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NATIONAL ADVISORY CoMpfITTEE FOR AERONAUTICS 

EFFECT OF VARIOUS OUTBOARD AND CENTRAL FINS OM LOW-SPEED 

YAWING STABILITY DERIVATIVES OF A 60' DELTA-WING MODEL 
I 

An investigation has been conducted in the 6- by'6-foot curved-flow . .  
tes t   sect ion of the Langley s tabi l i ty   tunnel   in   order  t o  determine the . 
effects of various outboard and central  fins on the low-speed yawing 
stability  derivatives of a triangular-wing model. 

I 

'The resul ts  of the  Fnvestigation  indicated  that  the  highest-aspect- . 

r a t i o  cen t r a l   f i n  in the rear position  contributed more damping in yaw 
C m  per unit area and maintained i ts  effectiveness in producing damping 
in yaw t o  higher lift coefficients  than the lower-aspect-ratio  central 
f i n s  and the outboard f ins .  The effect  of l a t e r a l  movement of the out- 
board f i n s  on the yawing stabil i ty  derivatives was f a i r l y  small. The 
effect  of the outboard fins on the damping i n  yaw a t  low l i f t  coeff i- 
cients could be predicted by use of elementarg  concepts. 

I 

! 
h order t o  predict  the  effects of central fins on the yawing sta- 

bi l i ty   der ivat ives  by use of simple theoretical  expressions it was found 
necessary t o  employ an effective  center of pressure of the  load  cmtrib- 
uted by the fin. 

INTRODUCTION 

A systematic program has been in i t ia ted  by the  National Advisory 
Committee f o r  Aeronautics for  experimentally  determining  the s t a t i c  and 
rotary  derivatives of various wings and complete airplane  configurations. 
The rolling-flow and curved-flow equipment of the Langley s t ab i l i t y  
tunnel  (references 1 and 2) i s  being,used to determine the  rotary  deriva- 
tives. As part of this program, several  triangularwing models a re  being 
investigated.. The s t a t i c  and r o l l i n g  characteristics of one triangular- 

L .. wing model i s  reported i n  reference 3 .  

ED 
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. 
The present  investigation was conducted i n  order t o  determine the 

effects  of several  central and outboard ffn-configurations on the low- 
speed yawing s tabi l i ty   character is t ics  of the triangular-wing m o d e l  of 
reference 3 .  

Comparisons of the  effectiveness of the  various fins i n  producing 
damping in yaw are made, and curves  shaving the  variation of the  effec- 
tive center-of-pressure  location of the  central f i n s  with  angle of attack 
are  presented. A procedure i s  suggested f o r  employing these  centers of 
pressure i n  calculating  the  contribution of central   f ins  t o  the  various 
stabil i ty  derivatives of similar model configurations. 

The data pr-esented herein  are  in  the form of standard NACA coeffi- 
cients of forces and moments which are   referred  to   the  s tabi l i ty  system 
of axes w i t h  the  origin  at  the  calculated aerodynamic center of the wing. 
The-positive  direction of the  forces, moments,  and angular  displacements 
are shown in figure 1. The coefficients and  symbols used herein  are 
defined  as  follows: 

CL lift coefficient (-) 
lateral-force  coefficient Lateral  force 

C L  rolling-moment coefficient 

Cn yawing-moment coefficient ( P S b  )' Yawing  moment 

. ,  

. 
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! .  

- .  
.. 

P mass density of air, slugs per  cubic  foot 

V '  free-stream  velocity,  feet,per second 

Sa area, f ee t  

b- span, f ee t  

A aspect ratio' (b2/S) ' 

C chord paral le l  to plane of symmetry, fee t  

3 

- 
C mean aerodynamic chord, fee t  6 J/2....> 
- z perpendicular  distance from fuselage  center  line t o  center 

of pressure of f in ,   fee t  

. 
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I 

X 

U 

A 

' %.E. 
R 

x 

longitudinal  distance from center of gravity t o  fin center of 
pressure, f ee t  

longitudinal  distance  along  fuselage  center  line, f-eet- 

angle of attack,  degrees 

angle of sideslip,  radians (-$) 

angle of yaw, degrees 

angle of  sweepback of quarter-chord l ine,  degrees 

angle of sweepback of leading edge, degrees 

Reynolds  number 

rb 
2v 

r yawing angular velocity, radians per  second 

- yawing-velocity'  parameter 
. .  

