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Page 2, first column, line 19: Insert bar over symbol c for mean aero­
dynamic chord. 

Page 2, first column, line 20: Insert symbol 1 for tail length. 



REPORT 1096 

EXPERIMENTAL DETERMINATION OF THE EFFECT OF 

HORIZONTAL-TAIL SIZE, TAIL LENGTH,AND VERTICAL 

LOCATION ON LOW-SPEED STATIC LONGITUDINAL 

STABILITY AND DAMPING IN PITCH OF A MODEL 

HAVING 45° SWEPTBACK WING 

AND TAIL SURFACES 

By JACOB H. LICHTENSTEIN 

Langley Aeronautical Laboratory 

Langley Field, Va. 



ational Advisory Committee for Aeronautic 

Headquarters, 1724 F Street NW. , Washington 25, D. 0. 

Created by act of Congress approved March 3, 191 5, for the super vision and direction of the cienLific tucly 
of th e problems of flight (U. S. Code, LiLle 50, ec. 151) . It m mber hip was incr a ed from 12 to 15 by acL 
approved March 2,1929 , and to 17 by acL approved May 25,194 The members are appointed by Lhe Pre ident, 
and erve a uch withouL compensation. 

JERO~I E C. H . AKER, Sc. D. , ~Ia sachu etts Institu t of T echnology, Chairman 

ALEXANDER \ "ETMORE, C. D., Secretary, Smithsonian I n tituLioo, Fice Chairman 

ALLEN V. ASTIN, PH. D., Director, National Bureau of tandards . 
DE'l'LEY \r. BRONK, PH. D. , President, J ohn Hopkins niver­

sity. 
THO~fA S S. COnIBS, Rear Admiral, United States avy, ni ef of 

Bu reau of Aeronautics. 
L A UUEN E C. CRAIG IE, Lieutenant Genera l, nited tates Ai r 

Force, Deputy hi ef of Staff (D evelopment). 
HON. THOMAS \V. . DAY] , A sistant eeretaryof ommerce. 
J AMB H . DOOLITTLE, C. D., Vice Pre ident, Shell Oil o. 
l\IATTHJAS B . GARD 'ER, Vice Admiral, nited tates Tavy , 

Deputy Chief of Naval Operations ( ir) . 
R. M . HAZEN, B. S., Director of Engineering, Alii on Division, 

Gen eral l\Iotors o rp. 

H UGH L. DRYDE N, P H. D., D£"pclor 

J OHN W . CROWLEY, JR., B. S., Associate Director Jor Research 

\VILLIA I LIT'I'LEWOO D, M. E., Vice President, Engineering, 
American Airlin es, Inc. 

Ho,. DONALD W. NYROP, Chairman, Civ il Aeronautic Board. 
DONALD L. P U'TT, Major General, nited States Air Fo rce, 

Vice Commander, Air R esearch and Development Command . 
ARTHUR E . RAYMOND, Sc. D. , Vice President, Engineering, 

Douglas Ai rcraft 0., Inc. 
FRA 'CIS \Y. REICHELDERFER, Sc. D., h i f, nited tate 

Weather Bur au. 
HON. WALTER G. \YHrl' ~I AN, Chairman, R e-earch and Develop­

ment Board, Depar lm nt of Defense. 
THEODORE P. \\'RIGHT, Sc. D., Vice President for R e earch, 

Cornell Un iversity. 

JOHN F. VICTORY, LL. D. , Executive Secretary 

E. H . CHAMBERLI " Executive Officer 

H ENRY J. E. REID, D. Eng., Director, Langley Aeronautical Laboratory, Langley Field, Va. 

MITH J . DJ,FuANCE, LL. D. , Di rector, Ame. Aeronautical Laborato ry , Moffett Field, aliF. 

EDWARD R. HARP, C. D. , Director , Lewi Fligh t Propul ion Laboratory, Cl veland Airport, Cleveland , Ohio 

LAN GLEY AERONAUTICAL LABORATORY, 
Langley Field, Va. 

AnlE. AERO NAUTICAL LABORATORY , 
l\ IofTett Field , Cali f. 

LEWI F1JIOHT PUOPULSION LABORATOUY , 
Cleveland Airport, leveland , Ohio 

Conduct, under unified contml, Jor all agencies, oj scientific research on the Jundamental problems oj flight 

II 



REPORT 1096 

EXPERIMENTAL DETERMINATION OF THE EFFECT OF HORIZONTAL-TAIL SIZE, TAIL LENGTH, 
AND VERTICAL LOCATION ON LOW-SPEED STATIC LONGITUDINAL STABILITY AND 

DAMPING IN PITCH OF A MODEL HAVING 45° SWEPTBACK WING 
AND TAIL SURFACES 1 

By JA COB H. LICHTE ' STEI N 

SUMMARY 

An investigation has been conducted in the L angley stability 
tunnel to dete1'mine the effects oj horizontal tails oj vaTious 
size and at va1'ious tail lengths (when located on the juselage 
center line) and also the effect oj vertical location oj the hori­
zontal tail relative to the wing on the low-speed static longitudinal 
stability and on the teady-state rotary damping in pitch for a 
com plete-model configuTation. The wing and tail sUljaces had 
the quarter-choTd lines swept back 45° and had aspect Tatios oj 4. 

