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Summary 

The nonplanar quas i -vo r t ex - l a t t i ce  method i s  appl ied  t o  t h e  ca l -  

c u l a t i o n  of l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  d e r i v a t i v e s  of wings wi th  

and without  v o r t e x - l i f t  e f f e c t .  Resu l t s  f o r  convent ional  configura-  

t i o n s  and those  wi th  wing le t s ,  V - t a i l ,  e t c .  a r e  compared wi th  a v a i l -  

a b l e  d a t a .  A l l  r o l l i n g  moment d e r i v a t i v e s  a r e  found t o  be a c c u r a t e l y  

p red ic t ed .  The p r e d i c t i o n  of s i d e  f o r c e  and yawing moment d e r i v a t i v e s  

f o r  some conf igu ra t ions  i s  no t  a s  accu ra t e .  Causes of t h e  discrepancy 

a r e  discussed.  A u s e r ' s  manual f o r  t h e  program and t h e  program l i s t i n g  

a r e  a l s o  included. 



1. L i s t  of Symbols 

A aspec t  r a t i o  

b  wing span 

r e fe rence  chord 

C leading-edge s u c t i o n  parameter def ined  i n  Eqn. (21) 

C~ 
induced drag  c o e f f i c i e n t  

i 
C r o l l i n g  moment c o e f f i c i e n t  

R 

l i f t  c o e f f i c i e n t  

p i t ch ing  moment c o e f f i c i e n t  about y-axis 

yawing moment c o e f f i c i e n t  

l i f t i n g  p re s su re  c o e f f i c i e n t  

t i p  chord 

pb 
Q 

= ac,la(-) 
P 2v, 

'n = acn/a 
P 

C Y  
pb = ac /a(-> 

P  Y 2v, 
r b  

Q r = ac,la(-) 2vm 

r b  
'n r = acn/a(-1 2vLm 

r b  
C~ = ac /a(-) 

r Y 2Vm 

G(x) t i p  s u c t i o n  parameter def ined  inEqn.  (24) 



u n i t  vec to r s  i n  t h e  p o s i t i v e  x ,  y  and z d i r e c t i o n s  

freestream Mach number 

u n i t  normal vector  t o  t h e  wing su r face  

r o l l  r a t e  

p i t c h  r a t e  

freestream dynamic pressure 

yaw r a t e  

p o s i t  ion  vector  

sec t iona l  leading-edge suct ion  c o e f f i c i e n t  

induced v e l o c i t y  vector  

induced v e l o c i t y  normal t o  t h e  wing plane 

freestream v e l o c i t y  components i n  t h e  x, y,  z  d i r e c t i o n s  

freestream ve loc i ty  , 

rec tangular  coordinate system with pos i t ive  x-axis point ing 
downstream, pos i t ive  y-axis point ing t o  t h e  r i g h t  and 
p o s i t i v e  z-axis point ing upward. See Figure 1. 

x-coordinate of leading edge 

camber surface  ordinate  

angle  of a t t a c k  

s i d e s l i p  angle 

streamwise vor tex  dens i ty  

spanwise vor tex  dens i ty  

sec t iona l  c i r c u l a t i o n  

leading-edge sweep angle  

d.ihedral angle 

wing taper r a t i o  



Subscripts 

ant isymmetr ical 

symmetrical 

tip 



2. Introduction 

Most existing methods for calculating lateral-directional stability 

derivatives are based on lifting-line type theory with or without empir- 

ical corrections (Refs. 1-5). These methods form the basis for some 

handbook calculations, such as in the USAF Stability and Control Datcom. 

Although these methods provide a reasonable estimation of lateral-dir- 

ectional stability derivatives for conventional configurations, they are 

not applicable to complex planforms of variable sweep angles, with wing- 

lets or with vertical fins, and to planforms exhibiting edge vortex sep- 

aration. For these non-conventional configurations, application of a 

lifting-surface theory would be more appropriate. 

In this report, the application of the quasi-vortex-lattice method 

(QVLM) of Reference 6 to calculating lateral-directional stability deriv- 
I 

atives of arbitrary wing configurations will be described. Potential 

flow theory will be assumed. The effect of vortex separation along wing 

edges will be accounted for through Polhamus' method of suction analogy 

(Ref. 7). Earlier application of the present method to simple wing-body 

configurations at low angles of attack was reported in Reference 8. 



3. Theoretical Development 

It is assumed that the flow field is governed by the Prandtl-Glauert 

equation. Thickness effect will not be included in the formulation. 

In Section 3.1, the general boundary condition to be satisfied on 

the wing surface will be derived. The present method is very much de- 

pendent on the accurate calculation of streamwise vortex density distri- 

bution (y ) and edge suction forces. These will be the subject of dis- 
X 

cussion in Section 3.2. From Sections 3.3 to 3.5, various contributions 

to forces and moments in lateral-directional motion will be indicated. 

All calculations will be done in body axes. The conversion to stability 

axes can be made through the use of a set of formulas to be given in 

Section 3.6. 

3.1 Boundary Condition 

It is assumed that the sideslip angle (B) is small, The freestream 

-+ 
velocity vector (Vm) is then given by 

-+ v m =u;t+vJ+wz (1) 

where 

u = =Vmcosa 

v = -VmB 

W = VoJsinacosB=V,sina 

Let be the angular velocity of the wing based on the primed axes system 

(see Figure 1) and 3 be the position vector of some point on the wing. 

Using the conventional notation for roll rate (p), pitch rate (q) and 

3 
yaw rate (r), it follows that the linear velocity (v') associated with 

the wing angular motion is given by 



fi = -(p? + qI + rZ) x (xl-l: + y l J  + z l Z )  

-b -f -f 
= - i ( q z l  - y q r )  + j ( ~ z '  - x ' r )  - k(pyV -qxl)  (5) 

To f i n d  t h e  induced air v e l o c i t y  on the  wing (based on xyz axes)  due t o  

-+ 
w-motion, t he  s i g n  of $ and g-components i n  Eqn. (5) must be reversed  

and x ' ,  y ' ,  z '  are t o  be replaced by -x, y ,  -z. It fol lows t h a t  

-+ -f v = I(-qz - y r )  + J(-pz + x r )  + Z(py + qx) ( 6 )  

The sum of if_ and $ r ep re sen t s  t h e  t o t a l  "freestream v e l o c i t y . "  The 

l a t t e r  w i l l  produce normal v e l o c i t y  component (v ) t o  t h e  wing plane.  
n 

Before v can be c a l c u l a t e d ,  t h e  u n i t  normal v e c t o r  t o  t h e  wing p lane  
n 

must be determined. Let zc(x,y) be the  camber sur face .  Then, according 

t o  Figure 1, 

z = z o + zc(x,y)  + (y - yo) tan$ (7)  

Introduce a func t ion  f ( x , y , z )  def ined  by: 

Then t h e  u n i t  normal vec to r  t o  t h e  wing s u r f a c e  is  given by: 

a z 
C I f  - a z c  

a x  
and - can be assumed t o  be  n e g l i g i b l e  i n  comparison wi th  u n i t y  a Y 

and tan$,  r e spec t ive ly ,  Eqn. (9)  can be s i m p l i f i e d  t o  be: 

-+ -? -f 
n - - s in$j  + cos$k 

W 
(10) 

Using Eqns. ( I ) ,  ( 6 )  and ( 9 ) ,  t h e  normal v e l o c i t y  component (v ) can 
n 

now be ca l cu la t ed  as: 

(cont 'd  next  page) 



Figure 

Figure 1. Definition of Axes System 

2. Decomposition of Lifting Force on a Nonplanar Wing 



-t 
In Eqn. (ll), nw from Eqn. (10) is used to simplify the expression 

associated with angular motion. The first term in Eqn. (11) can be 

recognized as the boundary condition for symmetrical loading at a 

given angle of attack. Eqn. (11) can be written in nondimensional form: 

where 

The normal velocity given by Eqn. (12) must be cancelled on the wing 

surface by using vortex distribution. This condition represents the 

boundary condition to be satisfied to find the loading. 

3.2 Edge Suction and Streamwise Vortex Density Distribution (y ) 
X 

While the calculation of the spanwise vortex density distribution 

(yy) is the first step in determining the symmetrical loading, it is 



the streamwise vortex density distribution which is the basis for 

predicting the tip suction and the lateral-directional aerodynamic 

characteristics of a wing. The calculation of y is made with the QVLM 
Y 

(Ref. 6) by satisfying the symmetrical boundary condition (the first term 

is Eqn. (12)) and will not be discussed here. The leading-edge suction 

has also been accurately predicted by the QVLM. 

