.0,.99/ 
60 CLAU=SLOPE(DLMC4,SLH,AR,ER,CLAWP) 
70 CLAHT=SLOPE(DLK4H,SLMH,ARH,EM,CLAHP) 
80 CALL DOWNUS (DEPDAL) 
90 KW@=l. - . tS*(DFUS/B)+*2+.025*(~US/~)  
100 CLALPH=CLAW*KWB+CLAHT*ETAHT*(SHT/SU)*(l.-DEPDAL) 
103  WRITE (6,lOCC) 
1C4 1000 FCRRAT (lOX,"KU-FRL SWRCUTINE FOR LIFTCURVE ALOPE"///) 
105 WRITE (6,1010) CLALPH 
166 1010 FCRMAT<I@X,"CLALPH = ",1F10.5," RPO-1 " / / I  
1 1 C  RETURN 
120 END 

10 
20 
59 
40 
50 
60 
70 
80 
FC! 
100 
110 
120 
130 
1 4 0  
150 
160 
170 
180 

FUNCTION SLOPE (DLf?C4P,SLmP,ARP,EMP,CLbLPP) 
REAL KPOL,KAPPA 
RLPC4P=DLKC4P*.0174533 
RLMC2P=ATAN(SIN(RL~C4P)/COI(RLMtLP)-( ( (1 .~~L~P)/ ( lo+SL~P)) /ARP))  
BATA=SQRT(l .-EMP+*Z,) 
KA PPA=C LALPP/6.28319 

C 2= (ARP*@ATA/K APPA 1 **2. 
CLAtPl=4.28319*ARPl(2.+SQR~(Cl*C2+4,)) 
RLMLEP=ATAN(SIN(RLMCZP)/COf(RLMC2P)+(2.*((l.-SLMP)/(l.+SLRP))/ARP)) 
IF (ARP.GT.4.) GO TO 10 
KPOL=l,+<l.P7-.OCO223*RLMLEP)*ARP/lOO. 
GO TO 20 

10 KPOL=l.+( (8.2-2.3*RLVLEP)-(. 22-, 153*RLMLEP) *ARP) /loo. 
20 CONTINUE 

SLOPE=CLALPl*KPOL 
RETURN 
END 

Cl=(l.+((SIN(RLNC2P)/CCS(RLMC2P))/EATA)**2) 

CLALPH = 5.254 PER RADIAN 

FIguro 11.2.2: L i s t i n g  and umplo pr in tout  for subroutine "LIFCRV" 

11.2.7 



11.2.5 REFERENCES 

11.2.1: C.D. Perkins 6 Airplane Performance, Stability and 
R.E. Hage Control. New York John Wiley & Sons, Inc. 

1949 . 
11.2.2: Dr. Jan Rosbam Methods for Estimating Stability and Control 

Derivatives of Conventional Subsonic Airplanes. 
Roskam Aviation 6 Engineering Corporation, 
Lawrence, KS. 1977 

11.2.3: Dr. E. Lan Lifting Surface Computer Program, 
University of Kansas, Aerospace Department. 

11.2.8 



11.3 DOWNWASH BEHIND THE WING 

11.3.1 INTRODUCTION 

The downwash behind the  wing is  frequent ly  needed f o r  the  calcula-  

tion of o ther  var iab les .  Therefore,  f t  is use fu l  t o  have a subrout ine 

f o r  t he  ca l cu la t ion  of the  downwash. 

11.3.2 bERIVATION OF EQUATIONS 

Reference 11.3.1 provides the  formulas f o r  t h i s  subroutine. The down- 

wash may be found from: 

For the  downwash gradien t  a t  low speeds, t he  following formula is 

applicable: 

= 4.44 ( K ~ K ~ K H  q 4 ) l * 1 9  
da M=O 

(11.3.1) 

(11.3.2) 

where : 

(Correction f ac to r  (11 . 3.3) 
1 KA = 1/R- 

1 + 1 ~ ~ * ~  f o r  aspect r a t i o )  

10 - 3x 
= 7 (Correction f a c t o r  (11.3.4) 

f o r  taper r a t i o )  

The parameters llH and % a r e  defined i n  Figure 11.3.1. 
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Figure 11.3.1: Geometric paramrterr for horizontal tail location 

11.3.3 DESCRIPTI?N OF SUBROUTINE 

A flowchart of the  subrout ine is shown i n  Figure 11.3.2. The 

ca l cu la t ion  of t he  va r i ab le s  is  q u i t e  s t ra ightforward.  

va r i ab le  DOWN1 is set a t  0, the  subrout ine s k i p s  the  ca l cu la t ions  

f o r  low mach numbers, re turn ing  d i r e c t l y  t o  the  c a l l i n g  rout ine.  

A l i s t i n g  and a sample output of t he  program are given i n  Figure 

When the  

11.3.2-3. 

11.3.4 HAND CALCULATION 

This is a hand ca l cu la t ion  of t he  subrout ine fo rAi rp lane  H. 

The following da ta  are av i l ab le :  

= 0 deg %4 

l!R = 7.54 

x = 0.41 

= 3.35 f t  

b = 45.88 f t  

3i 
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- 21.75 ft % 
M - .066 - 5.021 rad-’ CL 

= 5.015 rad-’ cL 
alM=O 

With these data the following variables can be calculated: 

‘1/4c = o  rad 

0.1014 

1.2529 KA 

- 0.9436 KtI 
FACT - 0.3557 

dE/dalM - 0.3561 

Which compares to a computer calculated value of: 

dc/daIM = 0.3561 

According to fXght test data the downwash without power is: 

de/dalM - 0.333 

11.3.5 DESCRIPTION OF PROGRAM 

The variables used in the computer program are listed in Table 11.3.1. 

A flowchart is shown in Figure 11.3.2, while Figure 11.3.3 shows a listing 

as well as a sample output of the program. 

Note: 

de/da - 0.627, this compares to a wind tunnel value of de/da = 0.633 (Ref. 6.2). 

Calculations in Chapter 6 show a computed downwash for airplane C of 
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TABLE 11.3.1 VARIABLE NAMES AND ORIGINS IN SUBROUTINE DOWMJS 

NAHE ENG. SYMBOL DIMEEJSION ORIGIN REMARKS 

AR 

B 

CUWM 

CLAW0 

DEPDAL 

DLMC4 

DOWN1 

ELTH 

EM 

PIP 

FACT 

HH 

KAR 

KTAPR 

KH 

RLMc4 

SLM 

SLOPE 

SLOPE0 

R 

b 

L c 

"1, 

a w L o  
cL 

de /da I 

'114; 

_u 

%I 

M 

M 

- 
% 

KR 

KA 

'k 

'1/4c 

a 

cL 

cL 

Or '  M 

aLl 

common 

COlpPIoII 

"SLOPE" 

l'DOWNWS" 

coumon 

common Switch to 
avoid loops 

conunon 

common 

--- 
- 

c0IIIW)n 

Duarmy variable 

Dummy variable 

-- 
--e 
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CONVERT 

SWEEPANGLE 

COHPUTE 

KA' %' 5 

"SLOPE" 

"SLOPE" 

( 1  1 . 3 . 3 )  
(11.3.4) 
(11.3.5) 

( 1  t .3 .1)  

COHWTE 

a n-0 

e RETURN 

(l1.3.21 . - 
i 

Flguro 11.3.28 flowchart * - c  rubroutlno "DWNUS1l 

COEIPUTE 

C 
J La In-0 

11.3.5 

' 

COMPUTE 

dc XI n 



. , . .  . F .  ... ' & I &  : I . \ : . . - : I  L;l 

Figure 11.3.3: 

11.3.6 REFERENCES 

pr in tout  for subroutine 

11.3.1 Roskam, J. 'lethods for Estimating Stability 
for Conventronal Subsonic Airplanes. Roskam 
Corporation, Lawrence, KS., 1977. 
- 

"DOUHWS" 

and Control Derivatives 
Avla t Ion & Engineering 
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11.4 @ X A T I O N  OF PIIChiNG MOMENT WITH ANGLE OF ATTACK, CM 
0 

L e  computation 0: this derivative has been discussed in chapter 6, 

Longitudinal Stability, 

11.5 JARIATION OF DRAG COEFFICIENT WITH FORWARD SPEED, CDu 

This derivative is usually negligible in the subsonic Mach range. It may - 
be computed from the drag-polars at higher Mach numbers according to &ation 

11.5.1: 

C = - acD 
DU aM (11.5.1) 

Where: M is the Mach number in steady state flight, for 

the condition considered. 

is the slope of the curve of drag coefficient - acD 
3M 

versus Mach number at the Mach number considered. 

Since the drag polarsat high Mach numbers are not available in the GASP program, 

this derivative is not computed. 
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11.6 CL , VARIATION OF LIFT COEFFICIENT WITH SPEED PEXTURBATIONS 
11 

11.6.1 DERIVATION OF EQUATIONS 

According t o  Reference 11.6.1, CL can be  estimated from: 
U 

(11.6.1) 
U 

where: M is t h e  Mach number and CL i s  the  l i f t  2oe f f i c i en t .  

11.6.2 HAND CALCULATION 

Test #l was done for the  Airplane A a t  MI.: snd CL= ,410. 

Equation 11.6.1 y i e lds :  

so the  approximation (Equation 11.6.1) i s  very good i n  t h i s  ins tance .  

CL = ,394.Fligttttest datagives CL = .400, 
U U 

11.6.3 DESCRIPTION OF THE PROGRAM 

The CL subroutine is a very simple program. It r equ i r e s  M 
U 

and C as input and then c a l c u l a t e s  C according t o  Equation 11.6.1 L 

above. 

LU 

Table 11.6.1 g ives  t h e  v a r i a b l e s  used in t h e  program. 

TABLE 11.6.1 VARIABLE LIST 

NAME ENG. SYMBOL DIMENSION ORIGIK REMARKS 

CL -_- Common cL 

CLU 
U 

cL 
-_- output 

A flowchart is  given i n  Figure 11.6.1, while Figure 11.6.2 shows a l i s t i n g  

as w e l l  as 'a  sample p r in tou t .  

11.6.1 



Figure 11.6.1: flowchrt for rubmut inc ' Y L W '  

CLC = 

Figura t1.6.2: L i s t i n g  and -le pr in tout  for 
rubmutino "LW" 

11.6.4 REFERENCES 

11.6.1 Rosb., J. Methods for Estimating Stability a& Control Derivatives 
Conventional SubsoTic Airplanes. Roskam Aviation 6 Engineering 

Corporation, Lawrence, KS. 1977. 



11.7 Cm ; @IM10b1 OF PITCHING MOMENT COEFFICIENT DUE TO SPEED 

U PERTURBATIONS, Cm 
U 

11.7 1 DERIVATION OF EQUATIONS - 
b f e r e n c e  11.7.1, pp. 4.1, eq. 4.3 g ives  Cm as: 

U 

a%% 
cRl = - C L  a M  

U 
(11.7.1) 

where: C is the  l i f t  c o e f f i c i e n t  L - GG is the  non-E'mensional aerodynamic center  of t he  wing 

M is the  Mach number 

Because a z  / a  M is very hard, i f  not impossible t o  determine a n a l y t i c a l l y ,  
"'w 

reference 11.7.1 suggests  p l o t t i n g  3 
t he  c ru i se  Mach number and drawing a l i n e  through the  points .  

the  l i n e  is  a&cT../a n . 

V.S. Mfor Mach numbers adjacent  t o  

The s lope  of 
=W 

Figure 3.9, page 3.12 i n  reference 1 presents  families of curves f o r  t he  

parameters : 
z - ac V I  

-'ac is the  wing a.c. loca t ion  measured pos i t i ve  a f t  
cR 

along the  root  chord. 

is t he  wing taper  ratio. 

(& is the  root chord. 

L 

is the  leading edge A~~ A is the  wing aspect r a t i o ,  

sweep angle  

A ta%E 

11.7.1 



The pertinent wing geometry is given below i n  Figure 11.7.1: 

I I I I 

Figure 11.7.1: Wing georatry 

From Figure 11.7.1, i t  is possible to  find & i n  terms of X'ac, Ymac, cw 

or : 

(11.7.2) 

The computation of XLc  is  done with function "ACEM" and is  described 

i n  d e t a i l  in  Chapter 6 .  
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11.7.2 HAN3 CALCULATION 

B 6 A tan%E L c W  M 
tanl\t€ 

.8 .60 ,640 4.685 .362 

.85 .527 .562 4.685 .373 

.9 .436 .465 4.685 .390 

* 

Three cases where computed: 

1) Wing alone a t  M = .8, .85, .9 

2) Wing alone a t  M - .75, .8, .85, .9, .95 

3) Airplane A, Cruise Mach = .83 

The da ta  f o r  the  wing are: 
- 

b = 30 f t  c = 7.0 f t  

S = 180 f t 2  x * .2  f t  

A = 5.0 

cg - 10.0 f t  

= 43.13 deg 

YHAc = 5.8 f t  

ct - 2.0 f t  

The da ta  f a r  a i rp l ane  A are given i n  Appendix D. 

case 1) are given i n  t a b l e  11.7.1. 

The computations f o r  

Table 11.7.1 Hand Calculat ion 1 

By l i n e a r  regress ion  a l i n e  i s  constructed through the  poin ts  defined 

by M and t o  f ind:  CW 

= .280 aM 
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For a l i f t  coe f f i c i en t  of CL = . 15  i t  then follows with eqn. 11.7.1: 

-.042 
U 

cm 

Table 11.7.2 shows t he  r e s u l t s  f o r  case 2 ) :  

Table 11.7.2: Hand Calcul a t i o n  f o r  w i n e 2 1  

- 
M 

.75 

.80 

.85 

.90 

.95 

8 B A t a d L E  L C w   tad^^ 
.661 .706 4.685 .354 

.60 ,640 4.685 .362 

.527 .562 4.685 .373 

.436 .465 4.685 .390 

.312 .333 4.685 .419 

By l i n e a r  regression i t  was found tha t :  

Again, f o r  a l i f t  coe f f i c i en t  of CL = .15, equation 11.7.1 then gives:  

= -.047 
U 

In  exac t ly  the  same manner as f o r  the wing above, the computations f o r  air- 

plane A produced f o r  a c ru i se  Mach number of .83: 

Cm = -.036 
U 

ORIGINAL UW? 
OF POOR QU.WIY 
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11.7.3 DESCRIPTION OF PROGRAM 

The computation of Cm is split in two parts. The 

. is computed in Function "ACEM." T h i s  
U 

of the w i n g  & %- 

aerodynamic center 

program is described 

in Chapter 6. 

It calls Function "ACEM" three times for consecutive Mach numbers to compute 

the slope 3gc /aM. 
Figure 11.7.2 shows a flowchart, while Figure 11.7.3 shows a listing of the 

The mainline of subroutine "CMUU" computes the derivative Cm . 
U 

Table 11.7.3 explains the variables used in the program. 
W 

program, including a sample output. 

'fable 11.7.3: Variable List 

Name Eng. Symbol Dimension Origin Remarks 

AM 

AR 

CBARW 

C L  

CMU 

CRCLW 

sx 
SY 

S S Q  

SUMXY 

XBARW 

u- 

Common 

Comon 

Common 
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START 

INPUT 

INITIALIZE 
TO ZERO, 

COMPUTE 

6 RETURN 

. 
Figure 11.7.2: Flowchart for rubroutina WKHJlv 

ORIGINAL U O I I  
OF POOR QU- 



10 
20 
30 
4 0  
50 
60 
70 
80 
90 
100 
110 
120 
1 3 0  
1 4 0  
1 5 0  
160 
1 70 
180 
190 
2 0 0  
210 
220  

Test # 

1 

2 

SUBROUTINE CMUU (CMU) 
CONMON/WING/DLMC4,AR,SLH,B,CRCLU,CBARW,SU,CLAWP 
COMMON/ F L I T  E / ALPHA, EM, CL 

SUMXY=O. 
SX=O. 
SY=O. 
SXS Q=0. 
AM= EM-. 15 
DO 1 I=1,5 
AM=AMt .OS 
XBARU=ACEM (AM,AR,SLN,DLMC4,CRCLW) 
SUM XY =S UMX Y t XB ARY *AH 
SX=SXtAM 
SY=SYtXBARW 
SXSQ=SXSQ+AW**2 

1 CONTINUE 
PXBPEW=(SUMXY-SX*SY/S.)/(SXSQ-(SX**2)/5.) 
CMU=-CL*PXBPEM 
WRITE (6,2) CHU 

2 FORMAT(lOX,"CMU = ",1F10.4) 
STOP 

END 

% Error 
cmU 

Description a j $ c / b M  aT$,/aM by Cm 
(haxd) (computer) by hand computer 

wing .280 .166 -.042 -.025 , 40.48% 
.8 5 3f 5. .9 
AM = .05 

wing .316 .175 -.047 -.026 44.685: 
.75 LM 5 .95  (too small 

(too small 

Figure 11.7.3: L is t ing  and sample pr in tout  
for  subroutine W W l P  

3 

- 

11.7.4 PROGRAM RESULTS 

Table 11.7.4 summarizes the results of calculations for C . m 
U 

Table 11.7.4 CMU Subroutine test results 

AM = .05 

Airplane A --- -.078 -. 036 +.0117 Wrong 
.73 < F 1 <  .?3 Sign 
AM =.07 

Notes: Cm from eq. 11.4.1 with CL = .15. 
U 

X error as in section 11.4.5.2. 
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Tab le  11.7.5 - CMU Test #l 

Wing 13, .8 5 ML .9, AM = .05,  Cruise M = .85 

I. 

M 

.80 

.85 

(hand) % (computer) X Error  - 'B, 54 
.362 .369 1.93% ( too  big) 

.373 .377 1.07% ( too  big)  
1 

.90 I .390 .386 1.03% ( too  small) I 
These e r r o r s  combine i n  a way which makes the  s lope  of the  least  squares 

l i n e  (arid therefore  the  value of Cm ) much too small ,  about 40% too small as 

shown in Table 11.7.4. change the  slope is 

i l l u s t r a t e d  i n  Figure 11.7.4. 

u 
The way the  small e r r o r s  i n  kc w 

dC 
j i  

MACH Number 

Figurr 11.7.4: Conparing ? ' S  
'=Y 
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A s imi l a r  

the  Mach range 

the  Mach range 

.75 .354 .363 2.54% (too b ig)  

.80 .362 .369 1.93% (too big) 

.85 .373 .377 1.07% (too big)  

t 

Wing 13, ,75 2 

.90 

.95 

s i t u a t i o n  happens i n  Test t 2 .  The 

are a l i t t l e  too b ig  while the  Ea 

are a l i t t l e  too -mall. Table 11.7.6 i l l u s t r a t e s  t h i s .  

's a t  the  low end of 
W 

' 8  a t  the  high end of % 

1.03% (too small) .390 .386 

.419 .399 4.773 ( too small) 

- 

Table 11.7.6 - CMU Test 82 
Mz .95,A M = .05, Cruise  M = .85 

l i c y ( h s . d )  "6 (computer) % Error  

Conpideration was given t o  the  p o s s i b i l i t y  of using a cor rec t ion  f ac to r  

s ince  i n  Tests  1 and 2 Cm was about 40% too small. 

dropped because t h e  d i r e c t i o n  of t he  e r r o r s  i n  the  & 
o r  high M) is what determines whether t he  computer predicted Cm 

o r  too small. 

it becomes obvious t h a t  the s lope of t he  l i n e  w i l l  be too big ins tead  of 

too small. 

However, the  idea  was 
U 

's ( too  big f o r  low M "w 
is too b ig  

Imagine the e r r o r s  going the  o ther  way i n  Figure 11.7.4 and 
U 

The subrout ine was subsequently t e s t ed  f o r  a i rp l ane  A. Another e r r o r  

i n  the  bas ic  method became apparent. The CMU program predicted a pos i t i ve  

Cm while the  a i rp l ane  d a t a  gives  Cm as negative.  A check was done t o  see 
U U 

if the  computer was generating an e r r o r  O r  i f  Figure 6.5 a c t u a l l y  predicted 

a forward movement of the  a e r o d y n a i c  center  with increasing Mach number. 

Table 11.7.7 gives  the r e s u l t s .  
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Table 1 1 . 7 . 7  - CMU Test C3 

Airplane A, .73 < - -  M <  .93, AM * .Of, Cruise M * .83 

.78 

(hand) %c (computer) 
W 

M 

--- .284 

-I 

1 

.88 .279 .280 

I .83 I --- .282 I 
I .93 I --- .275 

The hand-check shows t h a t  Figure 6 . 5  indeed p r e d i c t s  a negative a%, /aM 
W 

for t he  wing of a i rp l ane  A. 

I n  l i g h t  of t h i s  d i f f i c u l t y ,  work on the CMU subroutine was stopped. 

There may be o ther  ways t o  p r e d i c t  C 

a t  t h i s  time. I n  any case,  t he  ACEM subrout ine  g ives  reasonable p-edictions 

of Eatw t o  the  ex ten t  t ha t  Figure 6 . 5  is accura te .  

bu t  they have not  been inves t iga t ed  m 
U 

11.7.5 

11 .7 .1  

REFERENCES 

Roskam, J. 
for Conventional Subsonic Airplanes.  Roskam Aviation & Engineering 
Corporation, Lawrence, KS., 1977. 

Methods f o r  Estimating S t a b i l i t y  and - Control Der iva t ives  
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11.8 CD , VARIATION OF DRAG COEFFICIENT WITH TITCH RATE - 
Q 

This derivative is usually negl i g l b l e  in the subsonic Mach range. 

11.8.1 



11.9 CL , VARIATION OF L I F T  COEFFICIENT WITH PITCH RATE 
q 

11.9.1 DERIVATION OF EQUATIONS 

Reference 1 presents the method used for calcuiating CL . 
C,, may be considered to be the sum of a wing and tail contribution, 

the fuselage effect being usually small. 

q 

9 

CL - CL + CL 

9 qw QH 

For the wing contribution: 

A + 2 COS Ac/4 
(rad-’) 

‘W I M-0 
cL =( A B +  2 cos 

‘W[M 

where : 

(rad’‘) 

W I M=O cL a ‘W I M=O 
A is the aspect ratio 

B is the compressibflity factor 

2 2  
- 4 1  - M cos A 4 4  

(11.9.1) 

(11.9.2) 

is the quarter chord sweep of the wing “cl4 

1j the distance (positive rearward) from 

the airplane center of gravity to the 

aerodynamic center 

xw 

(11.9.3) 

- 
C is the 

is the 
W U 

cL 

M is the 

wing mean geometric chord 

lift-curve slope of the wing 

Mach number 

(11.9.4) 

11.9.1 .. 



For the  hor izonta l  t a i l  contr ibut ion:  

c? = 2 CL 'H 'li (rad") 

q ~ l ~  ' H I M  
where : 

cL 'HIM 
i s  t h e  l i f t - c u r v e  s lope  of the  hor izonta l  

t a i l  

is t he  ra t io  of dynamic pressure a t  t h e  

hor izonta l  t a i l  t o  t h e  f r e e  stream dynamic 

pressure 

is t h e  hor izonta l  t a i l  volume c o e f f i c i e n t  

11.9.2 HAND CALCULATION 

The hand c a l c u l a t i o n  check u t i l i z e s  d a t a  from Reference 2. 

The d a t a  is f o r  Airplane C; d a t a  are given i n  Appendix c. 
d a t a  are f o r  a center  of grav i ty  condi t ion of f 

Mach number of M - .083. 

These 

= 12 and a 
c.j . 

First, B must be calculated.  

B = d  1 - (.083)2 (cos2 -.044 r a d )  

= d  1 - (.077) (.998) 

= .997 

C, may be ca lcu la ted  now. 

I 
cL 

'W I M=O 

P CL 
'WlM 

2('645 f t )  4,35/rad [+ + 4.958 f t  3 
3.3011 rad 

3.30llrad 1 7.5 + 2 COB -.044 rad 
(7.5) (.997)+ 2 COB -.044 rad 

3.3151 rad 
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= (2)(6.08/rad ) 0 . 0  ) (.547 ) cL 

= 4.464lrad 

= 3.315/rad + 4.464/rad 
4 

cL 

= 7.7791rad 
q 

cL 

Subroutine C is a simple,  s t ra ightforward program. The L 
Q 

equations of 11.9.1 were programmed d i r e c t l y  i n t o  the  computer. 

The program c a l l s  var ious subrout ines  f o r  needed da ta ,  and calls 

on t he  coIPmOn block f o r  t he  remaining datc.  

One var iab le ,  \, appearing i n  11.9.1, must be calculated.  

5 is not  drawn from t he  common block but can be derived from. 

subroutine products. 

v a r i a t l e s  €or ca l cu la t ion  of %. 
Subroutine "SIZE" produces the  required 

11.9.3 DESCRIPTION OF PROGRAM 

Table 11.9.1 presents  t he  va r i ab le s  used within the  CL 
q 

subroutine. 

TABLE 11.9.1 VAAIABLE NAHES AND ORIGINS IN SUBROUTINE CL 
q 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKT 

ARU 

B 

CBARW 

CLQ 

A 

B 

- 
C 

9 
cL 

--- Compressibility 
Correct ion 
Factor 

f t .  Common 

rad-' 
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TABLE 11.9.1 VARIABLE W Y E S  AND ORIGINS IN SUBROUTINE CL (continued) 
Q 

NAME ENG. SYMBOL DIMENSION ORIGIN 

CLQWM 

CLQWMb 

CLQHM 

DLMC4 

ELCG 

ELWING 

EM 

SLOPE 

SLOPEH 

QHQI 

VBARHX 

xw 

cL 

cL 

cL 

%I4 

qWIH 

qw 1 HI0 

‘H I M 

M 

W a cL 

cL 

% 

vH 

xw 

H a 

- 

rad-‘ 

rad-’ 

-1 rad 

rad 

f t .  

f t .  

--- 
rad-’ 

rad-’ 

--- 

--- 

f t  

D-Y --- 

Common 

Ca l l ing  
Subroutine 

Call ing  
Subroutine 

Common 

Cal l ing  
Subroutine 

Ca l l ing  
S ib rout ine  

Ca l l ing  
Subroutine 

Common 

D-Y --- 

A flowchart of t h e  program is  given i n  f i g u r e  11.9.1 , a l i s t i n g  and 

sample output is shown i n  f i g u r e  11.9.2. 

Reference 11.9.2 presepts  a v a h e  of CL =8.579 rad-’ f o r t h e  

same f l i g h t  condition. This is a d i f f e rence  of 8 . 5 %  as compared t o  t h e  

computer generated value. However, t h e  method of re ference  11.9.1 

9 
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as  used for this subroutine only accounts for the e f f e c t  of wing 

and horizontal ta i l .  Subtracting the body e f f e c t s  from the CL value 

as given in reference 11.9.2 produces a value o f :  
q 

CL - 8.579 - .9087 rad-' 
q - 7.67 rad-' 

This produces an error of 1.4% a s  compared to the computer value. 

Figure 11.9.1: Ftouchrt of  'W.QUE" 
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7.779 ? i R  

Figuro 11,9.2: L i s t i n g  and rampla output for 
subroutine oTLQUEo* 

11.9.4 REFERENCE 

11.9.1: Roskam, 3. 
t 

Methods for Estimating Stability and Control 
Derlvatdves of Conventional Subsonic Aircplanes. 
Roskam Aviation & Engineering Corporation, 
Lawrence, KS. 1977 

11.9.2: Wolowicz, C.H. Longitudinal Aerodynamic Characteristics of 
6 Yancey, R.B. Light,' Twin-Engine, Propeller-Driven Airplanes. 

NASA TN D-6800, June 1972. 
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11.10 Cm VARIATION OF PITCHING HOMENT COEFFICIENT WITH PITCH RATE 
9 

11.10.1 DERIVATION OF EQUATIONS 

Reference presents the method used for the calculation of the 

Cm derivative. 
9 

C may be considered to be the sum of a wing and a tail contri- m 
9 

bution, the contribution of the fuselage usually being small. 

(11.10.1) cm = cm + cm 
q 'W 'H 

For the wing contribution: 

3 2  A tan h 3 + - c / 4  
AB + 6cosAc14 B 

3 2  A tan h 
+ 3 

, A + 6cosAc14 

(rad-') 

A 

B 

is the aspect ratio 

is the compressibility correction factor 

is the quarter-chord sweep angle of the 

wing 
' c I 4  

- 
C is the mean geometric chord 

(11.10.2) 

(11.10.3) 

(11.10.4) 

11.10.1 



H 
.b 

2 

0 

is the distance from the aircraft center 

of gravity to the wing aerodynamic center 

xw 

(positive rearward) 

is the spanwise average value of wing 

section lift-curve slope 

cQ 
% 

K is the correction constant for the wing 

(Figure 11.10.1) 

0 2 4 6 8 IO  
ASPECT R A T I O  - A 

P 4 u r .  11.10.1: C.tratioo constant 1c for wing contribution 

For the horizontal tail contribution: 

where : 

(11.10.5) 

is the horizontal tail lift-curve slope cL 
% 

11 .lo. 2 



is the ratio of dynamic pressure at the 

horizontal tail to free stream dynamic 

pressure 

is the horizontal tail volume coefficient 

is the distance from tbe aircraft center 

of gravity to the aerodynamic center of 

the horizontal tail 

is the mean geometric chord of the wing 

'IH 

I 

11.10.2 HAND CALCUL TION 

The hand calculation utilizes data from Appendix c , for Airplane c . 

- 
C 

A - 7.5 ELWING = distance from nose 

- 
c - 4.958 ft 

CL - 5.44lrad 
43 M 

H a cL = -.044 rad (-2.5") %I4 

ELCG = distance from nose 
HX 

= .595 ft "H 

to aircraft c . g . - 

O'lH 

to a.c. (wing) 

= 1.240 ft 

= .083 

= 4.08lrad 

- 14.396 ft 

= .547 

= 1.0 

- Note: For ELCG and ELWING, the distances from the leading 

edge of to the c.g. and a.c. were used. The 

values will yield the same results as the distances 

from the nose. 

First, B and K must be determined: 

11.10.3 

-_ 



B 1 - (.083)2(cos2 -.044 rad ) 

= .997 

From Figure 11.10.1, f o r  A = 7.5, 

K = .745 

Next, Xw must be calculated. This is accomplished by equating 

the difference between ELCG and ELWING. 

= ELWING - ELCG x" 
1.240 ft - .595 ft 

= .645 ft 

7.53 [tan2 -.044 rad ( 7.5 + 6cos -.044 ra:)' 8 

= -(.745)(5.44/rad)cos -.044 rad 'm 
qw I M=O 

(rad-') (11.10.3) 

7.5 2(*) + 
7.5 + 2cos -.044 rad 

J 

= -4.049 (.078 + .227) 

= -1.235 (rad") 

(rad") 

(tan2 ,044 rad) 
+ 6 c ~ s  .-.044 rad + "1 (rad-l) 

-.044 rad1 + 

7.5 + 6cos -.044 rad 

'm 
%I 

(11.10.2) 

C = -1.235 (rad-') (1.003) 
mQw 

'm = -1.239 (rad'') 
e; 

m 

11.10.4 



As a 

This test 

- -2(4.08/rad)(1.0)(.547)(14.396 ft)/(4.958 ft) (rad-') 

(11.10.5) 

- -1.239 (rad-') + (-12.96O)(rad-l) 
9 - 14.199/rad 
9 

second test, the data for airplane A was used. 

also incorporates a variation of Mach number. 

(11.10.1) 

Because of Mach number variation, the lift-curve slope of 

the horizontal tail must be individually calculated f o r  each Mach 

number. 

Reference 1, Chapter 3, presents the method for calculating this 

lift-curve slope: the Polhamus formula. 

2 
a H tan A 

where : 
pk is the aspect ratio of the horizontal ta i l  

P is the compressibility correction factor 

= {x (N - Mach number) 
K is the ratio for actual section lift- 

curve slope to 2n 

For airplane A, Reference 11.10.3 presents the following 

values : 

11.10.5 
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vH = .630 QH nH = 1.0 

(rad-’) cL Mach No* 

OH 

.o 3.886 

.1 3.986 . 

A W  = 5.70 

ORIGmAL U G E  fb 

I = .227 rad “Cl4 

= 6.446/rad c = 6.896 f t .  - 20.393 f t  “W Hx 
ELCG - 1.0 

ELWING = 1.0 

% = 4.0 

CQ - 6.02Irad - 25.0 deg H %I4 a 

(Note: The value of 1.0 is used f o r  ELCG and ELWING 

because ? f o r  the test of Reference 3 is .25.  

Xu becomes equal  t o  0.) 
cg 

Furthermore, Chapter l i . 2  i nd ica t e s  t h a t  a co r rec t ion  f a c t o r  f o r  l i f t -  . 

curve s lope  must be included. For A = 4.0, the  co r rec t ion  f a c t o r  

is an increase  of C of 6.5%, so: 

H La 

) (1.065) 
a a cL 

‘Actual H(Polhamus) 

For the  hand check, n HP 29C ca lcu la to r  was used. The Polhamus 

formula and the  cor rec t ion  f a c t o r  were programed i n t o  the  ca l cu la to r .  

The r e s u l t s  of t h i s  test, f o r  M = 0 t o  M = = 9 ,  appear i n  Table 11.10.1. 

TABLE 11.10.1 CL VS. MACH NO. 

H a 

11.10.6 



TABLE 11.10.1 CL VS.  MACH NO. (continued) 

H a 

Mach No. 

.o 

.1 

.2 

.3 

.4 

.5 

.6 

.7 - 

H a cL 

3.980 

4.059 

4.169 

4.319 

4.523 

4.806 

5.221 

Next, the equations for Cm , C , and Cm were 
‘14 I M=O qH 

programmed into the HP-29C. These values, for different Mach 

numbers, appear in Table 11.10.2. 