The re ults oj the investigation showed that, in agreement with 
analytical consideTations, the contribution oj the horizontal taiL 
to static longitudinal stability was related directly to the tail 
size and length; whe1'eas, it contribution to damping in pitch 
was related directly to tail size and the square oj tail length. 

At low angles oj attack, addition oj the wing decreased the 
contribution oj the horizontal tail to static longitudinal stability 
by about one-half to one-thir-d depending upon the ver-tica.l posi­
tion oj the tail relative to the wing; the contribution oj the hori­
zontal tail to the rotary damping in pitch on the other hand was 
almost unaffected by addition oj the wing, regaTdless oj tail 
area or location. 

For configuTations with the horizontal tail mounted along the 
juselage center line, the static longitudinal tability was greater 
at angles oj attack near the stall than at 0° ; the static longitudinal 
characteristics weTe impaired, however, by moving the horizontal 
tail upward. On the other hand, jor configurations with the 
horizontal tail mounted along the juselage center line, the rotary 
damping in pitch was less at angles oj attack near the stall than 
at 0°, but the damping in pitch was genemlly increased by moving 
the tail upward. 

It was jurther indicated that, at an angle oj attack oj about 
10°, the static longitudinal stability oj the wing1uselage com­
bination changed adversely and that the magnitude oj this 
change was lightly increased by the addition oj tail area along 
the juselage center line at the shortest tail length but was decreased 
by addition oj area along the juselage center line at the longest 
tail length. 

I TRODUCTIO 

R equirements for sati factory high-speed performance of 
aircraft have resulted in configurations that differ in many 
r espects from previous desio-ns. As a resul t of tQese changes, 

the designer ha little a surance that the low-speed charac­
teri tics will be atisfactory for any specific configuration. 
The low-speed haracteristics of wings suitable for high­
speed flight have already been investigated quite exten ively. 
Tbe contribution of other component parts of the aircraft, 
or of the variou combinations of component parts for 
h igh-speed airplane configuration, however, are not well 
undcr tood. In order to provide such information, a serie 
of invcstigation of models having various interchangeable 
component part i being conducted in the Langley stability 
tunnel. In the c inve tigations, the rotary derivatives are 
being determined by the rolling- and curved-flow techniques 
(sec reference 1 and 2) and tbe static stability characteristics 
arc being determined by conventional wind-tunnel procedure. 

The pre ent investigation is concerned with the effects 
of horizontal tail of various sizes and at variou tail lengths 
(when located on the fuselage center line) and also the effects 
of vertical location of the horizontal tail with re pect to 
the 'wing on the low- peed tatic longitudinal stability and 
the teady- tate rotary damping in pitch for a swept-wing 
configuration. orne effects of fu elage fineness ratio and 
of wing-fu elage interference are also con idered. The 
rotary damping in pitch specifies the damping resulting only 
from curvature of the flight path, such as that obtained 
during a steady pitching maneuver in which the radius of 
flight-path curvature is constant. For a pitching oscillation, 
the rotary dampinO" derivative represents only a part of 
the total damping since additional contributions may re ult 
from unsteady aerodynamic phenomena such as the lag 
of downwash betw en the wing and horizontal tail (refer­
ences 3 and 4). 

The model used in the present investigation had 45° 
sweptback wing and horizontal-tail surfaces with aspect 
ratios of 4. The model configurations tested for the present 
investigation are generally the same as those configurations 
u ed in the investigations of static lateral stability deriva­
tives reported in references 5 and 6. 

SYMBOLS 

The data presented herein are in the form of standard 
J ACA coeffici nts of forces and moments which are referred 

to the stability system of axe , with the origin at the pro­
jection on the plane of symmetry of the quarter-chord 

I Supersedes NACA T T 2381, "Etrect of Horizontal·Tail Location On Low-Speed tatic Longitudinal Stability and Damping in Pitch of a Model llaving 45° Sweptback Wing and 
Tail Surfaces" by Jacob H. Lichtenstein, 1951, anel NACA TN 23 2, "Etrect of llorizontal-Tail Size and Tail Lengtb on Low·Speed Static Longitudinal Stability and Damping in Pitcb 
of a Model lladng 45° Sweptback Wing and 'rail Surfaces" by Jaeob H. Licbtenstein, 1951. 
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point of the mean aerodynamic chord of the wing. The 
positive directions of the forces, moments, angles, and 
angular velocities are sho'wn in figure 1. The coefficients 
and symbols are defined as follows: 

OL lift coefficient (L /~ p V2 Sw ) 

o D drag coefficient (D /~ p V2 Sw ) 

L 
D 
M 
N 
p 

V 
S 
b 

c 

pitching-moment coefficient ( M I ~ P V2 Swcw ) 

yawing-moment coefficient ( N / ~ p VWwb w) 

lift, pounds 
drag, pound 

pitching moment about cw/4, foot-pound 
yawing moment about Z-axis, foot-pounds 
mass densi ty, slugs per cubic foot 
velocity, feet per second 
area, square feet 
span, measured perpendicular to fuselage center line, 

feet 
chord, measured parallel to axis of symmetry, feet 

mean aerodynamic chord, feet (~ib'2 c2dy) 
tail length, distance from cw/4 to cH /4, measured 

parallel to axis of symmetry, feet 
A aspect ratio W/S) 
y spanwise distance from plane of symmetry, feet 
A taper ratio, ratio of tip chord to root chord 
a angle of attack, measured in plane of symmetry, 

degrees 
VF fuselage volume 
L F fuselage length 
dp maximum fuselage diameter 
E effective downwash angle, degrees 
if; angle of yaw, degrees 
q pitching angular velocity, radians per second 

2
qt pitching-velocity parameter (based on cw) 

o _ OOL 
La- Oa 

t 
L 

a. 