Subscripts: 

W wing 

t f i n  

APPARATUS, MODEL, AND TESTS 

The t e s t s  of the present  investigation were conducted i n  the 6- by 
6-foot curved-flaw test   section of the Langley s t ab i l i t y  tunnel.  In this 
test   section curved. flight is  simulated by direct ing  the  a i r   in  a curved 
path  about a fixed model (reference 2) .  

All the component parts of the model  were constructed'of  laminated 
mahogany, and a l l  surfaces were given a polished  lacqter  finish. The 
wlng had an angle of sweepback of the  leading edge of 60°, a modified 
NACA 65( ~6 )-006.5 airfoi l   sect ion  paral le l  t o  the'  plane of symmetry, and 
an aspect  ratio of 2.31, (fig. 2) .  Photographs of several of the model 
configurations  tested are presented as figure 3. 
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Outboard f i n s  of 4 = 1.5 and A t  = 1.4 were tes ted in the spl-  
wise posi t ions shown in figures 4(a) and 4(b),  respectively.  Single . 
central   ver t ical  f i n s  having aspect  ratios of 0.77, 1.15, and 2.31 were 
tested on the  fuselage in the two positions shown in figure 5. A summary 
of these  test  configurations i s  given in table  I. The rolling-moment, 
yawing-moment,  and lateral-f orce coefficients were determined f o r  each 
configuration by tes t ing each model configuration  through an angle-of- 
attack range  from a = -4' t o  beyond nm&num lift at values of  rb/2V 
of 0, -0.032, -0.067, and -0.088. The variation of .the rolling-moment, 
yawing-moment, and lateral-force  coefficients  with rb/2V are  the  sta- 
bi l i ty   der ivat ives  Czr, C&, and Cyr, resFct ively.  - 

The outboard f i n  of A t  = 1.4 (position 3) and central  fin of 
A-t = 2.31 in   t he  rearward pos i t i on  were tested through an angle-of-yaw 
range for   the  aforementioned  negative  values of rb/ZV at   several  angles 
of attack in  order to determine  the v i a t i o n  of Cyr,  Cnr, and Czr  

with @. Results f o r  positive  values of rb/2V and positive  values of 
$ were obtained by assuming that  the model  was symmetrical'about the 
XZ-plane and by 'ut i l iz ing  the  resul ts  f o r  the corresponding  opposite 
angles of  yaw and rb/2V with  regard f o r  signs. T h i s  procedure amounted 
t o  averaging the  derivatives  for  correspondbg  positive and negative 
angles of  yaw.  The values  presented i n  this paper are  these average 
values. 

The t e s t  Reynolds number  and  Mach  number were 1.624 x 106 and 0.13, 
respectively. 

CORRECTIONS 

Corrections for   the  effects  of- j e t  boundaries,  based on unswept- 
wing theory, have been applied t o  the.angle-of-attack and rolling-moment- 
coefficient  data. 

The lateral-f orce coefficient has be'en corrected  for  the buoyancy 
effect  of the  static-pressure  gradient  associated  with curved  flow. 

No correction  for  the  effects of blocking o r  support-strut  inter-, 
ference has been applied. 

RESULTS AND DISCUSSION 

Presentation of Results 

The resul ts  of the  present  series of tes ts   are  given i n  figures 6 
t o  13. The variation of lift coefficient with angle of attack f o r  the 

t 
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wing, wing-fuselage combination, and f o r  each wing-fuselage-fin combina- 
t ion i s  presented in   f igure  6. The s t a t i c  and roll ing  characterist ics 
f o r   t h i s  model are  presented  in  reference 3 .  The yawing s t ab i l i t y  deriv- 
atives obtained for   the wing, wing-fuselage combination, and for each 
wing-fuselage-fin combination are  presented i n  figures 7 t o  ll. ?he- 
variation of the yawing stabil i ty  derivatives with  angle of yaw f o r  two 
f i n  configurations is  given in   f igure  1 2 .  Table I summarizes the  various 
model configurations and figures where the data are  presented. 