TABLE 11.10.2 Cm C m  , and Cm vs . M 
Q -WlM ‘H 9 

- .706 
- ,708 
- .714 
- .725 
- .740 
- .762 
- .793 
- .838 

-14.480 

-14.517 

-14.632 

-14.830 

-15.124 

-15.534 

-16.093 

-16.853 

-15.186 

15.225 

-15.346 

-15.555 

-15.864 

-16.296 

-16.886 

-17.691 
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TABLE 11.10.2 Cm C m  ,, and Cm vs. M (continued) 
‘WIM ‘H 9 

.8 

Mach No. I Cm cm I qWIM QH 

- .907 -17.908 -18.815 

-1.032 -19.454 -20.486 
~ ~ 

-1 Note: All values i n  (rad ) 

11.10.3 DESCRIPTION OF PROGRAM 

Table 11.10.3 presents  the va r i ab le s  contained within the program. 

TABLE 11.10.3 VARIABLE NAMES AND ORIGINS I N  SUBROUTINE Cm 
Q 

NAME bNG. SYMBOL DIMENSION O R I G I N  REMARKS 

ARW 

B 

CBAR 

CLAPP 

DLMC4 

--- A 

B --- 

- 
C 

H a cQ 

‘m 
‘WlM 

‘W I M-0 

cm 
QH 

‘el4 

f t  

rad-’ 

rad-’ 

rad-’ 

rad-’ 

rad-’ 

rad 

Comon 

-e- Compressibility 
Correction 
Factor 

Common 

Common 

11.10.8 



TABLE 11.10.3 VARIABLE NAMES AND ORIGINS IN SUBROUTINE Cm (continued) 
9 

NAME ENG. S’iElROL DIMENSION ORIGIN REMARKS 

ELWING 

EM 

Hx 

SLOPEH 

QHQI 

VBARHX 

xw 

-_- f t  Call 
Subroutine 

_-- f t  Call 
Subroutine Dummy 

M --- Common 

f t  Coannon 

rad-‘ Common 

H a cL 

Figure 11.10.2 shows a flowchart of t he  program, a l i s t i n g  and sample 

output is shown i n  f i g u r e  11.10.3. 

The d i f f e rence  between t h e  computer generated vaiue of Cm and t h e  va lue  
4 

from the  handcalculation is 3% for a i rp l ane  C. Reference 11.10.2 presents  a 

test value of 

-13.76 rad-’ 
4 

‘m 

Since the  subroutine does not  compute the  body e f f e c t ,  t h i s  should be subt rac ted  

from above t e s t  va lue  t o  y ie ld :  

This i n d i c a t e s  an e r r o r  o f  1.4% as compared t o  t h e  subroutine generated value. 

For a i r p l a n e  A the handcalculation and the  computer r e s u l t s a r e  o f f  by .E%. 

Reference 11.10.3 provides tes t  da t a .  These d a t a  and the  computer r e s u l t s  a r e  

11.10.9 



START 

C3MPUTE 
WING 

CONTR I BUT1 Of 
( 1  1.10.3) 

c 5  RETURN 

COMPUTE 

CONTRIBUTION 
WING ( 1  1.10.2) 

I . 

Flgura 11.10.2: F l o r h r t  for rubrout lnr  "CnQUE" 

COMPUTE 
L I FT-CURVE 
SLOPP H.TAIL 

11.10.10 

"SLOPEII 

COMPUTE 
OYN. PRESSURE 

HOR. TAIL 

A 

"POWER" 

COMPUTE 

CONTRIBUTION 
HOR. TAIL ( 1  1.10.5) 

, 

COMPUTE 
TOTAL ( 1  1.10.1) 

cma 
I 



Figurm 11.10.3: Listing and sample printout for 
subroutine t*CnQUEtg 

ORlGINAL uw la 
OF POOR Q u m  

11.1 0.11 



reproduced in Figure 11.1O.h. The trend i s  correct, but  the result3 are off by 

29.9% on the average. As of t h j s  time, the reason for  t h i s  error is not y e t  know. 

--- Ref. 11.10.3 
8 
c 

. . . . . _. Q 
rp 
L 

z 

.._.-.I-.-._ ~ . - .  ." ... ... -.I- ... .- V 

.o .2 .4 .6 .8 1 .o 
- _. MACH Number. -- 

11.10.4 REFERENCES- 

11.10.1 Roskm, J. Methods for Estimating S tab i l i ty  and Control Derivatives o f  
Conventional and Subsonic Airplanes. Lawrence, Ks., 1977. 

11.10.2 Wolowicz, C . H .  6 Yancey, R . B .  Longitudinal Aerodynamic Characteristics 
NASA TN D-6800.I1i-' of Light, Twin Engine, Propeller Driven Airplanes. 

11.10.3 Anon. Confidential Report. 

ORIGINAL BAG3 
OF POOR Q u m  
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11.11 CD. VARIATION OF DRAGCOEFFICIENT WITH ANGLE OF ATTACK RATE 
a 

This derivative is usual ly  n e g l i g i b l e  i n  the subsonic Machnumber range. 

11.11.1 



11.12 C L . ,  VARIATION OF LIFT COEFFICIENT WITH AidGLE OF ATTACK RATE 
a 

11.12.1 DERIVATION OF EQUATIONS 

Reference 11.12.1 suggests t h a t  the  following r e l a t i o n  be used t o  

estimate CL.: 
a 

(11.12.1) 

where : 

= 2 cL nH vH($) (rad") 
H a cL* 

H a 
(11.12.3) 

Because the  major cont r ibu t ion  t o  CL. is the  CL. 
a a 

component 

€I 

is very hard t o  program, and because the  above expression for CL. 
a 

it is suggested t o  use 

W 

o r  : 

CL. = (1.2) CL. 
H a a 

CL?(2.4) CL nH fH($) (rad-') 

H 0 a 

(11.12.4) 

(11.12.5) 

11.12.2 AAND CALCULATIONS 

Two tests were run, for Airplane A, a t  Mach = .53 and Mach = .83 .  

Table 11.12.1 presents  the  required da ta  and the  CL.'s for t he  a i r -  

plane (from References 10 12.2 and 10.12 3) . a 

11.12.1 



-11.9.2- 

. 
OH 5l dE/da cLci T e s t  # M 

1 .53 3.5121rad 1.0 .63 .415 1.83Irad 

2 .83 4.091lrad 1.0 .63 .514 2.681rad 

I 

Table 11 .12 .1  Airplane A CL& Tests 

11.12.3 DESCRIPTION OF THE PROGRAM 

The CL program i s  very s t r a i g h t  forward, i t  uses eq. 11.12.1 along 
(i 

with the  appropr ia te  input  d a t a  to compute C k .  

v a r i a b l e  list.  

Table 11.12.2 below I s  a 

Tzble 11.12.2 - Variable L i s t  

~~ 

Name Eng. Symbol Dimension OrlKin Remarks 

CLAD 

OH 
SLOPEH CL 

QHQI 

rad-’ 

rad-’ 

ou tput  

cotmuon L i f t  curve 
s lope  of t h e  
ho r i z .  t a i l  

common 

common Bor izonta l  
t a i l  volume 
coef f i c i e n r  

corznon DEDA de 
da - 
- 

The C L ~  subroutine flowchart is given i n  f igr i rc  11 .12 .1 .  

11.12.2 



CORPUTE 
( 1  1.12.5) 8 aETum 

Figure 11.12.1 : Flowchart for  '*CLAD" 

A l ist  of subroutine Ck (CLAD) is  given i n  Figure 11.12.2, a sample 

printout i s  included. 

Figure 11.12.2:' L i s t i n g  and sample pr in tout  
for subrwt In. W A D O T "  

11.12.3 



Two tests were run using the da ta  given i n  Table 11.12.1. The r e s u l t s  

and comparisons are given below i n  Table 11.12.3. 

4 Error  (Test I f  M CL& CL& 

(da ta )  (computer) 

1 .53 1.8 3/rad 2.20/rad 2G% ( too big)  

2 .83 2.68/rad 3.18/rad 19% ( t o o  big)  

Table 12.12.3- 3. Test Resul ts  
I 

It is  i n t e r e s t i n g  t o  note t ha t  very good predic t ions  ( i n  these  

cases) could have been obtained by taking CL& t o  be j u s t  the  t a i l  cont r ibu t ion ,  

ins tead  of adding the  20%. However, two checks do not  provide enough c% 
information t o  warrant such cor rec t ion .  A t  t h i s  t i m e ,  t he  necessary da t a  

f o r  more tests i s  not  ava i l ab le .  

11.12.4 REFERENCES 

11.12.1 Rookam, J. Methods f o r  es t imat ing s t a b i l i t y  and 
c o n t r o l  d e r i v a t i v e s  of conventional 
subsonic a i rp lanes .  
Roskam Aviation h Engineering Corp- 
ora t ion ,  Lawrence, Kansas ,  1977. 

11.12.2 Anon 

11.12.3 Anon 

Confident ia l  repor t .  

Confident ia l  report .  
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11.13 &., VARIATION OF PITCHING MOMENT COEFFICIENT WITH ANGLE OF ATTACK RA'IES. 
ci 

11.13.1 DERIVATION OF EQUATIONS 

Reference 11.13.1 gives Cm. as: 
a 

(11 ~3.1) 

Except for triangular wings, no explicit methods are available to estimate 

C . Because Cm. is small, it will not be used. Instead, reference 11.13.2 

suggests using the tail contribution plus 20%: 

m. a a 
W W 

cm. = (WC,, (rad-') 
% a 

where : 

= -2.4CL iHvH '(dE) do (rad-') 
4r a 

11.13.2 HAND CALCULATION 

(11.13.2) 

(11.13.3) 

Two tests were run; for Airplane A at M = .53 and M = .83. Table 11.13.1 

gives the required data and the Cm. 's as listed in references 11.13.3 and 

11.13.4. 
a 

11.13.1 



Table 11.13.1 - Airplane A C Data m-- 

Test # 

1 

2 

a 

'me 
iiH x# d d d a  

a M 5 
.H 

.53 3.512/rad 1.0 ,63 20.4Ft .425 -S.S/rad. 
6.896Ft 

.83 4.0911rad 1.0 .63 2.958 .514 -6.8/rad. 

11.13.3 DESCRIPTION OF THE PROGRAM 

The Cmo subroutine is very bas ic .  

11.13.1,using the required input da ta .  

names. Figure 11.13.1 shows a flowchart ,  Figure 11.13.2 shows t he  l i s t i n g  

including a sample pr in tout .  

It computes Cmo d i r e c t l y  from eq. 

Table 11.13.2 gives  the  va r i ab le  
a 0 

Table 11.13.2 - Variable L i s t  

Name E n g .  Symbol Dimension Origin Remarks 

CMAD C rad" --- 
m* a 

cL SLOP€€? 

% 
rad-' 

- _-- Comuion q wing/ i t a i l  QHQI ?I 

"H VBARHX 

ELTH 

-- Common hor izonta l  t a i l  
volume c o e f f i c i e n t  

F t  couanon d i s t ance  from c.g. 
t o  horz. t a i l  a.c. 



START Q 
INPUT 17 

SLOPE H . T A I L  

 DOWNUS US" COMPUTE 

DOUtlUASH 

COMPUTE ' 

DYN. PRESS. -''POWER" I RATIO 1 
COMPUTE 

DERlVATl  VE 
TOTAL (11 .13 .3)  

RETURN 

Figure 11.13.1: Flowchart f o r  rubr0utir.a "CMDOP1 

SUBROUTINE CMADOT (CMAD) 
****** 

THIS SUBROUTINE COMPUTES VARIATION OF PITCHING ****** 
MOMENT WITCH ANGLE OF ATTACK RATE ****** 

****** 
COMHON/WING/DLMC4,AR,SLM,B,CRCLW,CBARW,SW,CLAWP 
~OMMON/nZ~Z/DLMC4H,ARH,SLMH,BHT,CBARHT,SHT,CLAHP,CRCLHT 
CONMON/FUS/ELF,DFUS,HC,kJC,LN,ELTH,HH,SO,R2I,LV,ZV 
COMMON/FLITE/ALPHA,EM,CL 

SLOPEH=SLO PE (DLMC 4h, SLM H, ARH, EM,CLAHP) 
VBARHX= (SHT / SW) *( ELTH/ CBAR W )  
CALL DOWNWS (DEPDAL) 
CALL POWER (QHQI)  
CMAD=-2.4*SLOPEH*?HQI*VBARHX*ELTY+bEPDAL/CBARW 

WRITE (6,1000) CMAD 
FORMAT (lOX,"CMAO = ",F10.4," PER RADIAN"//) 

RETURN 
EN 0 _ . -  

Figure 11.13 .2:  L i r r l n g  and 5atn~le printout  
for  rubrout I ne "CHAWT" 

.. 11.13.3 



Table 11.13.3 gives a comparison of Cme from the computer and then 
a 

Test # (data) Cm. (computer) %Error 
a 

M ‘m . 
a 

7- 
1 

2 

These X errors are too biz, it seems that the 20% correction is not 

justified in this case. However, more tests should be run to find the cause 

.53 -5.5lrad -6.503lrad 18% (too big) 

.83 -6. 8Irad -9.405lrad 38% (too big)  

of this error. 

11.13.4 REFERENCES 

11.13.1: Roskam, 3 ,  Methods for Estimating Stability and Control 
Derivatives for Conventional SubsonZc Airplanes. 
Roskam Aviation & Engineering Corporation. 
Lawrence, KS. 1977 

11.13.2: Roekam, J. Personal Correspondence. April 1978 

11.13.3: Anon. Confidential Report. 

11.13.4: Anon. Confidential 3eport. 

11.13.4 



11.14 VARIATION OF SIDE FORCE COEFFICIENT WITH SIDESLIP ANGLE, Cy 
B 

11.14.1 DERIVATION OF EQUATION 

This derivative can be estimated from: 

CYg = + + cy + cy 
BW BB % 0P 

(11.14.1) 

The contribution of the wing, Cy , is only significant in the case 
6, 

of nonzero dihedral angle. 

(up to 30 deg) the contribution due to wing sweep is negligible 

(according to Reference 11.14.1). Reference 11.14.2 suggests the 

For modest values of wing weep angle 

following formula f o r  the calculation 7f the wing effect: 

- -.OOG1 Irl 57.3 (rad-') 
8, 

where: r is the geometric dihedral angle of the 

wing (in deg) 

The fuselage contribution, Cy , may be 
BB 

estimated from: 

where ICi is a wing-body 

(11.14.2) 

function of wing position (high-low), 

maximum body height at wing body inter- 

section, d. This parameter may be ob- 

tained from Figure 11.14.1. 

is the cross-sectional area of the 

fuselage at the point Xo where the flow 

11 . 14.1 



ceases to be potential. The distance 

X is a function of X1, the distance 

from the nose where d%/dX first reaches 

its maximum negative value. The distance 

Xo may be calculated from X as follows: 

0 

1 

+ 0.427 (;) ] 
A L L  SPEEDS 

In Reference 11.14.2 a program, developed by the KU-FRL, is 

documented that simulates the shape of an aircraft fuselage. Both 

the nose and the tail of the fuselage are represented by ellipsee. 

(11.14 4) 

' i. 14.2 



It is very convenient to use this program for the calculation of 

fuselage parameters, since it is based on mathematical methods. 

However, due to the nature of an ellipse, the point X1 at which 

dS Id reaches its first maximum negative value w:bL1 always be 

at the extreme end of the tail, so X1 - RB. 
for 5, according to Formula (11.14.4), will be: 

x x  
In this case the value 

5 = 0.905 Ilg (11.14.5) 

This value may then be used f o r  the computation of the cross- 

sectional area So, which can be done again by referring to the 

FUSE program. 

The contribution for the vertical tail (Cy 1, in the case of 
BV 

the vertical tail in the plane of symmetry, may be obtained from 

(Ref. 1): 

where : k is an empirical factor that takes the 

body influence into account, defined 

in Figure 11.14.2. 

(1 + Q) takes the sidewash at the vertical tail 
into account. 

from (Ref. 11.14.1). 

This term may be obtained 

(11.14.6) 

zW + .4 7 + .009% (1 r g)  = ,726 + 3.06 i-+ 
c/4 EET 

(11.14.7) 

1 1 .I/+ . 3  



is the v e r t i c a l  t a i l  l i f t - cu rve  slope.  

This v a r i a b l e  may be obtained from the  

Polhamus equation (see Chapter ll.Z), 

using t h e  e f f e c t i v e  aspec t  r a t i o  % 

i.s.0. %. 
may be obtained from: 

EFF 

This e f f e c t i v e  aspec t  r a t i o  

2 
where : % = bV ISv 

Rb(B) is t he  r a t i o  of t he  aspec t - ra t io  of t he  
57 

vertical  panel i n  the  presence of a body 

t o  t h a t  of t he  i s o l a t e d  panel;  may be 

f o t d  from Figure 11.14.3. 

* 
Note: Defined i n  Figure 11.14.3. 

(11.14.8) 

(11.14.9) 



Rt(HB) is the r a t i o  of the  v e r t i c a l  t a l l  aspecc 

r a t i o  in the  presence of the  hor izonta l  
% (B) 

t a i l  p lus  body t o  t h a t  of the t a i l  i n  the  

presence of the  body alone. This r a t i o  

is givcn i n  Figure 11.14.4. 

is a f a c t o r  t h a t  t akes  the  r e l a t i v e  s i z e s  

of t he  hor izonta l  and the  v e r t i c a l  t a i l  

into account; given i n  Pigure 11.14.5. 

'k 

Zr, = FL'QEL.4CE DEPTH IS RECIOX OF ITRTCAL TAlL 
-L. -VERTICAL T ~ I L  T ~ P E R  R.AT~O WED ox SURFACE 

MEASCRED FROM F t x r . . u x  CESTERUSE 
A v,- - R.AflO OF THE ASPCCT R \TI0 OF THE VERTICAL - 

I 
7 

l i *  A P4SEL IS T I l i  PRWEXCE O f  THE BODY TO THAT 
OF THE ISOLITLD P.\SEL 

1 1 '  " I I I  

k/h 
0 2 3 4 s b 

Figure 11.14.3: Effecr of body interference on arpect ratio, 
used for ert lmting  sideslip derivative for 
single verticd t a i l s  9RIGTNAL PAGE 1s 

OF POOR QUUm 

* 
Note: Use the  pos i t i on  of the v e r t i c a l  t a i l  qua r t e r  chord l i n e .  

11.14.5 



r!  s . 
0 -. 2 -.4 -. 6 -.a -1.0 

_ _  . -  . & 

Figure 11.14.4: Effect of horiz;-atal t a i l  interference on 

aspect racia, L S O ~  for estimating the ride- 

d i p  derivative for .ingle VertiCd tail. 

Figure 11.14.5: Factor accouting for relat ive size of nori- 
soacal and vertlcal ta i l  

The coatr:Lbution of the propeller, Cy , amy be obtained in  a 

% 
simf'ar way as i n  Chapter 5 for the normal force of the propeller 

angle of attack, a . Reference is made to t h i s  chapter for the 
3 

11.14.6 



derivation of the propeller normal force coefficient. 

angle of sideslip, 6 

For tractor propellers this seems to be reasonable. For pusher 

propellers, however, the exact angle of ottack in the X-Y plane 

is not easy to estimate. It is ccnservative to assume that 

The propzller 

is assumed to ba equal to the sideslip angle 0. 
P’ 

cy 
BP 

is zero in this case. 

During checkout of this subroutine, it was found that using 

Formula 11.14.5 for the calculation of the cross-sectional area at 

the point where the flow ceases to be potential did not produce 

satisfactory results. 

where the cross-section decreases most rapidly produced better results. 

This point usually is located near the end of the cabin section. Alsa 

from an aerodynamic point of view, using this location seems more 

reasonable, since flow sepaiatic s likely to occur closer to this 

point instead of further aft. It is suggested to use a (default) 

value of Xo = .75 Ig, since this position generally fulfills above 

requiremen:s. To implement the graphs used for the calculations in 

the computer porgram, an Hp 65 calculator was used to 2roduce the 

following curve fittings: 

Using the cross-sectional area at the point 

For the correction factor for wing body interference (Figure 

11.14.1): 

Ki = 1 - . 8 5 (  ”> for d/2 ZW c 0 d/2 

or Ki = 1 + . 4 9 5 ( m  > o  

(11.14.10) 

(11.14.11) 
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For the inf luence  of body i n t e r f e rence  on aspec t  r a t i o  
* 

(Figure 11.14.3): 

2 
bV b 

%(B) = ,712 + .9031 (") 2ri - ,2371 (T) 
% 

Or 2 
%(B) = 2.0491 - .344 (5) bV + .0287 ( --) bV 
Ab 2ri 

For t h e  empir ica l  f a c t o r  of Figure 11.14.2: 

K = .76 f o r  bV/2ri < 2 

K * .76 + ( E  b7 -2 ).16 

1 f o r  2 < bV/2ri 3.5 

(11.14.12) 

(11.14.13) 

(11.14.14)  

(11.14.15) 

K 1. f o r  bv/2ri > 3.5 (11.14.16) 

For the  horizont;,l t a i l  i n t e r f e rence  f a c t o r  (Figure 11 .14 .4) :  

[(:: - - 5 )  ( - 7 3 )  (1 + t)] (11.14.17)  

zH 

bV 
f o r  - < - . 5  

zH 

bV 
2.4029 + 5.4036 - + 4.6786 

o r  

r 1 

zH 

bV 
for - > - . 5  

* 
Note: An average value of X = . 8  w a s  used. v 
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For the  e f f e c t  of r e l a i i v e  s i z e  of v e r t i c a l  and ho r i zon ta l  

t a i l :  

(11.14.19) 

11.14.2 HAND CALCULATION 

Following is a hand c a l c u l a t i o n  f o r  a i r p l a n e  A, data f o r  t h i s  

a i r p l a n e  ..re given i n  Appendix C. 

From Equation (11.14.2) f o r  t h e  wing cont r ibu t ion:  

= -0.01433 (rad-') 

BW 

From Figure 11.14.1 f o r  - 0.63: - - 
d/2 

Ki = 1.32 

From Equation (11.14.3) f o r  t h e  fuse lage  cont r ibu t ion:  

Cy = -0.1998 (rad") 

BB 

From Figure 11.14.2 f o r  bv/2ri = 2.08: 

From Figure 11.14.3 f o r  bV/2ri - 2.08: 

From Figure 11.14.4 f o r  ZH/bv = -1.0: 

ORIGINAL BAGE Ilb 
OF PCKIR QU- 

11.14.9 



From Figure 11.14.5 f o r  SHT/SvT * 1.41: 

'k = 1.04 

From Equation (11.14.8) now follows the effective aspect ratio: 

% = 2.10 
EFF 

For the sidewash factor Equation (11.14.7) yields: 

(1 + %)= 1.10383 

The lift-curve slope of the vertical tail may be obtained from 

the (corrected) Polhamus Equation (see Chapter 11.2) using 

iSrEFF instead of %: 

= 2.934 (rad-') cL 
% 

From Equaticn (11.14.6) now follows the vertical tail concri- 

bution: 
Cy = 0.37756 

8, 

Disregarding the effect of the engines, the total side force 

derivative is : 

= -.5917 (rad-') 
"8 

This compares to a test value of: 

= -.6010 (rad") 

The computer calcylated a value of: 

Cyg = -0.5920 (rad-') 

The difference between the hand caiculation and the computer calcu- 

lation has to be attributed t o  errors in the curve-fitting routines. 



11.14.3 PROGRAM DESCRIPTION 

The computer variables as used in the program are given in table 

11.14.1. A flowchart of the subroutine I s  given in figure 11.14.6 , a 
listing and a sample output are given in figure 11.14.7. 

TABLE 11.11.1: VARIABLE NAMES IN SUBROUTINE "CYB" 

NAME ENG. SYMBOL DMENSION ORIGIN RE?- 

ARBOV 

ARHBAV 

PJVEFF 

BVORI 

BVT 

CBARHT 

CLALPV 

CRCLVT 

CY B 

CYBB 

CYBP 

CYBV 

CYBW 

rad-' 

ft 

rad-' 

rad-' 

rad-' 

rad-' 

rad-' 

Common 

Common 

Slope 
Subroutine 

Common 

-- 

Power 
Sub routine 
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TABLE 1 1 . 1 4 . 1  : VARIABLE !?AblES I N  SUBROUTINE "CYB" (continued) 

- NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 

D I H D  

ELF 

ELZRI 

EL INC 

ETAHVT 

FACT 

nc 

KBODY 

KH 

KI 

R21 

SAH 

SHT 

SIGOBE 

so 

SVT 

sw 
SWQC 

x 

xo 

r 

aB 

'2ri 

--- 

% 

--- 
HC or I) 

K 

5i 
Ki 

r2i 

--- 
sH 

do 
(1 + 

sV 

S 

'114; 

X 

'0 

de8 

ft 

ft 

ft 

L-- 

ft 

--- 
--- 
--- 
ft 

_-- 
2 

ft 

--- 

ft2 

2 ft 

ft2 

rad 

ft 

ft 

11.14.12 

Comon 

Common 

Fuse 
Subroutine 

Common 

Power 
Subroutine 

-_- 
Common 

--- 

Fuse 
Subroutine 

Common 

Common 

--- 
Fuse 
Subroutine 

Common 

Common 

Common 

--- .75  IIB 



#@ 
,/ 

TABLE 11.14.1: VARIABLE NAMlJ!Y"IN SUEROUTINE "CYB" (continued) 
fl' 

1- 
NAME ENG. SYMBOL/ DINENSION ORIGIN REMAFtKS 

zw f t  

Common 

Common 

CONTRIBUTION 
( 1  1.14.2) 

COMPUTE 

INTERFERENCE I NTERFEREHCE 

n p m  
(11.14.3) 

CONTR I BUT IO14 

Ye 5 

, 
b 

COMPUTE 

ON AR 

COMPUTE 

ON AR 
BODY EFFECT ( I  :. 14.13) EFFECT 

* . 

EFFECT OF (11.12.19) 

1 1 .  l b .  1 I )  

(11.14.1 

Figure 11.14.6: Flowchart for subroutine "CYOETA" 



TAIL SURF. 

i 
3 

H6R* TAIL (11.14.17) COMPUTE COMPUTE 
COMPUTE 

INTERFERENCE HOR, TAIL HOR. TAIL (11.14.18)  

I NTERFEREtjCE INTERFERENCE 

I 
I 

COMPUTE 

ASPECT RATIO 
EFFECTIVE ( 1  1.14.8) 

COflPUTE 

EFFECT 
S I DE-WASH ( 1  I .  14.7) 

CONPUTE 
VERT. TAIL (11.14.6)  
COtlTR18UTlOt 

I 

FIgure 11 .  i4.6: continued 

11.14.14 



-. . 
-. 

Figuro 11.14.7: L is t ing of rttbrwtino "CYBETA" 
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---T'iSTRUM FOR L Z A R J Z T  ?!CDZL f6 - - -  

Figure 11.14.7: continued 
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11.15 C, , VARIATION OF KOLLING MOMENT COEFFICIENT WITH S I D E S L I P  XNGLE 
B 

’ tan “c14 ( o “‘I3 tan ) 

11.15.1 DERIVATION OF EQUATIONS 

Reference 1 presents the method used for calculating C . 
be estimated from three cmtributions: the wing, the horizontal tail, 

(rad-’) 

and the vertical tail contributions. 

+ c  + c  
a%B %i a% 

The wing body contribution is found from: 

r 

1 

(11.15.1) 

(11.15.2) 

J 
where : 

= CL is the steady state lift coefficient. 
c4JB 

- is the wing sweep contribution obtained 
cL 

%2 from Figure 11.15.1. 

is the compressibility (Mach number) 

correction to sweep obtained from Figure 
A 5l 

11.15.2) 

is a fuselage correction factor obtained 

from Figure 11.15.; 

KF 



‘rcn (dq) 
-20 0 20 40 60 

-002 

0 

-.mt 

-.004 

-.ma 

-.o I 0 
-20 0 20 60 

.002 

0 

-.a02 

-.006 

-.ma 

-.o IO 
-20 0 40 

-002 

0 

-.002 

-.004 

-.006 

Reproduced from Rcfcrcoce 1 I 
-.010- 1 

P**ure 11.15.1: Uing Sweep Contribution to CL 
n 
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M COS Adz 

Figure 11.15.2: Cospressibilitv Correction FactJr t o  SVCLp 
Contribution to Wing CL 

B 

fr 
b 

.2 .4 .6 I .o 1.2 I 4  I .6 

Figure 11.15.3: Fuselage Correction Factor 
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cQ - ’ is the aspect ratio contribution obtained 

cL A from FLqure 11.15.4. 

r is the wing dihedral angle, posltive up 

ck - ’ r is the wing dihedral. effect obtained from 

Figure 11.15.5. 

is the compressibility correction to 
r 54 

dihedral obtained from Figuze 11.15.6. 

- is the body-induced effect on the wing f 

height and is given by: 

where : b is the wing span, and 

d is given by: 

average fuselage CKOSS sectional area 
.7854 

(11.15.3) 

(11.15.4) 

is another body induced effect on the wing 

height given by: ZW 

(11.15.5) 

where : \ is the vertical distance from the wing 

root quarter chord point to the fuselage 

centerline, positive downward. 

d is the same as in equation (11.15.4) 
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ASPECT RATIO. A 
4 0 . 4 6 a 

-.0003 

-.ooo I 

0 
0 2 4 6 a 10 

0 2 4 6 10 

Figure 11.15.$ Effzrc > f  Uniform Geomerric Dihedral on Uing 

11.15.5 



Figute 11.15.6 Compressibility Corrrccior. to DShedra1 Effect 
on Wing Cc 

6 
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AC e 
is a wing t w i s t  co r r ec t ion  f a c t o r  obtained 

0 t anAc ,4 
from Figure 11.15.7. 

8 is the  wing t w i s t  betveen roo t  and t i p  

s e c t i o n s ,  negative f o r  wazhout. 

The cont r ibu t ion  of the  ho r i zon ta l  t a i l ,  C , can be approxi- e 
BH mated by: 

'H bH 
c9. = c, S b  
eH %H5 

(11.15.6) 

where : 
is found from Equation (11.15.2), t r e a t i n g  

the  fuse lage  ho r i zon ta l  t a i l  t he  same way 

(and using C = t he  C of the  ho r i zon ta l  

t a i l ) .  

'HB 

L +a3 

The cont r ibu t ion  of the v e r t i c a l  t a i l ,  C , can be estimated I?. 
BV 

from: 

(Zvcosa - kVsina) -1 
rad b c = c  

11 Y % 
where : 

2 and II are defined i n  Figure 1 V V 

(11.15.7) 

.19.2a, and 

* 
b is ca lcu la t ed  from the methods of Section 
Y 

11.14. 

11.15.2 HAND CALCULATION 

For the hand ca l cu la t ion ,  d a t a  f o r  Airplane A a r e  used. Appendixc 

d e t a i l s  the  geometric da ta .  
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Flight CGnditions 

M 5 .42 

a = 10.9" 

CL = 1.4 

Applying these data to the previous figures, the following values are 

obtained: 

For the Wing: For the Horizontal Tail: 

- -.00075 

cL .z 
C / 2  

-. 0015 

1.0025 = 1.04 
'4 

% 

KF = .95 .7  (by extrapolation) 

- c53 = -.00021 r 
= 1.03 Ek, 

L B  = .0000345 
4 4  Gtanh 

By Equation (11.15.4), for the wing 

d - 5.25 ft. 

Then, by Eqiiation (11.15.3): 

-.0013 

- .0016 

1.03 

-. 00003 

(ACLg)zw * -.00058 

11.15.8 



Therefore, the wing-bcdy cont r ibu t ion  becomes: 

= -.157 rad-' 

%B 

For the  hor izonta l  t a i l :  

again,  d = 5.25 f t  

For the  hor izonta l  t a i l  on the  a i rp l ane ,  is not ca lcu la ted  

(= 0) because the  t a i l  is detached from the  fuselage and not a f f ec t ed  

by body inf luences.  

f t on  Reference 2 ,  f o r  the given f l i g h t  c m d i t i o n  is: 

= -192 

= 

Therefore : 

= -.00213 (rad-') cQ 
$H 

For the  v e r t i c a l  t a i l ,  from Sect ionl l .14,  under the  same 

f l i g h t  condi t ions,  

= - 00879 (rad-') cll 
BV 

The t o t a l  a i rp l ane  de r iva t ive ,  C , is: 
'8 

= -.1679 (rad-') 
ck$  
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11.15.3 DESCRIPTION OF PROGRAM 

The CLBETA subroutine comprises seve ra l  func t ions  chat c a l c u l a t e  

(curve f i t >  t h e  va lues  displayed i n  the  graphs presented e a r l i e r .  

The function scheme i s  prefer red  because i t  allows the  mul t ip le  usage 

and Ca. . a of each curve f i t ,  requi red  by C 

BwB BH 

Most of t h e  curve f i t s  use the  func t ion  RDP f o r  determining 

the  va lues ,  with a s so r t ed  l i n e a r  and nonlinear i n t e rpe la t ion3  i n t e r -  

mixed t3 de r ive  the  proper values.  The reader is r e fe r r ed  t o  the  

following flow c h a r t  s ec t ion ,  and the  l i s t i n g  of t he  program f o r  

c a l c u l a t i o a  d e t a i l s  (Section 11.15.5). 