_ x-L -- --~",,"---==~=--?"""'----:~--7~O-' 
Relat ive wind 

z 

1 
F IGURE I.-System of axes used. Arrows indicate positi ve direction of forces, momen ts, 

angles, and angular \"clocitics. 

o =OOm 
rna Oa 

OmC, 
oOm . Oa 

° (:t)' 
where a = (5t 

Omq 

0 0 ", 

° (ft) 

(6.. 0"'q)0, (6.. 0mJH increment resulting from addition of 
horizontal tail ; for example, 

ub crip t : 
TV wing 
F fuselage 
V vertical tail 
H borizontal tail 
r radian measure 

(6.. 0mq)H=(Omq)ModeZ with H-

(Om q ) M od,/ Wit/lout H 

increment resulting from interference ef­
fect of wing and fuselage; for example, 

tJ. 10mq= (Omq)wp- (Omq)w- (Omq)p 

AP PARATUS, MODELS, AND TEST 

The general research model u ed for tbe present inve ti­
gation was designed to permit tests of the wing alone, fuselage 
alone, or the fuselage in combination with any of several tail 
configuration - with or without tbe wing. A sketch with 
some dimensions of the complete model with one particular 
tail configuration is sbown in figure 2. A list of the pp,rtinent 
geometric charfl.cteristics of various component parts i 
given in table 1. All of the parts 'were constructed of 
mabogany. 

Tbree fuselages and tbree horizontal tail were used for the 
tests in variou combinations with and without the wing. 
For convenience, each component is designated as follows: 
lV ______________________________________________________ VYing 

F
I

, Fz, F3
- - ---- ___________________ __ _______________ __ Fu elages 

V _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ V erti cal tail 
HI, Hz, H3----- ________________________________ _ Horizontal tai ls 

A complete list of all the configurations investigated is 
presented in table II. 

The three fuselages (fig. 3) were bodies of revolution having 
circular-arc profiles and fineness ratio of 5 for fuselage 1, 
6.67 for fuselage 2, and 10 for fuselage 3. The wing and the 
three borizontal-tail surface all had aspect ratios of 4.0, 
taper ratios of 0 .6, and NACA 65AOO airfoil sections parallel 
to the plane of symmetry; the quarter-chord lines were 
swept back 45°. Ordinates for the NA A 65A008 airfoil 
section are given in table III. The horizontal tails, the 
incidence of wbich was kept at 0° for all te ts, differed from 
each other only in area and are designated as H I, FI2, and H 3 
(in order of increa. ing size) in figure 4 and table 1. On each 
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of th e fuselages, each of the three horizon tal-tail urfaces was 
attached along tbe fuselage cen ter line and at the same 
longitudinal location . On fuselage 2, however, horizontal 
tail 2 was teo ted at three horizontal locations for each of 
three vertical locations, as illustrated in figure 5. In refer­
ence to the horizontal-tail locations, the letters L, 0, and U 
indicate the vertical position as being lower, center , or upper, 
re pectively; tbe letters F, M, and R indicate the borizontal 
location as being forward, middle, or rearward, respectively. 
The lower middle position i the same as that at which the 
other two horizontal tails were tested. 

A drawing of a complete-model configuTat.ion with tbe 
horizontal tail in the lower position and a photograph of tbe 
model with the horizontal tail in the upper position without 
a wing are presented in figures 6 (a) and 6 (b), respectively, 
to illustrate the test setup in the tunnel. The model was 
rigidly mounted on a three-s upport-strut system with the 
pivot point 4 inches r earward of the quarter-chord point of 
the mean aerodynamic chord. Forces and moments were 
measured by means of a conventional six-component balance 
system. 

The te ts were made in the 6- by 6-foot test section of the 
Langley stability tunnel. The dynamic pres ure for the 
tests was 24.9 pounds per square foot, wbich corresponds to 
a Mach number of 0.13 and to a R eynolds number, based 
upon the wing mean aerodynamic chord , of 0.71 X 106. The 
angle of attack was varied from about -6° to about 32° for 
the tests. In addition to tbe straight-flow tests, the tunnel 

3 6 

Fuselage --. 
(see fig. 3) \ 

-- 11.25 

11.06 

/ \ // 

--+-/--':oc----~-----~~===~~ ..... - -, , " " 
, 

, , , , 
:-- Horizontal tail 

(see fig . 4) 

FIG URE 2.- Dimensions of tbe complete model. AU dimensions are In Inchcs. 

flow was curved to obtain values of qc/2Vof 0.008, 0.017, and 
0.022. ThE' me hod of curving the flow consists in curving 
the tunnel walls to obtain the proper air-stream curvature 
and in erting up tream of the test section screens which 
give tbe proper velocity gradient across the test section . 

COR RECTIO S 

The angle of attack and drag coefficient have been corrected 
for the effec ts of jet boundaries. Tbe moment data have 
been transferred from the mounting point to the 25-percent 
point of the wing mean aerodynamic cbord. Tb e damping­
in-pitch data have been correct,ed for the effects of the cross­
tunnel static-pressure gradient associated with the curved 
flow. The data have not been corrected for blocking, 
turbulence, or support-strut interference since, for the 
parameters with which this report is concerned, the e effects 
are believed to be negligible. 