The variation of the  calculated  effective  center of pressure with 
angle of attack  for  several of the  centralvertical   f ins i s  presented i n  
figure 13. 

Wing and  Wing-Fuselage Results 

The 1st-curve  variations  obtained f o r  the wing and wing-fuselage 
combination presented in figure 6 are  very  similar to   the   resu l t s  pre- 
sented i n  reference 3 .  

The effect-of the  fuselage on  Cnr and Cbr was very small over 
most of the  lift-coefficient‘range  (fig. 7 ) .  Beyond a lift coefficient 
of about 0.65, CZr for   the  wing-fuseiage combination becomes  more 
negative  than f o r   t h e  wing alone. T h i s  change occurs for   the  same lift- 
coefficient range as  the  reduction  in  lift-curve  slope and the  decrease 
i n  Cz,,, caused by the  addition of the  fuselage t o  the wing as  shown 
in  f igure 6 and i n  reference 3, respectively. 

Effect of Outboard Fins 

Symmetrical outboard fins.- The addition of-the fins of A t  = 1.5 
t o   t he  model in  ei ther  posit ion 1 or 2 (fig. b( a) )  caused negative 
increments of Cnr and positive increments of Cyr as  would be expected. 
The effect on Cnr  of shif t ing  the  f ins  inboard i s  very small a t  low 
lift coefficients  but causes  approximately a 50-percent decrease i n  Cnr 
a t  a lift coefficient of 0.5. ‘The contribution o f  the  outboard f in s  t o  
Cnr and Cyr can  be  determined a t  low l i f t   coe f f i c i en t s  w i t h  good 
accuracy from equations  based on elementary  considerations.  (See 
table 11.) The equations employed for estimating  the  effects of the 
ver t ical  fins (reference 4 )  are  

AC n’t = -2(tyCypt 

t 
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. where the  center of pressure 2 s  assumed t o  be a t   the  quarter-chord  point 
of the mean aerodpamic chord of the outboard fin. 

The effects on C Zr of shifting the fins inboard  are small and 
poorly  defined f o r  lift coefficients below CL = 0.6. A t  a = 0.63, a 
sharp break in CZr occurred for  the  inboard f i n  position  (position 2 1. 
This break  corresponds t o  the  decrease i n  lift-curve slope  obtained at' 
the same lift coefficient  (fig. 6 ) .  Breaks also appear In the  curves 
of  Cnr and Cyr a t  CL = 0.63. The phenomenon which causes these . 

. .  

. 

c 

i r regular i t ies  i s  discussed in  the following  section. 

Upper-surface outboard fins.- Mounting the  uppersurface outboard 
f i n s   a t  A t  = 1.4 shown i n  figure  4(b) on the model caused appreciably 
larger increments i n  Cnr and Cyr a t  low and moderate lift coeffi- 
cients  than were obtained  with t h e  Smaller  symmetrical fins.,  as would 
be expected ( f igs .  8 and 9 ) .  The effect  on Cnr and Cyr  of shift ing 
the fins inboard i s  very small below a lift coefficient of 0.6. 

The contribution of the upper-surface  outboard f i n s  t o  Cnr and 
Cyr (table 11) can be determined  with good accuracy a t  low lift coeffi- . 

cients by equations (1) and ( 2 ) .  