TABLE 11.15.1 VARIABLE LIST FOR SUBROUTINE CLBETA 

NAME ENG. SYMBOL DIMENSION O R I G I N  REMARKS 

2 f t  AFSA Common Average 
Fuselage Area 

--- 

ALPHA 

ALFl 

deg 

f t  

Common a 

a 
f W  

Calculated 

ALF2 a. 
f H  

f t  Calculated 

AR 

ARH 

A Comon 

Common 

--- 

%I 
--- 

E 

BHT 

b f t  

f t  

Common 

Comon bH 

CL cL Common 

CLH Comon 
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TABLE 11.15.1 VARIABLE LIST FOR SUBROUTINE CLBETA (continued) 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 

CLB 

CLBH 

CLBV 

CLBWB 

CRCLH 

CRCLW 

CY BV 

DIHD 

DIHDH 

DLMC4 

DLMC4H 

ELC4W 

ELC4H 

EM 

LV 

M 

$V 

ft 

Calculated Output 

Calculated Dunaay Variable 

Calculated Dummy Variable 

Calculated Dumy Variable 

Common 

Common 

Subroutine 
CYB 

Common 

Cormnon 

Common 

Common 

Common 

Common 

_-- Common 

ft Common 

Distance from 
nose to L.E. 

Distance t r o a  
nose to L.E. 
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TABLE 11 .15 .1  VARIABLE L I S T  FOR SUBROUTINE CLBETA (continued) 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 

SHT 

~ ~~ ~ 

f t2 Common sH 

S 'M 

SLMH 

sw 

THETA 

THETAH 

ZV 

zw 

h --- Common 

--- Common 

Common f t  

AH 

sW 
2 

0 deg Common 

deg Common 

f t  Common 

OH 

zv 

ZW f t  Common 

Figure 1i.15.8 shows a flowchart of the program, f igure  11.15.9 

shows a l i s t i n g  and a sample outpc: c f  the program. 
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I 
INPUT 

DATA 

COMPUTE 

I f  t 1 
w fh 

1 
i 1 

CALL 

"CLBCLA" 

# cl "COMGAM" 

t 

"DELZU" 

o THETA 

v -  c 

1 - 2  
L H  

! 
, 
J 

CALL 

"DELCLB" 

I 
h I 

CALL 

"OOMCAM" . 
. t 

. t + 

p - THETAH 

CALL 

"DELC" 

1 
CALL 

"CLBD" 

, + - 

E - DIHDA 1 
"CLBCLA" 

"FCF" 

"COMGAM" 

'IC LB ETC" 1 
COflPUTE fl 
COMPUTE 1-1 

ORIGINAL MGE Ib 
OF POOR QUALITY; 

Figure 11.15. 9 F!owchsrz for Subroutine "CLBETA" 
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1 oc 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
1 so 
160 
170 
18G 
190 
200 
210 
220 
230 
240 
250 
26C 
270 
280 
290 
300 
310 
3 20 
33 0 
340 
350 
360 
370 
380 
390 
400 
41 0 
4 20 
430 
440 
450 
460 
470 
480 
493 
500 

SUBROUTINE CLBETA(CLB1 
COMMON /WING/  DLMC4,AR,SLM,B,CRCLW,CBARW,SW,CLAWP 
COMMON /HORZ/ DLMC4H,ARH,SLMH,BHT,CEARHT,SHT, 

C O M O N  /VERT/  DLMC4V,ARV,SLMV,BVT,CBARVT,SVT, 

COWON / G E O W  DIHD,ZW,SAH,XHMAC, E L I N C  
COMMON / F U S /  ELF,DfUS,HC,WC,LN,ELTH,HH,SO,R2I,LV,ZV 

U L A H P ,  CRCLHT 

&CLAVP,CRCLVT 

COMMON / F L I T € /  ALPHA,EM,CL 
R E A L  LV,LN 
D I M E N S I O N  CLBWB(2; 
AFSAm21.65 
THETA=O. 
THETAH=O. 
D I  HDH=O. 

ELC4H=43.59 
CRCLH=5. 
CLH=.178847  
RADD4W= .017453*DLMC4 
RADD4H=.OI 7453*DLMC4H 
RA DD2W =ATAN ( S I N  (RADD 4W 1 / COS (R A DD4W 1 - ( ( ( 1 . -SLM) 

RA DD2HzATAN ( S I N  (RA OD4H) / COS (RA DD4H) - ( ( ( 1 . -SLMHj  

A L F l = ( B / 2 . )  * S I N  (RADD 761) /COS (RA DDZW) +CRCLW/4. +ELC4W 
A L F Z =  (BHT/  2.) * S I N  (RADD 2H) /COS (RADD 211) +CRC LH/4 .  "ELC4H 

BB=CONGAM ( AR,RA DDZW, EM) 
C=FCF(AR,RADD2W,ALFI,B) 
D=CLBC L A  ( AR, SLM) 
E=DIHD 
F =C L B D  ( AR , RA DO ZW, SLM) 
G=DELG(AR,B,AFSA? 
H=DELZW(AR,e,ZW,AFSA) 
P = T t i E f A  
R=DOMGAM(AR,EM,RADDZW) 
Q=DELCLB ( AR ,SLM) 
S = S f N  (RA3Dl;rl) /COS (RADD4W) 
v=c L 
I=l 
GO TO 2 

1 A=CLBETC (ARH,RADDZH, SLMH) 
BB=COMGAM (ARH,RADDEH, EM) 
C=FCF(ARH8RAD02H,ALF2,BHT) 
D=CLBCLA(ARH,SLMH) 
E=DIHDH 
F=CLBD( ARH ,RA DO 2H, SLMH) 
G=DELG(ARH,BHT,AFSA) 
H=O. 

ELC4W=22.85 

&/ (1  . t S L M )  1 /AR)  1 

&/(1.+SLMH)) /ARH))  

A=CLBETC ( AR , RA DD 2W, SLf4) 

Figure 11.15.9: Lic t lng  Cor Submutine "CLBETA" 
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510 
5 20 
530 
540 
550 
560 
5 70 
580 
5 90 
600 
61 0 
620 
63@ 
640 
65 0 
660 
670 
680 
690 
70 0 
71 OC 
720 
730C 
740 
750 
760 

780 
790 
800 
81 0 
820 
830 
840 
85 0 
86 0 
8 70 
880 
890 
900 
91 0 
920 
93 0 
940 
95 0 
960 
970 
980 
990 
1000 

* 770 

P=THETAH 
R=DOMGAM(ARH,EM,RADD2P) 
Q=DELCLB ( ARH, SLMH) 
S=SIN (RADD4H) /COS (RADD4H) 
V=C LH 
1=2 
CLBWB(I)=Si’.3*(V*(A*BB*C+D)+E*(F*R+G)+H+P*S*QI 
IF(I.EQ.2) GO TO 3 
GO TO 1 
C LBH= ( C  LBWB ( 2 1 *SHT*BHT 1 / ( SW*B) 
CALL CYBETA(CYB,CYBV) 
ALPHAR=ALPHA*.017453 
CLBV=CYBV*(ZV*COS(ALPHAR)-LV*SIN(ALPHAR))/B 
C LB=C LBWB ( 1 1 +C LBH+C LBV 
WRITE(6,4) CLB 
FORMAT ( /  /, 1 OX, ‘***KU-FRL DEVELOPED SUBROUTINE: CLBETA*** I, 

&//,lox,’ CLBETA = l,FIO.f,//,lOX,l*** 
&**END OF SUBROUTINE*****’ 1 

10 

20 

1 

30 

STOP 
END 

FUNCTION CLBETC (ARM, DLMC 2, TAPER) 

DIMENSION CO(31,Y (6),8(3) ,CLB(3) 
DLM=DLMC 2*57.3 
C0(1)=(.05624+2.8456*ALOC(ARW) 1 /6.2 
CO(2)=( .  2+1.9997*ALOG(ARW) )/4.35 
CO(3)=(.3671+1.3888*ALOG(ARW))/2.95 
IF(DLMC2.GT.O.O) GO TO 10 
Y (1 I=- (5.25E-05 *DLM) 
Y ( 2 1 =- (9.25 E-05 *DLM 1 
Y ( 3 1 =- ( 6. E-05 * D LM 1 
Y (4)=-(9.E-O5*DLM) 
Y (5 1 =- (6.5 E-05 *DLM 1 
Y (6)=- (8. E-O5*DLM) 
GO TO 20 
Y(1)=-(6.E-05*3.989E-O5*DLM+3.75E-O7*DLM**2) 
Y(2j=-(6.964E-05+6.4~3<-05*DLM+l.l16E-O6*DLM**2) 
Y (3) =- (6.25E-06+4.947E-OS*DLM+3.795E-07*DLM**2) 
Y(4)=-(5.089E-05+5.737E-O5*DLM+l.lO3E-06*DLM**2) 
Y(5)=-(2.669E-04+4.339E-05*DLM+4.268E-O7*DLM**2) 
Y(6)=-(6.786E-O5+5.7/~~E~O5*DLM+7.679E-O7*DLM**2) 

KU FRL SUBROUTINE CLBETA 

CLB/CL CURVE F I T  

DO 1 I=1,3 
B(  ” - Y ( I * 2 )  -Y (112-1 1 
CL;( r . )=CO(I )+e( I 1 +Y (1*2-i 
CONTINUE 
IF(TAPER .LE. 1 .O. AND. TAPE!(. GE.. 5) GO TO 30 
GO TO 40 
CLBETC=GRAB(l.O,.S,CLB(l),CLB(Z),TAPER) 

GO TO 50 

Figure ll.lS.9: Continued ORIGINAL BAGE Ib 
OF POOR QUAum 
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1010 40 CLBETC=GRA8(.5,0.O,CLB(Z),CLB<)),TAP€R) 
1020 50 RETURN 
1030 EN 0 
1040 FWCTION DM6AU(ARW,EM0DLRC2) 
tosoc ICnGAUMA CURVE F I T  
1060 Dr'MEWSION XF(lO),YF(S),CD(10,5) 
1070 DATA YF/2.,4.,6.,8.,10./ 
1080 DATA C0/1.001,1,0025,1.0,1.01,10015,1.02,1.025,1.035, 
1090 81 .05,1.0575,1 .002,1.005,1.012,1.025,1 .O425,1.060,1.085, 
1100 &1.17S,1.16,1.185,1.003,1.W75,1.018,1.040,1.065,1.1, 
1110 L1.145,1.195,1,275,1.33,1.~,1.01,1.024,1.~5,1.~,1.1225, 
1120 B1.1~,1.235,1.39,1.49,1,~5,1.0125,1.0~,1.0505,1.~5,1.145, 
1130 ~l.tlS,1.32,1.5,1.635/ 
1140 F=ARW/COS(DLUC2) 
1?50 G=ER*COS (DLRCZ) 
1160 DC=l.O 
1170 ce .0  
1180 DO 1 I=1,9 
1190 CB=CB+. 1 
1200 XF ( I) =CB 
1210 1 CCNTINUE 
1220 Xf(lO)=.95 
1230 IF(F.GT.10.0) F=10. 
1240 
1250 RETURN 
1260 END 
1270 FWCTION DELCLB(ARY, TAPER) 
128oc WASHOUT EFFECT CURVE F I T  
1290 DIHENSION BC(9,4),XFT(9),YFT(4) 
1300 DATA XFT/3.,4.,5.,6.,7.,8.,9.,10.,11./ 
1310 DATA YFT/0.,.4,.6,1.0/ 
1320 
1330 8 - . 0 0 0 0 2 2 , - . o o o O 2 9 , - ~ ~ 0 3 2 2 5 , - . 0 0 0 0 3 3 ~ , - . ~ M ) 3 4 , - . ~ 0 3 4 2 5 , ~ . ~ 3 5 ,  
1340 8-.000023,-.000030,-~0000335,-.~0035,-.~365,-.~0C?675,-.~~368750 
1350 &-.oooO23,- .000030,-~00~3~5,- .W~35,- .~0365,- .0~~675,~.~03587S, 
1360 DW=l -0 
1370 OELC LB=RDP(l .O,TAPER,ARW,1,4,9,9,DW,Y FT,XFT,BC) -.00002825,-.00003275, 
1380 RETURN -.000037,-.OOoO415, 
1390 EN 0 - . ~ 3 9 7 5 , ~ . 0 0 0 0 4 8 ,  
1400 FWCTION CLBCLA(ARY,TAPER) -. 0oO03975 ,-. OOO048 / 
141 OC CLBETAICLA CURVE F I T  
1420 DIMENSION AF(8),TF(3),CC(8,3),P(l),PD2(3),CCEPT(3) 
1430 DATA CCEPT/-.0011,-.00175,-.W25/ 

1450 &-.008,-.004,-.00225,-.~14,-,00095,-.0015, 
1460 
1470 D=l .O 
1480 IF(ARW.GE.8.0) GO TO 3 
1490 B=O. 
1 so0 DO 1 1=1,8 

DOMGM=RDP ( 1 -0, F, G, 1 , 5,  1 0, 1 0, DC, Y F, XF, C 0) 

DATA BC/- .OOOOl 90-. 000022,-. OOOO235,-. OOO023, -. OoO023 ,-. OOOO24,-,OOO025 79, 

1440 DATA CC/-. M)56,-. 00225 ,-. 001 OS ,-. 0004,- . 0001 5,0 w,  . 0003, . 0005 3, 

&- 01 12,-. OO6,-.OO36,-. oO25,-.oO175, -.0014,-.0011,-. 0009/ 

Figure 11.15.9: Continued 
. w d r l  ,e. P rlw b 

$"c 
b 

)@@@*E'.' #'V 
I 0 . .LY 
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1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1609 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
171 OC 
1720 
1730 
1740 
1750 
1760 
1770 
1780 

1800 
181 0 
1820 
1830 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 

1790 

B=8+1.0 
AF(I)=8 
CCNTINUE 
m=-. 5 
DO 2 11=1,3 
88=e8+,5 
TF (11)- 
CONTIWE 
CLBCLA=RDP (1.0, TAPER ,ARY, 1,3,8,8,P, TF, AF, CC ) 
60 TO 7 
DO 4 J=1,3 
PD2 (J 1 =. 0002+ARY+CCEPT( J 1 
CONTINUE 
IF(TAPER.GE..5.AND.TAPER.LE.l.O) GO TO 6 
CLBCLA=GUESS(TAPER,.S,.O,PD2(2) .PDZ(l 11 
GO TO 7 
CLBCLA=GUESS(TAPER,l.O,.5,PD2(3),PD2(2) 1 
RETURN 
END 
FlNCTION COHGAM(ARY,DUC2,ESII) 

DIMENSXON C(18,7),ACF(7),8CFfl8) 
KULAHDA CURVE F I T  

DATA ACF/ 2 0 83 840 8 5 ,6- 88 8 I O  / 
DATA c/1 .0,1.0,1.0,1~0,1.0,1.0,1.0,1.0,1.0, 
&100,1.0,1.0,1.0,1.0,1.0,.995,.992,.988, 
&1.0,1.001,1.003,1.~S,1.~7,1.010,1.012,1.014,1.016, 
&1.018,1.02S,1.03,1.033,1.034,1.035,1.035,1.035,1003, 
&1.0,1.002,1~005,1.00?,1.01,1.017,1.02,1.025,1.032, 
&1.062,1.053,1.063,1.072,1.08,1.09,1.1,10105,1.104, 
81.0,1.003,1.01,1.015,1.017,1.027,1.034,1.037,10~52, 
81.067,1.085,l.1,1.l2S,1.135,1.16,1.182,102,1.207, 

81.092,1,117,1.142,1.172,1.207,1.247,1.282,1.325,1.362, 

81.1375,1.18,1.217,1.265,1.32,1.4,1.475,1.58,1.69, 
&1.0,1.01,1.025,1,03S,1.0S,1.07,1.095,1.115,1.147, 
81.18,1.23,1.2?7,1.355,1.43,1.52,1.65,1.85,2.06/ 

&100,1.004,1.015,1.022,1.03,1.0375,1~~42,19052,1~073~ 

&1.0,1000?,1.02,1.025,1.062,1.055,19~55,19~~10117, 

1 

F=ARY/ COS (DLW 2) 
G=EM+COS (DLHC2) 
D=1.0 
B=.O5 
DO 1 1=1,18 
B=8+.05 
BCF (I)+ 
CON1 INUE 
I F (  F.GT -10.1 F=lO. 
COMGAN=RDP(l .O,F,G,l,7,18,18,D,ACF,BCF,CI 
RETURN 
END 
FLHCTION FCF(ARW,OLMC2,ALF,B) 

Figure 11.15.9: Continued 
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201 oc 
3 2 0  
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
21 20 
2130 
21 40 
21 50 
21 60 
21 70 
21 80 
2190 
2200 
221 0 
2220 
2230 
2240 
225 0 
2260 
22 70 
2280 
2290 
2300 
231 0 
23 20 
23 30 
2340C 
2350 
2360 
237 0 
2380 
238 5 
2390 
2395 
2400 
2405 
241 0 
241 5 
2420 
2425 
2430 
243 5 

FUSELAGE CORRECTION FACTOR 
DIMENSION 888(9,7),XFB(9),YFB(7) 
DATA XFB/O.,.2,.4,.6,.8,1.011.211,6,1,6/ 
DATA YFB/4.0,4.5,5.0,5.5,6.0,7.0,~.0/ 
DATA 888/1.0,1.0,1.0,1.0,1.0,1.0,1.0,.9902,.9696, 

111.0,l .0,1.0,1.0,1.0,1.0,.9804,.9478,.9109, 
&1.0,1.0,1.0,1.0,.9967,.9717,.9228,.8478,.8489, 
&1.0,1.0,1.0,.9924,.963,.9217,.8706,.8098,.74S6, 
81.0,1.0,.996?,.9696,.9326,.8848,.~185,.?61%,.6946, 
81 . 0,l. 0, . 9783, . 9435, . 8989, . 8446,. 7804, . 71 196,. 6402, 
81 -0, . 986, -959, . 9196, -8696, -8109, . 7435,. 6696, . 591 3/ 

DA= l  . 0 
FUS=ALF/B 
F=ARY/COS(DLHC2) 
IF(FUS.GT.1.5) GO TO 4 
IF(F.Gl.8.0) GO TO 1 
FCF=RDP(l .O,F,FUS,1,7,9,9,DA,YFB,XFB,BBB) 
GO TO 2 

1 FCFE=RDP(1.0,8.O,FuS,l,7,9,9,DA,Y FB,XFB,BBB) 
DE=F-3 . 
CPO=(-?.0804+112.954*ALOG(DE))/l71. 
CF=.9696-(CPO*.3783) 
DF=.5913-CF 
FCF=FCFE-(((3.857+10.7*fUS)/2l.)*DF) 
GO TO 2 

4 EX1=1.233-.4*FUS 
EX2=1.13-.1*Fus 
DEDtF-3. 
EEX=EX2-EX1 
FCF=EX2-(<(-7.084+112.954*ALOG(DED))/l7l.)~~EX) 

2 RETURN 
END 
FWCTION CLBD(ARY, DLMC2, TAPER) 

DIMENSION A A A ~ l l , 2 ~ , A 8 A ~ 1 1 , 2 ~ , A C A ~ l l , 2 ~ , A D F ~ l l ~ , D ~ l ~ , P X ~ 6 ~ , X D F ~ Z ~ , P T ~ 3 ~  
DATA XDF/1.,2./ 
DATA ADF10.,1.,2.,3.,4.,5.,6.,7.,8.,9.,10./ 
DATA AAA/O.,-.00005,-.000095,-.00135,-.00016fO1925, 

80. 0021 5 ,-. ooO2375,-. OO02523,-. OO027,-. 0002875, 
&0.,-.00005,-.000075,-.~125,~.~1352,-.0001475,-.00018~5, 
8- . 00016 75, - . 0001 75 2,-. 0001 775-. 0001 825/ 

DATA ABA/O . ,- .00005 25 ,- .OO00975,- .0001325 ,- .0001625 ,-.Om1 87S, 
e- .  OOO2075,-. 0002275 ,- . OO024,-. 000255 ,- . 00027, 
80 . , - . 00005 , - . 000085, - . OOOll,-. 0001 3, - . 0001 4 25, - .OOOl 5 25, - . 000 1 6, 
8 -. 0001 65,-. 0001 7,-. 0001 725 / 

DATA ACA/0.,-.0000525,-.0000875,-.00011S,-.000135~ 
g- . 0001 5 25, - . 0001675, = . OOO18, - . 0001 9,-. 0002, - . 0002 1 I 
80. ,-.ooO0425,-.~00725,~.~095 ,-.0001075,-. 0001 175, 
8- . 0001 25, - . 0001 3 25, - . 00013 75 , - . 0001 4, - .000145 / 

_. 

DIHEDRAL EFFECT 

PLgura 11.15.9: Continued 
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2440 
2650 
2460 
2470 
2480 
2630 
2SOC 
2510 
2320 
2530 
2540 
2550 
2560 
2570 
2580 
2590 
260C 
261 @ 
2620 
2630 
2640 
265 0 
2660 
2670 
2680 
2690 
2700 
2710 
27 20 
2730C 
2740 
2750 
2760 
t? 70 
27 80 
2790C 
2800 
2810 
28 20 
2830 

DNM=DLMC2*57.3 
DNII=ABS (DNW 
PX(1) =RDP(l,O,l .O,ARW,l,Z, 11 ,'.i .D,XDF,ADF,AMP.) 
PX (2) =RDP(l .O, 2.08ARU8 1,2,11 1 1 ,D,XDF, ADF, AAA)  
PX(3) =RDP (1 . 0,l . O,ARY, 1,2,11,11 ,D,XDF, ADF, ABA 1 
PX(4)=RDP(1.0,2.0,ARU81,2,11,11,D,XDF,ADF,ABA~ 
PX(S?=RDP(l.O,l .O,ARW,l,Z,ll,ll,D,XDF,ADF,ACA) 
PX(6)=RDP(1.0,2~0,ARW,l,2,11,11,0,XDF8ADF,ACA~ 
DO 3 K=1,3 
PT(K)=PX(K*t)-PX(K+2-1) 

PT (1 )= (( ,0004S*DNII**2.774) /38 . 5 1 *PT (1 1 +PX (1 1 
PT(2)=((.00055*DNM**2.7095)/36.)*PT(Z)+PX~3~ 
PT(3)=((.00018*DNII**2.9069)/26.)*PT(3)+PX(S) 
IF(TAPER.LE. .S.AND.TAPER,GE.O.) GO TO 5 
CLBD=GUESS(TAPER,l.O,.S,PT(l),PT(2)) 
GO TO 6 

3 CONTINUE 

5 CLBD=CUESS(TAPER,.5,O.,PT(2),PT(3)) 
C RETURN 

END 
F U C  T I  ON CRAB (A ,B, C ,D, X 1 
GRAB=C-((A-X)*(C-D)/(A-B)) 
RETURN 
EN 0 
FWCTION CUESS(X,Y,Z,W,U) 
GUESS= (( X-Z 1 *(U-U) / ( Y  -2) 1 +U 
RETURN 
EN D 
FUNCTION DELG(ARW,B,AFSA) 

DELTA CLB/GAYMA 
D=S QRT ( AFSA / . 7854 1 
DELG=-(.0005*SQRT(ARU)*(D/B)**2) 
RETURN 
END 
FUNCTION DELZU(AAW,B,ZW,AFSA) 

D=SQRT(AFSA/.7854) 
DELZU=-((l.2*SQRT(ARY)/57.3)*(ZU/B)*(2.*D/E)) 
RETURN 
END 

DELTA CLB/ZY 

***KU-FRL DEVELOPED SL'PRCUTINE: CLBETA*** 

CLBETA = -9.11 700 

*****END OF SU@ROUTINE***** 

Figure 11.15.9: Continued 
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Comparison of the computer generated values with the  hand ca l cu la t ion  

showsthat the  func t ions ,  and the  t o t a l  subrout ine ,ca lcu l - te  with good 

accuracy : 

F l i g h t  Condition 

= -.1679 (rad-') 

'" Hand check 

= w.16844 (rad-') cQ 
Subroutine 

(rad-' ) 
B M cL cQ a (deg) 

The subroutine w a s  t e s t e d  for 3 f l i g h t  condi t ions  on a i rp l ane  A, see 

Appendix C. The following t a b l e  i l l u s t r a t e s  these  conditions.  

3 

Table 11.15.2 F l i g h t  Conditions 

10.9 .42 .I92 -. 192 

1 

2 

11.3 .152 1.04 -. 188 

1.74 * -83 .265 * -.130 

These f l i g h t  condi t ions  were appl ied  t o  subroutine CLBETA with the  

following r e s u l t s  (sample outputs).  

(rad-') 

-. 16517 tt -. 1170 

-. 16844 1 3  I 
Comparison of these  r e s u l t s  with the  CQ values of Reference 11.15.2 

B 
(Table 11.15.2) i nd ica t e  t h a t  subroutine CLBETA underpredicts by about 

10% - 12%. This value is acceptable,  f o r  preliminary design purposes. 
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11.16 VARIATION OF YAWING NOMENT COEFFICIEHT WITH SIDESLIP ANGLE Cn 
5 

11.16.1 DERIVATION OF EQUATIONS 
Il.tbl 

Reference provides the following method for the calculation 

of this variable. 

For a tail-aft configuration this derivative may be broken 

up in the following dontributions: 

en = cn + cn + cn + cng 
0W 0B BV P B 

(11.16.1) 

Usually, the wing contribution Cn is small, except at high 
0, 

angles of attack. In that case it may be calculated using a formula 

from Reference 11.16.2. 

Wing yawing moment derivative at low speeds: 

- 
where: X is the longitudinal distance from the 

center of gravity to the wing aerodynamic 

center, positive rearward. 

At high sweep angles the above formula is no longer correct. 

In that case, the Prandtl-Glauert Rule may be applied to yield a 

correction for the first order three-dimensional effects of compres- 

sibility. The resulting expression is: 

11.16.1 



'n 
-! 

where : 

2 

(11.16.2b) 
d+ 4cosAl14; R B + 4d B cosAll4; - 8cos A 

=( -4 B + ~ c o s A ~ , ~ ;  )( * 

(11.16.2~) 2 2  
c/4 B 0 d l  - M cos A 

The body contribution, Cn , including the interference effect 
BB 

of the wing on the body, may be found using: 

(11.16.3) 

where : 5 is an empirical factor for body and body 

and wing effect, found from'Figure 11.16.2. 

% is a Reynolds Number correction factor 

for the fuselage, found from Figure 11.16.3. 
11 

S & Ilg are geometric parameters, defined in Figure 
BS 

11.16.1. 

~~ 

Figure 11.16.1: Definition of geometric p~rorsctrrr. 
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- -. 
Figure 11.16.2: Empirical Factor for Wing + Wing-Body 

.Interference 

‘1 I. 
I 

_-_- ~ _ - .  &_ 

Figure 11.16.3: Effect of Fuselage Raynolds Number on Ping- 
Body Combinations 

11.16.3 



The vertical tail contribution, Cn , may be obtained from: 
% 

(rad-’ ) 
( llVcosa ; Z v sina 

c = -cy n 
6, Bv 

(11.16.4) 

where : 
and Zv are defined in V 

The side-force 

Figure 11.16.1. 

derivative Cy may be 
6V 

obtained from Section 11.14. 

The fuselage length, ilB, is readily available in GASP. However, 

other fuselage parameters, like H1, H2 and S are not. The repre- 
BS 

sentation of the fuselage as it is in the current setup is not very 

realistic, and therefore the above parameters should not be derived 

using the GASP method. Reference Y documents a program, deveioped 
11.16.3 

by the K.U. Flight Research Laboratory, that provides a very realistic 

representation of the fuselage. Th.k program will therefore be used 

to calculate the fuselage parameters. 

By using HP 65 curve fitting routines, the following approximations 

were found for Figures 11.16.2 and 11.16.3: 

r 3 
L 

-1.0147 + 4.4649( -) HC - 3.3626( -) HC + 
wC wC 

L 
3 

+ 1.0794(Hc) - .1217(q] - .0005 
wC wC M1 

where : 
M1 3.6497-3.5796 &- .39(<)+ H 

+ 2.0149(+) H - .6946($) 4 H 3 

2 

(11.16.6) 

(11.16.7) 
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X 

‘b 
Y - 2.8333 cg - ,41667 + XI 

x1 = - .12 - Lb + 1.91 ‘b 8<-<12:  

sBs sBs 

= - 1.830754 + .20494 LN (R&) “it 
is the  Reynolds number of t he  RQ where : 

fuse lage  (= ?) 
11.16.2 HAND CALCULATION 

Following is a hand ca l cu la t ion  f o r  AirplaneA , using the  

graphs as provided i n  t h i s  chapter.  The input  d a t a  are given 

in Appendix C .  

The wing cont r ibu t ion  a t  low Elach numbers follows from 

Equation (11.16.20): 

0.0219 (rad-’) 

(11.16.8) 

(11.16.9) 

(11.16.10) 

(11.16.11) 

(11.16.9) 
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The compressibi l i ty  cor rec t ion  y i e l d s :  

cn 1 = 0.00732 (rad-’) 

Bw M 

From Figure 11.16.2 follows t h e  f a c t o r  €$, using t h e  following 

va r i ab le s :  

!i2 /S = 13.3 
% 

= 0.538 xm’53 

h/w = 1  

This y i e lds :  

% - 0.00155 

For a fuselage Reyuolds number o f :  

6 hs = 6 9 . 9 ~ 1 0  

It follows f o r  t he  cor rec t ion  f a c t o r  i n  Figure 11.16.3: 

The body cont r ibu t ion  now follows from Equation (11.l6.3) : 

= -0.1271 (rad”) ‘n 
BB 

The v e r t i c a l  t a i l  cont r ibu t ion  follows from Equation (11.16.4) : 

(The ver t ical  t a i l  s ideforce  d e r i v a t i v e  i s  ca lcu la ted  i n  Chapter 

11.14.) - 0.190 (rad-’) ‘n 
6, 

Assuming t h a t  t h e  power e f f e c t  is n e g l i g i b l e ,  t h e  r e s u l t  is :  

C = 0.07024 (rad-’) 
no 
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The computer generated a value of: 

C = 0.06296 (rad-') 
8 n 

The differecce is mainly attributable to an accumulation of errors 

in curve fittings for Figure 11.16.2. This compares to a test value 

of: - 0.08594 (rad-') 
8 'n 

One of the reasons for this higher value could be the effect of the 

extension of the vertical tail below the fuselage. This could account 

for an increase of 8% in Cy or  an increase of 21% in C . This 
8 n 

8, 
would produce a value of C 

Table 11.16.1 lists the variable names in the routine. 

= 0.0854 (rad") for the hand calculation. 
"B 

TABLE 11.16.1: VARIABLE NAYES IN SUBROUTINE "CNB" 

NAME ENG. SYMBOL DIMENSION O R I G I N  REMARKS 

ALPHA 

AR 

B 

BATP. 

CBARU 

CL 

CNB 

CNBB 

CNBV 

a 

Kt 

b 

B 

- 
c 

cL 

6 'n 

'n 
BB 

'n 
BV 

rad Common 

--- Common 

ft Common 

--- --- 

--_ Common 

_-- Common 

rad-' 

rad'' --- 

rad-' --- 

Compressibility 
Correction 

11.16.7 



T;BLE 11.16.1: VARIABLE NAMES IN SUBROUTINE "Ch'3'' (continued) 

XAiZ  ENG. SYMBOL 3GiENSION ORIGIN REMARKS 

CNBW 

CNBWL 

CYBV 

DENSIT 

EKC; 

ELF 

ELTV 

ELWING 

EM 

FACT1 

FACT2 

FACT3 

HC 

HI 

H2 

m 

KRL 

RENUMF 

P 

x 
=g 

aB 

xac 

M 

--- 
--e 

HC 

H1 

-1 rad 

rad-' 

lb sec2/ft4 Common 

ft Common 

ft Common 

ft Common 

ft Commn 

ft Subroutine 
Fuse 

ft Subroutine 
Fuse 

ORIGINAL U G E  & 
OF POOR QUAUTYI 
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TABLE 11.16.1 : VARIABLE NAMES IN SUBROUTINE "CNB" (continued) 

CWPUTE 
WING CONTR. ( I l .16 .2a)  
LOW SPEED 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 

sBS 

sw sW 

~~ ~ 

Subroutine 
Fuse 

Common 

2 f t  

2 f t  

V V f t/sec Common 

VISCOS V f t  Isec  
2 

f t  Common wC wc 
xl 

f t  Common zv mT 

Figure 11.16.4 shows a flowchart of the routine,  f igure  11.16.5 

shows a l i s t i n g  as w e l l  as a sample printout. 