TABLE I 

P E RTINENT GEOMETRIC CHAR ACT ERISTICS OF THE 
MODEL 

Fuselage: Fl F2 
Length , in. ___ ____________ _______________ 30 40 

6.67 
0.350 

Fineness ratio ___ __ .______________________ 5 
Volume, Vp, Cll fL _______________________ 0.267 

Wing: 
Aspect ratio, Aw ____ __ ____________ ___________________ _ 
Taper rat io, AW ___ ______________________________ _____ _ 

Quarter-chord sweep angle, deg ________________________ _ 
Dihedral angle, deg _____ ________________________ _____ _ 
Twi t, deg __________________________________________ _ 

ACA airfoil scction __ _______________________________ _ 
Area, Sw, q in. _____________________________________ _ 
Span, bw, in. __ ______________________________________ _ 
Mean aerodynamic chord, cw, in. ______________________ _ 

Vertical tail: 
Aspect rat io, Av __ __ ________________________________ _ _ 
Taper ratio, AV ______________________________________ _ 
Quarter-chord weep angle, deg ________________________ _ 
N A CA airfoil ection ____ _____________________________ _ 
Area, Sv, sq in. __ ___________________________________ _ 
pan, bv, in. ________________________________________ _ 

Mean aerodynamic chord, ev, in. ______________________ _ 
Area ratio, SV/SIV _________________ ___________________ _ 

Horizontal tail: 
A pect ra tio, A

If 
_ _ _ _________________ _ 

Taper rat io, AH _____________________ _ 

Quarter-chord sweep angle, deg _____ __ _ 
Dihedral angle, deg _________ _______ _ _ 
Twist, deg ________ _________________ _ 
NACA airfoil sectioQ ________________ _ 
Area, Sa, sq in. ____________________ _ 
Span, b

H
, in. _______________________ _ 

Mean aerodynamic chord, eH, in. _____ _ 
Area ratio, SrdSw-- - ________________ _ 

Tail-length ratio lfCw: 
Fuselage Fl 

III 
4.0 
0.6 
45 
o 
o 

65A008 
32.40 
11.38 
2.91 
0.10 

F2 

HI 
4.0 
0.6 
45 
o 
o 

65A008 
64.80 
16.10 
4. 11 
0.20 

F3 
60 
10 

0.526 

4.0 
0.6 
45 
o 
o 

65A008 
324 

36 
9. 19 

1.0 
0.6 
45 

65A008 
48.6 
6.97 
7.12 

0.150 

H 3 
4.0 
0.6 
45 
o 
o 

65A008 
97.20 
19.72 

5.04 
0.30 

F3 
Posi t ion of tail: Forward Middle Rearward 

Upper ____ ____________ 2.42 2.58 2.75 
enter ________________ 2.07 2.24 2.40 

Lower (fuselage center 
line) __________ ______ 1.36 1.66 1.82 1.98 2.73 
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TABLE II 

CO FIGURATIO NS I N VE TI GAT E D AN D I DEX TO THE 
FI GUR ES HAVI G D AT A F OR T H ESE CO::JF IGURATI ONS 

W ing ott W ingon 

Configu ration 
(a) 

Figure 

IV 

Configuration 
(a) 

Figure 

F, 8(a) 11'+ F , 9(a) 

F~+li+j[;--'-(aj; i2--'----- : ~:j:~::j: :~:j: ;;: ~f:l : i~ 
-----------.------------.-�-----.. -.. -.----------.----� __ l V~+_J_G~+_V_+_f_h ____ 1-9-(a-)-, -1-2 __ -----1 

8(b) W+F, 9(b) 
IV+F,+ V+ IT, 9(b) ,12 
lV+F,+ V+JJ2LP 10(a) , 13 
W+F,+ "+J-f'LJI 9(b), 10 (a), 12, 13 

1------------.----.+.-.-.. ---.-.-.-----I--1 V-+-F-,~+-1-'+_1_h_L_R __ I-I-O-(a-) ,_1_3 _______ 1 
W+F,+ "+Jl,c, 10(b) , 13 
lV+F,+ V+ lf2C .II 10(b), 13 
lV+F,+ V+JhCR lO(b), 13 -------------- ----------------

W+F,+ "+1120' lO(c), 13 

_. ::::::::::: :::::::::::::::: : ~:j:~::j: l~:j:Sj:~: t~~~l: g 
---------I--~------I 

___ . __ . ___ . __ .......... _ .. ___ W+F,+F+ Jl, 9(b) ,12 
-:~------!!~~-----I 

F, 8(c) 

F,+ j,+H, (c),12 

I 
g~~l. 12 
9(c) , 12 
9(c) , 12 

• Notation: 
1V wln~ }FOr details , see figu res 2 to 5. Subscript numbers 1, 2, and 3 refer to 
F fuselage size, su bscript letters L, C, and U refer to vertical position of hor!tOn· 
V' vertical ta il ta l ta1l, and letters F , lIf, and R refer to horizontal location of 
H boritOntal tail horizon tal ta1l. (See fig . 5.) 

~-------30-----~ 

1 5--- ~6 

FIGURE 3.-Dimensions of the fu selages tested, and location of the horizontal tail for those 
tests in which tai l area a nd ta il length were of pr imary concern. All dimensions arc In 
inches . 