To determine y distribution and the tip suction, the following 
X 

expression for the conservation of vorticity will be used: 

By integration, Eqn. (14) can be solved for y (~ef. 8): 
X 

In Reference 8, a trigonometric interpolation formula was derived to 

calculate the derivative in Eqn. (15). The tip suction can also be 

determined accurately. For more detail, Reference 8 should be consulted. 

3.3 Forces and Moments in Sideslipping Flight 

The incremental AC due to sideslipping arises from the fodlowing 
P 

sources : 

(1) Incremental pressure force due to geometric dihedral. This 

contribution comes from the second term in Eqn. (12). For 

a flat wing, this contribution will be zero. 

The predicted spanwise vortex density (y ) will interact 
Y 

with U-component of the freestream to produce a lifting pressure: 



(2) Interaction of sideslipping velocity (-Vm6) with y . In 
X 

nondimensional form, this will contribute to a AC amounting 
p 9 

on the right wing in positive lift. On the left wing, AC 
P9 

L 

is negative, thus creating a rolling moment. 

(3) Effect of wake nonalignment with freestream. In the usual 

way of calculating the loading, the flat wake has been assumed 

to be in the positive x direction. According to Eqn. (18), the 

wake trailing vortices (y ) will then interact with the side- 
X 

slipping velocity to produce positive lifting pressure on the 

right wake. This must be cancelled by introducing a y d5s- 
Y 

tribution in the wake equal to Byx, where y in the wake is 
X 

equal to its value at the trailing edge. This is similar to 

the results derived by Rubbert by perturbation expansion 

(Ref. 9) of the governing equation. 

This effect will produce downwash on the right wing, thus producing 

negative y distribution. It will create a AC similar to that given 
Y P 

by Eqn. (17). This refinement was not made in Reference 8. 

Note that AC produced by the aforementioned sources are anti- 
P 

symmetrical. The resulting rolling moment, and hence the dihedral effect 

(CQ ) ,  can be calculated in a straightforward manner. The lifting pres- 
6 

sure (AC ) is'taken to be acting normal to the planform, as illustrated 
P 

in Figure 2. It follows that a side force will be produced, which will 



a l s o  genera te  a  yawing moment. The r o l l i n g  moment due t o  t h e  element 

can be seen t o  be: 

d a  = - ~ A C  dsdx(zlsin( + ylcos$) 
P 

where q i s  t h e  f rees t ream dynamic pressure .  I n t e g r a t i o n  of Eqn. (19) 

i n  t h e  chordwise and spanwise d i r e c t i o n s  w i l l  y i e l d  t h e  t o t a l  r o l l i n g  

moment, and hence t h e  d i h e d r a l  e f f e c t .  

The s i d e  f o r c e  and yawing moment due t o  s i d e s l i p  f o r  a wing a lone  

a r e  cont r ibu ted  from t h e  fol lowing sources:  

(a)  Contr ibut ion from t h e  incremental  p re s su re  f o r c e  due t o  geometric 

d i h e d r a l ,  a s  given by Eqn. (17).  

(b) Cont r ibut ion  from t h e  change i n  t h e  leading-edge suc t ion .  This  i s  

produced by t h e  loading  change d iscussed  under Items (1) and (3)  i n  

t h i s  Sect ion.  

According t o  Reference 6 ,  t h e  s e c t i o n a l  leading-edge s u c t i o n  coef- 

f i c i e n t  f o r  combined symmetrical and ant isymmetr ical  loadings  can be 

ca l cu la t ed  a s :  

where C i s  the  leading-edge s i n g u l a r i t y  parameter f o r  symmetrical load- s 

i n g  defined a s  (Ref. 6 )  : 

= l i m  y 

and C i s  t h e  corresponding parameter f o r  ant isymmetr ical  loading.  The 
a  

p o s i t i v e  s i g n  i n  Eqn. (20) i s  f o r  t h e  r i g h t  wing and t h e  nega t ive  s i g n  

i s  f o r  t h e  l e f t  wing. It fol lows t h a t  t h e  e f f e c t i v e  change i n  leading- 

edge s u c t i o n  due t o  s i d e s l i p  is  given by: 



f 2 2 -  (+2CsCa> 
ASLE = - 2 1 - Moo cos A R  - 2 cos A 

R 

This suction force is normal to the leading edge, as shown in Figure 3, 

thus contributing to side force and yawing moment. 

(c) Contribution from the change in tip suction. According to Refer- 

ence 8, the local tip suction coefficient for the combined symmetr- 

ical and antisymmetrical loadings is given by 

where G(x) is defined by 

and Tt is the total sectional circulation. c in Eqn. (23) is the tip t 

chord length. It follows that 

AS is also illustrated in Figure 3. 
t 

(d) Contribution from the induced drag (Page 14-3, Ref. 10) 

The induced drag under symmetrical loading is assumed to act in the 

direction of freestream with sideslip. Hence, if CD is the induced drag 
i 

coefficient, the side force coefficient from this contribution will be 

The yawing moment can be computed from the induced drag distribution. 

3.4 Forces and Moments in Steady Rolling 

The roll damping derivative (C ) can be computed by integrating 
R 
P 

the antisymmetrical lifting pressure induced by the roll rate (see p-term 

in Eqn. (12)) multiplied by the spanwise moment arm. The moment arm used 

in Eqn. (19) is still applicable here. 



Figure 3. Change in Leading-Edge and Tip Suctions due to Lateral- 
Directional Motion 



The side force and yawing moment due to roll rate for a wing alone 

are contributed from the incremental pressure force, change in the leading- 

edge suction and change in the tip suction, similar to those discussed 

in Section 3.3 for the sideslip effects. 

3.5 Forces and Moments in Steady Yawing 

The incremental lifting pressure due to yaw rate consists of three 

components : 

(1) Due to yawing, a backwash ry is produced. This will interact with 

the symmetrical y to produce a lifting pressure equal to: 
Y 

(2) Due to yawing, a sidewash rxcos$ is produced on the wing plane. 

This will interact with the symmetrical yx to produce a lifting 

pressure equal to: 

(3) Incremental lifting pressure due to geometrical dihedral. This 

effect can be seen from the boundary condition in Eqn. (12). 

Once the incremental antisymmetrical lifting pressure is obtained, 

the wing rolling moment due to yawing can be calculated immediately. 

The calculation of side force and yawing moment due to yaw rate 

follows the same procedures of computing the effects due to sideslip. 

This is because a wing in yawing can be regarded as being subjected 

to "variable sideslip" effect, since the sidewash on the wing plane 

(rx cos$) varies on the wing. 



3.6 Conversion to Stability Axes System 

Once the stability derivatives are calculated on some body axes, 

it is desirable to transform them to values based on stability axes. 

The transformation formula have been derived elsewhere (page 192, Ref. 

11) and are listed below for convenience. The primed quantities in the 

following are based on body axes ( E in Ref. 11 is replaced with -a). 

C = C ' cosa + C ' sina 
Y~ Y~ Y r 

C = C ' cosa - C ' sina 
Y r Y r Y~ 

C = C, ' C O S ~  + C ' sina 
,B B nB 

2 2 
CR = C, ' cos a + (C ' + Cn ')sinacosa + C 'sin a (33) 

'r n 
P P P r i 

2 
'COS a + (Cn ' - C, ')sinacosa - 2 

C, = C, 'n 'sin a 
r r r P P 

C = C ' cosa - C, ' sina 
B nB B 

C = Cn 
2 2 

'cos a + (Cn ' - C, ')sinacosa - C, sin a(36) 
n 
P P r P r 

C = Cn 
2 

'cos a - (C, ' + Cn ' 1 2  )sinacosa + C, sin a (37) 
n r r r P P 



4. Numerical Results and Discussions 

Some preliminary results without the refinement for high angles of 

attack have been reported in Reference 8. Good agreement in roll deriv- 

atives with Garner's theoretical calculation (Ref. 12) for two wings at 

different Mach numbers has been demonstrated. In the following, additional 

results by the present refined program will be presented for conventional 

configurations and configurations with significant vortex-lift effect. 

4.1 Conventional Configurations without Significant Vortex-Lift Effect 

The experimental results for lateral-directional stability deriva- 

tives for four wings with NACA 0012 airfoil section were presented in 

Reference 1. The results for two wings are chosen for comparison here. 

Figure 4 presents the results for a rectangular wing of A = 5.16. It 

is seen that the present method predicts all rolling moment derivatives 

with good accuracy. However, C and C are not accurately predicted. 
Y~ 

n 
P 

To see whether this is true for other unswept configurations with diff- 

erent aspect ratio, the test data in Reference 5 for A = 2.61 are com- 

pared in Figure 5. Again, both C and Cn are overpredicted. This 
Y~ P 

discrepancy indicates that both leading-edge and tip suction forces are 

not fully realized in the experiment, as has been assumed in the theory. 