-_ 
Figure 11.16.4: Plowchart of Subroutine "CNBETA" 
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COMPUTE 
Ul PIC-BODY 
CORR. FACTOR 

* 

10 WRITE (6,1001) 
20 1001 FORMAT (lOX,"KU-FRL DEVELOPED SUBROUTINE FOR THE COMPUTATION 
30 8 OF CNB"///) 
40 C SUBROUTINE CNB (CNB) 
50 REAL KN,KRL,KA,KV,KC,KW,Hl,H2,LN,LT,Ml,M2 
60 COMMON/WINC/DLMC4,AR,SLN,B,CRCLU,CBARW,SU,CLAUP 
70 COHHON/FUS/ELF,DFUS,HC,WC,LN,ELTH,HH,SO,R2I,LV,ZV 
80 COHNON/FLITE/ALPHA,EM,CL 
90 
100 COMMON/YEICHT/ELCC,WEI GHT 
110 CNBWL=(l./(12.566*AR)-((ATAN(SWPQC))/(3.142* 
120 &AR*(AR+4.*COS(SWPQC))))*(COS(SUWC)-.5*AR-AR**2./(8.*COS 
1 3 0  &(SWPQC))+6 . * ( (ELWINC-ELCG) /CBARW)* ( (S IN~SUPQC~~/AR~~~ 
140 BATA=SQRT(l . - (EM**2.)*(COS(SWPQC)**2.))  
150 FACTl=(AR+4.*COS(SUPQC))/(AR*BATA+4.+COS(SUPQC~) 
160 F A C T 2 = ( ( A R * * 2 . ) * ( B A T A * * 2 . ) + 4 . * A R * ~ A T A * C O S ~ S U P Q C ~ - 8 . * ~ C O S ~ S U P Q C ~ * * 2 . ~ ~  
170 
180 CNBV=CNBUL*(CL**2.)*FACTl*(FACT2/FACT3) 
190 CALL CONPAR (PHICl,KA,KV,KC,KU) 
200 SBSU=H(:* ( EL F-LN-LT) 

COMMON/ SHA PE2/H1, H2, LT, PHI C1, PHIN 1 

FACT3=(AR**2. +4. *AR*COS (SWWC) -8. *(COS (SWPQC 1 **2.) 1 

FLgurc 11.16.5: Lirting and S ~ n p l r  Printout for Subroutine 
"CNBETA" 

11.16.10 

(11.16.6/?/8) 

COMPUTE 
FUSELAGE 

CORR. FACTOR 
L 

(11.16.9) 

COMPUTE 
BODY 

COHTR I BUT I 011 
( 1  1.16.31 

cnnPuTE 
VERT. T A I L  
CnNTRIBllTlll!l 

(11.16.4) 

COHPUTF: 

C 
"8 

( 1  1.16. I )  



21 0 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 3 0  
3 2 0  
330 
340 4 0  
350 50 
360 
370 
380 
390 
400 
41 0 
420 
4 3 0  
4 4 0  
450 
460 
470 
480 
490 
500 

I F  (SBSRAT. EQ.O.1 SBSRAT=,7S 
SBSECZ=KA*LT*DFUS 
CALL CONPAR(PHINl,KA,KV,KC,KU) 

SBSN=KA*LN*DFUS 
SBS=SBSRAT*SBSN+SBS U+SBSECZ 
LB2SBS=ELF**2. /SBS 
I F  (L82SBS.GE.8.) GOTO 3 0  
SHIFT1=6.0942-1.~516*LE2S~S+.l~525*LB2SES**2.-,006~*LB2SBS**3.+ 

GOTO 50 
I F  (LB2SBS.GE.12., GOTO 40 
SHIFT1 =-, 12*LBZSBS+l . 91 
GOTO 50 
SHIFT1 =- . 05875*LB2SBS +1.175 
CONTINUE 
YVALUE=2,8333*ELCG/ELF-.41667+SHIFTl 
HlHt=SQRT(H1/H2) 
M1=3.6497-3.5796*HlH2-.39*HlH2**2,+2.014~*HlH2**3.-.6946*HlH2**4. 
ZVALUE=YVALUE/Ml 
HWRAT=HC/UC 
M2=~-1.0147+4.4649*HWRAT-3.3626*HYRAT**2,+l,Oi94*HURAT**3.~.1~17* 

KN=M2*ZVALUE- , 0005 
RENlJHF=RENUM (DENS IT, V I S  COS, V, ELF) 
KRL=-l,830754+.20494*ALOG(RENUMF) 
CtlBB=-S 7,3*KN*KRL*(SBS/SW) *( ELF/B) 
CALL CYBETA (CYB,CYEV) 
CNBV=-CYBV*((ELTV*COS(ALPHA)+ZVT*SIN(ALPHA))/B) 
CNB=CNBU +C NB8 +CNW 
WRITE (6,1007) CNBV 

8 . 000 1 *LE2 SBS **4 . 

&HWRAT**4 . 1 * , 001 

510 1007 FORMAT (lOX,"VERT. T A I L  CONTR.= ", 1 F 10 , 5, " /RAD"/ 1 

530 1008 FORMAT (lOX,"TOTAL CNB - - ", 1 F 10 . 5, " /RA O"/ / 1 
5 20 

540 YRITE (6,1009) 

560C RETURN 
5 70 STOP 
580 END 
590 FUNCTION RENLIM (DENSIT,VISCOS,TAS,ALNGTH) 
600 C 
610C THIS FUNCTION COHPUTES THE REYNOLDS NUMBER OF A BODY 
620C 
630 RENUN= (TAS*ALNGTH 1 / V I S C O S  
640 RETURN 
650 END 

WRITE (6,1008) CNB 

550 1009 FORMAT (loX,"***END OF SUBROUTINE***"///) 

Figure 11.16.5: Coneinucd 
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660 
670 
680C 
690C 
700 C 
71 OC 
720C 
730 
740 
75 0 
760 
7 70 
780 
790 
800 
81 0 
820 
830 
840 
850 

SUBROUTINE CONPAR (PHI,KP,KV,KC,KW) 
REAL KA , KV , KC, KW 

THIS SUBROUTINE COMPUTES THE AREA CORRECTION FACTORS 
KA,KV,KC AND KU WHEN THE SHAPE PARAMETER P H I  I S  INPUT 
THIS SUBROUTINE WAS DERIVED FROM TORENBEEK PG.447 

DATA AK,AKl,AK2,AK3,AK4/-.59,3.8109,-5.721,6.4168,-2.9167/ 
DATA VK,VKl ,VK2, VK3,VK4/-. 9095,5.803 ,-13.0927,16.5927,-7.40741 

DATA CK,CKl,CK2,CK3,CK4/2.96,-12.0488,22.8752,-18.3335,5.5556/ 
DATA YK,WK1,UK2,UK3,UK4/-172.721,1008.8388,-2162.2~,2023.9877,-69 

87.9097 / 
PoLY~x,c,cl,c2,c3,c4~=c+cl*x+c2*x**2.+c3*x**3.+c4*x**4. 
KA=POLY(PHI,AK,AKl,AKZ,AK3,AK4) 
KV=POLY(PHI,VK,VKl,VK2,VK3,WO 
KC=POLY(PHI,CK,CKI,CKZ,CK3,CK4) 
KW=POLY(PHI,WK,WK1,WK2,WK3,UK4) 
CONT I NU€ 
RETURN 
EN D 

Figure 11.16.5: Continued 

11.16.4 REFERENCES 
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11.17 C , VARIATION OF SIDE FORCE DUE TO ROLL RATE PERTURBATIONS 

11.17.1 DERIVATION OF EQUATIONS 
yP 

Test  # 

1 

l 2  
3 

Reference 11.7.1, page 8.1 g ives  C as: 
yP 

cyP 
a 

0 - .084/rad 

5 - .058/rad 

10 - .030/rad 

2 cosa - llvsina 
c = c  = 2 ( v  )C Y (rad-'), 

Y 
P PV BV 

4; 
(11.17.1) 

C is obtained from t h e  C subroutine,  s e c t i o n  11.14. 

V 
y8 

11.17.2 HAND CALCULATIONS 

Three tests were set-up using Airplane 4 d a t a  a t  t h r e e  angles  of a t t a c k .  

The d a t a  are from references 11.17.2 and 11.17.3. Table 11.17.1 shows these  

t es t  r e s u l t s .  

- 
Note: xCag: .25 .  Table 1 1 . 1 7 . 1  is a l l  da t a ,  C was computed from 

yP 
eq. 11.17.1. 

11.17.3 DESCRIPTION OF THE PROGRAM 

The C subroutine computes C d i r e c t l y  from eq. 11 .17 .1 .  Except f o r  
yP yP 

C , which i s  obtained by c a l l i n g  t h e  C subroutine,  the  da t a  is obtained 
Y Bv y B  

11.17.1 



from a common block. Table 11 .17 .2  is a var iab le  l ist  f o r  the  C subroutine.  
yP 

Table 11.17.2 - Variable L i s t  

Name Eng. Symbol Dimension Origin Remarks 

F t  Common Vertical d i s t ance  from 
c.g. to v e r t .  t a i l  a.c. zv zv 

ZLV 

B 

CYBV 

LV 

b 

F t  

Ft 

rad-' 

Common 

Common 

Subrgut ine  

Horizontal  d i s t ance  from 
c.g. t o  v e r t .  t a i l  a.c. 

Var ia t ion  of Side Force 
due t o  s i d e s l i p  due t o  
v e r t i c a l  t a i l  

Figure 11.17.1 shows a flowchart ,  Figure 11.17.2 shows a l i s t i n g  as  

w e l l  as a sample output .  Table 11.17.3 shows the  r e s u l t s  of severa l  tests. 

INPJ T 

"CYBETA" 

Figure 11.17.1: Flowchart for Subroutine "CYPE" 

11.17.2 
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10 
20 
30 
40 
50 
60 
70 
80 
90 

1 

2 

3 

SUBROUTINE CYPE (CYP) 
COMMPN/ F L I T € /  ALPHA, E#, CL 
COMMON/FUS/ELF,DFUS,HC,WC,LN,ELTH,HH,SO,R2I,LV,ZV 
CALL CYBETA (CYB,CYBV) 
CYP=(2*CYBV/B)*(ZV*COS(ALPHA)-LV*SIN(ALPHA)) 
WRITE (6,1000) CYP 

1000 FORHAT (lOX,"CYP = ",F10.4," PER RADIAN"//) 
RETURN 
END 

-. 084lrad -.103/rad 22.62% (too big) 

- .058/rad -. 075lrad 29.31% (too big) 

- .030/rad - .045/rad 50.00% (too big) 

CYP = -0.103 PER RADIAN 

Figure 11.17.2: Listing and Sample Printout for Subroutine "CYPE" 

Table 11.17.3 C Tests, Airplane A 
)P 

C (Com?uter) X Error * 
YP 

(100 1 
'P I computer 1 C - c  

"!data 
C 
yp I data 

* % Error = 

The C subroutine method is on the right track, but more tests and 
P Y 

refinement of the program is needed to make it mci'e accurate. 

11.17.4 REFERENCES 

11.17.1 Roskam, J. Methods for Estimating Stability and Control 
Derivatives for Conventional Subsonic Air- 
planes, Roskam Aviation & Engineering Corp. 
Lawrence, KS, 3977. 

11.17.2 Anon Confidential Report 
11.17.3 Anon Confidential Report 
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11.18 CL , VARIATION OF ROLLING MOMENT COEFFICIENT WITH ROLL RATE 
P 

PERTURBATIONS 

11.18.1 DERIVATION OF EQUATIONS 

According to Reference 11.8.1, CQ can be estimated as 
P 

follows : 

: cli = CQ + CQ + CQ 
P PWB 'H 'V 

where : 

('4) is the roll damping parameter 

cQ 

K =  2n 
''1 avg . 

(11.18.1) 

(11.18.2) 

(11.18.2a) 

/ 3 = d 1 - M 2  (11.18.2b) 

r$)is found from Referexe 1, Figure 8.1. Figure 8.1 is 

given on the .following pages as Figure 11.18.1. Use of Figure 11.18.1 

is explained in Section 11.18.3. 

('2) is found frov Figure 11.18.1 using the horizontal 

(11.18.3) 

(11.18.3a) 

tail geometry. 

11.18.1 



(b) - 0 . 3  
2; 

Figuro 11.18.1: Roll damping parmocor, usod for computation 
of ce 

Q 
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i. 

Figure 11.18.1: continud 
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where : % i s  the  v e r t i c a l  d i s t ance  from the  body 

X-axis t o  t he  v e r t i c a l  t a i l  aerodynamic 

cen te r  : 

(11 18.4) 

Figure 11.18.2: Geometry f o r  determining distance 

VOrtiC61 U i l  A.C. to body X-axis 

11.18.2 HAND CALCULATION 

In  view of che s impl i c i ty  of Equations 11.18.1 through 11.18.4, 

an e n t i r e  hand c a l c u l a t i o n  was. not c a r r i e d  

Figure 8.1, 

I n  the 

Reference 11.18.1 was checked. 

CQ subrout ine ,  i n t e r p o l a t i o n s  
P 

out.  Ins tead ,  the use of 

of Figure 8.1 are done i n  

Function RDP. 

11.18.3. 

RDP generated in t e rpo la t ions  f o r  Figure 8.1. 

The input  da t a  from Figure 8 .1  is discussed i n  Section 

Table 11.18.1 gives hand ca lcu la ted  in t e rpo la t ions  versus 

11.18.4 



TABLE 11.18.1 HAND CHECK OF FIGURE 8.1, REFERENCE 11.18.1. 

TEST I (B 'k 'K)computer 
P 

(B 'k 'K)hand 
P 

n AB 

.25 2.5 40 -. 2140 -. 2140 
1.0 10.0 70 -. 2778 -1.2778 

.33 4.2 22 -. 3186 -. 3193 

.72 6.6 56 -. 3269 -. 3255 

Table 11.18.1 shows that Function RDP interpolates Figure 11.18.1 

very accurately. 

The Ck subroutine calls the Y '  

subroutine to find Cy . TG see how the C subroutine compares 

A second source of error is C 
BV P 

BV yB 

to a hand calculation, see Section 11.14.2. 

The Entire C, subroutine was checked against Airplane A 
P 

(Reference 11.18.2) and Airplane D (Reference 11.18.3) data. Table 11.18.2 

gives relevant data and C for the two aircraft. II 
P 
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TABLE 11.18.2 CI1 TEST CASES 
P 

TEST # 

Airplane A .83 1.74' -.535 

.83 .95' - .550 11 

53 1.07' -. 440 II 

.152 11.30' -. 370 11 

Airplane D . 11 14.50' -. 330 

.60 3.00' -. 361 11 

11.18.3 DESCRIPTION OF THE PROG2AM 

The CQ subroutine is straight fxward. mz most complex part 

is the interpolation of Figure 11.18.1, which is done by Function RDP. 
P 

The limitations of the subroutine are as fo?lows: 

1) .25 < rl < 1.0 

2) 0' < A 70' 

- -  
- 6  

-1 where : = tan (tanAc,4/$) 

$A 3) 1.5 5 -  C 10 
K -  

B 
where : 

A = Aspect Ratio 
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4 )  Any limitations in the C subroutine also apply because 
0 
Y 

the CQ subroutine obtains C y  from the former. 
P Bv 

5 )  H < 1.0 

Table 11.18.3 gives variable names and origins. 

TABLE 11.18.3 VARIABLE LIST 

NA% ENG. SYMBOL DIMENSION ORIGIN REMARKS 

rad-' Output CLP 
P 

-1 rad Internal Wing-body 
contribution 

P 
to CQ 

rad-' Internal Vertical tail 
contribution 

P 
to cI1 

CLPV c, 
PV 

rad-' Internal Horizontal tail 
contribution to 

P 
c, 

CLPH c, 
PH 

EM 

CLAW 

M 

cE 
"w 

--- Common 

rad-' Common 

Mach nmber 

Wing section 
lif t-curve 
slope 

-1 Common rad Horizontal tail 
sect ion lift- 
curve slope 

CLAHP 
H ci 

cI1 

KAPPA 

KAPPAH 

Internal CQ /2s 

W a W K 

Internal c, /2s 

H a H K 

2 ft s, sw Wing area sw c mmon 
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TABLE 11.18.3 VARIABLE LIST (continued) 

- NAME ENG. SYMBOL DIMENSION ORIGIN RPlARKT 

f t 2  Coamaon sH SHT 

B b, bW f t  Common 

f t  Common BHT bH 

f t  Colmnon zv ZV 

CYBV rad-' 

-1 D2 B CL/u rad 

--- AR A, a 

deg . %4 DLMC4 

DWC4H %lH 

SWPBW 

SWPBH 

A 
BW 

A 
% 

deg . 

deg . 

Subroutine 

cYB 

I n t e r n a l  

Common 

Common 

Common 

Common 

Comaon 

Common 

In t e mal 

In t e rna l  

Horlz. t a i l  
area 

Wing span 

Horlz. t a i l  
span 

Vert ica l  dis- 
tance from body 
X-axis t o  v e r t .  
tsll a.c. 

Vertical t a i l  
cont r ibu t ion  
t o  c 

yB 

Roll damping 
parameter 

Wing aspect 
ratio 

Horiz. t a i l  
aspec t rat io 

1/4 % wing 
sweep angle 

1 / 4  CH Horiz. 
tai l  sweep 
angle 

Wing taper  
r a t i o  

Horiz. t a i l  
taper  r a t i o  

tanh 

B 
-1 c/4w 

Tan 
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TABLE 11.18.3 VARIABLE LIST (continued) 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 

Figure 11.18.3 shows a flowchart of the program, figure 11.18.4 

shows a listing as well as a sample printout. 

I MPUT 1-1 

ConPUTE tSRDpIt (*II. TAIL I 
CONTRlEUTlON (11.16.3) 

VERT. TAIL 

Pigurc 11.18.3: Flovchsrc of Subroocine "CUE" 
\ 
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10 
20 
30 
40 
50 
60 
65 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
21 0 
220 
230 
240 
25 0 
260 
270 
280 
290 
300 
31 0 
320 
323 
326 
330 
340 
350 
360 
370 
380 
390 
400 
430 
440 
470 
480 
490 
500 
510 

SUBROUTINE CLPP(CLP,CLPWB) 
REAL KAPPA,KA WAH, LN, LV 
DIMENSION DD(24,9),VV(9),UU(3),DDD(4) ,bfU(8) 
COWON /UING/DLHC4,AR,SLM,B,CRCLU,CBARU,SU,CLAUP 
COWON /HORZ/DLMC4H,ARH,SLMH,BHT,CBARHT,SHT,CLAHP,CRCLHT 
COMMON / f LITE/ ALPHA, EM, CL 
C O W O N  /FUS/ELF,DFUS,HC,UC,LN,ELTH,HH,SO,R2I,LV,ZV 

DATA VV/1.5,2.,2.5,3.5,4.5,5.,7.,9.110./ 
DATA UU/ . 25,. 5,l. / 
DATA YY/O.,10.,20.,30.,40.,50.,60~,~0./ 

DATA 00/4*.1418,.1412,.1385,.1321,.1218,3*.1449, 
&.166,.143,.1406,.1347,.121,,1445,.1445,~1444,.144,.1432, 
&.1423,.1415,.1374,.1229,.1805,.1809,.1811,.1802,.1786, 
&.1726,.1605,.1383,.1851,.1~41,.1831,~1822,.179,.1737,.1621, 
8.1467,.1877,.187,.1858,.1~~4,.1802,.1749,.1636,.1427, 
&.2202,.2206,.2204,.2183,.21~,~2058,.1893,.1574,.2233, 
8.2226,,2214,.2199,.2168,.2083,.1935,.1653,.2303,.2301, 
&.2293,.2267,.2216,.2151,.1982,.1~2,.2819,.2821,.28,.2753, 
8.2654,.2498,.222,.1769,.2937,.2942,.2915,.2876,.2778, 
8.2665,.2378,.1906,.3,.2997,.298,.2925,.2~28,.2~6,.241, 
&.1977,2*.3331,.3309,.3235,.3097,.2858,.2447,.1893,.3501, 
~.3496,.3t6,.339,.3232,.2983,.2591,.2054,.3614,.359,.3552, 
8.3467, -3234,. 3085,. 2702,. 2165,2*.358,. 3521, -3436, -3261, 
8.2973,.2531,. 1934,.3762, .374,.3682, -358, .3399,.3136,. 271 , 
8.2097,.3873,.3847,.37a9,.36?8,.3~0~,.32si,.2828,.2233, 
8.4218,.4226,.4167,.3996,.3728,.3323,.~772,.2049,.4526,.4502, 
&.442S,.4275,.3994,.3583,.2991,.2267,.4774,.4718,.4618, 
8.4461,. 191,.3753,.3187,.2455,.4?72,.4747,.4638,.442,.407, 
8.356,.2~12,.214,.5097,.5059,.495,.4747,.4398,.39,.3196,.240~, 
8.546,.5403,.5265,.5008,.4628,.41S9,.3503,.2702,.4965,.4955, 

8.4543,.4045,.3358,.2475,.572,.5659,.5472,.519,.4?95,.4295, 
&.3656,.2?78/ 

g.t82i,.4~88,.4i98,.3~9,.2984,.2i6,.~364,.~306,.si7a,.4923, 

RLUC4+OLHC4*3.14159/180. 
RLRC4H=DLRC4H*3.141S9/180. 
KAPPA=CLAUP/6.283 1 9 
KAPPAH=CLAHP/6 . 2831 9 
BATA=SQRT (1 .-EM**2) 
AU=BATA*AR/KAPPA 
AHeATA*ARH/KAP?AH 
SWFaW=ATAN((SIN(RLMC4)/COS(RLMC4))/BATA) 

SUPBH=ATAN((SIN (RLRC4H) /COS (RLRC4H) 1 /BATA) 
D=RDP(SLR,AU,SWPBU,3,9,8,24, UU,VV,UU,DD) 

CLPUB=-D*KAPPA/BATA 
D2= RDP(SLMH,AH,SWWH,3,9,8,24,UU,VV,W,DD) 
CLPHH=-DZ*KAPF'AH/BATA 
CLPH=.5*CLPHH*(SHT/SU)*((BHT/B)**2) 
CALL CVBETA ( C  Y8,C YBV) 
c LP v=2. * ( ( 2 v /e 1 **2 1 *c Yev 
CLP=CLPWB+CLPH+CLPV 

0 ~ I G m f i  Ib 
poOa Q U M  

P l ~ u r e  11.18.6: Listing mnd S-le Printout of Subroutllu " W E "  
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5 20 WRITE(6,1)EM,CLPUB,CLPH,CLPV,CLP 
530 1 FORMAT(lOX,'CRUISE MACH =',F5.3,/,15X,'CLPWB = I ,  

540 &F8.3,/,15X,'CLPH =',F8.3,/,15X,'CLPV =',F8.3,/, 
550 
560 RETURN 
570 EN D 

&9X, CLP = I ,  F8.3, ZX, PER RADIAN' 1 

Test # 

CLP J -0.501 PER RADIAN 

Airplane CQ (data) C, (computer) 
P P 

Figure 11.18.4: Continued 

1 

Table 11.18.4 below compares the computer generated C,  's with those 
P 

from References 11.18.2 and 11.18.3 for tha tests outlined previously in 

A -.535/rad -. 50llrad 
'I 

section 11.18.2. 

3 

4 

5 

6 

Table 11.18.4 - C, Output 

I 1  -.440/rad -.446/ rad 5.9% 

-. 370lrad -.416/rad 12.4% 'I 

D -.330/rad - .4 18 I rad 26.7% 

I 1  -. 361lrad -. 446lrad 23.6% 

X Error 

6.4% 

8.9% 

It is important to note that the CQ 's for airplane A are themselves 
P 

predictions while the CQ 's for airplane D are predictions for the full 
P 

scale airplane based on model wind tunnel tests. 
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-11.19.1- 

PERTURBATION 

11.19.1 DERIVATION OF EQUATIONS 

C is estimated i n  the  conventional manner, as the  sum of the  wing 
"P 

cont r ibu t ion  and the  v e r t i c a l  t a i l  cont r ibu t ionr  

(11.19.1) + C  
Cnp = Cnpw "PV 

The following equations used t o  determine C and Cn are equations 
" P W  Pv 

(8.7) through (8.11), pages 8.2 t o  8.3 from reference  11.19-1 

The wing cont r ibu t ion  can be expressed as: 

cn = - 
P W  

5 
8 

+ e +  

Tan a - 

"n 
P 
a 6  
'F 

[- ceP 

a d  
'F 

Tan a - 23 + 
(11.19.2) 

where : 

CQ is the  wing cont r ibu t ion  t o  Ce 
P pw 

a is the wing angle  of a t t a c k  (aW = r( A,C) 

CL is t h e  wing l i f t  c o e f f i c i e n t  (C = C 45 LA/C 

'n 
is the  s lope  of t he  yawing moment due t o  r o l l i n g  a t  zero 

l i f t  given by: 
L C L X 0  

m 

C A + 4 COS A AB+ +(AB+ cos beI4)tan 2 Ec/4 c* 
x [  AB+ c / 4 ~  [ 2 1 (9) 

c L = o  $ / 4  A + +(A + cos ncI4) t an  A c / 4  
m m - 0  

(11.19.3) 
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2 2  B = .\I1 - m cos A c14 where : 

'n (e) L c L - o  
is the slope of the  low-speed yawing moment due t o  

r o l l i n g  a t  zero l i f t  given by: m - 0  

2 t an  A 
1 ~ / 4  

I 

- tanA c/4 + A + 6(A + cos ($ C 
1 

= - x[ A + 4 cos nCl4 
m - 0  

(11.19.4) 

- 
where: x is the d i s t ance  from the cen te r  of g rav i ty  t o  the aerodynamic 

cen te r  of t he  wing,posit ive when the  a . k .  is a f t  of t h e  c.g. 
- 
c is  the  wing mean aerodynamic chord. 

Referring to  eq. 11.19.2 again: 

"n where : 

is  the  e f f e c t  of l i n e a r  wing t w i s t  obtained from Figure 11.13.1 0 

is the  wing t w i s t  i n  degrees,  negative f o r  washout 

* 'n 
a 6  B 
2 is  t h e  e f f e c t  of symmetric f l a p  d e f l e c t i o n  obtained from 

F Figure 11.19.2 

4 i s  the  streamwise f l a p  d e f l e c t i o n  i n  degrees. 

is the  two-dimensional l i f  t-ef f ec t iveness  parameter , obtained 

from Figure 11.23. Reproduced here as Figure 11.19.3. 
"$ 

The v e r t i c a l  t a i l  cont r ibu t ion  t o  C can be estimated from: n P 
Zvcosa - e  s i n a  

b IC 
2 C = - -[ 11 cosa + Zvsina] [ n b v  

P" 

( 11.19.5) 

where: Ilv and Zv a r e  defined in Figure 11. 
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Figthe 11.19.1: Effect of ving tv l e t  on vin~ 

rol l ing  derivative C 

P 

H 0 s I. I '  
i2 a 

1. 

N 

8. 

Figure 11.19.2: Effect of flap deflection on ving 

ORIGINAL )aGE a 
OF POOR QUALITY 

tol l ing  derivative Cn 
P 

11.19.3. 



C 

V 
y8 

Test I1 AR X ACn /e (hand) ACnp/B (RDP) 
P 

1 5.74 .564 - .000116 - .000115 

Figure 11.19.2a: d i i n i t i o n  of geometric parameters 

i s  the  v e r t i c a l  t a i l  con t r ibu t ion  t o  C-- . 

%Error 

,865: 

Y 8  

ACn.,, 

@a/ as)FSF (RDP) 
ACn 

Test II AR bF’b @b/paa)Fs (hand ) 
L 
i 

5.74 .564 .482 -.000117 - .000111 t 1  

11.19.2 HAND CALCULATION 

1 

%Error 

5.13% 

Six t es t  cases  and two hand checks were done t o  tes t  the  C subroutine.  n 
P 

The hand checks a r e  explained f i r s t .  

The f i r s t  hand check was done t o  determine i f  func t ion  RL)P in t e rpo la t ed  

the  graphs (Figs.  11.19.1-.2) co r rec t ly .  As Table 11.19.1 shows, RDP works 

well  f o r  i n t e rpo la t ing  Figures 11.19.1 and 11.19.2. For a f u l l  account of 

function RDP, see Appendix B . l .  

Figure 11.19.3 ( the  upper-right hand graph only) i s  expressed i n  Cn 
P 

as an equation derived i n  section 11.23: 
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a 

cL 
m 

X 
cg 

6F 

cQ 

cQ 

P 

pw 

B" 
C 
Y 

Test case #I, C hand check n 
P 

= 11.3'; angle of attack; ref.2 

= 1.04; lift coefficient; ref.2 

= .152; mach number; ref.2 

- 2.174'; 
= 0'; flap deflection; ref. 2 

= -.416/rzd; C subroutine 

= -.404/rad; C subroutine 

= -.168/rad; C subroutine 

I, 

PP 

Y 
- 

= .25 + X = 1.724 'ac ac 

- Find Cn : 

Starting with eq. 11.19.4: = 1.724 - 2.174 = - .450 

pw 

gives : Cn 
(--E) = -.lo1 
cL CL - 0 

m - 0  

substituting into eq. 11.19.3: B =  41 - (.152)2cos 2 0  13 

'n (e) = -.lo1 
L c , = o  

L 

m 

From Fig. 11.19.1: ACn 

-.000116 8 

"n 
a 6  
&F 

From Fig. 11.19.2: 
* -.000117 

From Fig, 11.19.3: a 
* -.625 

&F 

= .99 
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c 

Figura 11.19.3: Influcncir of f l a p  chord 

on f lap effcctiven*rr 

The second hand check is  a ca lcu la t ion  of Cn by equat ions 11.19.1 
P 

through 11.19.4 f o r  the  condi t ions of test case I1 (described la te r ) .  

Because C ca l l s  C , C, , and C, from subrout ines  C and Cg , the  
y% *w P Yt3 P n 

P 
values  of these f o r  use i n  the hand check are a l s o  obtained from subrout ines  

C 

corrected.  

and C, . I n  t h i s  ..ay, e r r o r s  i n  the Cn program can be spot ted and 

Test case 111 i s  f o r  a i r c r a f t  A, f o r  which da ta  are given i n  
yt3 P P 

Appendix D. 
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Subs t i t u t ing  i n t o  eq. 11.19.2: 

P r 

Test # Airplane m cL a ( d e d  Cn (rad”) 

1 Airplane A -152 1.04 11.3 -.035 

.83 .265 1.74 +.027 2 

.83 .172 .95 +.034 3 

.42 1.04 10.9 -.035 4 

I I  

11 

I 1  

5 Airplane D .11 1.42 14.5 - .090 

.60 ,149 3.0 +. 070 11 6 

= -.lO7/rad ‘n 
P W 

Using eq. 11.19.5: 

C = +.007/rad n 
PV 

c = c  + c n  (11.19 .1) n n 
P P W  Qv 

C = -.100/rad n C = -.lo7 + ,007 n 
P P 

The subroutine found ( fo r  Test case  #l) 

C = -.098/rad n 
P 

%erro r  = 22 -.lo0 + .098 - . loo % e r r o r  = 

This e r r o r ’ i s  neg l ig ib l e .  

Thus i t  appears t h a t  the  Cn subroutine follows the method of 
P 

re ference  11.19.1 q u i t e  w e l l .  

The s i x  tes t  cases  f o r  C are now discussed. The f i r s t  four  cases n 
P uq.2 involve checking C aga ins t  the d a t a  of r e f e r e n c e v  f o r  a i r c r a f t  A. The 

last  two cases  are checks wi th  a i r c r a f t  D of referencen.i>y.Table 11.19.2 

n 
P 
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11.19 . 3  DESCRIPTION OF THE PROGRAM 

The program opera tes  as  follows. Equations 11.19.1 through 11.19.5 

are contained i n  the  program. Most of the  d a t a  is input v i a  common 

statements,  but Figures 11.19.1 and 11.19.2 are input  i n  data  s ta tements  

f o r  use by funct ion RDP (see  Appendix B . l  f o r  a descr ip t ion  of RDP). 

Figure 11.19.3 i s  expressed i n  the  form of an equation, see eq. 11.19.6, 

page 11.19.4. CQ , CQ , and C a r e  obtained from t h e i r  respec t ive  

subroutines.  Using t h i s  da t a  andvinformation, t he  program computes C . 
A var iab le  l ist  i s  given a s  Table 11.19.3 below. 

PW P Y8 
n 
P 

Table 11.19.3 - Variable L i s t  

Relnar ks 

P 
'n CNP 

'n CNPV 

PV 

'n CNPW 

P W  

P 
cQ 
cQ 

yB 

CLP 

CLPW 

CYBV C 
P W  

V 

ALPHA a 

ALCLOMO (C /C ) 
"p Lc.=o 

DLMC4 A c/4 

AR AR 

CPOC cp/cw 

BFOB bF'bW 

ACLOM (Cnp/CLE,,o 
m 

output  

i n t e r n a l  

internal 

Sub. CQ 

Sub. CQ 

Sub. C 

D 

P 

Y B  

common 

i n t e r n a l  

common 

common 

comon 

common 

i n t e r n a l  

v e r t i c a l  t a i l  c o n t r i b u t i m  

P 
to 51 
wing c o n t r i h t i o n  t o  Cn 

P 
-----_--- 

wing cont r ibu t ion  t o  CQ 

v e r t i c a l  t a i l  cont r ibu t ion  
t o  c 
angle  of a t t a c k  

P 

y 0  

114 chord wing sweep angle  

Aspect r a t i o  

f l a p  chord/wing chord 

f l a p  span/wing span 
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Table 11.19.3 - Variable L i s t  (continued) 

Name Eng. Symbol Dimension Origin Remarks 

EM 

CBARW 

TXETW 

CTHETW 

CNPDEF 

D W  

ADCL 

LV 

m 
B 

CL 

SLii 

n 
‘c 
W 

9 

AC / e  
“P 

*Cn* 

&F 

6F 

zv 

cL 
a 

a 6  
&F 

a 

a. 
V 

b 

--_- common c r u i s e  mach number 

f t .  cornon wing MAC length 

deg . couunon w i n g  twist (washout negative 

ri d-ldeg-l i n t e r n a l  ----- 
rad-lde8-l i n t e r n a l  ---u_ 

deg . 

f t .  

f t .  

f t .  