RESULTS A D DISCUSSIO 

PRESENTATIO OF RESULTS 

The basic data obtained in the present investiga tion are 
presented in figure 7 to 10. The effect of fuselage £inene s 
ratio on the static longitudinal stability of the fuselage is 
summarized in figure 11. The effects of tail size and tail 
length and the effects of tail location on the static longitu­
dinal tability and damping in pitch cont ributed by the hori­
zontal tail ar e summarized in figures 12 and 13, respectively. 

TABLE III 

ORDI NAT ES FOR NACA 65A008 AIRFOIL 

[Stations a nd ordina tes in percent airfoil chord ] 

Station Ordinate Sta tion Ordinate 
------ ------ ----- ------

0 0 40 4.00 
. 50 . 62 45 3.99 
.75 .75 50 3.90 

1. 25 .96 55 3. il 
2.50 1. 30 50 3. ~5 
5. 00 1. 75 65 3.14 
7.50 2. 12 70 2.75 

10 2. 43 75 2. 35 
15 2.93 0 I. 90 
20 3.30 85 1. 43 
25 3.59 90 . 96 
30 3.79 95 .49 
35 3. 93 100 .02 

L. E. radius : 0.408 

4 .94 

I 
5.03 

T 
3.02 

1.-------- 19 .72 ------------------1 

FIGURE 4.- DimcnsioDs of the horizoDtal tails tested. A ll dimensions are in inches. 

The effect of wing-fu elage interference on both the static 
longitudinal stability and damping in pitch is shown in 
figure 14. 

An ind ex to the data for the configurations investigated 
is given in table II. 
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Upper 

Cen ter 

.50bv 

* 

Lower 

Forward Middle Rearward 

FIGURE 5.-Location of root chord of horizonta l tail for the configurations in which vertica l location of tile horizontal tail was of primary concern. All cl.imcnsions are in inches. 

STAT] LO G ITU DI NA L STABILITY 

Th e static longitudinal tabili ty characteri tic for some 
basic configuration are presented in figure 7. Ina much as 
these results are very similar to tho e presen ted in r efer ence 
5 and analyse of these results are adequately covered in 
this r eference, they are not discussed in this r eport . 

Data are not presented for the lift and drag of the model 
with each fuselage and horizontal-tai l arrangement investi­
gated since the r esults howed that the lift and drag were 
only lightly affected by the change in fuselnge and tail. 
The lift and drag data pre ented in figure 7 for the configu­
ration W + F2+ V + H 2LM are representative of the lift and 
drag r esults for all the complete-model configuration . 

The pitching-moment characteristics of the thre isolated 
fu elages are presented as a function of angle of attack in 
figure and are summarized for a= Oo in figure 1l. In 
order that the results obtained may be applied conveniently 
to arbitrary airplane configurat ions, oefficients in terms of 
fuselage dimensions rather than wing dimensions are needed. 
This manner of expre ing the coefficient is accompli hed by 

1 . h . (0) Swcw . f 1 fin p ottmg t e quantity 1n a F ----v;- agam t use age eness 

ratio Lp
. The quantity plotted, therefore, is effectively the 

dp 

pitching-moment coefficient based upon fuselage volume vp. 
For a body of r evolu tion at an angle of attack of 0°, the 

1 0) Swcw· (0 Swbw. va ue ( m F -- I the same a ""')F ---, Lherefore, 
a vp vp 

the results from the present investigation can be compared with 
the directional-stability data presented in figUTe 16 of refer­
ence 6. The data from the present te ts show the ame 

trcnd as the data of reference 6 but are somewhat larger in 
magnitude. The difference probably re ults from the differ­
ent methods for upporting the models in the tunnel. Com­
pari on of the te t data with calculations made by the classi­
cal theory of reference 7 hows that, although the variation 
with finenes ratio is generally similar, tbe magnitude of the 
test values is only about fOUT-fifths of that predicted by 
theory. 

The data in figure how that the fuselage-horizontal-tail 
combination was statically table as would be expected Dnd 
that the stability wa greater for the large fuselages. In 
each case, the value of Oma was constant up to angles of 
attack of about 16°, at which point the lift-CUTve slope of the 
horizontal tail begins to decrease appreciably . 

Addition of any of the fuselages Lo the wing had little 
effect on Om , as can be een by comparison of figures 7 and 9. 
The fact thaat the \~-ing-fu elage combination had approxi­
mately the same longitudinal stability as the wing alone may 
be attributed to the loss in load over the wing near the wing­
fuselage juncture and to the alteration in fuselage loading 
effected by upwash in fron t of the wing. 

For the complete-mod el configurations with the horizontal 
tail mounted on tb e iu clage cen ter line, a destabilizing 
change in the slope of 1n

a 
generally occurs at an angle of 

attack of about 10°. For the shor test tail length (fu elage 
F l , fig . 9 (a)), the magnitude of the change in slope apparently 
was increa cd slicrhtly a the horizon tal-tail area wa in­
creased . For the longest tail length (fu elage Fa, fig. 9(c)), 
an increase in tail area caused a decrease in this destabilizing 
cbange in lope; in fact, this change apparently was elimi­
nated by the addi tion of the two large t tails (H 2 or H 3). This 
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(a) ComplcLe·model con figuration with thc horizontal ta il in the low position. 