I 

t 

The addition of  the upper-surface  outboard fins caused  an appreci- 
able  positive shift i n  CZr at C L . =  0. As i n   t he  case of the -et- 
r i c a l  outboard f ins ,   a   par t ia l   s ta l l  occurs at CL = 0.48 when the 
upper-surface fins are  moved inboard from position 1 t o  position 2 and 
at CL = 0.6 when they  are moved t o  position 3 ( f i g .  9 ) .  The pa r t i a l  
s ta l l ing  i s  a l s o  indicated by t h e  decreases in ma and the  irreguiari- 
t i e s  i n  C n ,  and Cyr a t   t h e  same lift coefficients f o r  f in  posit ions 2 
and 3 (figs.  6 and.9). I 

i 

A n  expianation f o r  these  breaks  has  been advanced in reference 3.  
Results of tuft studies  (reference 3 ) indicated  that  a sudden: flow 
reversal   (stall ing) occurred ju s t  outboard of the   f ins   in   e i ther  posi- 
t ion 2 o r  3.  Pressure-distribution  investigations  reported i n  refer- 
ence s show that  t w o  semispan vortices, which eldst  f o r  wings of trian- 
gular  plan form, a re  swept inward f ran the   t ips  as the  angle of at tack 
is increased. It appears that  when these  vortices approach the fins, 
the  fins  are  subjected t o  such l e g e  induced angles that sudden s ta l l ing 
of the  fins  occurs'and thus the  portion of' the wing outboard of the  f ins .  
stalls. A s  the   f ins   a re  moved inboard, the  contact of the  vortex and the t 

f in  is  delayed u n t i l  a  higher  angle of attack;  but  wheKstalling does I 
occur, the  adverse  effect i s  greater  since  the  area outboard of t h e   f i n  
i s  larger. I 
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The  addition of the  central  fins  to  the  wing-fuselage  cambination 
(fig. 5 )  had  very  little  effect on-the lift  characteristics of the 
model as can  be  seen in figure 6. 

The  effect of the  various  central fins on Cnr,  CZr, and Cyr is 
similar in many respects  to  their  effects on C Cb , and  Cyq  given 
central fins increased  as  the  size of the fins Fncreased. A l l  the  cen- 
tral fins in the forward position  produced  negative  increments of Cnr 
and positive  increments  of  Czr and Cyr as would  be  expected. ploving 
the fins rearward  generally  accentuated  these  effects  except for the 
smallest fin ( A  = 0.77) in the  rearnard  position  where  the  increment 
of, Czr  contributed by the  fin was negative above CL = 0.1. 

9’ 
, in  reference 3. In general,  the  effectiveness  per  unit  area of the 

A cmparison of  the  values  of  Cnr  obtained for the  outboard  and 
central  fins  indicates  that  the l o s s  in Cnr  at  high  lift  coefficients 
is  smaller for  all forward  and  rearward  central fins than for the  out- 
board  fins.  Of all the  fins  investigated,  the  central  fin  (At = 2.31 
in rearward  position) was found  to be the most effective for producing 
Cnr on  the  basis  of  equal  areas. 

Effects of Yaw 

The  variation  of  the  derivatives Cnr and  Cyr  with dc for  the 
central  fin  (At = 2.31 in rearward  position)  and  the  outboard fin 
( A t  = 1.4 in position 3 )  is fairly small through the yaw range  for  the 
angles of attack  investigated  (fig. 12). The  central fin shows a fairly 
large  percentage  change in Ctr  with $, but  little  or  no  change  occurs 
in the  variation af C zr with @ for  tne  outboard fin (fig. 12). 

Effective  Center-of-Pressure  Location  for 

Central  Vertical  Fins 

Because of the  proximity of the  centraL  vertical flns to the wing 
and consequently a lack  of  knowledge of the  effective  tail  length,  it 
was  found  difficult  to make simple  estimations c i f  the  tail  contribution. 
The results  of  these  tests have thus  been  converted to the form of 
effective  centers of pressure  of  the  vertical  surfaces frm which  esti- 
mates  of  tail  contributions  to the yawing  derivatives may be  made  by  use 
of the  considerations of reference 4. The  equations  for  the  tail  contri- 
bution to Cnr  (equation ( 2 ) )  and to Cz, 

c 
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were used as a  basis f o r  calculating  the  effective  centers of pressure 
of the  vertical  surfaces. 