This phenomenon has also been discussed by Garner in Reference 12. One 

possible way to solve this problem is to apply an edge suction correction 

factor. For the leading-edge suction, an empirical correction factor has 

been determined in Reference 13 as a function of airfoil geometry and 

Mach number. Experimental data showing the degree of leading-edge suction 

development can also be found in References 14 and 15. However, a syste- 

matic work on tip suction phenomena does not seem to exist. 





-0.4 1 

0 Experiment (Ref. 5) 

P2esent Theory 

Figure 5 Comparison of Predicted Rolling Stability Derivatives 

with Experimental Data for a Rectangular Wing of 

A=2,61 at M=O 



Slight increase in 
lCkp l with increasing C in Figure 5 implies that 

L 

partial vortex-lift effect may exist at the tip. 

The results for a 45-degree swept wing of A = 2.61 are presented in 

Figure 6. In this case, the vortex lift effect is assumed to exist along 

the leading edge, but not along the tip chord. This is evidenced from 

CL variation and experimental lift curve. Again, all rolling moment 
P 

derivatives are reasonably predicted, except at high lift coefficients. 

The prediction of side force and yawing moment due to sideslip and yaw 

rate is not accurate, probably because the effect of skin friction has 

not been included in the program. At zero C the skin friction will 
L ' 

produce negative C . For the other derivatives, the effect of skin 
f3 

friction may or may not be important, depending on the location of 

moment center. 

Figure 7 presents the sideslip derivatives for a KC-135A wing-body 

model with and without winglets at different subsonic Mach numbers. The 

experimental results are given in Reference 16. It is seen that the di- 

hedral effect can be accurately predicted for this nonplanar wing-body 

configuration below the drag-divergence Mach number. The absolute level 

of Cn and C is not correctly predicted, because the body effect has 
B B 

not been included. Of course, a body will contribute negative C and 
n 

B 
C to the total derivatives. However, the trend with Mach number var- 
y~ 
iation and the incremental effect produced by winglets are all correctly 

predicted. 

Finally, another nonplanar configuration - a V-tail is analyzed 

in Figure 8. The experimental data can be found in Reference 17. The 

lateral stability derivatives are presented as a function of geometric 
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Experiment(Ref. 16 ) Presen t  Theory 

Winglets  on - Winglets  on 
B Winglets o f f  --- Winglets  o f f  
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I . .  

Figure  7 Comparison of P red i c t ed  L a t e r a l  S t a b i l i t y  

Der iva t ives  w i t h  Experimental Data f o r  a 

KC-135A Model a t  CL=0.44 



Present  Theory - 

0 10 20 3 0 40 50 6 0 

Dihedral  Angle, Degrees 

Figure 8 Comparison of P red ic t ed  L a t e r a l  S t a b i l i t y  Der iva t ives  

w i th  Experimental Data a t  a=OO and M=O f o r  a V-Tail 

of Aspect Rat io  of 5.55 



dihedral angles. All predicted B-derivatives are seen to agree quite 

well with experimental data. 

4.2 Configurations with Significant Vortex-Lift Effect 

When edge vortex separation is present, its effect can be predicted 

by Polhamus' suction anqlogy (Ref. 7). In this method, the predicted 

leading-edge and tip suctions are assumed to be acting normal to the 

wing at the edges. 

A delta wing of A = 1.147 with sharp edges was tested and reported 

in Reference 18. The longitudinal aerodynamic characteristics are pre- 

sented in Figure 9 together with the predicted results. As can be seen, 

the method of suction analogy works quite well for this wing. The side- 

slip derivatives are compared in Figure 10. Again, CR is reasonably 
B 

well predicted. As for C , the effect of skin friction may explain 
B 

the discrepancy. At high angles of attack, C reverses in sign. This 
B 

may be due to the fact that at high angles of attack in sideslip, the 

windward leading-edge vortex is large and is pushed more inboard to 

affect a larger wing area on the right side as compared with the left 

vortex effect. Since the right side leading-edge vortex generates 

positive sidewash on the wing surface, the resulting positive side force 

will make C more positive as angle of attack is increased. This 
B 

effect is not included in the present method. 

A more complicated configuration is illustrated in Figure 11. Test 

results of this configuration were reported in Reference 19. The longi- 

tudinal and lateral aerodynamic characteristics are presented in Figures 

12 and 13, respectively. In the present calculation, the outboard por- 

tion of wing which has a lower sweep angle and has dihedral is assumed 
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F igure  9 Comparison of P red ic t ed  Longi tudina l  Aerodynamic 
C h a r a c t e r i s t i c s  w i th  Experimental Data f o r  a  
De l t a  Wing of A=1.147 a t  M=0.2 
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F igure  1OComparison of P red ic t ed  L a t e r a l  S t a b i l i t y  Der iva t ives  
wi th  Experimental Data for a De l t a  Wing of A=1.147 
a t  M=0.2 
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Figure 1 3  Comparison of Predic ted  L a t e r a l  S t a b i l i t y  Der iva t ives  f o r  a 

Supersonic Cruise Configurat ion wi th  Experimental Data at 



not to develop vortex lift and has zero leading-edge suction. This 

assumption is plausible judged from the surface oil flow data in Ref- 

erence 19. Figure 12 shows that the present method predicts the 

longitudinal characteristics quite well, in particular, the trend 

with tip dihedral being correctly predicted. The theoretical method 

used in Reference 19 is the conventional vortex-lattice method (Ref. 20). 



5. Concluding Remarks 

The present nonplanar quasi-vortex-lattice method predicts quite 

well all rolling moment derivatives, which are, of course, contributed 

mainly by the wing in a complete configuration. To improve the predic- 

tion of other lateral-directional stability derivatives, the following 

refinements are needed: 

(1) to include the fuselage effect. 

(2) to include the effect of skin friction so that the prediction 

of C , C , C and Cn canbeimproved. 
'B nfi Yr r 

(3)  to incorporate empirical correction factors for the degree of 

development of edge suction forces. 
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Appendix A 

Instruction on the Usage of the Nonplanar QVLM 

Program and Sample Input Data 



A . l  PROGRAM CAPABILITIES 

This  program has t h e  fol lowing main f e a t u r e s :  

(1) It i s  app l i cab le  t o  nonplanar wing conf igu ra t ions ,  such as wing- 

wingle t ,  wing-vert ical  f i n  combinations, e t c .  It can a l s o  ana lyze  

wing-tai l  o r  wing-canard conf igu ra t ions .  However, t h e  wake is  

assumed f l a t .  

(2) Up t o  f i v e  f l a p  spans wi th  d i f f e r e n t  f l a p  angles ,  inc luding  a i l -  

e rons ,  can be analyzed. 

(3 )  Arb i t r a ry  camber shapes def ined  a t  t h r e e  spanwise s t a t i o n s  o r  

l e s s  a r e  used i n  t h e  program through cub ic  s p l i n e  i n t e r p o l a t i o n .  

(4) The program can c a l c u l a t e  t h e  symmetrical loading ,  t h e  r o l l i n g  

moment c o e f f i c i e n t  due t o  a i l e r o n  d e f l e c t i o n s  ( f o r  a t t ached  po- 

t e n t i a l  flow only)  and l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  d e r i v a t i v e s .  

For t h e  f i r s t  two condi t ions ,  t h e  bending moment d i s t r i b u t i o n  i s  

a l s o  ca l cu la t ed .  

(5) The v o r t e x - l i f t  e f f e c t  is  c a l c u l a t e d  through t h e  u s e  of Polhamus' 

s u c t  ion analogy. 

( 6 )  Ground e f f e c t  a n a l y s i s  i s  made by t h e  image vo r t ex  method. However, 

t h e  ground e f f e c t  on l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  d e r i v a t i v e s  h a s  

no t  been c o r r e l a t e d  wi th  t h e  experimental d a t a .  

A.2 INPUT DATA FORMAT 

Group 1 Format (6X, I 4 ) ,  1 card 

ICASE Number of ca ses  t o  be run  

Group 2 Format 2(6X, I 4 ) ,  1 card  

NCASE User's case  number 

NGRD = 1 i f  t h e  wing is i n  ground e f f e c t ;  = 0 otherwise.  



Group 3 Format (13A6), 1 card 

TITLE ( I )  Any words desc r ib ing  t h e  case  t o  be run. 

( I  = 1, 13) 

Group 4 Format 8(6X, I 4 ) ,  1 card 

NC Number of spanwise s e c t i o n s  on t h e  r i g h t  wing ( t o  be 

d iv ided  according t o  p o i n t s  of d i s c o n t i n u i t i e s  i n  

geometry, such a s  edges of f l a p  spans) .  Limited t o  7 .  

(Avoid d iv id ing  planforms i n t o  too many s e c t i o n s ) .  

M l ( I ) I = l  N Numbers of vo r t ex  s t r i p s  i n  each s e c t i o n  p l u s  one. 