--- 

common f l a p  de f l ec t ion  

i n t e r n a l  ------ 
coanuon A.C.V t o  c.g. (hor izonta l ly)  

common A.C.  t o  c .g . (ver t ica l ly)  

common wing span 

commOn l i f t  coe f f i c i en t  

comon iring taper r a t i o  

V 

Figute 11.19.4 shows a flowchart  of the program, figure 11.19.5 

gives a l i s t i n g  as w e l l  as a sample p r in tou t  of t he  program. 
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COHPIPVTE 

SLOPE 

c o r n  

P cn 

(11.19.3) 

"CLPE" 

(11.19.3) 

CXTDEF 6 

"cYBET&" 

Figure 11.19.4: Flowchart of Subroutine "CXPE" 
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1 oc 
20 
30 
40 
50 
55 
6C 
70 
80 
90 
100 
110 
120 
1'0 
140 
150 
160 
170 
180. 
190 
200 
21 0 
220 
230 
240 
250 
255 
260 
270 
280 
290 
300 
310 
3 20 
330 
340 
350 
360 
3 70 
380 
390 
400 
41 0 
420 
430 
440 
45 0 
460 
470 
480 
490 
5 00 

SUBROUTINE CNPP(CNP1 
DINENSION UU(l),VV(S),NU(4),DD(4,5),BFB(3),SLMI(4), 

C O M O N  /UINC/DLHC4,AR,EM,B,CRCU,CBARU,SY,CCAUP 
COMnON /FUS/ELF,DFUS,HC,WC,LN,ELTH,HH,SO,R2I,LV,ZV 
REAL LN,LV 
COMAON / FL IT€ /  ALPHA, EM, CL 
OATA THEfY,CFOC,8FOB,DFLAP,XCG/-3.5,1.,1.,0.,1.35/ 
DATA W,VV,YY/1.,.2,.4,.6,.8,1.,3.,6.,9.,12./ 
DATA D0/-.00032,.MJ022,.00061,,00092,-,00054, 

&ASRRI(S),DED(15,4) 

8.00005,.00046,.00082,-.00066,-.0001,.007, 
&-.00074,-.00024,.011,.@0042,-.00078,-.~39,-.~011 
&,.OOol/ 

83. ,5 .,7., 9., 11 . / 
8 . OOO28, . OOO69,. 001 03, . 001 5, -. OO03 1, - . OO004, . 0002,. OOO39, 
8.0OO67,-.~066,-.OO015, . 00043, . W 9 2 ,  . 001 1 1 ,-. OOO74,-. 0001 2, 
8 . 00034, . 00075,. 001 27,-. 00074, - . OO034,-. oO007, . 0001 4,. 00043, 
&-.00082,-.011032,.W25,.~71,.00095,-.00106,-.00041, 
&.0OO07,.~46,.001,-,00099,-~~043,-.00013,.00002,.00007, 
&~.OO089,-.00045,.007,.00037,.0005,~.00121,-.00065,-.00026, 
8 .00002, . 0004,-. 001 26, -. OO049,-. OO023,-. 0003 1, - . 00054 / 

DATA BFB,SLMI,ASRRI/ -4, -6 ,  -8, . 2, .4,.6,1., 
DATA DED/-.00028,.00015,.00077,.00115,.00129,-.00028, 

ALPHAR=ALPHA*3.14159/130. 
RLMC4=0LRC4*3,14159/180. 
XBARU=ACEM(EM,AR,SLM,DLMC4,CRCLW) 
XBAR=XB4RU-(XCG/CBARUl 
COSC430S(RLMC4) 
TANC4=SIN(RLMC4)/C@SC4 
TANS44=TANC4**2 
ZEB=(XBAR*TANC4)/(AR)+(TANSQ4/lt.) 
ZAB=6.*(AR+COSC4) 
ZIB=AR+4.*COSC4 
ACLOnO=-((AR+ZAB*ZEB)/ZIB)/6. 
BB=SQRT(l.-iEN**2)*(COSC4**2)) 
XAB=(AR+4.*COSC4) / (AR*BB+4.*COSC4)  
XEB=AR*BB+ . 5 * ( AR *BB+COS C4) *TANS 94 
XIB=AR+.S*(AR+COSC4)*TANSQ4 
ACLOM=XAB*XEB*ACLOMO/X18 
CALL CLPP(CLP,CLPUB) 
ADCL=-.2747-1.4584*CFOC+.7406*CFOC**2 
X I  =B FOB 
CNPDEF=RDP(XI,SLM,AR,3,4,5,15,BFB,SLNI,ASRRI,DED) 
CTHETU=RDP(l.,SLM,AR,1,5,4,4,UU,W,W,DD) 
TANALF=SIN(ALPHAR)/COS(ALPHAR) 
CNFW-CLPYB*TANALF+CLP*TANALF+ACLGM*CL 

&+CTHETU*THETW+CNPDEF*ADCL*DFLAP 
CALL CYBETA (CY8,C YBV) 
COALFA=COS (ALPHAR 1 
SIALFA=SIN(ALPHAR) 
CNPV=(-2./(B**2))*CVV*(LV*COALFA+ZV*SIALFA) 

&*(ZV*COALFA-LV*SIALFA) 

Figure 11.19.5: Lfstfng and Sample Printout of Subroutine "CXPPE" 
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510 CNP=C NPU +t NPV 
523 WRITE(6,1)CNPW,CNPV,CNP 
530 1 FORHAT(ZX,"C)JPU =",F?.3,/,2X,"CNPV =",f 7.?, 
540 
550C RETURN 
560 STOP 
570 END 

&/  , ZX, "CNP ='I, F7.3,3X,"PER RADIAN") 

CNP -0.098 PER RADIAN 

Figure 11.19.5: Contlnucd 

11.19.4 RESULTS 

The CNP subroutine was checked out for the s i x  test cases outlined 

in section 11.17.2. As w i l l  be seen, the CNP subroutine does not match 

the CNP data very well. Table 11.19.4 gives a comparison. 

Test Case Comparisons 
c"P 

Table 11.19.4 - 

Test $ Airplane Cn (rad-') C (rad-') X Error 
P "P 

From as computed 
Tab12 11.17.2 by sub. CNP 

1 A -.035 -.098 180% Too Negative 

2 l t  +. 02 7 -.002 93% Too Negative 

+.034 +. 006 82% Too Small 11 3 

4 (1 -. 035 -.094 169; Too Negative 

5 D -.090 -. 129 43% Too Negative 

6 +.070 +.030 57% Too Small (1 

Table 11.19.4 shows that subroutine CNP always predicts too negatively. 

It is interesting to see that the computer predictions for Cy 

negative by a fair amount, again it may be the asymmetric flow around the 

tail that compounds the errors. 

are also too 
P 
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11.19.5 REFERENCES - 

1?..19.1 Rosksm, J. Yethods for Estimating Stability and Control Derivatives 
of Conventiocal Subsonic Airplanes. Dr. Jan Roskam, 
Published by the author, 519 Boulder, Lawrence, KS, 6 6 0 4 4 ,  
1971. 

11.19.2 Anon. Confidential Report. 

11.19.3 Anon. Confidential Report. 

11.19.4 Anon. Conf identl a1 Report. 
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Yr 11.20 VARIATION OF SIDE FORCE COEFFICIENT WITH YAW RATE. C 

11.20 . 1 DERIVATION OF EQUATION2 

Usually this derivative is of minor importance. It can be easily 

calculated however. Reference 11.20.1 suggests the following formula: 

* (Q cosa + 2 sina)c c =cy l ,  - - -  b V  V Y 
V % Yr 

cn. 20 . 1) 

where E and 2 are defined in Figure 11.16.1 v V 

is computed in section 11.14. 
BV 

11.20.2 HAND CALCULATION 

A hand calculation was done for airplane A, see Appendix D for data. 

Section 11 14 gives : 

C = -0.37756 (rad”) 
Y 
$V 

For an angle of attack of 11.3 deg equation 11.20.1 then gives: 

C = 0.313 (rad-’) 
’r 

Reference 11.21.2 gives: 
ORIGINAL U 6 E  I8 
OF POOR QU- 

C = 0.295 (rad-’) 
yr 

this constitutes a difference of 5.6% with the computer value. 

11.20.3 PROGRAM DESCRIPTION 

The variables used in the program are listed in Table 11.20.1 Figure 

11.20.1 shows a flowchart, Figure 11.20.2 shows a listing plus a sample 

printout. 
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Table 11.20.1 Variables i n  Subroutine "CYARE" 

NAME ENG. SYMBOL DIMENS ION O R I G I N  REMARKS 

ALPHA a 

B b 

CYR C 
Yr 

v c% 
CYBV 

ELTV % 
zV ZV 

rad Common 

f t  Common 

rad-' --- 
rad-' "CY B ETA" 

f t  Comon 

f t  Common 

START (7 /-/ INPUT 

rl COHPUTE "CYBETA" 

COMPUTE 
(11.26.1) 

< RETURN 

Figure 11.20.1: Flowchart of Subroutine "CYAFS" 
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10 SUBROUTINE CYARE ( C Y R )  
20 COMMON /UING/  DLMC4,AR,SLM,B,CRCLU,CBARU,SU,CLAUP 
30 C-OMMON / FUS/ ELF, DFUS, HC,YC,LN, ELTH,HH, SO, RZI,LV,ZV 
4 0  COMMON / F L I T € /  ALPHA, EM,CL ' 

50 REAL LV 
60 CALL CYBETA(CYl3,CYBV) 
70 CYR=-((Z./B)*CYBV+(LV*COS(ALPHA)+ZV*SIN(ALPHA))) 
80 URITE(6 , l )  CYR 
90 1 FORMAT(//,lOX,'***KU-FRL DEVELOPED SUEROUTINE CYR*** ' ,  
100 &/ / , lOX, 'CYR = ',FE.6,//,10X,'***END OF SUBROUTINE***') 
110 STOP 
1 t o  END 

CYR = 0.31499 PER RAD 

Figure 11.20.2: Listing and Sample Printout Subroutine "CYARE" 

11.20.4 REFERENCES 

11.20.1 Roskam, J: Methods for Estimating Stability and Control Derivatives 
for Conventional Subsonic Airplanes. 
Engineering Corporation. Lawrence, Ks. 1977. 

Roskam Aviation 6 

11.20.2 Anon. Confidential Report. 
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11.21 SUBROUTINE "CLARE" (CLR) , VARIATION OF ROLLING MOMENT WITH YAN 
RATE - 

11.21.1 DERIVATION OF EQUATIONS 

Reference 1 indicates that CQ may be estimated from: 
r 

cI1 - Ck + Ck 
V r rW r 

(11.21.1) 

The variation of the wing yawing derivative with lift coefficient 

is given by: 

o +  - 
r W 

3. (3) (A:r) 6F6F a 6F 6 (rad-') r +  - 
L 

H 
(11.21.2) 

where : 

is the slope of the rolling moment due to (2) CL'0 

yawing at  zero lift given by: 
H 

(2) CL'0 = 

M 

2 
+ A ( l  - B 

+ 2B(AB + 2coshc14 ) AB + f+co~A~.~ - 

M 

where : 

B 4- c/4 

(11.21.3) 

(11.21.4) 

is the slope of the low-speed rolling moment 
CL'0 

M =O 

due to yawing at zero lift, obtained from 
Figure 11.21.1 as a function of aspect 
ratio, quarter chord sweep, and taper ratio. 

(2) 
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TAPER 
RATIO 

. I  .2 .3 .4 .s .6 

Reproduced from Reference 1 

Figure 11.21.1: Uing Paving Derivative, CL 
r 

ASPECT RATIO, A 

Figure 11.21.2: Effect of W n g  ' b i e r  on C,, 
r 
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is the wing lift coefficient cL 

AC .-. r - is the increment in C due to di'qedral, 
% r 

given by : 

ry A sin Ac,4 
r 1  ( rad-2 ) 

c /4 
- 9 -  r 12 A+cos A (11.21.5) 

is the geometric dihedral angle, here in 

radians, positive for the wing tip above 

the plane of the root chord. 

is the increment due to wing twist obtained 

from Figure 11.21.2. 

is the wing twist, negative for washout 

is the effect of symmetric flap deflection 

obtained from Figure 11.21.3. 

is the streamwise flap deflection in degrees. 

is the two dimensional lift-effecttveness 

parameter a obtained from Section 11.23. 6 

The vertical tail contribution is found from 

2 

b CQ = - (Rv cosa + Zv sin a ) ( Z ,  cos a - RV sin a )  C 
Y % rV 

where : 

llv and Zv are defined In Figure 11.16.1 and 

C is determined in Secti;,, 11.14. Y 
$V 
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weer RATIO, A 
Reproduced frm Reference 1 

0 I 2 3 4  6 8  IO 

LOCATION OF iNBOARD AND OUTBOARD 
Y FLAPS IN PERCENT SEMISPAN. - 

bI2 

Figure 11.21.3: Effect of Flap. on C t  
1 

11.22.2 HAND CALCULATION 

Airplane A is used for the t e s t  a i rcra f t  i n  t h i s  sect ion 

(Reference 2 ) .  Appendix D presents the data for  t h i s  a i rcra f t .  

Flight conditf-s:  

M = .152  

a = 11.3" 

CL= 1.04 

$ =  O 

F i r s t ,  Rmust be calculated: 

2 2 D =dl - (.152) (cos 13') 

B = .989 
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From Figure 1.1.21.1, 

M =O 

L 
M PO 

Then 

(2) = .262 

c, =o 
L 
M 

From Figure 11.21.2 : 

r -1 -1 - = -.0137 (rad - deg ) 8 

From Figure 11.21.3 and Section 

.604 r 
- P  

a 6  
6 F  

Therefore, for the wing: 

cI1 8 .273 rad-' 
rW 

From Section 

C - -.1675 (rad-') 
BV 

Y 

a6 = .66 
F 
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Therefore : 
-1 

C, -.00743 rad 

v r 

CI1 - .273 + .00743 
r 

c, - ,28043 rad-1 
r 

11.21.3 - DESCRIPTION OF PROGRAM 

Subroutine CLARE u t i l i z e s  functions as the  primary c a l c u l a t o r s  

f o r  the required curve f i t s .  RDP I s  used throughout the  program, 

not only f o r  i n t e r p o l a t i n g  along given curves, but a l s o  f o r  proper 

in t e rpo la t ion  between curves. 

The c h a r a c t e r i s t i c s  of some of the f igu res  (curves) required 

f o r  CI1 posed some problems. 

values along a curve. 

RDP could e a s i l y  determine the  proper 
r 

In t e rpo la t ing  between the  curves w a s  d i f f i c u l t ,  

though. Many of the  curves,  as i n  Figure 11.21.2, d id  not present 

a constant separa t ion  o r  t rend  between curves. To so lve  the  problem, 

RDP w a s  used t o  i n t e r p o l a t e  between curves. 

The reader  is  r e fe r r ed  t o  the  flowchart ,  and the  l i s t i n g  

following t h i s  s ec t ion .  

TABLE 1 1 . 2 1 . 1  VARIABLE LIST 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 

ALPHA a deg Common 

AR A --- Common 

B b f t  Coarmon 

CFOC 
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TABLE 11.21.1 VARIABLE LIST (continued) 

NAME ENG. SYMBOL DIMENSI3N O R I G I N  REMARKS 

CL 

CY B 

CLR 

DtLYD 

D IHD 

DLMC4 

EM 

FIN 

FOUT 

LV 

SLM 

THETA 

ZV 

cL 

C 
'8 

r cE 

% 

r 

%4 

M 

--- 

--- 

!+I 

A 

Q 

zv 

Connnon 

Subroutine 
CYBETA 

Calculated 

Comon 

. Common 

Common 

Common 

Common 

Common 

Common 

Comon 

Comon 

Figure 11.21.4 shows a flowchart  of t he  program, 

Pos i t i ve  f o r  
d e f l e c t  ion  
downward 

Degrees 

Distance f rorn 
fus. cen te r l ine  
t o  inboard f l a p  
s t a t i o n  

Distance from 
fus .  c e n t e r l i n e  
t o  outboard f l a p  
s t a t i o n  

f i g u r e  11.21.5 

shows a l i s t i n g .  
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Al - CRLCL 0 
BB - DELCLR 

"CRLCL" 

"DELCLR" 

CBI - FECLR 
J 

"IOP" DD1 - RDP 

DD2 - RDP 
COMPUTE 

"FECLR" 

& 
FUNCTION "CLRCL" 

CB2 - FECLP. 

Figure 11.Zl.S: Plovchart o f  Subroutine "CLARE" 

"FECLU" 
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1-1 

XDP -RDP "RDP" tl 

FUNCTION "DELCLR" 

Pimure 11.21.4: Continued 
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1 oc 
2OC 
30 C 
40 
50 
MI 
70 
80 
90 
100 
110 
120 
130 
140 
1 so 
160 
170 
180 
190 
200 
21 0 
220 
230 
240 
250 
260 
270 
280 
290 
300 
31 0 
3 20 
330 
340 
350 
360 
370 
380 
390 
400 
41 0 
420 
4 3 0 C  
440 
450 
460 
470 
480 
490 
500 

SUBROUTINE CLARE(CLR1 
V A R I A T I O N  OF R O L L I N G  MOMENT 
C O E F F I C I E N T  Y I T H  YAW 

R E A L  LN,LV 
C O m O N  / U I N G /  DLWC4,AR,SLMrB,CRCLU,CBARU,SU,CLAWP 
C Om ON / E O N /  D I  H 0, Z U, S AH, XHMA C , ELI NC 
COMMON /FUS/  ELF,DFUS,HC,UC,LN,ELTH,HH,SO,R2I,LV,ZV 
C O W O N  / F L I T E /  ALPHA,EM,CL 
THETA=O . 

C F OC=. 3 
F IN=1.09 
FOUT=11. 2 
DELF D=O. 
RADD4=DLMC4/5? .3 

A 1  =CLRC L(AR, DLMC4, SLM) 
B1 =(AR*BM) +2.*COS (RADD4) 
C 1 = (SIN (RA DO 4) /COS (RA DD 4) 1 **2/8. 
Dl=((l.-BM**2)*AR)/(2.*BM*Bl) 
E1=81/(AR*8M+4.*COS(RADD4)) 
F 1 =  (ARt2 .  *COS (RA 004) 1 / (AR+4. *COS (RA OD41 1 
CLMOl  = ( ( 1 . t D  1 +E 1 *C1) / ( 1 . +F 1 *C1) 1 * A 1  
DCLRD=((3,1416*AR*SIN(RADD4) 1 / (AR+Q.*COS (RADD4) 1) /12. 
ADCL=+.2747+1.4584*CFOC-.?406*CFOC**2 
BB=DELCLR(AR,SLM) 
CB1 =FECLR( FOUT ,B,SLM, AR) 
CBZ=FECLR(FXN,B,SW,AR) 
C B = C B l - C 6 2  
CLRU= (CL*CLMO1 1 +(DCLRD*DIHD/57 - 3 )  + (BB*THETA) 

ALPHAR=ALPHA/57.3 
C A LL C YBETA ( C YB, C YBV) 
CLRV=-(2./B**Z)+(LV*COS(ALPHAR)+ZV*SIN(ALPHAR)) 

C LR=C LRW+C LR V 
URITE(6, I )  CLR 

g***', / / ,lox, ' CLR 
&END OF SJBROUTINE**** ' )  

B W S Q R T ( 1  .-(EM*COS (RADD4) )**?I 

&+(CB*ADCL+DELFD) 

&*(ZV*COS(ALPHAR)-LV*SIN(ALPHAR))*CYBV 

1 FORNAT(//,lOX,'***KU-FRL DEVELOPED SUBROUTINE: CLR 
= ' ,F 10 . 6, / / ,1 OX, ' **** 

STOP 
E N  D 
FUNCTION CLRCL(A, SWP,TAPER) 

D I M E N S I O N  AXF (10) ,GO( 10,2) ,Y F (2) 
DATA AXF/  1 . ,2. ,3. ,Go, 5. ,6., 7. ,8. ,9 , I O .  / 
DATA 60/2.,3.25,~.83,4.23,4.5,4.7,4.85,4.93,5.,5., 

DATA YF/l.,2./ 
€E=). 0 
IF(A.CT.10.) A=10. 

CLRCL CURVE F I T  

85.,6.7,7.5,8.05,8.45,8.75,9.0,9.17,9.28,9.35/ 

Figure 11.21.5: Listing end Sample Princouc of Subroutine "CURE" 
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510 
5 20 
530 
540 
550 
560 
5 70 
580 
590 

.600 
61 OC 
620  
63 0 
640 
650  
660 
670 
680 
690 
700 
71 0 
7 20 
73 0 
740 
750 
760 
770 
780 
790 
800 
810 
820C 
830 
8 4 0  
850 
860 
870 
880 
890 
900 
91 0 
9 2 0  
930  
940 
95 0 
960 
970 

DDl=RDP(l .O,l .O,A,1,2,10,10,EE,YF,AXF,GO) 
DD2=RDP(1.0,2.,A,1,2,lO,lO,EE,YF,AXF,GO) 

DD3=.03*XEF 
DD4=.12+.0562*XEF 

XEF=(TAPER** . 764)*( DD2-DD1) +DD1 

CLRCL=( ( ( .24Z+. 9909*SWP+ .02365*SYP**2) /144.837) * (004- 

RETURN 
END 
F WC TION DELC LR (A, TAPER 1 

DINENSION AAXF(9),CLT(9,3),EXT(3),EEXO 
DATA AAXF/2.,3.,4.,5.,6.,7.,8.,9.,10./ 
DATA CLT/-.0054,-.007,-.0082,-.0086,-.0085,-.OO835,-.OO85,-gOO9,-.OOlO4, 

&OD31 )+OD3 

DELTA CLR/THETA CURVE F I T  

&-.oO68,-.oO855,-.01015,-.0114,-.0127,-.0128,-.013,-.0134,-.014S, 
&- S~,-.0097,-.0112,-.0126,-.014,-.0143,-.015,-.0158,~.0172/ 

DATA EEX/0.,.2,.4/ 
ET=1. 
IF(TAPER.GT. -4 )  TAPER=.4 
IF(A.GT.10.) GO TO 2 
DO 1 KI=1,3 
EXT (KI =RDP (1 . 0, EEX (K I) ,A, 1,3,9,9, ET, EEX, AA XF ,C LT 1 
CONTINUE 
DELCLR=RDP(l.O,l .0,TAPER,1,1,3,3,ET11 .O,EEX,EXT) 
GO TO 3 
XX1=.0056-.0016*A 
XX2=- . 001 2-. 001 6*A 
DELCLR= ( ( 1.9646*TAPER** -737 )*(XXZ-XXl)) +XX1 
RETURN 
END 
FUNCTION F ECLR (FY,B, TA PER, A) 

DIMENSION FXX (11,3),EXC (ll),CYO(3),CYX(3) 
DATA EXC/0.,.1,.2,.3,.4,.5,.6,.7,.8,.9,1.0/ 
DATA CY0/0.,.2,1.0/ 

I - 
FLAP EFFECT CURVE F I T  

DATA 
&0.,1. 
&0.,1. 

. .  

FXX/0.,1.,2.2,3.5,4.7,5.3,5.,3.4,1.5,.3,0., 
6,3.0?5,4 . 3,s. 4,5.9,5 . 55,4 . 6,3.3,1 . 8, 0 ., 
9,3.5,4.7,6.,6.5,6.2,5.2,3.8,2.1,0. / 

FF=1 . 
2=FY/ (W2.1 
DO 1 KJ=1,3 
CYX(KJ~=RDP(1.O,CYO~KJ~,f,l,3,ll,ll,FF,CYO,EXC,FXX~ 

XDP=RDP(l.O,l.O,TAPER,l,l,3,3,FF,l.O,CYO,CYX~ 
FECLR=(.001169*XDP)*(.23638*A**.63) 
RETURN 
END 

1 CONTINUF 

Figure 11.21.5: Continued 
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11.21.4 RESULTS 

To test the subroutine three flight conditiocs for Airplane A were 

used, see Table 11.21.2. 

Flight Condition M a (deg) cL ‘Lr (rad-’) 

Table 11.21.1 Test Data (Ref. 11.21.2) 

I 1 flaps up 
i 

.152 11.3 1.04 .260 

1 2 flapsodm 1 .150 
f 40 

5.9 1.04 .130 

1 3 flaps up 1.74 .265 .453 

Comparison of the values given in Table 11.21.2 (from Reference 11.21.2) 

The subrouthe and those generated by the subroutine indicate the following. 

is accurate for flap up conditions, with error reaching only 6%. 

don, however, the error becomes 159.. This value is acceptable, but it is 

not kncjwn exactly what causes it. me possibility is that the subroutine 

utilizes just a plain flap as a model. 

could be the cause of error. 

With flaps 

The type of flap on the aircraft 

11.21.5 REFEFSNCES 

li.21.1 Roskam, J. Methods for Estimating Stability and Control Derivatives 
of Conventional Subsonic Airplanes. 
Engineering Corporation. Lawrence, KS. 

Roskam Aviation 6 

11.21.2 Anon. Confidential Report. 
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11.22 VARIATION OF YAWING MOMEhT COEFFICIENT WITH YAW RATE, Cn - . 
r 

11.22.1 DERIVATION OF EQUATIONS 

Reference 

mated from: 

11.22.1 ind ica t e s  t h a t  t h i s  d e r i v a t i v e  can be esti-  

cn - c + cn n 
W rV r r 

The cont r ibu t ion  of t h e  ver t ical  tai l  follows from: 

en - - -  COS a + zV SIN a)* c 
V B2 y% 

r 

(11 22.1) 

(11.22.2) 

where: llv and 2 are defined i n  f i g u r e  11.16.1, 

C follows from s e c t i o n  11.14. 

v 

y% 

The wing contr ibut ion may be estimated from a series of graphs 

i n  reLence 11.22.1, based on experimental data ,  as a funct ion of 

wing sweep, taper  r a t i o ,  aspect  r a t i o ,  l i f t - c o e f f i c i e n t  and zero- 

l i f t  drag. A c l o s e  examination of t h e s e  graphs revealed t h a t ,  f o r  

t he  class of a i rp l anes  considered i n  t h i s  r epor t ,  t h e  average con- 

t r i b u t i o n  of t he  wing is  7.5 % i n  t h e  negative sense. Since t h i s  is  

a r e l a t i v e  small amount t h a t  does not vary very much f o r  d i f f e r e n t  

wing planforms, t h i s  value w a s  used t o  a d j u s t  t he  contr ibut ion o f  

t h e  v e r t i c a l  t a i l .  The result is: 

2 
(11.22.3) 

- 
Cn = 1.075 - (f, COS a + Zv SIN aI2C 

r B2 y@V 

11.22 . 2 HANDCALCULATION 

A handcalculation f o r  Airplane A ( for  d a t a  see Appendix C) pro- 
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duced : 

Section 11.14: C = -0.137679 rad-' 
Y e, 

For an angle  of a t t a c k  of a - 5 deg then follows: 

Eqn. 11.22.3: C = -0.1403 rad-' n r 

11.22.3 PROGRAN UESCRIPTION 

Table 11.22.1 g ives  the  va r i ab le s  used i n  t h e  program, a flow- 

char t  i s  shown i n  f i g u r e  11.22.1, a l i s t i n g  p lus  a santple output is 

shown i n  f igu re  11.22.2. 

TABLE 1: .22.1: VARIABLES IN SUBROUTINE "CNR" 

NAME ENG. SYMBOL DIMENSION ORIGIN 2EMARKS 

B b f t  common 

CNR n C 
r 

rad'' --- 

CYRV C rad-' "CY BETA" 

PV 
Y 

LV f t  common 

zv z f t  common V 

For t h e  flowchart and l i s t i n g ,  see next page. 
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COMPUTE 

Y 
C "CYBETA" 

6" 

Figure 11.22.1 Flowchart of "CNR" 

COMPUTE 

Crlr 

10 SUBROUTINE CNARE (CNR) 
20 REAL LV 
30 COMMON/WING/DLMC4,AR,SM,B,CRCLW,CBARW,SW,CLAWP 
40 COMMON/FLITE/ALPHA,EM,CL 
50 COMMON/FUS/ELF,DFUS,HC,WC,LN,ELTH,HH,SO,R2I,LV,ZV 
60 CALL CYBETA (CYBV,C Y0,ARVEF F) 
70 CNR=l.O7*(2/(B**2))*((LV*COS(ALPHA)tZV*SIN(ALPHA))**2)*CYBV 
80 WRITE (6,1000) CNR 
90 1000 FORMAT (10X,"CNR = ",F10.4," PER R A D I A N " / / )  
100 RETURN 
110 END 

(11.22.3) 

CNR = -0.1403 PER R A D I A N  

Figure 11.22.2 L i s t i n g  and sample ouput "CNR" 

11.22.4 RESULTS 

Reference 11.22.2 gives a test value of: 
-1 C n = -0.143 rad 

r 
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The computer program computed a value o f :  

= -0,1403 rad-’ 
r ‘n 

This i s  within 2 % accuracy, so i t  may be concluded t h a t  t he  pro- 

gram gives  a cor rec t  estimation of t h i s  der ivat ive.  

11.22.5 REFERENCES 

11.22.1 Roskam, J. Methods f o r  Estimating S t a b i l i t y  and 
Control Derivatives of Conventional 
Subsonic Airplanes, Roskam Aviation & 
Engineering Corporation, Lawrence, 
KS, 1977. 

11.22.2 Anon Confidential  Report, 
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11.23 LONGITUDINAL CONTROL DERIVATIVES 

11.23.1 INTRODUCTION 

This chapter describes the computation of the 1ongitJdinal 

control derivatives. The method that calculates lift increment 

with flap deflection is valid only for the so-called plain flap 

type. See Figureir23.I.It should be pointed out that tnis method 

is equally well suited for the computation of variation of lift 

coefficiect for control surface deflection; therefore, it is writ- 

ten in a generalized form. 

11.23.2 DERIVATION OF EQUATIONS 

11.23.2.1 VARIATION OF LIFT CCIEFFICIENT WITH FLAP DEFLECTION 

The derivation of this derivative is based on Reference 

11.23.1, unless otherwise indicated. The layout of the lifting 

surface and the control surface is as indicated in Figure 11.23.1. 

I 
n - 0  9 - 1  

Plguro 11.23.1: C.omatric Parameters for Control Surface FLAP 

11.23.1 

3RIGINAL MGE W 
OF POOR QUALITY 



The derivative Ct may be estimated from: 

&F 

where: 

cL 
a I M  

is the lift-curve slope of the surface 

without flap deflection, obtained from 

Section 11.2. 

(11.23.1) 

is the section lift-curve slope, corrected 

for 4ach number: 

(1.1.23.2) 

is the factor that takes three dimensional 

effects into account. It is given in Figure 

11.23.2 as a function of aspect ratio, ph, 

based on experiments. If these data are not 

available, it may be obtained from the inset 

of Figure 11.23.3. Average values for cF/cw 

may be used. 
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A 

Figure 11.23 2: Influence of flap chord on f l a p  rffectivenarr 

is a factor that takes the spanwise position 

of the flap into account. It can be obtained 

from Figure 11.23.3 as a function of taper 

ratio Ah and span ratio rl = - 

Kb 

Y 
b/2 

C is the section lift effectiveness of the flap; 

m y  be obtained from the following equation: 

C 

(11.23.3) 1 

Theory Theory 

cQ 

where: C is the theoretical lift effectiveness 

( LdF)Theory of the flap, obtained from Figure 

11.23.4 as a function of cF/cw and 

thickness ratio. 
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Figure 11.23.3: Span factor for inboard flapa 

6 

5 

2 

Figure 11,23.4: Theoretical lift effectivenear a €  

plain trailing edge control flap 
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L6 
Fmeore t ical  

is an empirical  co r rec t ion  f a c t o r  

based on experimental da ta ;  may be 

obtained from Figure 11.23.5 as a 

function of CF/Cpnd (ce ) / (cg 
a a Theory. 

The t h e o r e t i c a l  s e c t i o n  l i f t  curve, (Cg ) may be obtained 
a Theory 

from: 

(Cg 1 = 6.28 + 4.7 t / c  (1 + .003754m) 

a Theory 

0 .I .2 3 .4 .5 
ctl' 

Figure 11.23.5: b p f r i c n l  corrcction for l i f t  affcccivenesa 

of plain trallfng edge concrol flnpr 

K' 

(11.23.4) 

is an empirical  cor rec t ion  f a c t o r  ta  t h e  

l i f t  l:,fectiveness a t  l a r g e  de f l ec t ions  of 

the  f l ap .  May be obtained from Figure 11.23.6. 

11.23.5 
ORIGINAL BAGE LB 
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To implement above method i n  a computer program, the following 

curve f i t t i n g s  were derived from the f igures ,  using a HP 65 ca lculator .  

For t h e  i n s e t  of Graph 11.23.2: 

.3 
L 

(a,) = -.27:7 - 1.4584 x(%h ,7406 x ( 3 )  

c, 

Fer Graph 11.23.3: 

2 % = -.GO91 + 1.5447 x 0 - -5175 x 

(11.23.5) 

It  should be noted that Equation (11.23.5) is accurate for 

A = . 5 .  

be  accurate a lso  for other values of the taper r a t i a .  

However, due to the way \ is calculated, the  resu l t  will 

(11.23.6) 
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For graph 11.23.4: 

= 1.2572 +12.8356 c f / c  - 10.3788 (cf/c)* + A 
) theory 

f lap (11.23.7) 
% (C 

where: A = 12.14 t / c  (c,/c - .05) 

For graph 11.23.6: 

6, < 10': K' = 1 

(11.23.8) 

(11.23.9a) 

10' :6f C 20*: K' = .8014 + .01441 6f - .00246 6f2 + 

+ ( -2 .5 c f / c  + 1.25).(.1672 - .0352 6f + .0019 dfpj 

(11.23.9b) 

6f > 20': K' = 1.0356 - .0227 df  + .000194 bf - 

2.5 (c,/c - .5).(-.00154 6f +.231) (11.23.9~) . 

11.23 .2 .2  VARIATION OF PITCB'NG MOMENT COEFFICIENT WITH 
FLAP DEFEECTION. 

This derivative will not be discussed, because of its minor 

importance i n  preliminary design work. 