Equations ('2) and ( 3 )  were solved for the   factors  Z / b  and =/b 
f o r  several  angles of attack, 'using experimental values of dCnrt, ACZ-, , i  

and Cypt.  The values  obtained f o r  Z/b and E/b for  the  central  
ve r t i ca l   f i n s   a r e  presented i n  figure 13. ' 

. 

By using  equations  (2) and (3),  the  results of figure 13, and 
ei ther  experimental o r  estimated  values of CyBt, the  contributions of 

fins t o  the  values of h% ark Czrt rhay be estimated fo r  model con- 
figurations similar t o  those employed for these' tests. Values of z / b  
and ?Z/b . can be obtained f o r  triangular  fins having aspect ratios from 
0.77 t o  2.31 b r  interpolating  the  results of figure U. These values 
of Z/b and T/b are  expectedto  apply o n l y  t o  fin-wing  combinations 
having area  ra t ios  St/% close t o  those of the fin-wing cbmbinations 
presented. 

Experimental values of Gypt are preferable f o r  calculations of 
the  nature  discussed  herein. However, i f  exqerimental  values are  not 
available,  theoretical  values 'of the tail lift-curve  slope can be 
obtained from references 6 and 7 and Cy canbe  estimated by . cLtq, 

B t  ." 

(4) 

As shown i n  figure 13, the  effective  centers of pressure move 
rearward  with  respect . to  the calculated aerodynamic center  (Ft/4) of 
the   f in   as   the   f in  is moved forward.  This effect is probably  caused by 
the change in relative.importance of the loading  resulting f rom the 
curvature of the   f l igh t  path. In most cases  the  effective  center of 

. pressure was appro-tely a t  the  center of area of the fin.  

CONCLUSIONS ' 

An investigation of the low-speed  yawing stabil i ty  derivatives of a 
L triangular-wing model with  various f i n  arrangements indicated  the follow- 

ing conclusions : 

i 

t 

I 

! 

! 
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1. The highest-aspect-ratio  central f i n  i n  the  rear  position  contrib- 
uted more  damping i n  yaw Cn, per unit area  than any of the  laver- 
aspect-ratio  central o r  outboard fins  tested.  The central   f ins maintained 
their   effectiveness  in producing damping in yaw t o  higher lift coeffi- 
cients  than  the outboard f ins .  

2. The effect  of the  la teral  movement  of the outboard fins on the 
yawing stabil i ty  derivatives was fairly small a t  low lift coefficients 
but became  more important a t  higher  l if t-coefficients.  The contribution 
of the outboard f i n s   t o   t h e  damping i n  yaw a t  low lift coefficients 
could be prediated by use of elementary  concepts. 

3 .  The variation of the yawing stability  derivatives  with  angle of 
yaw f o r  several  fin  configurations was generally found t o  be small fo r  
the angle-of-attack  range  Investigated. 

4. I n  order to  predict   the  effects of cen t ra l   f ins  on the yawing 
stabil i ty  derivatives by simple theoretical  expressions it was found 
necessary t o  emplay an  effective  center of pressure of the  load  contrib- 
uted by the  f in .  The calculated  effective  center of pressure of the 
central   f ins  w a s  found t o  move rearward with  respect to  the  quarter- 
chord point of the fin mean aerodynamic chord a s   t h e   f i n  was moved f o r -  
ward on the  fuselage. 

Langley Aeronautical  Laboratory 
National Advisory  Committee f o r  Aeronautics 

Langley A i r  Force Base, Va. 



c 

NACA’RM LsOE12a 

REFERENCES 

1. MacLachlan, Robert, and Letko, William: . Correlation of Two Experi- 
mental Methds of Dete-g the  Rolling  Characteristics of 
Unswept Wings. NACA. TN U09, 1947. 

2. Bird, John D., Jaquet, w o n  H., and Cowan, John W. : Effect of Fuse- 
lage and T a i l  Surfaces on Low-Speed  Yawing Characteristics of a 
Swept-Wing  Model as Determined in Curved-Flm Test SectLon of 
Langley Stabi l i ty  Tunnel. NACA RH L8G13, 1948. 