There a r e  NC numbers. Minimum va lue  i s  3 .  Maximum t o t a l  

number of vo r t ex  s t r i p s  is 48. 

I W I N G  = Las t  wing vo r t ex  s t r i p  number i f  a t a i l  is  p re sen t ,  

= 0, o therwise .  

NWING = The numerical order  of t h e  last  wing spanwise s e c t i o n ,  

numbered from inboard s e c t i o n s .  

IWGLT = 1 i f  a wingle t  t o  be represented  by a t a i l  i s  p re sen t .  

= 2 i f  t h e  wingle t  ( v e r t i c a l  f i n )  i s  placed inboard ~f 

wing t i p  . 
= 0 otherwise.  

Group 5 Format 8 (6X, 14) , 1 card 

NFP Number of f l a p  spans. Limited t o  5. 

NJW(I),I=l,NFP Numerical o r d e r s  of f l a p  spans among t h e  spanwise s e c t i o n s .  

For c l e a n  o r  fu l l - span  f l a p  conf igura t ions ,  s e t  NFP = 1, 

NJW(1) = 1. 

NVRTX The vo r t ex  s t r i p  number a t  and outboard of which t h e  

leading-edge v o r t e x - l i f t  e f f e c t  i s  not  included.  I f  i t  i s  

zero,  t o t a l  v o r t e x - l i f t  i s  assumed. 



Group 6 Format 8(6X, I4), 1 card 

m(1) Numbers of vortex elements in chordwise sections, 

W(2) divided along flap hinge line or winglet leading edge, 

as illustrated in sample input. 

ICAM = 1 if camber ordinates are to be read in, 

= 0 if camber slopes are defined manually in subprograms ZCR(X), 

ZCI(X), ZCT(X). The default is for a noncambered wing. 

IM Number of camber ordinates to be read in (limited to 12); 

arbitrary if ICAM = 0. 

IST Number of stations at which camber ordinates are read in. 

Limited to 3. Station 2 must be consistent with the 

intermediate station defining twist (see Group 13). 

ICAMT = 1 if the tail, winglet or vertical fin has camber. 

In this case, camber ordinates at wing root, wing tip 

and tail should be all read in. 

= 0, otherwise. 

*Omit group 7 if ICAM = 0 * 

Group 7 Format 8F10.6 

XT(1,J) X-coordinates at which camber ordinates are read in. 

Nondimensionalized with chord length. All X-coordinates 

are read in first. 

ZC(1,J) Camber ordinates at the corresponding X-locations. Non- 

dimensionalized with chord length. 

The above are to be repeated IST times. Input root chord first. 



Group 8 Format 2(6X, I4) ,  1 card  

LAT = 0 f o r  symmetrical loading only 

= -1 f o r  computing C wi th  a i l e r o n  d e f l e c t i o n .  
R 

= 1 f o r  computing l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  

d e r i v a t i v e s .  (Symmetrical loading  i s  always c a l c u l a t e d ) .  

NAL Numerical o rde r  of a i l e r o n  span among t h e  f l a p  spans. 

( = 0 i f  LAT # -1) 

Group 9 Format 8F10.6 

Corner-point coord ina tes  of a spanwise s e c t i o n .  

XXL(1) L.E. X-coordinate of t h e  inboard chord. 

XXT(1) T.E. X-coordinate of t h e  inboard chord. 

yL(1) Y-coordinate of t h e  inboard chord. 

XXL(2) L.E. X-coordinate of t h e  outboard chord. 

XXT(2) T.E. X-coordinate of t h e  outboard chord. 

YL ( 2) Y-coordinate of t h e  outboard chord. 

Z S e l e v a t i o n  of t h e  spanwise s e c t  ion. 

DIHED d i h e d r a l  ang le  i n  degrees f o r  t h e  s e c t i o n .  

Note. Group 9 i s  t o  be repeated NC t imes.  With f l a p s  o r  wingle t ,  

another  NC c a r d s  a r e  needed t o  d e s c r i b e  t h e  f l a p  and t h e  a s soc i a t ed  

reg ions .  The o rde r  of input  i s  i l l u s t r a t e d  below. Panels  w i th  

d i h e d r a l  must be r o t a t e d  t o  X-Y p lane  f o r  geometric d e s c r i p t i o n .  

DIHED I L L  
Numbers i n s i d e  panels  denote 

input  order .  3 8 



NC=3 
NW(2)=0 

1 
%. 

I 

Vertical Fin 

I (Section 1 should have 
uniform dihedral angle) 

Vertical 1- Tail 

Group 10 Format 8F10.6, 1 card 

AM Freestream Mach number. AM < 1. 

HALFSW Reference half wing area. 

CREF Reference chord. 

ALPCON An indicator ( = l.if C and Cm are to be computed. 
La a 

In this case, put flap angles to zero. = 0,otherwise). 

DF(I), flap angles in degrees, inboard flap span first. 
I=1, NFP 

Group 11 Format 3F10.6, 1 card 

ALNM Number of angles of attack to be processed for the same 

configuration at the same Mach number. 

ALP1 Initial angle of attack in degrees. 



ALPINC Incremental ang le  of a t t a c k  i n  degrees.  

Note. The above v a r i a b l e s  i n  Group 11 should be a l l  zero  i f  ALPCON = 1.0  - 
Group 1 2  Format 2F10.6, 1 card  

HEIGHT Ground he igh t  of 314 chord po in t  of M.A.C., o r  o t h e r  

r e f e rence  po in t ,=  0. i f  NGRD = 0. 

ATT p i t c h  a t t i t u d e  ang le  i n  degrees.= 0 , i f  NGRD = 0. 

*Group 1 3  must be omit ted i f  ALPCON = l.* 

Group 1 3  Format 7F10.6, 1 card 

TWIST1 t w i s t  i n  degrees  from r o o t  chord t o  a n  in te rmedia te  

s t a t i o n ,  nega t ive  f o r  washout. I f  TWIST1 >99., t h e  t w i s t  

d i s t r i b u t i o n  and camber s l o p e  defined i n  Funct ions TWST 

& zCDX w i l l  be  used. 

~ I S T ~  t w i s t  i n  degrees from an  in t e rmed ia t e  s t a t i o n  t o  t i p  

chord, re ferenced  t o  t h e  in t e rmed ia t e  s t a t i o n .  = 0 , i f  

t h e  in te rmedia te  s t a t i o n  i s  t h e  t i p .  

YTW Y-coordinate of t h e  in te rmedia te  s t a t i o n .  

RINC r o o t  chord inc idence  ang le  i n  degrees.  

CAMLEl L.E. camber s lope  a t  t h e  r o o t  chord. 
a r b i t r a r y  

CAMLE~ L.E. camber s l o p e  a t  t h e  in t e rmed ia t e  s t a t i o n  i f  ICAM = 1 

CAMLE3 L.E. camber s lope  a t  t h e  t i p  chord. J 
*Group 14 must be omit ted i f  I W I N G  = 0 

Group 14 Format 3F10.6, 1 card 

TINC T a i l  inc idence  angle  i n  degrees.  

HALFSH T a i l  h a l f  a r e a .  I f  t h e  t a i l  i s  t o  r ep re sen t  t h e  wingle t  

a t  t h e  t i p ,  pu t  HALFSH = HALFSW. I f  t h e  t a i l  i s  a v e r t i c a l  

f i n  inboard of wing t i p ,  pu t  HALFSH = f i n  a r ea .  



POS Winglet p o s i t i o n  i n d i c a t o r .  Its n u m e r i c a l ~ v a l u e  is based 

on whether t h e  wingle t  i s  a t tached  t o  t h e  wing f i r s t  o r  

second chordwise s e c t i o n ,  r e spec t ive ly .  It i s  ind ica t ed  

below. I f  t h e r e  i s  no wingle t ,  i t  should be  0. 

POS = 11. 

POS = 

I f  ICASE > 1, r e p e a t  Groups 2-14. 

Remarks : 

(1) With t h e  e x i s t i n g  dimension f o r  t h e  a r r a y  DQ(1,J) i n  t h e  

main program, a t o t a l  of 140 v o r t e x  elements can be used. 

The minimum memory f o r  execut ion i s  5 5 K  (decimal) .  

4 1 



(2) Three working d i s k  f i l e s  a r e  needed i n  execut ion.  They a r e  

designated a s  (01) '  (02) and (03) .  

A . 3  OUTPUT DATA FORMAT 

(1) F i r s t , t h e  input  d a t a  w i l l  be p r i n t e d .  

HALFSW hal f  wing a r e a  

CREF re fe rence  chord 

(2) Vortex Element Endpoint Coordinates: 

(X1,Y1,Z1) coo rd ina t e s  of t h e  inboard endpoint of a bound vo r t ex  

element 

(X Y Z ) coo rd ina t e s  of t h e  corresponding outboard endpoint  of a 2' 2' 2 

bound v o r t e x  element 

(3 )  Control  Poin t  Coordinates: 

One s e t  of (XCP, YCP, ZCP) d e f i n e s  a c o n t r o l  po in t  l o c a t i o n .  