11.23.2.3 VARIATION OF LIFT COEFFICLENT WITH STABILIZER INCIDENCE 

The derivative CL may be  computed from: 
fH 

(11.23.10) 

where : cL i s  computed in  section 11 .2 .  

atl 
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11.23.2.4. VARIATION OF PITCHING MOMENT WITH STABILIZER DEFLECTION 

The de r iva t ive  C, may be  computed from: 
% 

iH 
I 

where : 

- CL TH (11.23.11) 
?I 

CL . is  obtained from sec t ion  11.2. 

ck 

11.23.2.5. VARIATION OF L I F T  COEFFICIENT WITH ELEVATOR DEFLECTION 

The de r iva t ive  CL may be computed from: 

6E 

c - CL SH/ s 
L6E 6F 

(11.23.12) 

where: C is found from sec t ion  11.23.2.1 

L6F 

11.23.2.6. VARIATION OF PITCHING HOMZNT WITH ELEVATOR DEFLECTION 

The de r iva t ive  CH may be found from: 

6E 

cn6 - -cL % 
E 6F 

(11.13.13) 

11.23.3. HAND CALCULATION 

I n  t h i s  s ec t ion  a handcalculation fo r  t h e  e lava tor  of a i r p l a n e  

B is presented. For da ta  see Appendix C. 

From sec t ion  11.2 follows the  l i f t - cu rve  slope: 

CL I = 3.959 (rad'') 

'H M 
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The i n s e t  of f i g u r e  11.23.2 provides: 

(a - -.75 
cI1 

Figure 11.23.2 then g ives  : 

(a 
CL - 1.02 -q 

The span c o r r e c t i o n  f a c t o r  follows from f i g u r e  11.23.3: 

K,, - 0.88 
The t h e o r e t i c a l  l i f t - c u r v e  s lope  fol lows from f i g u r e  11.23.3: 

('Aa) t h  = 6.713 (rad-') 

The t h e o r e t i c a l  l i f t  e f fec t iveness  fol lows from f i g u r e  11.23.4: 

. The correc t ion  f a c t o r ' i n  f i g u r e  11.23.5. is: 

A = .89 

The correc t ion  f a c t o r  for f l a p  d e f l e c t i o n  fol lows from f i g u r e  11.23.6: 

K' - .88 

Now t h e  l i f t  increment due t o  f l a p  d e f l e c t i o n  may be computed 

according t o  equat ions 11.23.1 and 11.23.2: 

CL - 2.313 (rad-') 

&F 
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From equation 11.23.10 follows: 

CL = 0 (rad-’) 

iH 

From equation 11.23.11 follows: 

c - 0  (rad”) 
M a  

From equation 11.23.12 follows: 

cL = 0.612 (rad-’) 
&E 

From equation 11.23.15 follows: 

11.23.4 DESCRIPTION OF ROUTINE 

Table 11.23.1 gives  t h e  va r i ab le s  as they are used i n  t h e  com- 

puter rout ine.  A flowchart of t he  rou t ine  is given i n  f i g u r e  11.23.7. 

A l i s t i n g  and a sample p r in tou t  are given i n  f i g u r e  11.23.8. 

TABLE 11.23.1: VARIABLE NAMES IN FUNCTION “FCLDF” 

NAME ENL;, SYMBOL DIMENSION ORIGIN REMARKS 

ADCL 

CCLAM 

CFOCS CF/C 

rad” 

-- 
SLOPE 

common 
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TABLE 11 .23 .1  Continued. 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 

rad-’ C U T H  (‘20) th 

CLCLAT 

CLCLDT 

O F T  rad-’ 

CPLAM rad-’ cQ 
C l  

DFCON 

EM 

ETAl 

ETA0 

FAR 

FB 

FCLAP 

6F 

M 

common 

common 

c ommon 

common 

common d-Y 

common d-Y 

cornon 

-e- 

-- 
no 

AR -- 
f t  

rad-’ 

b 

a c2 

FCLDF C 
L% 

nLC FDpIC4 common dummy 

FPHTE 

FSLM 

FTOC 

@TE 

x 
common d-Y 

common dumy 

cornon d=Y t / c  _-- 
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TABLE 11.23.1 Continued 

C@M?UTE 

K' 
! 

NAME ENG. SYMBOL DIFENS ION O R I G I N  REK4RKS 

COMPUTE "SLOPE" CDMPCrrE 
K' K' 

t (11.23.9b3 (11.23.9~) 

COMPUTE 

KB1 

COMPUTE 
LIFT EFF. 

RATIO 
J 

%I 
KBO 

"RDP" 

COHPUTE 

KPRIN K' 

I 

Q 

LIFr-CLvT. 
SLOPE 

Figure 11 .23 . i :  Flowchart of Subroutine "FCUF" 
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10 FUNCTION FCLDF(CFOCS,ETAl,ETAO,DFCON,fAR,fSLM,FTOC,FPHTE,FCLAP, 
20 
30 
60 REAL KBO,KBl,KB,KPRIM 
80 COFIMON/AERO/EM,RHO,TAS 
90 
130 DATA ADCL/l./ 
140 CCLAM=SLOPE(FDLMC4,FSLM,FAR,EM,fCLAP) 
150 
16OC+**** FIGURE 11.21.2 t***t****+*tt***tt+++**+**+**+**+****+++************** 

170 I F  (ADCL.EQ.1.) ADCL=-.2747-1.4584*CFOCS+.7406*CFOCS**2 
180 DFCON=ABS (DFCON) 
190 DIMENSION DD(8,11),VV(8),DDD(4),UU~ll),UU(1) 

21 0 DATA i ~ U / l . /  
220 DATA WW/O.,l .,2.,3.,4.,5.,6.,7.,~.,9.,10./ 
23n DATA DD/2.,2.24,1.79,1.58,1.46,1.38,1.33,1.27,1.24,1.22,1.2, 
240 &2.,1.73,1.495,1.37,1.3,1.24,1.2,1.17,1.16,1 .lS,1.14, 
250 &2.,1.52,1.35,1.26,1.2,1.165,1.14,1.125,1.11,1.1,1.095, 
261, &1.8,1.39,1.25,1.18,1.14,1.?2,1.1,1.09,1.08,1.075,1.07, 
:/0 
280 &1.4,1.21,1~13,1.09,1.07,1.06,1.05,1.045,1.04,1.033,1.03, 
290 &1.15,1.09,1.05,1.04,3*1.03,3*1.02,1.01, 
300 &1.05,10*1./ 
31 0 ADADCL=RDP (l.,ADCL,FAR,1,8,10,8,UU,VV,UU,DD) 
320c***+* FIGURE 11.21.3 *+****rt'*+t**+*****+ttt*+**t**+f+**++*+**************** 

330 KBO=-.0091+1.5447*ETAO-.5175*ETAO**2 
340 KB1=-.0091+1.5447*ETA1-.5175*ETAl**2 
350 KBZKBO-KB1 
360 CLDFT=1.2572+12.8356*CFOCS-lO.3788*CFOCS**2 
370 CLDFT=CLDFT+12.14*FTOC*(CFOCS-.O5) 
380C***** FIGURE 11.21.6 **++*t**t+*+***t+*+t++*t+*++******+***t*************** 

400 I F  (DFCON.GT.1O..AND.DFC0NDLE.2O.) KPRIM=.8014+.0441*DFCON 
41 0 &-.00246*DFCON**2+~-2.5*CFOCS+1.25~*~.1672-.0352*DfCON+ 
420 &.00186*DFCON++2) 
430 IF (DFCON.GT.20.) KPRIM=1.0356-.0217*DFCCN+.OOOl94*DFCON**2-2.5* 
440 

460 DIMENSION DDl(8,1O),VV1(8),DDD1(4),WW1(1O),UU1(1) 
470 DATA UUl / l . /  
480 DATA W1/ J2,. 76, -8, -84, -88, -92, .96,1 . / 
490 DATA WW1/.05,.1,.15,.2,.25,.3, .35,,4,.45,.5/ 
5 00 DATA DD1/.4,.425,.45,.475,.5,.52,.535,.55,.565,.575, 
510 &.48,.525,.55,.565,.58,.61,.62,.63,.64,.65, 
5 20 &.57,.62,.635,.65,,675,.685,.695,.715,.725,.735, 
530 &.652,.69,.72,.73,.742,.752,.,765,.775,.785,.795, 
540 
550 &.825,.845,.86, .87,.875,.88, .882,.885,.89,.9, ORIGINAL MGE & 
560 &.91,.92,.925,.927,.93,2*.935,.94,2*.QS, POOR QU- 
5 70 &10*1 . / 

&F DLMC 4, FB 1 
COMMON / CON E F F / C LC LDT , C LD F T, KB, KPR I M  , A D A DC L, AD C L 

COMMON/ FUS/ EL F, D F US, HC ,UC,LN, ELTH, HH, SO, R2 I, LV, ZV 

C PLAM=FCLAP/ ( S QRT ( 1 . -EM**2> ) 

200 DATA w/-.i,-.2,-.3,-.4,-.5,-.6,-.a,-iD/ 

&1.6,1 .29,1 .18,w?,1.1,1 .08,1.07,1.06S,1.06,1.@55,1 .OS, 

390 I F  (DFCON.LE.10.) KPRIM=1. 

8 ( C  FOC S-. 5 1 *( - . 001 54*D FCON+. 231 1 
45oc***** FIZURE 11.21.5 *+*+t****+++*+****t****t+*+**++*++**tt+*************** 

8.135,. 77,. 783,. 8, . 81 5, . 825, . 133~~835,. 84,. 05, 

Figure 11.23.8: Llrtiag and Sample Printout of Subroutine "FCLDP" 

11.23.13 



580 CLATH=6.28+4.7*FTOC*(1.+.30375*FPHTE) 
5 90 
600 CLCLDT=RDP (1.,CLCLAT,CFOCS,1,8,10,8,UU1,VV1,WWl,DDl~ 
61 0 FCLDF~CLCLDT*CLDFT*KPRXM*(CCLAM/CPLAM)*ADADCL*KB*~ l . /SQRT~l . -EM**2~~  
620 WRITE (6,1020) FCLOF 
630 1 0 2 0  FORMAT (lOX,"LIF: DUE TO CONTROL DEFLECTION = ",1F10.5, 
640 &"PER RADIAN"// / >  
65 0 RETURN 
660 END 

C LCLAT=FC LA P/ CLATH 

r 

cL 
6, 

Figure 11.23.8: Cont+ed 

- 
t l ~ ~ ~ ~ ~ t l  Ref. 11.23.2 Error X 

0.612 0.686 10 

1.797 1.833 2 

11.23.5 RESULTS 

The lift and pitching moment variation with angle of incidence 

of the horizontal tail is not valid in this case. The variation with 

elevator deflection compares as follows with data from reference 

11.23.2: 

It may be concluded that the program works properly. 
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1 1 . 2 4  AILERON STABILITY DERIVATIVES Cg , C , C n 
‘A ‘A “A 

11.24.1 INTRODUCTION 

i s  the  most important of the  a i l e r o n  s t a b i l i t y  d e r i v a t i v e s  and 

with a combination of the  methods used i n  References 

11.24.1 and 11.24.2. The program i s  v a l i d  f o r  any wing aspec t  r a t i o  between 

4 and 16. Compressibil i ty e f f e c t s  are taken i n t o  account, but t he  inf luence  

of wing taper  r a t i o  is neglected. 

is much smaller than CQ ; preferab ly  i t  should be p o s i t i v e  because 

t h i s  means t h a t  t he re  a r e  no adverse yaw e f f e c t s  i n  making turns .  It  is ca l -  

‘n 
6A &A 

cula ted  with the  method used i n  Reference 11.24.1; t h i s  part of t he  program 

is v a l i d  f o r  any wing aspect r a t i o  between 4 and 1 2 .  The wing t ape r  r a t i o  

is an important v a r i a b l e  i n  the  determination of Cn , so i t  is not  neglected 

here.  

The 

does not 

11.24.2 

LL 

6A 

value  of C y -  i s  usua l ly  so small t h a t  i t  can be ignored: the program 
6A 

c a l c u l a t e  t h i s  

CALCULATION OF 

de r iva t ive .  

A shortcoming of the method of Reference 11.24.1 is t h a t  only moderate 

wing aspect r a t i o s  are allowed i n  cases with fl and K c lose  t o  one. With the  

method of Reference 11.24.2, which b a s i c a l l y  works the  same way, wing aspec t  

r a t i o s  from 6 t o  16 can be taken. 

e f f e c t  of wing sweep angle i n t o  account or the  e f f e c t  of wing taper r a t i o .  

This la t ter  inf luence  is a minor one: f o r  taper r a t i o s  normally used, the  

a i l e r o n  r o l l i n g  moment parameter is hardly dependent on t ape r  r a t i o .  

This method, however,, does not  take the  

The 

e f f e c t  of sweep angle can 

been used t o  produce Fig. 

be g r e a t e r ;  t he re fo re  a mixture of both methods has 

11.24.1. ,According t o  Reference 1 1 . 2 4 . 2 ,  i t  is v a l i d  

11.24.1 



for ai leron de f l ec t ions  up t o  20 degrees. 

AR 16 10 6 4 

1.0 1.2 1.4 1.6 

0.8 1.0 1.2 1.4 

C 
e& - k 0.6 0.8 1.0 1.2 

I 0.4 0.6 0.8 1.0 

0.2 0.4 0.6 0.8 

0 0.2 0.4 0.6 

0 0.2 0.4 

0 0.2 

0 

0 0.2 0.4 0.6 0.8 1 .o + _I_c 

Figure 11.21.1: Detmnination of C ./k 
‘ 6  

Fig. 11.24.1 is  meant for  full-chord controls ;  for  partial-chord 

concrols there i s  a correction factor ,  taken from Reference 11.24.2 and 

presented i n  Fig. 11.24.2. The variable A i n  Fig. 11.24.1 is  computed 6 

as follows: 
tanh, 

6 
4 4 )  A6 = arctan ( (11.24.1) 
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I 
0 0.1 0.2 0.3 0.4 

c,/c 
-. - 

Figure 31.24.2: Correction for Flap-Span Ef.'ect 

The effect of partial-span controls is taken into account by using 

Fig. 11.24.1 two times, one time for the inboard lateral coordinate of the 

aileron and another for the outboard lateral coordinate. The difference 

in the results is then the actual aileron rolling moment parameter. 

It is assumed that the effectiveness of the right aileron is equal to 

that of the left aileron, so Fig. 11.24.1 gives the total aileron rolling 

moment parameter. The aileron deflection associated with it is defined as: 

(11.24.2) 

in which a positive control deflection is trailing edge down. C, is 
cQ 6A 

found as the product of 2 (from Fig. 11.24.1) and k (from Fig. 11.24.2) 
k 
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11.24.3 CALCULATION OF cn 
&A 

This derivative is calculated with the metho,, in Reference 11.24.1, 

according to : 

The factor K is a correlation 

(11.24.3) 

constant which depends on wing aspect ratio, 

taper ratio and inboard location of the aileron; it is given in Fig. 11.24.3. 

The lines for A = 12 are the result of extrapolating F i g .  11.3 i n  Reference 

11.24.1. 

0 .? .4 .o 3 I 0 
Yl 

1,f 2 
- n  - 
. c  

Plgur. 11.2k.3: Correlation 

. ]A, = 3  
a . 3  

-.2 

Conrta..L for C 

n6* 
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This f igu re  is only v a l i d  f o r  a i l e r o n s  which extend t o  the wingtip, 

ca l cu la t e  C f o r  a i l e r o n s  which do not extend t o  the  wingtip,  Sqn. (11.24.1) 

must be used two times: one t i m e  f o r  an imaginary a i l e r o n  which extands from 

the inboard loca t ion  of the  a c t u a l  a i l e r o n  to  t h e  t i p  and one t i m e  f o r  another 

imaginary a i l e r o n  which extends from the outboard loca t ion  of t he  a c t u a l  a i l -  

eron t o  the t i p .  

t h a t  of the  f i r s t  one g ives  C 

take the  d i f fprence  i n  t h e  c o r r e l a t i o n  coas t an t s  of t he  two imaginary:. 

a i l e rons ;  C must ais0 be ca l cu la t ed  f o r  each one. 

The value of C i n  Eqn. (11.24.1) follows from: 

To 

n 
&A 

Subt rac t ing  the C of the  second imaginary a i l e r o n  from n 

of t h e  a c t u a l  a i l e ron .  It is not enough t o  n 

11 
&A 

L 
W 

P -  

cL qs (11.24.4) 

so i t  is j u s t  t he  steady state l i f t  c o e f f i c i e n t .  

11.24.4 PROGRAM DESCRIPTION 

The program c o n s i s t s  of two par ts :  i n  t h e  f i r s t  p a r t  Ck is ca lcu la ted  

&A 
and i n  the second, C , The C, p a r t  is v a l i d  fo r  wing aspec t  r a t i o s  be- 

li 
6A &A 

tween 4 and 16; i f  the a i r p l a n e  under cons idera t ion  has a wing aspec t  r a t i o  

cu t s ide  t h i s  range, a d e f a u l t  va lue  of e i t h e r  4 or 16 is used. The Cn 

p a r t  

Fig. 

bA 
works t he  same way f o r  wing aspec t  r a t i o s  betweep 4 and 12. 

Cg 

11.24.1 is put ir as a number of po in ts ;  i n t e r p o l a t i o n  between these  

is ca lcu la ted  according t o  the  method described i n  s e c t i o n  11.24.2. 

&A 

poin ts  is done by the  function RDP ( see  Appendix B).  For F i f .  11.24.2 an 

W-65 curve f i t  ':.? rout ine  has been used, r e s u l t i n g  in :  

(11.24.5) 
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The a i l e r o n  r o l l i n g  moment parameter is ca lcu la ted  th ree  times: one time 

for the  inboard loca t ion  of the  a i l e r o n ,  one time for the  outboard loca t ion  and 

one t i m e  for the  wingtip. of an a i l e r o n  extending from 

the  inboard loca t ion  of the  a c t u a l  a i l e r o n  to the  wingt ip  is ca lcu la ted  and a l s o  

the  Ce  for an a i l e r o n  extending from the  outboard loca t ion  of the a c t u a l  

a i le ron .  Calculat ing i t  i n  t h i s  way is not very e f f i c i e n t ,  but i t  is necessary 

for t he  ca l cu la t ion  of C 

Following t h i s ,  the C p  
6A 

6A 

as pointed ou t  i n  the previous sec t ion .  "SA' 

is ca lcu la ted  according t o  the  method descr ibed i n  sec t ion  11.24.3, 

Fig. 11.24.3 is put  i n  i n  the  same way as Fig. 11.34.1. The c o r r e l a t i o n  constant  

is ca lcu la ted  two t i m e s :  one t i m e  for the  inboard locgt ion  of  the a i l e r o n  and 

one t i m e  f o r  the outboard loca t ion .  The Ck cont r ibu t ions  i n  Eqn. (11.24.1) 

are taken from the  first p a r t  of the  program. 
5A. 

A l ist  of va r i ab le s  is given i n  Table 11.24.1 and a flowchart  i n  Fig. 1 1 . 9 4 . 4 ,  

while Fig. 11.2G.S gives  a l i s t i n g  and sample output. 

i1.21.5 HAND CALCULATION 

X hand ca l cu la t ion  has been done on a i rp l ane  A for which d a t a  are presented 

i n  Appendix 1). Since i t  is r a t h e r  tedious t o  i n t e r p o l a t e  Fig. 11.24.1 by hand 

f o r  d i f f c r e n t  aspect  r a t i o s  and s ince  t h i s  a i rp l ane  has  a wing aspec t  r a t i o  c lose  

t o  6 ,  l i n e s  f o r  A = 6 are used. 

0.1411 while t h e  computer g ives  a value of 0.1344. 

t o  conclude t h a t  the program works a l r i g h t ,  The a c t u a l  value for t h i s  a i r p l a c e  

i n  t h i s  f l i g h t  condi t ion (M * .152, CL = 1.04) is 0.1501, so the  computer value 

comes within 5 percent.  

The C, value obtained with t h i s  method is 
6A 

These values  are c lose  enough 

The hand ca l cu la t ion  for C comes to a value of -0.0231, using X w  = . 5  
n% 

and Aw - 6 i n  Fig.  11.24.3. 

can be concluded t h a t  t h i s  p a r t  of the  program a l s o  works r igh t .  The actiral  

The computer genera tes  a valu2 of -0.02419, so i t  

value f o r  t h i s  a i r  .1 ne could not be found, but Cn f o r  another vers ion ctf t h i s  
I)R\(,\N A I ,  p h ( ~ r ,  
ofz ~ o ( , R ,  QL:AIJm 11.2rC. 6 

i 



airplane f o r  this flight co~;,..tion is about -0.032. These results don’t 

compare very well, but they are n o t  the same configuration so it is hard 

to draw c.onclusions from this. 

TABLE 11.24.1 VARIABLE LIST FOR SUBROUTINE “AIL3ER” 

SAME ENG. SYMBOL DIMENS ION ORIGIN “nL;\RKS 

ALCDRA 

AR 

BETA 

CLDA 

CLDAO 

CLDAl 

CLDLKT 

CLDLKO 

CLDLKl 

CL1 

CNDA 

CNDAO 

O A l  

ca/c 

AR 

6 

a C 
&A 

C 
a 
&A0 

C a 
6 A l  

C 

k t i p  
L6 - 
cL& - 
k O  

C 
a6 
k 1  
C 

- 

L1 

‘n 
5, 

‘n 

‘n 

A0 

ti A 1  

--- common 

-- comon 

rad-’ 

rad-’ --- 

rad“ _-- 

rad-’ - 

rad-’ -- 

rad-’ 

rad-’ 

rad-’ 

--- 

common 

--- 

11.2L.7 



TABLE 11.24.1 CONTINUED 

NAME ENG. SYXBOL DIMENSION ORIGIN REMARKS 

coco1 

DLMC4 
K1 

“ai 

EM N _. common 

ETAOA - common 

ETAlA 

LABE 

common 

-- 

rad -- %c RLMc4 

SLM x _-- common 

-- e-- --- TIP 

(--> 1-1 
:BDP) 

(li. 25.5)  

1 

Figure 11.24.; Flowchart of “AILDER” 



lOC** * *  SUBROUTINE AILDER (CLDA,CNDA) 
20c**** 
30C**** T H I S  PAST OF THE SUBROUTINE CALCULATES THE ROLLING 
4OC**** MOMENT DUE TO AILERON DEFLECTION D E R I V A T I V E  
53C**** 
&a 
70 
BO 
90 
1 00 
110 
1 20 
130 
140 
150 
160 
170 
180 
190 
200 
21 0 
220 
230 
240 
25 0 
260 
2 70 
28 0 
290 
300 
31 0 
320 
330 
340 
350 
360 
370 
380 
309 
400 
41 0 

REAL LABE 
DIMENSION DD1(32,3),UU1(4),VV1(3),UUl(8),DDD(4) 
DATA UUl/4-,6.,10.,16./ 
DATA W 11-40- ,O. ,40. / 

DATA WW?/.2,.~,.4,.5,.6,.R,.9,1,/ 
DATA DD1/.024,.056,.100,.154,.217,.357,.421,.480, 
&.032,.071,.124,~195,.284,.492,.589,.680, 
&.017,.050,.100,.173,.269,.513,.620,.720, 

&.038,.0?6,.127,.189,.260,.410,.476,.540, 
&.042,.098,.170,,256,.359,.582,.684,.780, 
8.050,. 110, . 192,- 295,. 420,. 678,. 794,- 900, 
&.060,.130,.220,.333,.466,,180,,805,1.00, 
&.038,.076,.127,.189,.260,.405,.461,.515, 
&.042,.098,.170,.256,-359,.560,.647,.730, 
&.050,.110,.192,.295,.420,-645,.734,.815, 
g.060,- 130,,220,.333, -466,. 708, .810, .900/ 

a.o30,.073,.i33,.2i4,.?28,.603,.7i0,.795, 

DATA EM,ALCORA,ETAOA,€TAlA/.15t,.22,.22,.792,.544/ 
CATA DLMC4,AR,CLl,SLM/l3.,5.74,1.04,.564/ 

BETAZSQRT(1 .-EM**2.) 
RAD=57.29578 
RLMCC=DLNC4/RAD 
LABE=RAD*ATAN(SXN(RLMC4)/(COS(RLMC4)*BETA)) 
I F  (AR.GT.16.) AR=16. 
I F  (AR.LT.4.) AR=4. 
TIP-1 .  
CLDLKD=RDP(AR,LA8E,TIP,4,3,3,32,UUl,VVl,UUl,DD?) 
CLDLKO=RDP~AR,LABE,ETAOA,4,3,8,32,UUl,VVl,UUl,DDl~ 
C LDLK 1 =RDP ( AR, LAB E, ETA 1 A, 4,3,8,32,  UU1 ,VV1 ,UW 1, DD 1 ) 
EFPAR=1.3798*ALCORA**.6388 
C LD A 1  = 1 1  (C LDLKD-C LDLK *EF PAR 
C LDAO= (C LDLKD-C LDLKO) *EF PAR 
C LD A=C LD A 1 A 0  -C LD 
WRITE (6,5) 
WRITE (6,251 CLDA 

25 FORMAT (lOX,"CLDA = "llF10.5," PER RADIAN"/) 
420C**** 

450C**** 

430C**** THIS PART OF THE SUBROUTINE CALCULATES THE Y A W I N G  
440C**** MOMENT DUE TO AILERON DEFLECTION D E R I V A T I V E  

460 DIMENSION UU2(4),VV2(4),UU2(5),DD2(20,4) 
470 D A T A  UU2/.25,.5,.75,1./ 
480 DATA VV2/4.,6.,8.,12./ 

500 D A T A  DD2/-.234,-.217,-.220,-.226,-.231, 
490 D A T A  WU2/Oop.4,.6,.8,.9/ 

Figure 11.24.5:  Listing and Sample Output Subroutine "AILDER" 
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. 

510 
520 
5 70 
540 
550 
560 
570 
580 
5 90 
600 
61 0 
620 
630 
64 0 
650 
66C 
670 
68 0 

~~.250,-.252,-.257,-.270,-.280,-.260,-.261,-.279,-.306,-.321, 
8-0 260,-. 275 ,-. 293,-. 31 4,-. 325,-. 160,o. 156,-. 15S,-. 161 ,-. 176, 
8~.170,-.170,-.180,~.202,-.220,-.179,-.183,-.199,-.~~3,-.240, 
8~.182,-.201,-.219,-.248,-.270,-.120,~.110,-.105,-.125,-.143, 
8- .  129,-. 131 ,-. 13S,-. 158,-. 175,--137,-. 140,-. 145,-. 182,-. 197, 
8-. 144, - . 1 58,-. 1 75 ,- . 202,- . 224, -. 082, - . 074, - . 070,-. 085, - .105, 
8- .  095 ,-.096,-. 099,-. 1 1 1 #-. 126,-. loo,-. 101, - . 1 12, -. 137, -. 153, 
8- .  108,-. '1 22,-. 137,-. 16: ,-. 175/ 

I F  (AR.GT.12.) AR=12. 
COCOO=RDP(SLH,AR,ETAOA,4,4,5,20,UU2,VVZ,UU2,DD2) 
COCO1 =RDP (SLH,AR, ETAlA,4,4,5,20,UU2,VV2,UU2,DDZ) 
CNDAO=COCOO*CLDAO 
CNDAl =COCO1 *CLDAl 
CNDA=(CNDAl-CNDAO)*CLl 
WRITE (6,301 CNDA 

STOP 
EN 0 

30 FORMAT (lOX,"CNDA = @@,1F10.5," PER R A D I A N " / / / )  

Figure 11.24.5: Continued 

11.24.6 REFERENCES 

11.24.1 Roskam, J. Methods for Estimating Stability and Control 
Derivatives of Conventional Subsonic Airplanes, 
Roskam Aviation h Engineering Corporation, 
Lawrence, KS, 1977. 

11.24.2 Dommash, D.O. Airplane Aerodynamics, Pitman Publishing 
Sherby, S.S. Corporation, New York, 1967 
Connolly,T.F. 

11.24.10 



11.25 DIRECTIONAL CONTROL DERIVATIVES C 
ngR 

- 1l.Zf.l IXTRODUCTIGN 

This chapter describes the computation of the directional 

control derivatives. The method is according to Reference 11.25.1. 

Since it relies on computations in Chapter 11.21 for control-surface 

effectiveness, it is subject to the limitations of those calculations. 

11.25.2 DERIVATION OF EQUATIONS 

11.25.2.1 c-- Variation c :  sideforce coefficient with rudder 
Y 

deflection. This derivative may be estimated &R 

Where: 

is the vertical tail lift curve slope, computed 
cL a 

v as in Chapter 2.  

Note: The effective aspect ratio of the vertical 

tail, % , used in the calculation of C is 

obtained from Chapter 11.12. 
La v EFF 

(a is the ratio of three dimensional flap-effectiveness 

to two dimensional flap-effectiveness. 6ct It may be 

obtained from Chavter 11.21. 

(ab) is the theoretical value of the two-dimensional flap- 

effectiveness parameter, may be obtained from Chapter ck 

11.21. 
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K’ is a correction factor for high control-surface 

angles, obtained from Chapter 11.21. 

\ is a correction factor for control-surface-span, 

obtained from Chapter 11.21. 

11.2r.2.2 c, variation of the rolling moment coefficient with rudder 

6R deflect ion. 

This derivative may be computed as follows. 
(yosub- L V sina 

c, = c  Y 
&R &R 

(11. is. 2) 

Where : 

C follows from section 11.25’.2.1 
y6R 

\ and L are defined in Figure 11.14.1 v 

11 .2F .2 .3  Cn variation of yawing moment coefficient with rudder 

deflection. 6K 

This derivative may be computed as follows: 

) 
/ il Cosu + Z- sina V v 

r \  b 
- - c  ‘n 

6R 6R 

(11 .25 .3 )  

Where : 

C follows from section 11.25.2.1 
Y % 
Z 611.1.; 11 are defined in Figure 11.14.1. 
V V 

11 2s- 3 HAND CALCULATION 

FollowinR is a hand calchlation for airplane A 9 the data are given 

in Appendix c . With the method of Chapter li.21, it follows: 

c - 0.151 (rad-’) 
Y 
&R 
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With t h i s  i t  follows: 

= 0.0206 (rad-') 
6, n 

c L  

C = -0.0654 (rad-') n 
6R 

11.25.4 RESULTS AND COIQARISON 

The computer generated values o f ,  respec t ive ly :  

c = 0.15050 (rad-') 
Y 

&R 

C, = 0.02056 (rad-') 

= -0.06520 'n 
6R 

This compares as follows t o  data 

(rad-') 

given i n  re ference  11.25.2:  

C = 0.1318 (rad-') 

CL = 0.0168 (rad-') 

Y 
6R 

R 6 

or: the  computer program overpredic t s  C by 1 2 . 4 % ,  overpredic t s  C 

r y6R ad 

by 18% and overpredic t s  C by 7.7%. n 
&R 

11.25.5 DESCRIPTION OF COMPUTER PROGRAM 

A l is t  of v a r i a b l e s  is given i n  Table 11 .25 .1 ,  while Figure 11.25.1 

provides a flowchart. Figure 11.25.2 shows t h e  l i s t i n g  of the  program, 

including a sample pr in t -out .  The program is s t r a i g h t f u r t s r d .  
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TABLE 11.25.1: VARIABLE NAMES I N  SUBROUTINE "RUDDER" 

NAME ENG. SYMBOT, DIMENS ION O R I G I N  REMARKS 

u- Function "FCLDF" 

Function "FCLDF" ADCL 

ALPHA 

ARV 

ARVEFF 

rad 

-e- 

Common 

Common 

Subr . "CYB" 

ci 

AR 
V 

AREFF V 

B 

BVT 

CFOCV 

CLAW 

b ft Colmnon 

Common 

Common 

Function "SLOPE" 

ft 
V 

b 

cf 

rad-' 

rad-' CLAVT cL 
aV 

CLDRUD 

CLDR 

--- 
rad-' 

rad-' CNDR 'n 
6R 

rad-' C 

y6R 
CYDR 

A ~ 1 4 ~  

bR 

M 

Common 

Common 

Counnon 

Common 

DLMC4V 

DRUD 

EM 

ETAOV rl ov 

11.25.4 



TABLE 11.25.1 : VARIABLE NAMES IN SUBROUTINE "RUDDER" 
(Continued) 

NAME ENG. SYMBOL DIMENSION ORIGIN REMARKS 

ETAlV 

ETAUT 

KB 

KPRIM 

LV 

PHTER 

SLMV 

SVT 

m 

TOCV 

zv 

V 
'li 

rl" 

%I 

llV 

xV 

K' 

$5 

V 
S 

tIC" 

zV 

0 START 

Common 

Common 

Function "FCLOF" 

Function "FCLOF" 

Common 

Common 

Common 

Common 

Common 

Common 

Common 

INPUT 

CYBETA 

COMPUTE 
Func t ion "SLOPE" 

Figure 11.~5.1: Flowchart of Subroutine "RIIDDER" 
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COMPUTE 
C 

1 oc 
20 
30 
40 
50 
60 
70 
80 
90 
100 
102 
105 
110 
120 
130 
150 
160 
170 
180 
190 
200 
21 0 
220 
230 
240 
25 0 
260 
270 

COMPUTE 

'R 
C 1  

J 

11.25.1 ) 

11.25.:) 

C" (11.25.3) 
'R 

SUBROUTINE RUDDRER (CYDR,CLDR,CNDR) 
R E A L  KE,LV,KPRIM 

DATA EM,RHO,TAS/.Z,O.,O./ 
DATA ALPHA,CL, ETAVT/O.,O., .98/ 
DATA CFOCV,nAlV,ETAOV,DRUD,TOCV,PHTER/.2045,0.,.778,30.,.1,6./ 

COMMON/VERT/DLMC4V,ARV,SLMV,BVT,CBARVT,SVT,CLAVP,CRCL~ 
COMMON/FUS/ELF,DFUS,HC,WC,LN,ELTH,HH,SDO,R2I,LV,ZV 
COMMON/FLITE/ALPHA,CL 
COMMON/AERO/EM,RHO,TAS 
COMMON/WING/DLMC4,4R,SLM,B,CRCLW,CBARW,SW,CLAUP 
COMMON/CONEFF/CLCL3T,CLDFT,KB,KPRIM,ADADCL,ADCL 
C A L L  CYBETA (CYB,C YBV, ARVEF F) 
CLAVT=SLOPE(DLMC4V,SLMV,ARVEFF,EM,CLAVP) 

' CLDRUD=F CLDF (CFOCV, ETAlV, ETAOV,DRUD,ARV, SLMV,TOCV,PHTER, CLAVP, 
&DLMC4V,BVT) 

CYDR=-CLAVT*ADADCL*ADCL*KPRlH+KB*ETAVT*SVT/SU 
URITE(6, lOOO) 

1000 FORMAT(lOX,"KU-FRL SUBROUTINE FOR CYDR, CLDR AND CNDR " / / / I  
WRfTE(6 , lO lO)  CYDR 

1 0 1 0 FORMAT ( 1 OX, "CY D R = 
CLDR=CYDR*((ZV*COS(ALPHA)-LV*SIN(ALPHA))/B) 
WRJTEi6 ,1020)  CLDR 

1029 FORMAT(lOX,"CLDR = 
CNDR=-CYDR*((LV*COS(ALPHA)+ZV*SIN(ALPHA))/B) 
W R I T E  (6,1030) CNDR 

STOP 
END 

Pigut0 11.25.2: 

", 1 F, 1 0.5, " R A D-1"/ / 1 

",l F l  0.5," RAD-1 "// 1 

1030 FORMAT(1 OX,"CNDR = ",1 F10.5," RAD- l " / /  1 

L i s t i n g  and Sample hintour  Subrourina "RUDDER" 
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’ ‘h6 11.26: HINGE XOMENTS OF CONTROL SURFACES Ch 
a 

11.26.1 : INTRODUCTION 

This chapter desmibes the procedure involved in computing the 

hinge moment derivatives Ch and % . The method is mainly based on 
a 6 

Reference 11.26.1. The data used for the computation of the section hinge 

moment derivatives are based on the NACA 0009 airfoil. This is a type 

of airfoil that is used quite often for the horizontal railplane on general 

aviation aircraft. The method makes corrections for lifting-surface geometry, 

control-surface geometry and method of balancing. First the equations for 

the variation of hinge moment with angle of attack will be derived, then 

the equations for the variation of hicge moment w i t h  control surface deflection. 