3. Jaquet, -on M., and Brewer, Jack D. : Effects of Various Outboard 
and Central Fins on Low-Speed Static-Stability and Rolling Charac- 
t e r i s t i c s  of a Triangular-Wing Model. NACA FtE L9EZ8, 1949. 

4. m e r ,  H i l l a r d  J.: Effect of Some Present-Day Airplane Design 
Trends on Requirements f o r  Lateral   Stabil i ty.  NACA TM 814, 1 9 U .  

5. Anderson, Adrien E.: Chordwise and Spanwise Loadings Measured at 
Low Speed on Large T r i a n g u l a r  Wings. NACA EIM A9B17, 1949. 

6. Murray, Harry E.: Wind-Tunnel hvest igat ion of End-Plate Effects of 
Hor izonta l  Tails on a Vertical  Tail Compared with  Available Theory. 
NACA TN 1050, 1946. 

7. DeYoung, John: Theoretical  Additional Span Loading Characteristies 
of Wings with  Arbitrary Sweep, Aspect Ratio, and Taper Rat io .  
NACA TN l-491,  1947’. 

I 



12 
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TABLE I.- CONFIGURATIONS  INVESTIOATED 
- .. " -. 

Fin aspect  ratio,  
A t  

1.5 

1.5 

1.b 

0.083 

' .  
0 . 0 3  

0.22 

0.22 

0.22 

0.33 

0.9 

0.25 

0.33 

0.50 

0.25 

Outboard 
0.03 b/2 

0.50 b/2 

0.74 b/2 

0.63 b/2 

0.50 b/2 

Central 

Fornard 

Rear 

6 

9 

10 

u. 
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Configuration 
Experimental 

Q$t 

. 550 

. 562 

. 573 

-0. os 

"05 

-. 220 

-. 2Lo 

-.. 210 

0.11 

Calculated 

-0 . 046 

- . 040 

-. 204 

-. 208 

-. 212 

0.127 

.1ll 

0 47 

48 

.49 

C 

I 
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Figure 1.- System of  s t ab i l i t y  axes. Positive  forces, moments, and angles 
are indicated. 
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Figure 2.- Fuselage and wing aetails . Fineness r a t i o  of fuselage, 7.38; 
wing aspect ratio, 2.31; a i r fo i l  section, modified MCA 65(06)-006.5 
parallel  to plane of symmetry. All dimenaims In Fnchee. 
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(a) wFng alone. A = 2.31; A = 52.2'. 

Plgure 3 . -  Piangular-wing model mounted in curved-flow t es t   sec t ion  of 
c /4 

Langley s tab i l i ty  tunnel. 
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(b) W t n g  and fuselage. 

Figure 3.-  Continued. 
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Figure 3.- Concluded. 
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2.389 . p 

Figure 4.-. Positions and dimensions of the outboard fins.' A l l  dimensions 
' are in  inches unless otherwise  specified.  Profile of fins, flat plate. 

.. 
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Figure 5 .- Positions and dimensions of the  centrally 
All dimensions a re  in inches. 
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vertical  fins. 
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. Figure 

0 Wmg o/one 

0 Wfng and fusefoge 

0 --A A= 1.5 8.50 +2 

A A=/.5@.83b* 

A -=$)L- AsI.4 9.50 

Ci *-- A=L4 9.63 

4 28 32 36 
Angle of aftock, a, deg v. 

. _ _  - 
6.- Variation of CL w i t h  a for a t r i a n g u l a r - w i n g  model with 

various f in  configurations. 
I 
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.2 
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:2 . 

, 

F i w e  7.- Variation of Cy,, G,; and Cz with CL for a triangular r 
wing of aspeck ratio 2.31  with and without a fuselage of fineness 
ratio 7.38; Ac/4 = 52.2'. 
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""_ Wtng and fusehge 

.2 
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Figure 10.- Effect of central vertical fins on Cy,, &,, and Cz, of a 
triangular-wing model. 
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Figure 13.- Effective  center of pressure, at several  angles of attack,  for 
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