(4) Sec t iona l  P re s su re  and Force Data 

XV percent  chordwise l o c a t i o n  

YV percent  spanwise l o c a t i o n  ( r e f e r r e d  t o  ha l f  span) 

CP AC (wi th  a i l e r o n  d e f l e c t i o n s ,  AC on both l e f t  and 
P P 

r i g h t  wings w i l l  be  p r i n t e d ) .  

Y/  S t h e  nondimensional y-coordinate of t h e  spanwise s t a t i o n  

( r e f e r r e d  t o  ha l f  span) 

CL Sec t iona l  l i f t  c o e f f i c i e n t  

CM s e c t i o n a l  p i t ch ing  moment c o e f f i c i e n t  about t h e  y-axis 

CT s e c t i o n a l  leading-edge t h r u s t  c o e f f i c i e n t  

C D I  s e c t i o n a l  induced drag  c o e f f i c i e n t  

( 5 )  The next  group of ou tput  v a r i a b l e s  i s  f o r  t h e  a t tached  p o t e n t i a l  

flow. I f  ALPCON = I.., t h e  l i f t  and p i t ch ing  moment c o e f f i c i e n t s  

w i l l  be CL and Cm . 
a a 



( 6 )  The r e s u l t s  t o  be used i n  t h e  method of s u c t i o n  analogy a r e  

p r in t ed  next .  I f  ALPCON = 3, t h e  v a r i a b l e s  p r in t ed  a r e  used f o r  

a noncambered wing i n  t h e  fol lowing formulas: 

2 
CL = K s inacos  a  + (K 

2 
v,ge + Kv,se 

) s i n  acosa 
P  

x x 2 x s e  
C = K s inacosa  Ile + K  s i n a -  
m P 'ref + Kv,~eSin a - 'ref v , s e  'ref 

( 7 )  I f  l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  d e r i v a t i v e s  a r e  c a l c u l a t e d ,  

r e s u l t s  f o r  both a t tached  p o t e n t i a l  flow and vortex-separated 

flow w i l l  be  p r i n t e d ,  based on body and s t a b i l i t y  axes .  The 

s i d e s l i p  d e r i v a t i v e s  a r e  i n  per  rad ian .  

(8) I f  r o l l i n g  moment c o e f f i c i e n t  due t o  a i l e r o n  d e f l e c t i o n  is  ca l -  

cu l a t ed ,  i t  w i l l  be p r in t ed  here .  

(9)  The l a s t  group of r e s u l t s  i s  t h e  bending moment d i s t r i b u t i o n  

and t h e  bending moment c o e f f i c i e n t  a t  t h e  roo t  chord. 



A.4  S a m p l e  Test Case No. 1 

Input  D a t a  : 
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V O R T F X  E L E M E N T  E N D P O I N T  C O O R D I N A T E S =  
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0, 
I), 

0 e 
0, 
0. 
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0. 
0 * 
0. 
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V O R T E X  
4 
2 
3 

X X X X X X X X X X X X X X X X X X X X X X  

PRESSURE D I S T R I B U T I O N  

X X X X X X X X X X X X X X X X X X X X X X  

X V  

X X X X X X X X  

AT A L P H h  

X X X X X X X X  

V V  

X X X X X X X X X X X X  

X X X X X X X X X X X X  





CL ( R I G H T )  
0.34515 ". 3 5 7 6 2  
0,37702 
0.4Q089 
0.42631 
0,451 57 
0.47470 
0.49492 
0,50951 
C. 51 6 2 0  
0.50534 
3.4771 8 
9.42661 

T H E  FOLLOWING A R E  THE WINGLET CHARACTERISTICS 
1,00962 C),14184 0.14184 -3.23425 
1.03590 0,131 5 4  0.13154 -0.21 894 
1.07179 0,11994 0,11994 -9.2071 8 
1.10763 fl.10802 0.10807 -0,19401 
1.13397 9,081 0 8  0.08105 -0,14953 

* * *  THE FOLLOWING A R E  ATTACHED POTENTIAL FLOW RESULTS * * *  
TOTAL L I F T  COEFFICIERT = 0.44493 

TOTAL IKDUCEC D R A G  COEFFICIENT = f),u()47f: 

THE INDUCED D R A C  PAQAYETER = 0.02394 

TOTAL PITCHING MOMENT COEFFICIENT = -0.C855fY 

THE W I N G  L I F T  COEFFICIENT = 0.44115 

T H E  WING INDUCED D 9 A G  COEFFICIENT = 0,0059C 

T H E  W I N G  P I T C H I N G  VOMENT COEFFICIENT = -0.Cl7904 

THE T A I L  L I F T  COEFFICIENT = 0.00378(BASED ON WING AREA10 = 0.00378(BASED ON T A I L  A u t A )  

THE T A I L  PITCHING Y O M E N T  COEFFICIENT PASED ON REFERENCE WING A R E A  

A R D  MEAN W I N G  C H O R D 8  AND R E F E R R E D  T O  T H E  Y-4x1s  = -0 .03646 

(NOTE. THE INDUCED D R A C  COMPIJTATION I S  F O R  SYMMETRICAL LOADING ONLY) 

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

C L P  = 0 ,44591 C L V C E  = 0,170620 CLVSE = O,001q9 



*STABILITY DERIVATIVES BY POTENTIAL FLOW T H E O R Y *  

* * * * * * * * * * * * * * * * * * * + * * * t t * * * * t * * * * * * * * a * * * * * * * a *  

* * *STABIL ITY D E R I V A T I V E S  EVALUATED A T  ALPHA = 1,510 D E G R E E S  
A N D  A T  M A C H  NO,= O,SOrBASED OM BODY AXES(1M PER R A D I A N ) * * *  

CYB = -0,1691180 CLB = -0,1986322 CNB = 0,0151494 

CYP -0,1860295 CLP = -0,4867214 CNP = -0,0144590 

C Y R  = 0.1008180 CLR = 0,1168240 CNR = -0.0159456 

* * *STABIL ITY D E R I V A T I V E S  BASED O M  STABILITY A X E S * * *  

CYB =: -0,1691180 ELB = -0,998"140 CNB = 0,0203786 

CYP a -0.1 833078 CBP = -084836980  CMP = -010021287 

C Y R  = 0e1056851 6l.W 019291542 CNR -0,0189690 

*STABILITY D E R I V A T I V E S  W I T H  EDGE V O R T E X  SEPARATION* 
* * * * * * * * * * * * *+****** * * ' * * * * * * * * * * * * * * * * * *  

* * *STABIL ITY DERlVATIVES EVALUATED A T  ALPHA = 1,513 D E G R E E S  
AND A T  MACH NOIS 0,SOrBBSED OM BODY AXES(1N PER R A D I A N ) * * *  

**INCLUDING THE EFFECT O F  C E  AND SE V O R T E X  L I F T *  

CYB = -0,2169768 CLB = -0,2115922 CNB = 0.0348294 

CYP = -0,.3323266 CLP 3 -0,5473992 CNP = 0.0466965 

C Y R  = 0,1118237 CLR = 0,?998273 CNR -0,0225003 

* * *STABIL ITY D E R I V A T I V E S  BASED ON STABIL ITY A X E S * * *  

Cy8 = -0,2169768 CLB = -0,2106009 CMB = 0,,0403930 

CYP = -00329264& CLP = -0,5426481 CNP = 0,060407P 

C Y R  = 0,1205429 CLR = 0,1335387 CNR = -0,0272514 

* * *STABIL ITY D E R I V A T I V E S  EVALUATED A T  ALPHA = 1,510 D E G R E E S  
AND A T  M A C H  M O , t  O,~OPBASED ON BODY A X E S ( I N  PER R A D I A V ) * * *  

*INCLUDING T H E  EFFECT O F  LE V O R T E X  L I F T *  

C Y R  = -0,2106318 CLB -0.2102347 CNB 0,0333645 

CYP = -0,3059764 CLP = -0,5369804 CMP = 0,0411909 

C Y R  = 0,1091325 CLR = 0,1193995 C N R  = -0,0218611 

***STABILITY D E R I V A T I V E S  BASED ON STABILITY A X E S * * *  

CY8 = -0,2106318 CLB -0,2092825 CNB = 0,0388929 

CYP = -0,3029924 CLP = -0,5323923 CNP = 0.0546438 

C Y R  0,9174575 CLR 2 0,9328574 CNR = -0,0264491 
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A . 5  Sample Test Case No.2 

Input Data: 

