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AERONAUTICAL SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 

Length ____ _ 
Time ______ _ 
Force _____ _ 

Symbol 

I 
t 
F 

Metric 

Unit 

meter ___________________ _ 
second ___ _______________ _ 
weight of one kilogram ____ _ 

Symbol 

m 
sec 
ka <> 

English 

Unit Symbol 

foot (or milc) _________ ft. (or mi.) 
second (or hour) _______ ·sec. (or hr.) 
weight of one pound lb. 

PoweL_____ P kg/m/sec ___________________________ horsepoweL ______ ____ BP. 
S d {1.-m/hr ------------------- ---- ------ mL/bL _______________ M. P. H. 

pee ------ --------- - m/sec ___________________ __ ___ __ ____ ft./ ec _____ ___ ________ f. p. B. 

2. GENERAL SYMBOLS, ETC. 

W, Weight, =mg 
g, Standard acceleration of gravity = 9.80665 

m/sec. 2 =32.1740 ft./sec. 2 

M W m, . ass =-, g 

P, Density (mass per unit volume). 
Standard density of dry air, 0.12497 (kg-m-~ 

. sec.2) at 15°C and 760 'Inm=0.002378 (1b.-
ft.-4 sec.2) . 

Specific weight of "standard" air, 1.2255 
kg/m3 =0.07651Ib./ft.3 

mk2, Moment of inertia (indicate axis of the 
radius of gyration, k, by proper sub
script). 

S, Area. 
Sw, Wing area, etc. 
G, Gap. 
b, Span . 
c, Chord length. 
b/c, Aspect ratio. 
j, Distance from c. g. to elevator hinge. 
}.L, Coefficient of viscosity. 

3. AERODYNAMICAL SYMBOLS 

V, True air speed. 

q, Dynamic (or impact) pressure=~ p va 

L, Lift, absolute coefficient OL= :s 
D, Drag, absolute coefficient OD=~ 
0, Cross - wind force, a b sol ute coefficient 

Q -L0 
c-qS 

R, Resultant force. (Note that these coeffi
cients are twice as large as the old co
efficients Lc, Dc.) 

~w Angle of setting of wings (relative to thrust 
line). 

it, Angle of stabilizer setting with reference to 
thrust line. 

'Y, Dihedral angle. 
VZ Reynolds Number, where Z is a linear 

P --;' dimension. 
e. g., for a model airfoil 3 in. chord, 100 

mi./hr. normal pressure, 0° C: 255,000 
and at 15° C., 230,000; 

or for a model of 10 em chord 40 m/sec, 
corresponding numbers are 299,000 
and 270,000. 

Op, Center of pressure coefficient (ratio of 
distance of O. P. from leading edge to 
chord length). 

(3, Angle of stabilizer setting with reference 
to lower wing, = (it -iw). 

01., Angle of attack. 
Ii, Angle of downwash. 
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REPORT No. 278 

LIFT, DRAG, AND ELEVATOR HINGE MOMENTS OF HANDLEY-PAGE 
CONTROL SURF ACES 

By R. 11. 'MITH 

INTRODUCTIO 

Thi report combines the wind-tunnel resul Ii of test on foUl' control surface models made in 
the two wind tunnels of the avy aerodynamic laboratory, 'Va hington avy Yard, during the 
years 1922 and 1924, and submitted foL' publication to the N"ational Advi Ol'y Committee fol' 
Aeronautics May 7, 1927. Th purpose or the LesLs was Lo compaL'e, I'll'sL, Lhe lirLs and Lhe 
aerodynamic efficiencie of the control surface from which their relative effectiveness a tail
plane could be determined; then the elevator hinge moments upon which their relative ea e of 
operation depended. The lift and drag force on the control surface models were obtain d for 
val'iou . tabilizel' anglrs and eleva to I' ett ing. in the by foot tunnel hy the writer in 1922; 
the cO l'responding hinge moment wel'e found in lhr 4 by 4 fooL tunnrl hy 111' . R . 11. Bral' in 1924. 

DESCRIPTIO OF MODELS 

For all four models the over-all dimen ions are 6 by 1 inche and the ba ic profile a twin 
cambered section of ea y form known a the Martin M- 1. One i provided with a plain flap 
elevator, three with Handley-Page bala.nced elevators. The sizes of the elevators and the 
manner of hinging them, the main dinlen ions of the members, and the off ets of the cambered 
surface are given in the diagram and tables of Figure 2, which al 0 define the tabilizer angle 
of attack and elevator pitch. Figure 3 i a photograph of Model o. 4 mounted for the deter
mination of the elevator hinge moments. The model . were made of dry pine and varnished. 