11.26.2.1 DERIVATION OF EQUATIONS FOR C,, 
a 

First the section characteristics will he derived, it applies to 

sealed-gap controls. A correction will be made to account for open-gap 

controls. The hinge moment derivative Ch is based on the control chord 
a 

squared(c )?see Fig. 11.26.1). F 

I I 

I :  I 

- .  
L 

Figure 11.26.1: Geometry o l  Aileron 

The first step is t o  compute the hinge moment derivative CA for a 
U 

radi.is-nose, sealed control surface: 
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(rad- ’) a “h ’theory (‘ha) theory 
a 

Where : 

a 51 
(‘ha) theory 

(11.26.1) 

is the r a t i o  of actual t o  theoretical hinge moment 

derivative, obtained from Figure 11.26.2. 

follows from Eqn. 11.21.4 ‘E ’(‘Ea) theory 

The parameter 

a 

Figure 11.26.:: Rate Of h s e  of Section Hinge m n c  
4-th Angle of Atcrck 

(‘ha)theory i s  the theoretical hinge moment derivative, follows 

from Figure 11.26.3. 

0 I 3 
. I  .z q .3 .* .J - 

C 

Ffgurr 11.26.3: Theoretfcrl Hlnge m n t  Derivative 
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I f  the t r a i l i n g  edge of the  a i r f o i l  does not conform t o  the  following 

condi t ion : 

TE t 
2 2 c  
TE = Tm - = - 0'TE 0 " 

= TAN -- TAN - 2 (11.26.2) 

is the  angle  between s t r a i g h t  l i n e s  through 98 and 

99 percent of tl.e chord on upper and lower su r face  

~ ' T E  Where : 

is t he  angle  between s t r a i g h t  l i n e s  through 95 and 99 

percent of t he  chord on upper and lower surface* 

$"*E 

is the  t r a i l i n g  edge angle  between tangents  t o  upper 

and lower sur faces  a t  the  t r a i l i n g  edge. 

4TE 

(11.26.3) a 

To account f o r  the  e f f e c t  of balancing, the  following co r rec t ion  is applfed: 

('ha) balance 

(Cha)Lalance 
a 

( 11.26 .4) 

Where : 

C; 
is obtained f r o a  Eqn. (11.26.31, u r  is equal  t o  c' 

Eqn. (11.26.1). 

i n  
Q ha 

( 'h: ba 1 anc e 
is obtained from Figure (11.26.4). C;c 

a 

The d e f i n i t i o n  of the  coc t ro l  sur face  dimensions is  given i n  Figure (11.26.5) 

while Figure (11.26.6) :hows the var ious  nose-shapes . 

*Note: For a beveled t r a i l i n g  edge is equal t o  the angle  of bevel.  

11.26.3 



SLDSOSIC SPEEDS 

Figure 11.26.4: Effect of Nose &lance on Section illnge h a e n t  
D.rivrclves 

The e f f e c t  of Xach number may be roughly approximated using the  

Prand tl'Glauert cor rec  t ion: 
c- I 

C I  = hcllLow Speed 

h q ? I  d r 2 -  (11.26.5) 

Figure 11.26.5: Geometry of Control Surface 
. -  

HISCE HINGE HINGE 
LINE acU/E - E& 

ROUSD SOSE ELLIPnC NOSE SHA UP NOSE 

Figure 11.26.4: Various Types of Xose Shapes 
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* 
Usins the  two dimensional hinge moment, computed above, the  th ree  dimen- 

s i o n d  Iiinge moment c o e f f i c i e n t  is: 

(11.26.6) 

Where : 

is computed with Eqn. (11.26.5) 
U 

'h 

is a co r rec t ion  f o r  induced camber e f f e c t s ,  a r r ived  a t  by 

m i n g  l i f t i ng - su r face  theory. It may be computed by refer- 
i( 

*'h 

r i n g  t o  Figure (11.26.7) . 
SUBSONIC SPEEDS 

.03 

0 .  
P 2 4 6 10 

'c 

Pigure'l1.26.7: Corroctlon for Induced Camber 

The v a r i a b l e s  i n  the  y-axis quant i ty  are: 

is s e c t i o n  l i f t  curve s lope  

takes  con t ro l  su r f ace  span i n t o  account, for outboard 

con t ro l s  (see Fig. 11.26.8) i f  i n  board c o n t r o l s  are 

a cQ 

a K 

used, then K may be approximated t o  be equal t o  Y0/(b/2) ,  

Yo and Yi are defined i n  Figure 11.26.9. 

*he e f f e c t  of o?en gap and bevel angle  on s e c t i o n  c h a r a c c e r i s t i c s  w i l l  be 
determined la ter .  
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accounts f o r  the effect of control surface to balance 

chord ratios, to 5e obtained from Figure 11.26.10. 

B2 

3 

2 

& 

I 

0 
0 '  .2 .4 r, .b I .o - 

b/Z 

Figure 11.26.5: Effect of Control Surface Span 

I 
n - 0  

I 
n - 1  

I I 

Figure 11.26.9: Control Surface Span Parameters 

The primed values in Figure 11.26.10 refer to measurements normal to 

the wing quarter chord line, if not explicitly given they may be approxi- 

mated by: 

and 

(11.26.7) 

(11.26.8) 
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Where : 

- 
C" = ( C  - c,) COS A 

- 
c"' = (c - cf)  s i n  A 1/4;a sin@. LE - A  1,4;) 

(11.26.9) 

(11.26.10) 

(11.26.11) 

(11.26.12) 

(11.26.13) 

io 

Corrections f o r  open gap, horn balance and bevel angle will now be made. 

Reference 11.26.2, 

of open gap. 

of the  gap may be found i n  Figure 11.26.5. 

Figure 6-8, provides da t a  f o r  t he  es t imat ion  of t he  e f f e c t  

The f i g u r e  is  reproduced i n  Figure 11.26.11. The d e f i n i t i o n  
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I , I i 

I I I I I 1 
0 .1 .2 .3 .I .s .6 

Figure 11.26.11: Effect of Open Cap on Section Hinge Maeat 
Coefficient for a .35f Flap 

Figure 11.26.10 shows on the average a (posit ive)  increase i n  C 

A simple approximation of the e f f e c t  of open 
ha 

of .0005 for a .OOSc' gap. 

gap,therefore, is: 

(11.28.14) 

Reference 11.26.3 provides data for the estimation of the e f f e c t  of bevel 

angle. Figure 11.26.12 i s  a reproduction of Fig. 11:14 of th i s  reference. 
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Figure 11.26.12: Effect of -1 Angle on Hinge Humant 
Coefficient for a .2E Flap 

The e f f e c t  of bevel angle  may thus be approximated as: 

Xh = .00027 Obev (de 8-l) 
a 

Where: 4bev i n  degrees 

(11.26.15) 

Both t h e  e f fec t  of bevel angle  and of open gap have t o  be corrected f o r  

f l a p - a i r f o i l  chord ra t io .  This can be done by r e f e r r i n g  to  Fig.  11.26.13, 

which is a reproduction of Figure 12:7 of reference 11.26.3. 

1 . 
J 
U 

f 
ud 

. f  
f 

Figure 11.26.13: Correction €or Php-Chord Ratlo 

The cor rec t ion  f o r  open gap (Eqn. 11.26.14) now becomes: 
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The correction for bevel angle on section hinge moment coefficient 

now becomes: 

A = .00027 +Bm (1+3.33 (c f /  c - . 3 ) )  (drg-l) (11.26.17) 
bev a 

The corrected three dimensional hinge moment coefficient is based on 

twice the area moment. 

- 11.26.2.2 Derivation of Equation for 

The equation for  the section characteristics w i l l  be derived first, 

then corrections for three dimensional effects w i l l  be made. The hinge 

moment coefficient C is based on the control chord squared c * ~ .  (See 
h6 

Figure 11.4.1). The method is based on closed gap controls, a correction 

will be made for open gap. 

For a radius-nose sealed, plain trailing edge control for which the 

thickness correction as defined on page 11.26 is valid the hinge moment 

derivative follows from: 

C' =( 'lh6 )(.h (rad-') 
6 theory h6 (c 

h& theory 
(11.26.18) 

where : 

C' 
h, - 

is the ratio of actual to theoretical hinge moment 
6 theory obtained from Figure 11.26.14. 

(c is the theoretical hinge moment derivative, obtained 
h6 theory from Figure 11.26.15. 

Note: The parameter cE /(c in Figure 11.26.14 may be obtained 
a Ea 

theory 
from section 11.21. 

11.26.10 
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I .o 

.8 

( Ch6) theory 
.6 

0 . I  .? .3 .4 .J 
.4 

C 

Figure 11.26.14: Ratio of Actual to Theoretical Hinge Aomenc 

- 
E 

. .  

Figure 11.26.15: Theoretical Hinge Momnt Dcrfvative 

If the thickness condition a s  defined on page 11.2631s not met, 

then the following correction has to be applied, otherwise It may be 

omitted : 
-1 

(11.26.19) 
c" - c '  + 2 (ce ) 

6 theory 
h6 6 theory h6 

where: c '  i s  obtained from equation (11.26.18) 
h6 

(ce 1 is the theoretical l i f t  due to flap deflect ion,  

theory obtained from Fig. 11 .23 .  
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c 
p* 6 I s  the ratio of the actual to the theoretical lif: 

due to flap deflection, obtained from Figure 11.23, 

- 
(ea. 1 

Gtheory 

is as defined In section 11.26.2.1 far a beveled 

trailing edge: @'ITE = $BEV. 

~ " T E  

A correction for nose shape can be made as follows: 

("- 
h6 balance 

(11.26.20) 

where : 
C" is obtained from eqn. (11.26.19) or equal to c' 
h6 % 

( c  is obtained from Figure 11.26.16, for various 

nose shapes as defined in Figure 11.26.6. 
h6 balance 

C" 
h6 

A NACA 0009 SHARP Hose . .  
HINGE 

Figure 11.26.16: Effect of Nome Balance on Section Binge 
* Uomnt Derivative 

ORIGINAL MGE Ib 
OF POOR QUALITM 

The effect of Mach number may be accounted for as follows: 
(ch 

( c  = 6 l o w  apeed 
h6 M d s  

11.26.12 

(11.26.21) 

... 



Now corrections will be made for open gap, horn balance and bevel 

angle. 

From 

to F 

Figure 11.26.11 follows the following correction for open gap: 

C A (ch ) = .2 gap 
6 gap C 

This has to be corrected for flap-wing chord ratio, according 

gure 11.26.13 to provide : 

(11.26.2 2) 

In the same way a correction factor for the effect of bevel angle is 

found to be: 

(11.26.23) 

1 + 1.25(C6/c -.3) (deg-l) J A(C 1 = .0027$gEv 
h6 BEV 

(11.26.24) 

The two-dimensional hinge moment coefficient as obtained above, will now 

be corrected for three-dimensional effects. The hinge moment derivative, 

based on twice the area moment may be obtained from: 

2 cosAc14 
= c0sAc/4 cosAHL AR + 2 cosAc14 ( 1 1 .26 .2 5) 

Where : Ch is the hinge-moment derivative due to angle of 

attack, to be obtained from section 11.26.2.1. 

is the section hinge moment derivative due to control 

deflection, to be obtained from section 11.26.2.1. 

U 

a is the two dimensional lift effectiveness parameter 6 

obtained from section 11.23. 
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i s  an approximate l i f t i n g  su r face  cor rec t ion  which 

accounts f o r  induces camber. 

Figure 11.26.17, where: 

B2 

*‘h6 

I t  may be obtained from 

accounts f o r  con t ro l  su r f ace  and balance sur face  

chord ra t ios ,  t h i s  parameter may be obtained from 

Figure 11.26.10. 

accounts f o r  con t ro l  sur face  span e f f e c t  f o r  outboard 

con t ro l s ,  see Figure 11.26.18. For inboard c o n t r o l s  

K6 can be approximated by using Y I .S.0 Yi. 

K6 

0 

Note: The values  t h a t  a r e  primed i n  Figure 11.26.10 

r e f e r  t o  measurements normal t o  the quar te r  chord. 

See Equations 11.26.7 through 11.26.13. 

SUDSOSIC SPEEDS 

0 2 4 6 i I O  
1c 

liguro 11.26.17: LiCting Surface Correction for Hinge Moment 
Dmriv. tiv.  
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3 

2 

K6 

I 

0 .  3 
0 .2 .I JJ .a I R 

li 
bl2 
- 

Flgure 11.26.18: Correct2on Factor for Control Surface Span 

X l a s t  correction that may be applied t o  the three dimensional values 

i s  a correction for the e f f e c t  of a horn balance. I t  should be noted 

that the e f f e c t  i s  d i f f i c u l t  to estimate.  Reference 11.26.3 provides 

a rough estimation of the e f f e c t  for  an unshielded horn, see Figure 

11.26.19. 

Figure 11.26.19: Effect of Horn Balance 

ORIGINAL BAGE Ib 
OF POOR QUAUTYi 
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The e f f ec t iveness  of t he  horn is determined by the  ratid of the  moment 

of the  horn area farward of the hinge l i n e  t o  the moment of the f l a p  area 

a f t  of the hinge l i n e ,  where the awnent is defined as the  area of the f l a p  or 

horn mul t ip l ied  by the  d i s t ance  of the respec t ive  area controid from the 

hinge l i ne .  r'igure 11.26.19 is f o r  a 0.20 c p l a i n  f l a p  on a N A U  0009 

a i r f o i l .  

Figure 11.26.13. 

To correct f o r  d i f f e r e n t  flap-wing chord r a t i o s  use can be made of 

The e f f e c t  of horn balance on hfnge  moment c o e f f i c i e n t s  

can be expressed as: 

s b 
.a)) s- 3l cf 

Mf cs  
= (.0123 - (1 - .0175( c - 

(11.26.2 6) 

(11.26.2 7)  

This concludes the de r iva t ion  of the  equation f o r  the  hingedaoment deriva:ives 

ch a and Cha' 
26 - HAND CALCUiiTION 

This s ec t ion  descr ibes  a hand ca l cu la t ion  for the Of 

B f o r  which da ta  are presented in Appendix C .  

a 
cL 

c, 
= 0.93 - 

0 theory 

Fig. 11.26.2: C '  
ha 

= 0.82 
('h 

a theory 

Fig. 11.26.3: (C ) = - .49 (rad-') 

Eqn. 11.26.1: C'h = -.402(rad-') 
theory ha 

a 
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Eqn. 11.26.3: C'lh - -.361 (rad-') 
a 

Fig. 11.26.4: (C ) 
'a balancc I 1.0 

C'lh 
a 

Eqn 11.26.4: (C ) = -.361 (rad-') 

Eqn. 11.26.16: 

ha balance 

= +.0006 (rad-') 
*'h a 

gap 

= +.0015 (rad-') 
"h a 

Eqn. 11.26.17: 

bev 

Fig 11.27.8: Ka = 3. 

= 0.246 f l c '  Eqn. 1 1 . 2 7 . 7 :  C '  

b/c'f  = 0.054 Eqn. 11.27.8: C'  

Fig.  11.27.10: B2 = .99 

Fig 11.27.7: 
a = .011 

c / 4  CL B, K cos A - a  

"h = .2042 (rad -I) Fig. 11.27.7: 

Eqn. 11.27.6: Ch = -.0352 (rad-') 
a 

"h 

a 

a 

Fig. 11.26.14: c' 

= .95 h6 
(c  1 

h& theory 

- 

Fig. 11.26.15: ( c  ) = -.87 (rad-') 

Eqn. (11.26.18) c '  = -.8265 (rad-') 

Sect ion 11.23 c 

h6 theory 

h& 

= 0.89 ' 6  - 
( c  

'& theory 

'6 theory 
Section 11 .23  ( c  ) = 3.9 (rad-') 
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Eqn. 11.26.19: c" = -0.8588 (rad-') 

Fig. 11.26.16: (c ) 

hci 

h& balance = 
C " 
h6 

Eqn. 11.26.20: (c ) = -.8588 (rad'') 
h6 balance 

Eqn. 11.26.23: A(c 1 = 0.8655 (rad-') 

Section 11.23 a = -.6 
h6 bev 

6 

Fig. 11.26.18: K6 = 3.0 

Fig. 11.26.17: ACh6 = 0.1797 (rad-') 

= 0.0385 (rad-') 
ch6 

Eqn. 11.26.24: 

11.26.4 PROGRAM DESCZ'nlPTION 

The program is straightfozward. Use is made of a combination of Hp-65 

curve-fitting techniques and Function "REP" to implement the figures in the 

program. A 

flow chart of the program is given as Figure 11.26.23. 

sample printout is included as Figure 11.26.21. 

The variables used in the program are listed in Table 11.26.1. 

A listing and a 
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Table J.1.26.1 VARIABLE N & i S  IN SUBROUTINE "CONSURF" 

NAME ENG SYHBOL DIMENSION ORIGIN REMARKS 

AR d Common 

8 
ADP a 

B b Common 

BRAT c. Balance ra t io  
Figure 11.26.4 

BZ 

CB f t  

CBAR ft Common 

Common 

--- 
cb/cf 

c;, 

CBOCF 

CBP ft 

CDP 

rad-' 

rad-' 

f t  

f t  

CDPHA 

CDPHD C" 

CF 
hd 

cF 

CFDP C; 

CFOC 

CFTP 

CF/C 

C;' 

C p p  

Comon 

ft 

CGOC 

CHA 

Comon 

rad-' 
a ch --- 

rad-' 

rad-' 

CPHA 

CDHP 

CPBCFB -- Dummy --- 
CPHOCH I- 

-- CPFCA 
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Table 11.26.1 VARIABLE NNES IN SUBROUTINE "CONSURF" (Cont ' d )  

NAME ENG SYMBOL DIMENSION ORIGIN REMARKS 

CTP 

DCHA 

DCHAB 

DCHAH 

DCHD 

DCHDB 

D O H  

EM 

ETA 

ETA0 

ETA1 

KALP 

KBEV 

KDEL 

KGAP 

KHORN 

KNS 

MHMF 

PDATE 

PHIB 

PHITE 

RLMC4 

C" ' 

a 

a 

"h 

bal 
A% 

horn a 

*'hg 

"h 

"h 

'bal 

*'h 
'horn 

M 

rl 

Kg 

--- 
Mho rn IMfl ap 

G E  

'Bev 

~ T E  

'114; 

rad-' -- 
rad-' -I 

rad-' --- 
rad-' --- 
rad-' 

rad-' --- 

-- 

Common 

Common 

Common 

Common 

-u 

Common 

-I 

Common 

Common 

Common 

Common 

Common 

Common 

Common 

Common 

Control Variable 

Control Variable 

Control Variable 

Control Variable 
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Table 11.26.1 VARIABLE NAMES IN SUBROUTINE "CONSURF" (Cont'd) 

NAME ENG SYMBOL DIMES S ION ORIGIN REMARKS 

'LE 

'HL 

sE 

RLMLE 

RLMHT 

SE 

SLM x 

TOC t / C  

'b/2 YB2 

(Y) 

(11.26.9-13) RATIOS 

F / i g  11.26.2 

Fig 11.20.3 

rad Common 

rad Common 

Common ft 2 

-- 
ft 

Common 

Common 

--- 
- Common 

c I + I 
I 

C a B U T E  "h. (11.26.1) 

ORIGINAL M G E  
OF POOR Q u m  

COMPUTE 

CORRECTION 
BWEL ANGLE (11.26.17) 

I 



1 

COMPUTE 
THREE DM. 

CORRECTION 
F 

HORN BALANCE 

COWUTE 
TnEORETICAL 
HINGE MOMENT 

? 

FI CORRCTION 

COWUTE 
THICKNESS 

CORRECTION 

(11.26.23) 

(11.26.6) 

(11.26.18) 

(11.26.191 

c 
KBEV - 1 f - 0  
COMPUTE 

CORRECTION 

CONPUTE 
CORRECTION 

HORN BALANCE 
(11.26.27) 

COMPUTE 

Figure 11.26.20: Contlnuod 
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1oc SUBROUTINE CONSURF (CHA,CHD,DADD) 
20 
30 DATA TOC,PHITE,CLAPP,CFOC,CBOCF/O.O9,6.,6.25,0.246,0.054/ 
40 
50 DATA B,AR,RLMC4,CLCLDT,CHLOC,PDPTE/6.36,4.0,0.436,1.,.754,6./ 
60 DATA CPHA,CPHD,KBEV,KHORN,PHIB,KGAP,MHMF,CGOC/.O,.O,O,O,6.O,l,O.O,O.OO5/ 
80 DATA fCOCF,CBAR,SE/.O7,1.65,0./ 
90 CLATH=6.28+4.7*TOC*(l.+.OO375*PHITE~ 
100 CLCLAT=CLAPP/CLATH 
105 CF=CFOC*CBAR 
110 IF(RLMC4.EQ.O.) GOTO 2 
11 2***** ***** 
113***** COMPUTATION OF CHORD-RATIOS PERPEN- ***** 
114***** D I C U L A R  TO THE 1/4 CHORD L INE ***** 

RE A L K D E LJ K A LP, M HM F 

DATA TC, C f  ,KNS, EM,ETAl ,ETAO,SLM, CLDFT/0.08,0.406,1, .05,0., 1 . ,O. 5,4.55/ 

120 
130 
1 3 1  
1 3 2  
1 4 0  
150 
190 
200 
21 0 
220 
230 
240 
250 
260 
270 
280 
290 2 
300 
310 3 
340 
350 
360 
3 70 
380 
3 90 
41 0 

RLMLE=ATAN(SIN(RLMC4)/COS(RLMC4)+(l./AR)*((l.-SLM)/(l.+SLM))) 
RLMTE=ATAN(SIN(RLMC4)/COS(RLMC4)-(3./AR)*((l.-SLM)/(l.+SLM))) 
RLNHL=ATAN(SIN(RLMC4)/COS(RLMC4)-(4./AR)*((CHLOC-.25)* 

I f  (RLMLE .EQ.O. 1 RLMLE=.000001 
IF(RLMTE.EQ.0.) RLMLE=.000001 

&(I .-SLM)/(l .+SLM))) 

CFDP=CF*COS(RLMC4) 
RLM4TzRLMC 4-RLMTE 
CFTP=CF*SIN(RLMC4)*SIN(!?LM4T)/COS(RLM41) 

CDP= (CBAR-CF)*COS (RLMC4) 
CT P= ( ( CBAR-C F 1 *SIN (RLMC4) 1 *S I N  (RLMLE-RLMC4) 
CB=CBOCF *CF 
CBP=CB*COS(RLMC4)+CB*SIN(RLMC4)*SIN(RLMC4-RLM~)/COS(RLMC4-RLMHL) 

CPBCFB=CBP/(CFDP+CFTP) 
GOTO 3 
CPFCP=CFOC 
CPBCFB=CBOCF 
CONTINUE 
IF(SE.EQ..O) SE=CF*B/2. 

CPFCP=(CFDP+CFTP)/(CDP-CTP+CFDP+CFTP) 

IF(ETAl.LE..l.AND.€TAO.LE..S) ETA=ETAO 
IF(ETAi.GT..S.AND.ETAO.Cf..9) ETA=ETAl 
IF(ETAl.GT..3.AND.ETAO.LT..7) ETA=(ETAO+ETA1)/2. 

IF(ETAl.LE..'I.AND.ETAO.GT..9) €TA=ETAO 
Y B 2 =ETA 
IF(CPHA.NE.0.) GOTO 15 

415***++ ***** 

41 7***** ***** OF POOR QuUTy 
420 DIMENSION DD1(9,2),VVl(O),DDD1(4),WW1(2),UU1(1) 
430 DATA W1/.68,.72,.76,.8,.84,.88,.92,.96,1./ 
440 DATA UU1/1./ 
450 DATA WW1/.1,.5/ 
460 DATA DDl/-.2,.12,-.017,.3,.183,.45,.35,.605, 
470 
480 
495**+** ***** 

416***** COMPUTATIONS FOR CHA ***** ORIGINAL BAGE 

&.508, .7,.65, .8,.767, .85, ,883, .94,1.,1./ 
C PHOCH=RDP ( 1. ,CLCLAT, C FOC ,1,9,2,2,UUl ,VV1 ,YW , D D l  1 

~ .. 
Figure 11.26.21: Listing and Sample Printouc of Subroutine "CON-' 
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SO0 DIMENSION DD2(5,3),VV2(5),DDD2(4),WW2(3),UU2(1) 
510 DATA VV2/0.,.04,.08,.12,.16/ 
5 20 DATA UU2/1 . / 
530 DATA WW2/.1,.25,.5/ 
540 
550 &-.254,-.467,-.8,-. 213,-.425,-.761/ 
560 CHATH=RDP(l.,TOCICF0C,l,5,3,3,UU2,VV2,b/W2,DD2) 
280 
590 PDPTE=PDPTE/57.3 
610 CDPHA=CPHA+2.*CLATH*(l.-CLCLAT)*((SIN(PDPTE/2.)/COS(PDPTE/2.))-TOC) 
630 BRAT=SQRT((CBOCF**2)-(TCOCF/2.)**2) 
650C***** ***** 
660C***** KNS=1 : ROUND NOSE ***** 
670C***** KNS=2 : ELLIPTIC NOSE ***** 
683C***** KNS=3 : SHARP NOSE ***** 
690C**** * ***** 
700 IF(KNS.EQ.1) CHCDHA=-2.614*BRAT+1.333 
71  0 IF(KNS. EQ. 2) CHC DHA=-2.327*BRAT+l . 222 
720 IF(KNS.EQ.3) CHCDHA=1.088+1.755*8RAT-3.675*BRAT**2 
730 IF(CHCDHA.GT.1.0) CHCDHA=1.0 
740 CHAP=CDPHA*CHC DHA/SQRT(l .-EM**2) 
75 0 IF(KBEV.NE.1) GOTO 10 
760C***** ***** 
770C***** CORRECTION FOR BEVEL ANGLE AND HORN BALANCE, DERI-***** 
780C***** VED FROM FIG. 12:7, 12:12 AND 12:14 OF DOMMASCH ***** 

DATA DD2/-.346,-. 567,-.87,-.321,-. 542,-.84,-. 288,-. 504,--825, 

C PHA=C PHOC H *CHATH 

***** 
***** 

790C***** , SHELBY AND CONNALLY 
800C***** 
81 0 
8 2 0  CHAP=CHAP+DCHAB 
830 10 CONTINUE 
840 IF(KHORN.NE.1) GOTO 1 2  
85  0 DCHAH=(.013125*MHMF-(.OO25*(CFOC-.2 
860 CHA P=CHA P tD  CHAH 
870 1 2  CONTINUE 
890 IF(KGAP.NE.1) GOTO 15 
900C***** 

DCHAB=.00027*PHIB- ( .002S*(CFOC-. 2) 1 

*BISE 

. ***** 
910C***** THE EFFECT OF OPEN GAP WAS ESTIMATED FROM FIG. ***** 
920C***** 6-8 OF PERKINS AND HkGE ***** 
930C***** ***** 
940 CHAP=CHAP+C GOC 
950 15 CONTINUE 
960 KALP=1.02026+.53661*YB2+2.S2737*Y82**2 
9 7 0  IF(KALP.GT.3.0) KALPo3.0 
990 DIMENSION DD3(6,6),VV3(6),DDD3(4),WW3(6),UU3(1) , 

Figure 11.26.20: Coacinwd 
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1000 D A T A  VV3/0., .. 2,.3, .4, .5, .6/ 
1010 D A T A  UU3/1./ 
1020 
1030 D A T A  DD3/.48, .8,1.02,1.16S,1.28,1.~7,.4S,.74,.93S,1.08,1.19,1.3, 
1040 &.4,.65,.84,.98,1.1,1.2,.325,~55,.7,.65,.98,1.08, 
1050 &.225,.39,.54,.65,.79,.935,.09,.215,.34,.45,.59,.7~/ 
1060 B2rRDP(l.,CPBCPF,CPFCP,1,6,6,6,UU3,VV3,WU?,DD3) 
1080 CHARAT=.0283-.00544*AR+.OOO3*AR**2 
1090 DCHA=CHARAT*CLAPP*BZ*KALP*(COS(RLMC4)) 
1110 CHA=((AR*COS(RLMC4))/(AR+2.*COS(RLnC6)))*CHAP+DCHA 
11 21 ***** ***** 
1122***** COMPUTATIONS FOR CHD ***** 

DATA WW3/.OS,. 15, .25,.35,.45,. 55/ 

1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1220 
1230 
1240 
1250 
1260 
1270 

1290 
1300 
1305 
1320 
1330 
1340 
1360 
1380 
1390 
1400 
1410 
1620 
1430 
1440 

12130 

IF(CPHD.NE.0.) GOTO 20 
DIMENSION DD4(7 ,2 ) ,VV4(7 ) ,DDD4(4~ ,UW4(2 ) ,UU4(1 )  
DATA W4/0.,.05,.06,.08,.1,.12,.15/ 
DATA UU4/1./ 
DATA WW4/.1,.5/ 
D A T A  DD4/-.88,-1.11,-.83,-1.0~,-.8,-1.08,-.769,-1.05, 
&-.735,-1.03,-.696,-1~02,-.638,-1.01/ 

CHDTH=RDP (1 . ,TOC ,CFOC,1,7,2,2,UU4,VV4,WW4, DD4) 
DIMENSION DD5(9 ,5 ) ,VVS(9~ ,DDDS(4 ) ,WUS~S~,UU5~1~  
DATA W5/.6,.65,.7,.75,.8,.85,.9,.95,1./ 
DATA UU5/1./ 
DATA WW5/.1,.2,.3,.4,.5/ 
DATA DD51.642, -598, -564, -415, .25,. 703, ,672, -621 ,.547, -42, 

&. 752,. 735,. 704,. 659, . 58, . 8,. 785,. 768,. 739, . 685, 
& -842,. 836,. 821,. 8,. 75,. 8C,. 872,. 867, -855,. 84, 

&l.,l.,l.,l.,l./ 
CHCHTH=RDP~l.,CLCLAT,CFOC,1,9,4,4,UUS,VVS,WUS,DDS~ 

&.922,.918,.914,.91,.9,.964,.96,.96,.956,.95, 

CPHD=CHCHTH*CHDTH 
CLDFT=1.2572+12.8356*CFOC-lO.3788*CFOC**2 
C LD FT=CLD FT+12.14*TOC* ( C FOC-. 05 1 
C DPHD=C PHD+Z. *CLD FT* ( 1. -CLCLDT 1 *( ( S I N  (PDPTE/ 2.) /COS (PDPTE/ 2 1 )-TOC 1 

I F  (KNS .EQ.l) CHCHDP=-.917*BRAT+1.375 
IF(KNS.EQ.2) CHCHDP=-.529+BRAT+lm25 
IF(KNS. EQ.3) CHCHDP=-.401 *BRAT+I .292 
IF(CHCHDP.GT.1.0) CHCHDP=1.0 

CHDP=C DPHD*CHCHDP 
CHDPtCHDP/SPRT(l.-EM**2.) 
I F (KBEV. NE. 1) GOTO 20 

14SOC***** ***** 
1460C***** CORRECTION FOR BEVEL ANGLE AND HORN BALANCE,DERI- ***** 
1470C***** VED FROM F I G .  12:7, 12:12 AND 12:14 OF DOMMASCH ***** 
1480C***** SHELBY AND CONNALLY ***** 
1490C***** ***** 
1500 DC~D8=.0003*PHIB-(.Ol7S*(CFOC-.2)) 
1520 CHOP=CHDP+DCHDB 
1530 20 CONTINUE 
1540 I F  (KHORN. NE. 1) GOTO 25 
1550 
1570 CHDPtCHDP+DCHDH 

DCHDHz ( .012S*MHMF-( .0175*( C F OC-. 2) 1 1 *B/ SE 

Figure 11.26.20: Continued 
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1580 25 CONTINUE 
1590 IF(KGAP.NE.1) GOT0 30 
15ooc***** ***** 
1610C***** THE EFFECT OF OPEN GAP WAS ESTIMATED FROM F I G .  ***** 
1620C***** 6-8 OF PERKINS AND HAGE ***** 
1630C***** ***** 
1640 
1650 30 CONTINUE 
1690 
1710 
1723 KDEL=1.00875+ ,5321 4*YEZt2.34286*YB2**2 
1730 IF(KDEL. GE .3.0) KDEL=3.0 
1740 
1750 DCHD=CHDRAT*CLDP*B2*KDEL*COS(RLMC4)+COS(RLMHL) 
1770 ADP=-CLDPICLAPP 
i 780 
1753 
1650 W R I T  E (6,990 1 
1660 990 FORMAT(1OX,"+++*+*+****,**+*****************************************"//) 
1670 
1680 1000 FORMAT (lOX,"KU-FRL SUBROUTINE FOR CALCULATION OF HINGEMOMENTS"// / )  
1690 WRITE (6,lr)TO) CHA 
170O.1030 FORMAT(IOX,"ELEVATOR CHA 
1710 WRITE (6,1050) CHD 
1720 1050 FOR~AT(lOX,"ELEVATOR CHD 
1730 WRITE(6,1070) 
1740 1070 FORMAT(lOX,"++************~***************************************"/ / )  
1750 STOP 
1760 END 

CHDP=CHDP+CGOC* ( .O@S3*CBOC F t  .00017) 

CHDRATz. 05865 -. 01 23 3*AR+. 00071 *PR**2 
CHDRAT=CHDRAT- (CPFCP-. 2) *( -. 0028*AR+ .0306) 

C LD P=C LC LDT*C LD FT 

CHD=COS (R LMC 4 *COS ( RLMHL )? ( CHDP +A DP*CHA P* ( ( 2. *C CS (RLMC 4 1 1 / 
8 ( AR +2. *COS (RLMC4) 1) 1 +DCHD 

W R I T E (6,1000 1 

= ",1 F10.5," RAD-l", I  1 )  

= 'I, 1 F I O .  5," RAD-I", / 1 1 )  

Figure 11.26.21: Continued 
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l!. .26 . 5 RESULTS 

"CONSURF" Ref. 11.26.4 Error between 
computer & 

Hand calc. Computer Ref. 11.26.4 

The computer generated results compare as follows to data obtained from 

Reference 11.26.4 (Airplane B). 