% S Y M M E T R I C A L  AILERON DEFLECTIONS 
6 3 0 3 

A i l e r o n  



* * * * * * * * * t * * * t * * * * * a d * ~ d r * * * a ~ b * a * * * * * * * * *  
C A S E  N U M B E R  = 1 0  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
A  C O N F I G U R A T I O N  W I T H  A N T I S Y M M E T R I  C A L  A I L E R O N  D E F L E C T I O N S  

I N P U T  D A T A  
3 
1 
3 - 1 

?. 
1 . 2 9 8 7 0 0  
1 . 6 4 5 0 0 0  
0.7COOOO 
1 , 7 8 1 4 0 C  
2 . 0 6 9 7 0 0  
0 . 4 0 0 0 @ 0  
1 . rJO0001! 
n 

IJ r 

0 .  1.5 .00000 
H A L F  S W =  0,11895E 0 1  

V O R T E X  E L E V E N T  E N D P O I N T  C O O R D I N A T E S =  





C O N T R O L  P (  C O O R D I  

XCP 
.20020 
7 2 1  91! 
,61515 
-38974 
-88667 
.Q5696 
-70864 
,16375 
- 1  7368 
-05565 
-465 31 
,46473 
.3200n 
-69557 
,63777 
, 4 4 1  60 
.30071 
-73642 
, 5 8 5  2 7  
-92555 
-88782 
.7?895 
.05039 
,98246 
,81341 
,I 7378 
,02001 
.07844 
. 1  7053 
,28884 
,42378 
,56442 
,699361 
,51767 
,90976 
,96819 
,PO585 
,05408 
.I1995 
,185 83 
.2 34 05 
,26818 
',309 13 

Z C P  XCP YCP 
0,02279 
Q.08929 
0,08929 
OeI9414 
0,32883 
0.3288: 
0,48245 
0.64255 
0,64255 
0.79417 
0,93086 
0,93086 
1,03571 
9.10221 
9,10221 
1,14510 
1 ..20000 
1,20000 
1,27500 
1,35000 
1,35000 
1.40490 
1,44375 
1.44375 
1,48125 
0,02279 
0.08929 
0,19414 
0,32883 
0,48245 
0,64255 
C,79617 
r1,93086 
1,03571 
1,10221 
1,14510 
'1,20000 
1,27500 
1,35000 
1,40490 
1,44375 
1.48125 

Z C P  
7 ,  
'-I . 
0, 
0 ,  
0, 
3 , 
3, 
3. 
0. 
0, 
0, 
3. 
0 , 
0 . 
0. 8 : 
0: 
0 ,  
0 9 

3 ,  
C) , 
0 , 
0 , 
0, 
0. 
0. 
0. 
0 . 
0 * 
3 .  
0 m 
0, 
3, 
0, 
o m  
0, 
3, H: 0 
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* * *  I H E  F O L L G W I N C  A R E  P T T b C H E D  P O T E N T I A L  F L O W  R E S U L T S  * * *  
T O T A L  L I F T  C O E F F I C I E h T  = 0 , 2 6 7 1 6  

T O T A L  I N D U C E P  [ ) R A G  C O E F F I C I E N T  = 0 .00624  

T H E  I N D U C E D  G R A G  P A R A M E T E R  = 0,08738 

T O T A L  P I T C H I N G  M O M E N T  C O E F F I C I E N T  = - f ' . 3 2 5 6 ?  

F A R - F I E L D  I N P U C E D  D R A G =  0 . 0 0 6 3 6  

F A R - F I E L D  I N O U C E D  D R A G  P A R A M E T E R =  0 , 0 8 9 0 5  

( N O T E ,  T H E  I N D U C E D  D R A G  C O M P U T A T I C N  I S  F O R  S Y M M E T R I C A L  L O A D I N G  O N L Y )  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * a * * * *  

T H E  F O L L O W I I v G  P A R A M E T E R S  A R E  U S E D  I N  T H E  M E T H O D  O F  S U C T I O N  A N A L O G Y  

C L P =  0 , 2 6 5 6 7  C L V L E  = 0 ,02597  C L V S E  = 0 , 0 0 7 2 9  

C D P  = 0 , 0 2 3 2 4  C D V L E  = 0 , 0 0 2 2 7  C D V S E  = 0 ,0q064  

C M P  = - 0 , 3 2 5 6 3  C M V C E  = - 0 , 0 2 9 6 3  C M V S E  = -0,01871 

A * 4 * * * 6 * * * * * * * * * * * 6 * * * * * * * * t * . d r * ~ 4 * 6 t * A * *  

T H E  R O L L I N G  M O M E N T  C O E F F I C I E N T  = O . 0 2 2 P  D U E  T O  A I L E R O N  D E F L E C T I O N  O F  - 1 5 , 0 0 3  D E G ,  A T  = 0 , 4 0 0  

T H E  F O L L O W I N G  B E N D I N G  M O M E N T  C O E F F I C I E V T  I S  i 3 A S E D  OM Q * S + ( 3 / 2 ) ,  
W H E R E  S = 2,37900 A N D  P / ?  = 1 , 5 0 0 0 0  

( F O R  A T T A C H E D  P O T E N T I A L  F L O W  O N L Y )  

T H E  B E N D I N G  M O F E N T  C G E F F I C I E N T  B A S E D  O N  W I N G  H A L F  S P A N  4 N D  W I N G  A R E A  
A T  T H E  W I N G  R O O T  = 0 , 0 3 9 5 5 9  ( R I G H T ) @  = 0 , 1 1 5 9 7 3  ( L E F T )  



A.6 Sample T e s t  Case No.3 

I n p u t  Data:  

I b 0 
THRUSH-HORIZONTAL AND V E R T I C A L  T A I L  C O M B I N A T I O N  A T  7800 LBS 

2 P 1 B 10 a o 

t 1 
0 

0 
13.5545 17.9545 O o  15eOBlf 17,9911 7.725 2.708 
14.0615 20,2015 00 16e0733 19.1133 4.96 2.708 
00 163.3 7 e 5  O e  O e  
3 . -20  6 0  
0 .  0 
0. 0 7 ~ 4 2 5  O e  O e  01 0. 
0. lie385 0e 

NnTF. The c a l c u l a t e d  d e r i v a t i v e s  i n  t h i s  c a s e  w i l l  be  based  on t h e  span  of 

t h e  h o r i z o n t a l  t a i l  (b ). To c o n v e r t  them t o  t h o s e  based on wing geometry,  
H 

C, , Cn , Cy and Cy s h o u l d  b e  m u l t i p l i e d b y  bH/bw, and a l l  o t h e r s  
B B P  r 2 

excep t  C shou ld  b e  m u l t i p l i e d  by (bH/bw) . Y 
B 

(16.0733,4.96) 

T a i l  

(19.1133,4.96) 
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C O N T R O L  P O I N T  C O O R D I N A T E S =  

YCP 
0,156L6 
0 - 1  5654 
0,151545 
0 ,61316 
0,613'16 
1 , 3 3 3 1 0  
1,33310 
1,33350 
2 ,25796  
2,25796 

Z C P  
2,70800 
2,70800 
Z i  70800 
2,708'30 
2, '70800 
2,70800 
9,70801) 
2 ,70800 
2 ,70800 
2 ,7@800 

X C P  
1 5 , 0 9 5 1 6  
1  7 ,5  3796 
14 ,08454  
1 6 , 4 7 8 1 0  
1  7 ,95740 
1 5 , 2 4 9 2 7  
1 7 , 5 6 5  21 
1 4 , 3 7 9 2 9  
1 6 , 5 9 5 5 0  
1 7 , 9 6 5 2 0  

YCP 
0 , 1 5 6 4 6  
0,1 5646 
0 ,61316  
0 , 6 1 3 1 5  
0 , 6 1 3 1 6  
I  . 33390  
1 .33310  
2 ,25796  
2 , 2 5 7 9 6  
2 ,25796  

ZCP 
2,70800 
2 ,70800  
2 ,70800 
2 ,70800 
2 ,70803 
2,70800 
2 ,70803  
2 ,70803  
2 .70803 
2.70800 



V O R T E X  
1 
2 
3 
4 
5  
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0 
2 1 
2 2 

2.70800 15, 
2,70800 17, 
2,70800 14, 
2,70800 16, 
2,7081113 17, 
2,70800 15, 
2,70800 17,  
2.70800 15 ,  
2,70800 96, 
2,70800 17. 
2,70800 l 6 ,  
2.70800 9 7. 
2,70800 15,  
2,70800 16, 
2,70800 17, 
2,70800 16, 
2.70800 19, 
2,70800 15, 
2,70800 18, 
2,70800 19, 
Z,'iO800 1 6, 

. ?,70800 19, 
2,79800 15, 
2,70800 18, 
2,70800 19. 
2,70800 17. 
2,70800 18, 
2,70800 