(b) Fuselage wi th the horizontal tail in the upper rear position. 

F lGU RE G.- Ill ustra tion of the model setup in the Langley stability 
tunnel for testing in eun 'cd Qow. 

effe cL of taillenglh on th e manner in \\"hich addi tion of tail 
area affecL th e 10ngjLudinal stabiliLy appear to be primarily 
a matter of georr:e Ll'Y in that, for a given location of the tail 
relative to the fuselage center line, the taillengLh determine 
the ver Licalloca Lion of the tail relaLive to Lh e wing wake at 
a parti cular angle of a ttack. The de tabilizing tendency for 
the wing-fuselage combination a t an angle of a t tack of about 
10° r esults from tip stalling of the wing, and , as a r esult of 

thi stalling, Lhe wino- trailing vOl'Lices move inward with 
an aSilociated increase in downwash in the wake at the plane 
of ymme try . For the shor t tail length, the tail is ufficiently 
clo e to th e wake at an angle of atLack of 10° to experience 
de labilizing effect. For the longest tail leng Lh, however, 
the Lail has emerged suffi ciently from the wake to avoid the 
effect of the inerea cd downwash. It, can be seen, therefore, 
th a t increa ing th e tail area for th e hort tail length would 
be adverse, wherea for the long tail length it would be 
benefi cial. 

The cl aLa of .figure 10 show that relatively small rearward 
movemen t of the horizontal tail in any of th vertical posi­
tions (low, cen ter , or upper) generally resulted in slightly 
more negative values of C1na (increa cd tability) as would be 
expected because of the increase in tail length . Rai ing the 
horizontal tail also made C1na more negative in Lhe low angle­
of-at tack range; however , it made Cm a more po itive (de­
creased stabili ty) in the angle-of-attack range between 10° 
and 20°. The r esult arc in general imilar to results of 
previou investiga tions of like nature at bo th low and high 
R eynold numbers (reference 8 and data from the Langley 
19-foot pre sure tunn el) . The increase in tability, at low 
angles of attack, as the horizontal tail is moved upward wa 
greater th an would be xpected to resul t from the increase 
in tail length which accompanied the upward movement of 
Lhe tail. Part of this increase in stabiliLy, therefore, appears 
Lo r esult from the fact that, in the higher positions, the hori­
zontal Lail was above the r egion of stronges t downwash, a 
is shown in a ub equ en L section discus ing the contribu tion 
of the horizontal tail. A the angle of a t tack increa es, 
however , the horizontal tails mounted in the high positions 
move into the strong downwash field; wherea , the tails in 
the low position emerge from the downwa h field. Thi can 
be seen qui te easily by comparing the pitching-momen t CUTves 
between 12° and 20° for the configurations W + F3 + F+H2 

(fi g. 9(c)) and W + F2 + 1'+ HzuR (fig . 10 (e)) which have 
about the am Lail-leno-th ra t io . The data show that 
Lhe low t.ail position is almost completely free of the down­
wash effects, wh ereas the upper po ition is very strongly 
affected by the downwa h. 

The data in figure 9 and 10 show that the tatic longi­
tudinal sLability wa generally grea ter at angle of attack 
near Lhe stall than for any other part of the angle-of-attack 
range. 

From th e standpoint of static longitudinal stability , the 
low horizontal-tail position appear to be more advantageous 
than the high tail positions because the change in tability 
is smallest over the angle-of-at tack range, and, for configura­
tions with the tail in the low po ition, the farther rearward 
the horizontal tail i loca ted the less likely it is to be influenced 
by the wing dmvnwash. 
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DAMPI G I PITCH 

The steady- tate ro tary damping-in-pitch result are 
pre ented in figure 7 for the wing alone, in figure for the 
wing-off configurations, and in figures 9 and 10 for the various 
complete-model configurations. The value of damping in 
pi tch - O"'q for the wing alone is gen rally in good agreement 
with the theoretical value compu ted by the method presented 
in r eference 9, and the variation with angle of a ttack is not 
consid er d ignifican t . Addition of a fu selage to the wing 
did not appreciably affect the value of Om for angles of q 

attack up to the tall (compare fig . 7 aud 9) . This effect 
wa sin1ilar to that found for the tatic longitudinal stability 
of the model for which the value of ma for the wing-Iu elage 
combination is about equal to Oma of the wing alone, even 
Lhough the isolated fuselage has a rather large positive 
value of m' 

The damping-in-pitch results pI' sen ted in figure 8 for the 
i olated fu elage are con idered to be of qualitative value 
only since the accuracy of the measurements is not con ider d 
sufficien t to yield r esults of a rea onable percentage accuracy 
for value a low as those given by the fu elage . The 
indication are, however, that the fuselages produced damp­
ing of th arne sign as that normally expected for a hori­
zontal Lail and that the variation 01 the fuselage damping 
with angle of attack was not parLicularly significant. 