Table 11.26.2: COMPARISON OF RESULTS 

I rad-' ! -1 rad-' rad % 

These data compare fairly well. However, it shmld be noted that the values 

obtained with this program are very sensitive to the input data. Also the 

effects of gap and horn balance are rough estimates and are influenced by 

other factors. In this case more test runs €or different elevators are needed 

to validate the data obtained. 
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CHAPTER 12 

DYNAMIC STABILITY ROUTINE 

The Dynamic Longitudinal and Lateral-Directional Stability routine 

that will be incorporated in GASP is a modified version of an existing 

computer routine developed at KU. This computer program is documented 

in Reference 12.1. 

sign work, with excellent results. 

The program has been extensively used at KU for de- 

The program was simplified such that 

it computes the longitudinal and lateral-directional stability character- 

istics for a given aircraft, with given stability and control parameters, 

but does not perform an autopilot analysis as the original program does. 

Time did not permit a check-out of the modified program, but it is felt 

that this should not present unduly problems. 

A listing of the modified program is included for completeness as 

Appendix D. 

REFERENCE 

12.1 Postai, M. A Computer Program for Determining Open and Closed 
Loop Dynamic Stability Characteristics of Airplanes 
and Control Systems. University of Kansas, May 1973. 
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CHAPTER 13 

CONCLUSIONS AKD RECOMMENDATIONS 

Table 13.1 presents  d a t a  on t h e  accuracy a t t a i n e d  with the  computer 

program. U r 9  poss ib le  sources of e r r o r  are indicated.  Generally speak- 

ing  the  r e s u l t s  are wi th in  the  10% accuracy l i m i t  t h a t  is f e l t  t o  be de- 

s i r a b l e  f o r  preliminary design work. However, some subroutines d id  not 

perform t h a t  w e l l ;  more test runs are needed for those rou t ines  t o  decrease 

the  e r r o r .  Time d id  not permit a camplete run with a l l  t he  subrout ines  to- 

gether including the  Dynamic S t a b i l i t y  and Control rou t ine  described i n  

Chapter 12. However, t h i s  l a s t  rout ine  has  been checked ou t  thoroughly 

a-id has beea running with s a t i s f a c t o r y  r e s u l t s  for some time. It  is f e l t  

t h a t  t he  complete program should produce c o r r e c t  r e s u l t s  f o r  the  types of 

a i rp l anes  considered i n  t h i s  research. 

As a follow-on of th i s  p ro jec t  i t  is suggested t o  perform a series of 

runs f o r  e x i s t i n g  a i r c r a f t  t o  check the  t o t a l  performance of t he  program. 

As a matter of f a c t ,  t h i s  is p a r t  of a new proposal t o  NASA Langley 

Research Center. This proposal has been approved. A l l  t he  subrout ines  

described i n  t h i s  r epor t  w i l l  be added t o  the  e x i s t i n g  vers ion  of GASP a t  

Kansas University. 

ana lys i s  work. 

Then the  complete program will be used for conf igura t ion  

Also the  subroutines described i n  s e c t i o n  11 and i n  secr fon  12 w i l l  be 

set up as a separate program t o  compute the  S t a t i c  and Dynamic S t a b i l i t y  

c h a r a c t e r i s t i c s  for given a i rp l ane  configuratiuns.  It is f e l t  t h a t  t h i s  

should be a valuable t o o l  i n  preliminary design work a t  the  c lass - leve l .  

ORIGINAL BAGE Is 
OF POOR QUALITY 
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TABLE 13.1: ACCUEWCY OF COMPUTER PROGWS 

"GROUND" 

"POWER" 

C 
L; 

Cm; 

C 
ya 

e3 
C 

"COALPHA" 

"L I FCRV" 

" D O W i "  

98c~uvi 

"C.WV' 

"CLQUE" 

"CHQUE" 

"CLAD" 

' U A O "  

"CYBETA" 

"CLBETA" 

P E X E N T  E R R O R  

5% 

5% 

54  

13% 

63 

4% 

2% 

402 

2% 

2% 

3m 

2 0% 

3 0% 

2% 

10% 

X E U R K S  

No coagarable data. resu l t s  
are convincing 

For I i ft predict ions. d i  screp- 
ancy i n  rail plane 

L i f t  for single-cngine case for 
p i t ch ing  moment Credict ion 

For r o t a t i o n  speed 

For a i r  distance 

For r o l l i n g  m n t  i n e r t i a  

For p i t ch ing  mment i n e r z i a  

For yawing nmment i n e r t i a .  
Ib cowqarable data for cross- 
product i ne r t i a ' s .  

ethod i s  prone t o  conputational 
e r r w s  

For Airplane C 

For Airplane A, cause of t h i s  
e r ro r  i s  as yet unknovl 

fk question rims i f  the correc- 
tion factor  o f  1.2 i s  j u s t i f i e d ,  
nore t es t  runs needed 

Correction factor  o f  1.2 m y  not 
be correct, more t e s t  runs neefed 

, 
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L U L Z  13.1 : Continued . 

'nj 

C 
yP 

C 
yr 

P 
c z  

'n 
3 

r c 
Yr 

''r 

C 

L5F 

c, . in 
SA 

1 i "CNBETA" 
I 

I 

: 'TYPE" 

I 
I 
I I "CYAIE" 

i 

"CY4RE" 

! 

" A i  LDCR" 

"RUDDER" 

"CONSURF" 

bfi trout correct ion for 
v e r t i c a l  [a i !  sire 

U i f h  correction for v e r t i c a l  
t a i l  size 

Error  probably due to ccawlcr 
rsymetric flowfield around 
norirontal t a i  1 

For a i rp lane  A 

For a i rp lane  D 

Too nepa:ive. reason as  v e t  
sn\now,. nay due to flou- 
f i e l d  around vertycal  ta i l  

Flaps r;p 

F l a p s  dour 

For C 

L 5 f  

For C ,  
. I  

* A  

Unknorn for  Cn 

'A 

For C 
YSR 

For Cp 

For Cn 

'R 
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APPENDIX A COWARISON OF M€THODS FOR COMPUTATION OF GROUND EFFECT. 

This appendix b r i e f l y  descr ibes  the methods used i n  the  comparison 

of ground e f f e c t  ca l cu la t ion  methods . 

A.1. Corning (Ref. A . l )  

A.l.l Descript ion of Method 

Corning de f ines  the  ground e f f e c t  f a c t o r  as: 

where : % = Lift c o e f f i c i e n t  including f l a p  and 

ground e f f e c t  . 
ACL = L i f t  c o e f f i c i e n t  increment due t o  f l a p s .  

‘Loge 
= L i f t  c o e f f i c i e n t  ou t  of ground e f f e c t  

( including f l a p  e f f e c t ) .  

The l i f t  c o e f f i c i e n t  i n  ground e f f e c t  may then be ca lcu la ted  as: 

According to Corning, t he  ground e f f e c t  f a c t o r  may be ca lcu la ted  as: 

KC 9 1.005 + [0.00211 - 0.0003 @ - 3) ] ~3 (A. 3) 
Lge 

5.2(1 - Hg) where: c3  = e 

H = Altitude/wlng span 
0 

A. 1.2  Hand Calculat  ioa 

( A . 4 )  

(A.5)  

Following is a h a d  ca lcu la t ion  of the Corning Method f o r  Airplane A, 

see Appendix c f o r  da ta .  

ORIGINAL BAGE Ib 
OF POOR Q U m  
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The computations are for  t h e  following f l i g h t  condi t ions:  

Height ( f t 1 

I 

= .96 

= 4.9 (deg) 

cL 

U 

A CL <%) 
ge 

cL H/b 
?e 

cLf = 
= 38 (deg) 6f 

The c a l c u l a t i o n  of the  ground e f fec t  as a funct ion of height is given i n  

Table A . 1 .  

1.009 0.965 0.5 I 30 I 25 

15 

7.5 

5 

2.5 

1 0.656 1.013 

1.020 

1.035 I 0-393 1 0.262 1.065 

0.197 ' 1.089 I 

0.967 0.7 

0.970 1 .o 

0.978 1.9 

3.993 3.4 

1.005 4.7 

0.131 1.123 1.022 6.5 

0.066 1.232 1.076 12.1 

L 1 

Table A.1 :  Calculat ion of Ground E f f e c t  f o r  Corning Method 

A.2 PERKINS AND WGE METHOD (Ref. A.2) 

A . 2 . 1  DESCRIPTION OF METHOD 

This  change i n  wing-l i f t  is  brought about by a change in t h e  wing 

l i f t -curve  s lope .  

l i f t  curve s lope.  

ground e f f e c t  t o  t he  slope ou t  of ground e f f e c t .  

Figure A . l  shows the  e f f e c t  of ground proximity o n  wing 

The f a c t o r  k is the  r a t i o  of wing l i f t - c u r v e  slope i n  

Height i s  given by the  

height  of t h e  roo t  quar te r  chord i n  semispans. 

A. 2 



Figure A . 1 :  Effect of Ground Prrxlmity on Wing Lift-Curve Slope 

The change in wing angle of attack due to the ground effect may be ap?roxirnated 

as : 

A a  = a - a 
8 

or : 

Introducing the wing lift curve slope: 

or : 

A a =(3ge ( l / k -  1) 

( A . 7 )  

a cL 

La 

is given in Figure A . l  where : oge 
C k =  

8 

Now that the change in angle of attack is known, the revised lift-coefficient 

may be found as shown in Figure A.2. 

A. 3 



CL 

t 
I 

IN G . E .  - \ 0 
/ 

t'lgurc A.2: Ground Effect on Lift-Curve 

A.2.2 HAND CALCULATION 

The following da ta  a r e  ava i l ab le  f o r  Airplane A (see appendix D) 

CL = 0.96 ( A t  V 1.3 Vs) 

= 4.870 rad-' 
a cL 

oge 
The f ac to r  k is found from Figure A . l .  The ca lcu la t ions  are given 

i n  Table A.2. 

30 1 .57  1.014 -0.16 0.974 1 . 4  

25 1.31 1.021 -0.23 0.980 2.0 

1.05 1.029 -0.32 0.987 2 .8  20 

15 0.79 1.040 -0.43 0.997 3.8 

10 0.52 1.065 -0.69 1.019 6.1 

7.5 0.39 1.082 -0.86 1.033 7.6 

5 0.26 1.116 -1.17 1.059 10.4 

Table A.2:  Calculat ion by Perkins and Hage Method 
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~ . 3 .  DATCOM METHOD (Reference A.3) 

A.3.1 DESCRIPTION OF METHOD 

This  method takes  i n t o  account the  e f f e c t  of the image t r a i l i n g  

vortex,  of t he  image bound vortex and of the  wing f l ap .  The change I n  

wing-body angle  of a t t a c k  a& a constant  l i f t  c o e f f i c i e n t  due t o  ground 

e f f e c t  with r e spec t  t o  the out  of ground e f f e c t  l i f t  curve is given by: 

where : 

-[ 
1- 

X 

L - - 1  
LO 

r 

A (A%) 
f l a p  

(A. 10) 

is the  wing-body l i f t  c o e f f i c i e n t  including f l a p  
effects ,  ou t  of ground e f f e c t .  

accounts f o r  t he  e f f e c t  on l i f t  due t o  the  image 
t r a i l i n g  vor tex  and is  obtained frpla Figure A.3.  

is &he wing-body l i f t - c u r v e  s lope,  per  degree ou t  
of ground e f f e c t .  

accounts f o r  t he  e f f e c t s  on l i f t  due t o  the image 
bound vortex,  obtained from Figure A.4. 

accounts f o r  t he  e f f e c t  of f i n i t e  span is  obtained 
from Figure A.S. 

is  a n  empir ica l  f a c t o r  t o  account f o r  the  effect of 
f l a p s  and is obtained from Figure A.6. 

A.3.2 HAND CALCULATION 

For Airplane A (See Appendix C )  t he  following f l i g h t  condi t ion was 

computed : 
= 38 deg 6f 

For the  sake of s impl i c i ty ,  H (Height of quar te r  chord poin t  of wing mac 

( k i g h t  of qua r t e r  chord point  of wing roo t  chord above ground), 

above ground and h (average height  of qua r t e r  chord poin t  a t  75% of wing 

hc 1 4  r 

span and of roo t  chord) are assumed t o  have the same (var iab le)  value.  

A. 5 
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Figure A.5: Effect of Finite Span on Lift  i n  Ground Effect - 



Table A.3 shows the  ca l cu la t ions .  

20 

15 

h/c, h/b/2 x L - r A ag CL A CL % 
LO 

~~ 

2.22 1.05 0.08 -0.06 0.40 0 0.5 0.92 -4.2 

1.66 0.79 0.14 -0.06 0.48 0 -0.22 0.941 -2.0 

1 0  

5 

3 

1.11 0.52 0.25 -0.04 0.61 0 -0.60 1.011 5 . 3 4  

0.55 0.26 0.49 M.03 0.77 -0.045 -1.72 1.106 15.2 

0.33 0.16 0.64 +0.145 0.86 -0.075 -2.98 1.213 26.4 

Table A.3: Ca lcu la t ion  of Datcom Method. 

A.4. TORENBEEK METHOD (Reference A.4)  

A.4.1 DESCRIPTION OF METHOD 

A desc r ip t ion  of t h i s  method is given in Chapter 4. 

A.4 .2  HAND CALCULATION 

A hand c a l c u l a t i o n  w a s  done for Airplane A (See Appendix D) for the 

following conditions:  

= 0.96 

‘flap = 2.326 f t .  

d f  = 38 deg 

oge 
cL 

Calcu la t ions  are given In  Table A.4.  
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[Height :: 3r! 

I 20 
I 

15 

10 

5 

3 

cL 
% cL 2hef fjb h/cg 6 0 

2.32 

2.06 

1.80 

1.54 

1 .27  

1.01 

0.75 

0.49 

0.22 

0.12 

6.53 

5.80 

5.08 

4.35 

3.63 

2.90 

2.18 

1.45 

0.73 

0.44 

0.206 

0.230 

0.259 

0.296 

0.346 

0.411 

0.500 

0.624 

0.804 

0.887 

0.0088 

0.0133 

0.0203 

0.0316 

0.0508 

0.0822 

0.1369 

0.2384 

0.4606 

0.6147 

0.960 

0.961 

0.962 

0.964 

0.968 

0.974 

0.985 

1.003 

1.046 

1.094 

0.03 

0.11 

0 . 2 4  

0.46 

0.84 

1.48 

2.57 

4.51 

8.92 

13.94 
~ ~ ~ 

Table A.4:  Calculat ion of Torenbeek Method. 

A.5 CONCLUSIONS 

Figure A.7 shows the r e s u l t s  of the  ca l cu la t ions  i n  t h i s  appendix. 

The general  trend f o r  a l l  four methods i s  the  same although the datcom 

method shows a r a the r  l a rge  d e v i a t i m  from the o ther  three.  Also the 

datcom method is  the  most complicated method, i t  involves the  use of 

four graphs. The s implest  method i s  the  Corning method, as i t  on ly  involves 

two formulas. Next comes the Perkins and Hage Method, t h i s  involves the  

use of one graph. 

Since the method of Torenbeck i s  based on a sound theo re t i ca l  p r inc ip l e  

(an image vortex sys tem)  i t  was decided to  use t h i s  method. 

Hard da ta  on ground e f f e c t  f o r  general  av ia t ion  a r e  rare. 



Figure A.7: Cornpariron of Ground Effect Methodr 
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APPENDIX B 

FUNCTION RDP - A FUNCTION SUB-PROGRAM FOR INTERPOLATE 
CURVES AND G W H S  

B .1 INTRODUCTION 

Function RDP was written to provide a program which would 

interpolate along curves, between curves, ana between graphs for 

arbitrary curves and graphs. RDP requires the input of a number 

of points along the curves; the points are used in conjunction with 

the Lagrangian interpolating polynomial to interpolate ,long the 

curves. RDP interpolates linearly between curves and graphs. If 

Lagrangian interpolation is needed in interpolating between curves 

and graphs, RDP can be called more than once, using only the 

Lagrangian part. 

RDP can be used f o r  any number of xrves and graphs; from 

one curve on one graph to "n" curves per graph and "m" graphs. 

RDP was checked out quite extensively. The initial checks 

and those done when RDP was called in a subroutine indicate that 

RDP works well with very little error. 

B. 2 DESCRIPTION OF THE PROGRAM AND LISTING 

RD? is a Function, called in the form: 

B = RDP (U, V, W, JK, IJ, KL, LM. W, W, WW, DD) 

where : 

U is the numerical value of graph parameter 

v is the numerical value of curve parameter 

W is the numerical value of X-coordinate 

parameter 

B.l 



1 * 

JK 

IJ 

KL 

Lt 

uu 
w 

ww 

DD 

is the  number of graphs 

is the number of curves per  graph 

is the  number of d a t a  po in t s  (X,Y pairs) 

input per curve 

is t he  number of rows i n  the  DD a r r ay  

is the  a r r ay  of actual graph parameters 

is t he  a r r a y  of a c t u a l  curve parameters 

is the  a r r ay  of X-coordinates at which 

Y-values were taken 

is the  a r r ay  of Y- qalues i n  the  form: 

GEAPR C1 -i KL 

CUR'JE IIJ 

DD1,.IJ 

1 
DDPZ., I3 ---- 

I 
I 
I 

I 
I I 

I I I 

I 
I I 

* 
NOTE: These are l i s t e d  i n  the c a l l i n g  statement as numbers. 

Example: B = RDP (U, V, W, 1, 1, 4, 4 ,  W, W, W) 

where: JK = IJ = 1 

K L = L M = 4  

The other  va r i ab le s  are i n i t i a l i z e d  by d a t a  statements i n  the  

main program. 
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10 
t O  
40 
260 
270 
28 0 
290 
295 
296 
297 
300 
31 3 
320 
330 
340 
34 1 
342 
343 
344 
350 
385 
3GC) 
39 3 
336 
400 
I! 0 
41 s 
4 20 
430 
440 
44s 
450 
45s 
660 
665 
470 
680 
bs1 
482 
550 
551 
560 
570 
580 
630 
650 
660 
680 
690 
700 
710 
720 
730 

FUNCTICN RDP(U,V,Y,JK,IJ,KL,LM,UU,VV,VY,DD) 
DINENSION U U ( J K ) , V V ( I J ~ , W W ( K L ) , D D ( L M , I J ~ , D ~ D ~ ~ )  
IF(IJ.Ea.1)GO TO 8 
DO 1 I=l,IJ 
J=I 
K=J+1 
IF(VV(J).LE.V.AND.VV(K).GE.V)GO TO 2 

1 CONTINUE 
8 J= l  
2 IF(JK.EQ.l)GO TO 9 

DO 3 L=l,JK 
M=L 
N 4 + 1  
IF(UU('i) .LE.U.AND.~(N).GE.U)G@ TCI 4 

3 CONTIhUE 
9 M=1 
4 NN=4 

IF(JK.EQ.l)MN=2 
IF(JK.EQ.l.AND.IJ.EQ.l)MN=l 

sun=o. 
DO 6 KK=l,KL 
A.t=l. 
w=i. 

DO 5 II=l,MN 

DO 7 LL=I,KL . 
IF(KK.NE.LL)AA=A~*(U-UY(LL)) 
Z=UY (KK 1 -UY (LL 1 
IF(Z.NE.O.)BB=BB*Z 

7 CONTINUE 
IF( I1 .EQ,l. OR. 11. Ea. Z)MM=KK-KL+KL*M 
IF(II.EQ.3.OR.II.EQ.4~MM=KK+KL*R 
IF( I1 .EQ, 1 . OR. 11. EQ.3) E=DD(MM, J 1 
IF ( 11. EQ. 2. OR. 11. EQ.4) €=DO (MM,K) 
SUM=SUM+E*AA/BB 

6 CONTINUE 

5 CCNTINUE 
bDD~II)=SUM 

IF(IJ.E4.1.AND.JK.NE.l)GO TO 11 
IF( IJ . EQ. 1 .AND. JK. EQ. 1 )GO TO 13 
D l = D D D ( Z ) - ( ( V V ( K ) - V ) * ( D D D ( Z ) - D D D ( l ) ) / ( V V ( K ) - W ( J ) ) )  
IF(JK.EQ.1)GO TO 10 
02=00D(6)-((VV(K)-V)*(DDD(4)-DDD(3)) / (VV(K)-W(J)))  

12 0=02-((UU(N)-U)*(DZ-Dl)/(UU(N)-UU(N-1))) 
RDP=D 
GO TO 14 

13 RDP=01 
GO TO 14 

11 Dl=DDD(l) 
02=DDD (2 1 
GO TO 12 

13 RDP=DDD(l) 
14 RETURN 

END 

Figure 1.1: Llrtfng of Function ''!Uw" 
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APPENDIX C 

DATA FOR TEST-AIRPLANES 

This Appendix p resen t s  d a t a  f o r  a v a r i e t y  of a i r p l a n e s  that 

W e r e  used for checking t h e  subrout ines  discussed in t h e  foregoing 

chapters.  The example a i rp l anes  range from a small s i n g l e  engine 

high-ving p r o p e l l e r d r i v e n  trainer a i r p l a n e  t o  a twin je t -engine 

business a i rp l ane .  The da ta  were assembled from a v a r i e t y  of sources. 

Also included i n  t h i s  Appendix are three-vievs of t h e  a i r c r a f t  

considered. 
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Figure C. l :  Threeview of Airplane A 
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r'igute C.2: Threeview of Airplane 'B 
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Figure C.3: Threeview of Airplane C 
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TABLE C . l .  LURPLXVE DATA 

WING A B C D Dimension 

=w 5.74 7.72 7.27 5.08 

b ’a 38.13 36.75 35.98 26.25 ft 

cQ 6.131 5.443 5.44 6.709 rad-’ 
a 

W 

6.896 4.91 4.96 5.4 ft 

C 4 3.32 ft 

- 
C 

W 

C t 5.58 6.0 ft 

( C , )  9.02 5.81 6.39 7.06 ft 
t 

C.L. 

1 . 5  2 de 8 i 
W 

e- c / 4 w  P.66 9.13 9.37 ft 

2 
S W 253.3 175 178 135.62 ft 

zw 1.61 -3.9 -.02 4.44 ft 

a 
0 

W 

-1 

2.5 
r W  

A- 
C/bW 

13 

-1.8 

-3 

-3.1 

5 -6.4 deg 

-2.5 15.5  del3 

.564 ,727 .513 .465 xw 

HOR. TAIL A B C D Dimension 

% 4 3.61 4.8 4.64 

bH 14.7 1 3  12.5 12.99 ft 

6.303 6.25k 6.25 6,245 rad-’ 
H a c, 

c.5 



TABLE C. l .  AIRPLANE DATA 

HOR. TAIL A B C D Dimension 
(Cont ' d) 

- ~ ~~~~ - 
C H 3.83 3.605 2.7 2.94 f t  

(CT 1 5 4.58 3.4 3.88 f t  

hH 8.12 2.34 f t  

C.L. 

14.42 13.76 ft 

sH 54 46.8 32.55 36.36 f t 2  

(t/C), .09 

mac XH 

zH 
U 
H 

'F/4" 

0 

IH 

~ T E  

1.61 .95 ft 

-1.4 

0 0 0 

25 0 8 14.33 del3 

.469 .574 .514 ,442 

6 deg 

VERT. TAIL A B c D Dimension 

v C 

.782 

5.48 

6.303 

7.17 

1 .32  

5.25 f t  

6.245 rad-' 

4.34 f t  

C. 6 



TABLE C . l .  AIRPLANE DATA 

VERT. TAIL A B C D Dimension 
(Cont ' d )  

(Cr 1 8.88 

C.L. 

1.07 

38.35 sV 

( t / c I v  .1 

=V 

c/4P 
xv 

5.21 

A- 35.63 

.577 

6.07 f t  

3.96 f t  

20.84 f t  2 

4.3 f t  

38.65 deg 

.308 

CONTRL. SURF. A B C D Dimension 

18 up 22 up 18 up 
I M X  1-8 down 14 down 14  down 

30 r i g h t  25 r i g h t  22 r i g h t  
30 l e f t  25 l e f t  20 l e f t  

& A  

& R  max 

C A E w  .22 

c,/c, .20 

V r10 
.778 

.544 

A r10 
.792 
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TABLE C.l, AIRPLANE DATA 

CNTRL. SURF. A 
(Cont’d). 

B C D Dimension 

-8.1 t o  1 -3.25 iH 
6 
*mi* 

&E max 

c IC 
gap H 

‘bfcf 

c,/c, 

-15 

15 

.262 

.OS4 

.754  

0 

1 

.268 

.005 

N.A. 

POWERPLANT A B C D Dimens ion 

bl0.3 

bl0.6 

bl0.6 

D 
P 

I T  

N 

N . A .  .0693 

N. A .  ,0820 

N.A.  .0682 

N . A .  6.75 

-3.5 

2 1 

.0693 

.082 

.0682 

6.0 

0 

2 

C.8 

N.A. 

N . A .  

N . A .  

1 

ORIGINAL BAGE IS 
OE POOR QUALITY 



TABLE C . l .  AIRPLANE DATA 

POWER PWVT A B C D Dimension 

Nb 

YT 

zT 

?75 
X' 

P 

nac 

P 

X 

X 

T 

N.A.  2 2 N.A. 

0 5.61 ft 

- .25  -.a69 ft 

20 21.5 deg 

7.68 6.0 ft 

0 2.6 ft 

5.26 

965.0 

~~ ~- 

Dimens ion FUSELAGE A B C D 

IlB 46.19 26.11 24.16 30.44 ft 

Df 5.1 4.7 4.08 5.56 ft 

hC 5.1 4.7 4.08 ft 

W 5.1 4.7 4.08 f t  

10.02 9.13 f t  

4 

C 

n a 

b 
C 
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TABLE C.1, AIRPLANE DATA 

MISCELLANEOUS A B C D Dimension 

W 
8 

zs 

'HT 

a cL 

max cL 

17,000 

5.114 

1.35 

3100 3600 

-.8 

-1.67 

lbs 

f t  

rad-' 

c.10 



TABLE C.l. AIRPLANE DATA - 

AIRPLANE E F G H 

SWPLE ( r a d )  0.0 

SWPEV ( r a d )  0.745 

SWPLEH ( r a d )  0.13 

Engine Diam. (f t )  3.0 

Nacelle L e n g t h  ( f t )  4.5 

RELP 0.057 

RELR 0.0 

ZCGVER ( f t )  0.0 

CGLG ( f t )  3.0 

ZCGWING ( f t )  -1.5 

Fuel Density ( 1 6 / f t  ) 

W t .  p e r  Pass. (lb) 170 

Fuel Tank Span  ( f t )  0.197 

TCR 0.12 

TCT 0.12 

wc 3.33 

5.87 3 

T i p  T. Lgth. (ft) 0.0 

Diam. ( f t )  0.0 

YCGTIP ( f t )  0.0 

PAX 1.0 

WAS 0.0 

ws 18.0 

PS ( f t )  0.0 

XPILOT ( f t )  5 . 5  

ELTIP 0 

SAB 2 

0 

. 7 2  

.28 

1.5 

4.5 

.122  

.38 

2.5 

4:17 

.758 

5.85 

220 

. 5  

.13 

.13 

3.75 

0.0 

0.0 

0.0 

3.0 

.8 

2.0 
3.7 

8.08 

0 

2 

0 

.44 

.13 

1.25 

11.81 

.369 

.38 

0 

7.62 

-1.67 

5.87 

263 

0 

. 1 2  

.12 

3.33 

0.0 

0.0 

0.0 

9 
.6  @ 1 

2 

2.5 

8.94 

0 
2 

,052 

.349 

1 .5  

1 ? . 3  

.25 

.38 

0 

6.43 

0 
6.6 

160 

.654 

0.18 

3.33 

6.0 
2.37 

6.5 

16.0 
20 

1 6  
28 

12.92 

1 7  .O 
2 
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TABLE C.1 ,  AIRPLANE DATA 

NHT ( lb s )  

WVT ( lb s )  

WW ( l b s )  

WP (lbs) 
WEP ( lb s )  

iJB ( lb s )  

WBT ( lb s )  

WLG ( lb s )  

WTIP ( l b s )  

WFW ( l b s )  

WFTP ( lb s )  

Wing Span (ft) 
Hor. Span ( f t )  

Vert. Span ( f t )  

Eng. Span/Wlng Span 
CRCLW ( f  t) 

CTW ( f t )  

CRCLHT (ft) 
CTHT (ft) 
CRCLVT ( f t) 

CTVT (ft) 

Fus. Length (ft) 

33 

18 

207 

270 

200 

185 

326 

114 
0.0 

158 

0.0 

32.71 

9.99 

4.59 

0.0 

5.64 

3.95 

3.66 

2.05 

4.08 

2.04 

20.31 

Fuse Wetted area ( f t I 2  151.4 

Av. D i m .  ( f t )  4.0 

ELCG (ft) 5.38 

ELWING (f t) 5.87 

ELCGH (ft) 18.22 

ELCGV ( f t )  19.16 

YCGWNG (ft) 5.89 

YCGHOR ' ( f t )  0.0 

YCGENG (ft) 0.0 

84 

44 

320 

509 

320 

10 

681 

195 

0.0 
312 

0.0 

33.0 

13.46 

5.17 

0.0 

6.1 

3.01 

3.89 
1.42 

6.64 

1.77 

24.67 

250 

4 
8.55 

9.83 

22.31 

21.42 

5.99 

0 
0 

128 

79 

1001 

1861 

1478 

2 

2200 

766 

0 
1574 

0 

46.67 

20.08 

8.79 

.327 

8.95 

2.862 

4.83 

2.15 

7 , 5 5  

3.08 

44.35 

630 

5.1 

It!. 28 

19.12 

41.21 

39.39 

7.7 

0 
7.62 

186.6 

84 

11.93 

1576.6 

2372.4 

948 

275 

0 

1715 

764 

45.88 

22.38 

7.57 

.28 

9.46 

3.55 

5.87 

2.96 

9.46 

3.55 

43.52 

650 

6.03 

16.7 

17.98 

39.97 

39.26 

(3.03 

0 

6.43 

c.12 



APPENDIX n 
DYNAMIC STABILITY COMPUTER PROGRAM 

This appendix presents a listing of a modified computer program 

for the computation of the Longitudinal and Lateral-Directional 

Dynamic Stability characteristics of a given airplane. The program 

is fully documented in reference D.l. 

D.l. Postay, M. A Computer Program for Determining @pen and 
Closed Loop Dynamic Stability Characteristics 
of Airplanes and Control Systems. 
Kansas University, Aerospace Dept. May 1973. 
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