X X X X X X X X X X X X X X  

R E S S U R E  D I S T R I  

X X X X X X X X X X X X X X  

' X X X X X  

a U T I O  

X X X X X  

X X X X X X X X X X X X X X X X X X X X X X  

N A T  A L P H A  = -2,033 D E G ,  

X Y X X X X X X X X X X X X X X X X X % X x  I 
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* S T A B 1  L I T Y  D E R I V A T I V E S  B Y  P O T E N T I A L  F L O W  T H E O R Y *  

* * * * * * * * * * * * * * * * b * % * * * * * * * * B t B B Q * * 8 * a  

* * * S T A B I L I T Y  D E R I V A T I V E S  E V A L U A T E D  A T  A L P H A  a -2 .000 D E G R E E S  
A N D  A T  M A C H  N o e s  O e  @ B A S E D  O N  B O D Y  A X E S ( I N  P E R  R A D I A N ) * * *  

C Y B  = -0 ,1692203 C L B  - 0 , 0 3 7 9 7 7 8  C N B  = 0 ,1747360  

C Y P  = -0 ,0769056 C b P  = -0 .0760935 C N P  = 0 ,0825351  
C Y R  = 0 ,4059052  C L R  = 0 , 0 9 2 1 5 4 7  C N R  = - 0 , 4 2 3 6 9 2 4  

* * * S T A B I L I T Y  D E R I V A T I V E S  B A S E D  O N  S T A B I L I T Y  A X E S * * *  

C Y B  = - 0 .1692203  C L B  - 0 , 0 4 4 0 5 2 9  C N B  = 0.1733041 

C Y P  = -0 ,0910246 CLP - 0 , 0 8 2 6 0 9 7  C N P  = 0 ,0944463  

C Y R  t 0,4029740 C L R  0 , 1 0 4 0 6 5 6  C N R  = - 0 , 4 1 7 1 f 6 1  

* S T A B I L I T Y  D E R l V W T I V E S  W I T H  E D G E  V O R T E X  S E P A R A T I O N *  

* * * * * * * * * * * * * * Q t * * * * * * t * * * * * t * + t  

* * * S T A B I L I T Y  D E R I V A T I V E S  E V A L U A T E D  A T  A L P H A  = -2 ,000  D E G R E E S  
A N D  A T  M A C H  NO.* 0 ,  @ B A S E D  O N  B O D Y  A X E S ( 1 N  P E R  R A D I A N ) * * *  

* * I N C L U D I N G  T H E  E F F E C T  O F  L E  A N D  S E  V O R T E X  L I F T *  

C Y B  = -0 ,1704073 C b B  = - 0 , 0 3 8 4 5 8 7  C N B  = 0 ,1762162  

C Y P  = -0.0685944 C L P  = - 0 , 0 6 9 6 8 6 8  C N P  = 0 ,0707230  

C Y R  = 0,4066442 C L R  2 0 ,0931148  C N R  = - 0 ,4250563  

* * * S T A B I L I T Y  D E R I V A T I V E S  B A S E D  ON S T A B I L I T Y  A X E S * * *  

C Y B  = -0 ,1704073 C L B  = - 0 ,0445851  C M B  = 0 ,1747666  

C Y P  = -0 ,0827443 C L P  = - 0 , 0 7 5 8 3 4 0  C N P  = 0,0829181 

C Y R  = 0,4040026 C L R  s 0 , 1 0 5 3 0 9 9  C N R  = - 0 ,4189091  

* * * S T A B I L I T Y  D E R I V A T I V E S  E V A L U A T E D  A T  A L P H A  = -2.000 D E G R E E S  
A N D  A T  M A C H  N O I S  O e  @ B A S E D  O N  B O D Y  A X E S ( 1 N  P E R  R A D I A N ) * * *  

* I N C L U D I N G  T H E  E F F E C T  O F  L E  V O R T E X  L I F T *  

C Y B  = -0 ,1701469 C L B  = -0 ,0383281 CNB = 0,1759301 

C Y P  -0 ,0749457 C L P  = - 0 , 0 7 2 8 6 2 4  C N P  = 0 ,0776267  

C Y R  = 0,4061316 C L R  = 0 , 0 9 2 8 5 8 6  C N R  = - 0 , 4 2 4 4 9 4 0  

* * * S T A B I L I T Y  D E R I V A T I V E S  B A S E D  O N  S T A B I L I T Y  A X E S * * *  

C Y B  = - 0 - 1 7 0 1 4 6 6  C L B  = - 0 , 0 4 4 4 4 4 6  C N B  = 0 ,1744853  

C U P  = -0 ,0898738 C L P  = - 0 , 0 7 9 2 3 7 0  C N P  = 0 ,0896834  

C Y R  = 0,4032687 C L R  n 0 ,1049152  C N R  = - 0 ,4181195  



T H E  F O L L O W I N G  B E N D I N G  M O M E N T  C O E F F I C I E N T  I S  R A S E D  O N  Q * S * ( 3 / 2 ) r  
W H E R E  S = 326.6000f l  A N D  R / ?  = 7 , 7 2 5 0 0  

( F O R  A T T A C H E D  P O T E N T I A L  F L O W  O N L Y )  

T H E  F O L L O W I N G  A R E  T H E  T A I L  C H A R A C T E R I S T I C S  R A S E D  O N  T A I L  G E O M E T R Y #  
W H E R E  S = 2 2 , 7 7 0 0 0  .AND 8 1 2  = 4 . 9 6 0 0 0  

T H E  R E N D I N G  M O M E N T  C O E F F % & I E N T  R A S E D  O N  W I N G  H A L F  S P A i V  A N D  W I N G  A R E A  
A T  T H E  W I N G  R O O T  - 0 , 0 0 4 9 2 C  ( R I G H T ) #  = - 0 , 0 0 4 9 2 0  ( L E F T )  

' T H E  B E N D I N G  V O M E N T  C O E F F I C I E N T  B A S E D  O N  T A I L  H A L F  S P A Y  A N D  T A I L  A R E A  
A T  T H E  T A I L  R O O T  = - O , f l O O @ 0 P  ( R I C H T ) r  = - 0 , 0 0 0 0 0 0  ( L E F T )  
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T H E  F O L L O W I N G  A R E  T H E  T A I L  C H A R A C T E R I S T I C S  
0,06639 0,00000 3.00000 -0,00000 
0,25000 0, COO00 9,00000 -9,00000 
0,50000 0,00000 0,00000 -3,00003 
0,75000 0,00000 0,00000 -0,00000 
0,93301 0,00000 G, 00000 -0,00000 

**a T H E  F O L L O W I N G  A R E  A T T A C H F D  P O T E N T I A L  F i O W  R E S U L T S  * * *  
T O T A L  L I F T  C O E F F I C I E h T  " 0,04522 

T O T A L  I N D U C E D  D R A G  C O E F F I C I E N T  = 0,00090 

T H E  I N D U C E D  D R A G  P A R A Y E T E R  = 0,43975 

T O T A L  P I T C H I N G  M O M E N T  C O E F F I C I E N T  = -O,D9096 

T H E  W I N G  L I F T  C O E F F I C I E N T  = 0,04522 

T H E  W I N G  I N D U C E D  D R A G  C O E F F I C I E N T  = 0,0039n 

T H E  W I N G  P I T C H I N G  M O M E N T  C O E F F I C I E N T  = -0.09096 

T H E  T A I L  L I F T  C O E F F I C I E N T  = 0, ( B A S E D  O N  W I N G  A R E A ) @  = O e  

T H E  T A I L  P I T C H I N G  M O M E N T  C O E F F I C I E N T  R A S E D  O N  R E F E R E N C E  U I N G  A R E A  

A N D  M E A N  W I N G  C H O R D #  A N D  R E F E R R E D  T O  T H E  Y - A X I S  = 0. 