For the wing-off configurations, the damping in pitch 
generally decreases as the angle of attack increase (fig. 8). 
With the wing on, however, the damping in pitch reaches a 
maximum value at orne moderate angle of attack and then 
decrea es with further increase in angle of attack. For con­
fi gurations with the horizon tal tail mounted on the fuselage 
cen ter line (low po ition), the angle of attack at which 
maximum damping occurs generally decreases with in­
creasing fu elage length ; this trend can bes t be seen by 
comparing the curves for the large tail on the various fuse­
lage (fig. 9). mce most of Lh e damping is due to the 
horizontal tail , any changes in the damping with angle of 
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FIG URE H.-Comparison of tbe effect of fuselage fineness ra tio ou tbe static stability of tbe 
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theory. a = Oo. 

attack which are caused by the tail are likely to become 
greater with increa ing tail ize. It should be noted that, 
for these configuration , the damping near the tall (ap­
proximately 24°) had decreased, in general, Lo some value 
considerably less than that at zero lif t. For the configura­
tions with the horizontal Lail mounted in the center or upper 
positions, the maximum damping OCCUlTed at higher angles 
of attack (approximaLely 20°). (See figs. 10 (b) and 10 (c).) 
The maximum damping would normally be expected to 
occur at the angle of atLack at which the tatic stabili ty is 
a maximum (Oma has its maximum negativ value) . Com­
parison of Om an 1 Omq curve sho'ws, however, that the 
oppo ite occurs (maximum damping oc ill' approximately 
where the static stabili ty i a minimum). This apparent 
incongruity result from the interaction of two opposing 
effects . The de reased static longitudinal stability (down­
wa h effect) occurs when the horizontal tail approaches the 
wing wake, and the downwash effect becomes greatest when 
the tail is pa sing through the wake (approximately 12" 
angle of attack for the low tails on F2 and 20° for the higher 
tails). There i , however, a favorable variation of downwa h 
with qc/2 V because tream curvature displaces the wake 
upward with respect to the horizontal Lail. This favorable 
effect is greate t when the horizontal tail is immersed in 
the wake at zero flight-path curvature. 

Although the basic data do not show the effect of the 
vertical position of the horizontal tail clearly, because changes 
in tail position were accompanied by change in tail length, 
the higher horizontal- tail positions appear somewhat more 
advantageous than the low po itions with regard to damping 
in pitch , inasmuch as the varia tion with angle of attack was 
generally smaller and high damping was maintained to 
nearly maximum lift . 

CONTRIBUTIONS OF THE HORIZONTAL TAIL 

In general, the contributions of a horizontal tail to both 
static longitudinal stability and damping in pitch are affected 
by the downwash from the wing and by the local dynamic 
pressure in the vicinity of the tail. In the absence of a 
slipstream and of any important flow separation from the 
\ving, the local dynamic pressure is es entially the same as 
the free-stream dynamic pressure and the downwash remains 
as the only factor to be considered. For the present model 
at low angles of attack, therefore, the tail contribution to 
static longitudinal stability and to the rotary damping in 
pitch can be expressed by equations developed by conven­
tional methods of analysis. The tail contribution to static 
longitudinal stability is given by the followmg simple 
relation: 

(110m ) =-(OL) (1-.Q:.) SH l:-
a H a H Oa Sw Cw 

(1) 

An analogous expression can be derived for the tail contribu­
tion to the rotary damping in pitch. The pitching moment 
due to the tail can be written as 

(2) 
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where ~a is the change in angle of attack at the tail due to 
flight-path curvature and is given by 

(2) of the expression O'iven for ~a and E gives the tail contri­
bution to damping in pitch as 

l qc 
~a=5 7.3 cw /2 2V O 0 

( 
OfT ) SH(l)2 (C1 '" )8= -114.6 ( L)H l- - l -S =-

q a o!L w Cw 

V 

(3) 

The angle E (measured in degree ) is, in this case, the down­
wash from the wing or other parts of the airplane and results 
only from flight-path curvature; that i , 

Equations (1) and (3) indicate that the tail contribution 
to static longitudinal tability and to damping in pitch are 

E = 57.3 ~~ 
2V o ~ 

2V 

. I h . .. H l d Sf{ ( l )2 proportIOna to t egeometn cquantltles -
S 

=- an - =- ) 
IV Cw W Cw 

where ET , the downwa h angle in radian measure, is introduced 
in order to provide consistent dimen ions for both numerator 

respectively. For the portion of the test in which th effects 
of horizontal-tail ize and tail length were of primary con­
cern, the horizontal tail was alway mOlmted in the low 
position (along th e fuselage center line), and the experimental 

data have been plotted again t SSH .J-- and SSf{ (.J--)2 in figme 1 d . f h . OE T S b' .. . ane enomlllator o · t e ratIO--' u stltu tIOn III equatIOn 
w Cw IV Cw 

o ~ 
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F,G URE 12.- Varia tion or the incrcmcnt in static longitudinal stability and damping in pitch due to the horizontal tai l with geometric parameters. Horizontal tail mountcd along the ruselage 
center line. Like symbols indicate horizontal tails or difTercnt sizes on the same ruselage. Lirt-curve slope or the horizontal tail was assumed to be 0.54. a=Oo. 
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tests in which the effects of tail height were of primary 
concern, SH/SW was maintained constant at 0.2 and, therefore, 
Z(Cw and (l(Cw) 2 were the only geometric variables that 
entered th e equations. The experimental data for this 
portion of the tests have, accordingly, been plotted against 
the e quantities in figure 13 for angle of attack equal to 
zero. The da hed cmve in figure 12 and 13 were calcu­
lated by means of equations (1) and (3) for the values of the 

d h OE dOEr. d' d ' h fi ownwas parameters :;;-- all - Z ill leate ill t e gures. 
v a oIL 

V 
In the calculations, the tail lift-curve slope (GLJ H was as­
sumed to have the same val ue (0.054 ) a that of the wing 
alone (fig. 7), siJ.ce the wing and tail have the arne plan 
form and ection. The fact that the curves for the 
conditions 
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do not pa s tbxough the experimental points obtained with 
the wing removed shows that the fueselage probably had 
some influen e on the tail effec tiveness. 