( N O T E ,  T H E  I N D U C E D  D R A G  C O M P U T A T I O N  I S  F O R  S Y M Y E T R I C A L  L O A D I N G  O N L Y )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T H E  F O L L O W I N G  P A R A M E T E R S  A R E  U S E D  I N  T H E  M E T H O D  O F  S U C T I O N  A N A L O G Y  

C C P  = 0,04506 C L V L E  = 0,00230 C L V S E  = 0,00064 

C D P  = 0,00315 C D V L E  = 0,00016 C D V S E  = 0.00034 
a 
w C M P  = -0,0Q096 C Y V L E  = -0,00437 C M V S E  = -0.03143 

* * * * * * * * * * * * * * * * * * * * * * * * * r * * * * * * * * * * * * * * * * *  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* S T A B I L I T Y  DERIVATIVES BY POTENTIAL FLOW THEORY* 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * a * * * * * *  

* * * S T A B I L I T Y  DERIVATlVES EVALUATED A T  ALPHA = 4 0 0 1  DEfREES 
A N D  A T  M A C H  N O * =  0. # B A S E D  ON B O D Y  A X E S U N  P E R  R DIAN * * *  
CyB = -0,1652173 CLB - 0 8 0 3 6 1 6 4 4  CNB = 0.1704872 

CYP = -0.G518568 CLP -0.0799039 CNP = 0.0469839 

C Y R  = 0,4002541 CLR 0,0860504 CNR -0.4173858 

* * * S T A B I L I T Y  D E R I V A T I V E S  BASED ON S T A B I L I T Y  A X E S * * *  

CYB = -0,1652173 CLB -0,0241837 CN8 = Oe1725946 

CYP = -0,0238102 CLP 2 -0,0722887 CNP = 0,0228523 

C Y R  = 0,402C964 CLR = 0,9619189 CNR - 0 0 4 2 5 0 0 1 1  
* * * * * * * * * * * * * t * * * * * * * * * * * * * * * * * * * * * * * * r p *  

* S T A B I L I T Y  DERIVATIVES W I T H  E D G E  VORTEX SEPARATION* 

* * * * * * * * * * * * * h * * * * C B * + * * * * * * * * * * * * * * * * * * * *  

* * * S T A B I L I T Y  DERIVATIVES EVALUATED A T  ALPHA = 4,000 D E G R E E S  
AND A T  MACH NOI= 0, #BASED ON BODY AXES(1N PER R A D I A N ) * * *  

* * INCLUDING THE EFFECT O F  LE AND S E  VORTEX L I F T *  

CYB = -0,1643711 CLB = -0,0337119 CNB = 0,1678057 

CYP = -0,0684690 CLP = -0,0920946 CNP = 0,0705937 

C Y R  = 0 -3897360  CLR 0,0793132 CNR = -0,4021554 

* * + S T A B I L I T Y  DFRlVATIVES BASED ON STABIL ITY A X E S * * *  

CYB = -041643711  CLB = -0,0219242 CNB = 0,1697485 

CYP = -0,0411156 CLP = -0,0831718 C N P =  0,0482882 

C Y R  = 0.3935628 CLR = 0,0570077 CNR = -0,4110781 

* * * S T A B I L I T Y  D E R I V A T I V E S  EVALUATED A T  ALPHA = 4,000 DEGREES 
A N D  A T  MACH N O * =  0. @BASED ON BODY AXES(1N PER R A D I A M ) * * *  

* INCLUDING THE EFFECT O F  LE V O R T E X  L I F T *  

CYB = -0,1659218 CLB = -0,0344873 CNB = Qs1694948 

CYP = -0,0557742 CLP a -0,0857492 CNP = 0 + 0 5 6 7 9 4 7  

C Y R  0,394171 t CLR 0,0815308 CNR = -0e4069859  

* * * S T A B I L I T Y  DERIVATIVES BASED ON STABIL ITY A X E S * * *  

CYB = -0,1659218 CLB o -0,0225799 CNB = 0,1714876 

CYP = -0,0981423 CCP = -0,0976847 CNP = 0,0337677 

C Y R  = 0,3997017 CLR 6 0,0585039 CNR = -0,4150484 



T H E  FOLLOWING BENDING YOMENT C O E F F I C I E N T  I S  B A S E D  ON 3 * S * ( 3 / 2 ) #  
WHESE S = 326,60000 AND P / Z  = 7,72500 

( F O R  ATTAChED POTENTIAL FLOW ORLY) 

T H E  FOLLOWING A R E  i H E  T A I L  C H A R A C T E R I S T I C S  B A S E D  ON TA IL  G E O Y E T R Y B  
W H E R E  S = 22.77000 A N D  R / 2  = 4.96000 

T H E  R E N D I N G  M9MENT COEFFILIENT B A S F D  ON W I N G  HALF S P 4 N  A N D  W I N G  A R E A  
A T  '(HE WING R O O T  = 0,n09824 ( R I G H T ) #  = 0.009824 (LEFT)  

T H E  BENDING MOMENT COEFFICIENT B A S E D  ON T A I L  HALF S P A N  AND T A I L  A R E A  
4 T  T H E  T A I L  R O O T  = 0,000000 ( R I G H T I r  = 0,000003 (LEFT)  



V O R T E X  
1 

X X X X X X X X X X X  

P R E S S U R E  D I  

X X X X X X X X X X X  

X X X X X X X X X X X X X X X Y X X X X X X X X X X X X X X X  

S T R I R U T I O N  A T  A L P H A  = 10.000 D E G .  

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*STABILITY DERIVATIVES BY POTENTIAL FLOW THEORY* 

*+***********t************************** 

* * *STABIL ITY D E R I V A T I V E S  EVALUATED AT  ALPHA = 10,008 D E G R E E S  
AND A T  M A C H  NO.= O e  @BASED OM BODY AXES(IN PER RABIAN)+** 

CYB = -0,1736853 CLB = -0,0309358 CNB 1 0,1831156 

CYP = -0,0262398 CLP = -0,0828390 CNP 0,0109179 

C Y R  = 0,4509616 CLR s 0,0618147 CNR -0,4861812 

* * *STABIL I  T Y  D E R I V A T I V E S  BASED ON STABILITY A X E S * * *  

CYB = -0,1736853 CLB 0,0013319 CNB r 0,1857056 

CYP = 0,0524675 CLP -S -0,0825029 CNB = -0.0599088 

C Y R  = 0,4486670 CLR -0,0090120 CNR = -0,6845172 

***************************t*tt* 

*STABILITY DERIVATIVES W I T H  E D G E  V O R T E X  SEPARATION* 

* * * * * * * * * * * * * * * * t ~ t i * * * * * * * * * * + * * * * * * ~ ~ *  

* * *STABIL ITY DERIVATIVES EVALUATED A T  ALPHA 10,000 D E G R E E S  
A N D  A T  MACH NO.= 0, ,BASED ON BODY A X E S (  I N  PER R A D I A N ) * * *  

**INCLUDING THE EFFECT OF LE AND S E  VORTEX L I F T *  a 

CYB = -0,1727723 CLB = -0,0192611 CNB o 0,1733771 

CYP -0,0675935 CLP a -0a1116661 CNP 0,0696910 

C Y R  0,3892940 CLR 0,0227515 CNR = -0,3957882 

***STABILITY D E R I V A T I V E S  BASED ON STABILITY A X E S * * *  

CYB -0,1727723 CLB = 0,0911382 CNB 0,1740878 

CYP = 0,0010336 CLP = -0,1044248 CNP = 0,0183158 

C Y R  = 0,3951172 CLR 1 -0,0286237 CNR = -0,6030295 

***STABILITY DERIVATIVES EVALUATED A T  ALPHA = 10,000 D E G R E E S  
A N D  A T  MACH NQor 0, @BASED ON BODY AXEStIN PER RADIAN)*** 

*INCLUDING THE E F F E C T  O F  LE V O R T E X  L I F T *  

CYB = -0,1806514 ClB = -0e0232006 CNB 0,1819484 

CVP = -0,0359936 CLP -0.0958652 CNP = 0,0353404 
C Y R  = 0,4171407 CLR 8 0,0366749 CNR = -0,6260917 

***STABILITY DERIVATIVES BASED ON STABILITY AXES*** 

CYB = -0.1806514 CLB = 0,0087469 CMB = 0,1832129 

CYP = 0,0369909 CLP = -0,0935074 CNP P -0,0233032 

C Y R  = 0,4170532 CLR -0,0219687 CNR = -0,4284495 



T H E  FOLLOWING BENDING NOMEMT C O E F F I C I E N T  I S  R A S E D  ON Q * S * ( 3 / 2 > #  
WHERE S = 326.60000 A N D  B / 2  = 7,72500 

( F C R  QTTACHEO POTENTIAL FLOW ONLY) 

T H E  FOLLOWING A R E  THE T A I L  C H A R A C T E R I S T I C S  R A S E D  ON TA IL  G E O M E T R Y #  
W H E R E  S = 22,77000 A N D  B / 2  = 4,96000 

THE BENDING MOMENT C O E F F I C I E N T  R A S E D  ON W I N G  HALF S P A N  A N D  W I N G  A R E A  
A T  THE  WING R O O T  = 0,024290 ( R I G H T ) ,  = 0,024233 (LEFT)  

T H E  R E N D I N G  M O M E N T  COLFFICIENT B A S E D  ON T A I L  HALF S P A N  A N D  T A I L  A R E A  
A T  T H E  T A I L  R O O T  = O,OfIO?nn ( R I G H T I p  = 0,000503 (LEFT)  



Appendix B 

Program L i s t i n g  

This Program is  o p e r a t i o n a l  on t h e  Honeywell 66/60 computer 

system a t  t h e  Univers i ty  of Kansas. 
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