With the wing on and the horizontal tail mounted in 
the lower po ition, the data presented in figure 12 (a) indi­
cate that, for the range of configurations considered in this 

inve tigation, the value of ~~ is about 0.52. This value is 

only slightly affected by changes in tail size and length. 
The data al 0 how that, a indicated by equation (1), the 
contribution of the horizontal tail to static longitudinal sta­
bility varies linearly with tail area and tail length. The data 
pre ented in figure 13 (a) indicate that rai ing the horizontal 
tail moves it away from the region of strongest downwa h 

since the value of ~~ decrea ed from 0.52 to about 0.35 as 

the horizontal tail was moved from the lower to the upper 
po ition . 

For wing-on configurations, the data presented in figures 
12 (b) and 13 (b) indicate that the value of the downwash 
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FIG URE 12.- Concluded. 
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equation for total values of the tatic-longitudinal-stabili ty 
and damping-in-pi tch derivatives for complete airplane 
configUTa tions: 

(Om",hotaZ= (OmJw+ (CmJp+ Ll1Cm", + (Ll CmJEl 

(CmQhotaz= (CmQ)w+ (CmQ)p+ Ll ICmQ + (Ll CmQ) El 

where (LlOm.JH and (Ll CmQ)H are the values for the horizontal 
tail in the presence of the wing and fuselage. The values 
t. l m and t. ,Cm r esult from ill terference betwe n the wing 

'" Q 

and fuselage (that is, Ll IGmQ= (CmQ)w+p-(OmQ)w-(CmQ)p) , 
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The in Lerference incremen ts usually are assumed to apply to 
airplanes having configUTation somewhat similar to that of 
the model u ed in evalua ting Lhe incremen ts. The heigh t 
of the wing r ela tive to the fu elage cen ter line usually has a 
significant effect on the magnitude of the interference incr -
ments. Since, for the presen t investigation, the wing was 
located on the fu clage cen ter line, th e r esults are considered 
applicable only to midwing or n ar midwing arrangemen ts. 

-2 -4 o 4 8 12 16 20 24 28 

The increments are pre en ted in figUTe 14 as functions of 
angle of attack. Within the accUTaey of the determinations 

Angle of attOCk, a., deg 

FIG URE H .-Variation of wing·fuselage interference incrom ents 
81 Cm. and 81 Cm. witb angle of attack. 
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there appeared to be no con isLent effect of fuselage length 
on either /).10", or /).1 7n and, for the purpo e for which 

" Q 
Lhese values were intended to be used, the u e of a fau:ed 
value to repre ent the effect of interference seems reasonable. 
The variation of /).1 0", ,, with angle of attack is mall below 
16° and the average value Lends to increase the stabiliLy. 
The variation of /).1 0mq with angle of attack is not appreciable 
over the entire angle-of-aLtack range and the average value 
tends to decrease the damping. 

co CLUSIONS 

The r esults of an invesLigation to determine the effects of 
horizontal-tail size, tail length, and position on the static 
longitudinal stability and on Lhe tcady- tate rotary damping 
in pitch of a complete model with wing and tail urfaces 
baving tbe quarter-chord lines wept back 45° and an 
a pect ratio of 4 indicate the following conclu ions: 

(1) The contribution of Lhc horizontal tail to tatic longi­
tudinal tability and damping in pitch was in agreement with 
analy Lic consideration in that the contribution of the hori­
zontal tail to tatic longi tudinal stability was related directly 
to the tail size and lengLh; whereas, its contribution to damp­
ing in pitch was related directly to tail size and the square of 
taillengtb. 

(2) At low angles of aLtack, addiLion of the wing decreased 
the contribution of the horizontal tail to static 10ngiLudinal 
stability by about one-half to one-third, depending upon the 
verLical position of the tail relaLive to the wing; the contri­
bution of the horizontal Lail to the rotary damping in pitch, 
on the other hand, was almo t unaffected by addition of the 
wing, regardless of the tail area or location. 

(3) For configUTations wiLh Lhe horizontal tail mounted 
along Lhe fu elage center line, the static longitudinal sLabili ty 
was grea ter at angles of atLack near the stall than at 0°; the 
longitudinal tability characLeristics were impaired, bowever, 
by moving the horizontal tail upward. On the other hand, 
for configurations with Lhe horizontal tail mounted along the 
fuselage center line, the rotary damping in pitch was les at 
angle of attack ncar the sLall than at 0°, bu t the damping 
in pi tch was generally increa cd by moving the tail upward. 

(4) At an angle of attack of about 10°, the tatic longi­
tudinal sLab ili ty of the wing-fu elage combinations changed 
adversely. The magnitude of thi change wa lightly in­
creased by Lhe addiLion of tail area along the fuselage center 
line at the hortest tail length but wa decrea cd by addition 
of area along the fu elage center line at the lono-e t tail length. 

LANGLEY AERONAU'l'ICAL LABORATORY, 

NATIONAL ADVISORY COMMITTEE FOR AERONA TICS, 

LA TGLEY FIELD, VA., Apri l 1, 1952. 
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