METHOD OF TEST 

The lift and drag forces were mea ured on the ix-component ba.lance to which the mod 1 
were attached by mean of the standard 5-inch model holder, who e two thin treamlined prong 
engaged the models at mid span. For zero degree stabilizer angle and [or each 5° increase to 
+ 200 the elevator was set at a succe sion of angles to the stabilizer, ranging from - 20° to 
+ 200 by 5° increment for Models 1, 3, and 4 and from - 25° to + 25° by the same incremenLs 
for Model 2. The e limit to the elevator pitch were cho en to exceed the angles at which air 
leakage between the elevator and tabilizer begins. For 1Iodel 2, 3, and 4 the re pective 
angles of incipient leak are 19°-6', 13° - 29', and 10°-40'. Measurements were not made 
at negative tabilizer angles becau e they are inferable from ymmetry. 

The elevator hinge moment were mea ured in pound-inche on the 4 by 4 foot tunnel 
eros -arm balance, according to the u ual procedure of finding the pitching moments on an 
aerofoil. The angle of stabilizer and elevator pitch corre ponded in the te t on Models 1, 
2, and 3, to tho e u ed in the lift and drag te t on the e models, except for the inclusion of the 
symmetrical angles for nogative stabilizer. In testing Model 4 the elevator angle range was 
again ± 20°, but the moment measurements, at zero stabilizer angle, showed an overbalance 
control condition, and in order to horten a test of no apparant practical value the u ual 
additional stabilizer angles were limited to ± 10° and ± 20°. 

RES LTS OF TESTS 

The net lift and drag forces on the model and the derived co fficient are given without 
correction for model ymmetry, Vl/J1. or wall effect in Tables I to Vll; Lhe absolute coefficienLs 
are plotted in Figures 4 Lo 11. The engineering coeffici nt Ilre tabulated huL noL plotLed. 
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Elevator hinge moments are given in Table III conecLed for model a ymmeLry by taking 
the mean of the moment for ymmetrical tabilizer angles and elevator ettings and ubtracting 
or adding to all the e mean moment the moment at zero angle of stabilizer and elevator setting. 
Figures 16 to 19, inclusive, give various direct and derived plot of the moments thu corrected. 

LIFT COEFFICIENT 

The following mathematical analy is of the lift coefficient plots, given in Figure 3 to 6, as 
well as that of the drag coefficient plots in the next section, was made by D octor Zahm. 

Each lift diagram pre ent a family of lines that are nearly traigh t for mall value of the 
stabilizer angle a, and of the elevator etting o. The equation for the rectilinear part of each 
diagram may be written 

a L = ma + no --__ --___________ _______________ _____ (1) 

in willch m and n are fairly con tant, and have the re pective values m = oOL/oa and n = oOLiM. 
Of the e partial dcrivatives the first expre es the lope of the line; the second it. vcr tical 

hift per degree turn of elevator, so that the inter ept on Lhe vertical axi is no. 
To fmd the relation of a and 0, differentiate (1), L constant, giving n/m = oa/oo = OlE 

where a and E are the di tance from the trailing edge, re pectively, to the pivot and to the 

r E leading edge, a hown in Figures 1 and 2. Writing 

~
' , ~ n = mO/E=m1'theoriginalequationbecome 

, cf / 0 ma+m l' o} d r:l OL= (+ ') ____________________ _ (2) 
'- d + d ' 1n a a 

\f'J~ in which l' = 0/ E, varie with illfting of the eleva-
FIG. 1 tor pivot, and a' =1'0, is the virtual increa e of 

incidence contributed to a by the increase 0 of the elevator setting. 
On scaling the diagrams it i found that m has practically the same value for all; n is 'Con

stant for each diagram, but declines successively from the first to the la t with the hortening 

.... C Specified I.BO" r"-------IS" 
ti C Actual 1.78" 
:: 0 Specified 4. 20" 
~ 0 Actual 4.24· 
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Upper comber, specified 0.00 /.SO 253 3.95 4.42 4.38 4.053.51 2.74 1.90 /.01 000 
Lower .. 0.00/.502.533.954.424.384.053.51 2.74/.901.01 000 
Ordinates measured from and perpendicular fa the chord (dash and dof line) and 
given in per cent of chord length. 

FIG. 2.-Dimensions of models used in Le ts on lIandley-Page control surfaces 

of O. Owing to the COIl tancy of m =oOL/oa, for all the diagrams, it follows that the increment 
of lift per ullit change of the efrective incidence al- at, whether this change 1'e ults from pitching 
the whole model 01' f1' m pit hing only thr lavato l', is the ame for all four mod I. Its mean 
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value for angles ranging from 0 to ± 10, as detailed in Table IX, i for the models in the order 

1,2,3,4. 
m = 00doa =-,0517 ,0472 .04 0 .0514 

The increment a' due Lo the elevator setting 0, i , of COUl' e, proportional Lo Lhe linear dis
placement of the trailing edge, as hown in Figure], by which at 0 one may d('rive Lhe geomeL

l'ica1 ratio already a umed oa/oo = 0/ E. 
It i noticeable that oa' /lJO here derived is positi VC', buL Lhal oa/OlJ deri v('d from ( l ) is neg-

ative. In taking this derivative OL wa as umed constant, which means that as the ('levator 
etting 0 i given a po itive increment + oa, the model angle a lUU t be given a negative incre

ment-oa, to preserve the eonstancy of the lift. The ab olute value 
of the two derivatives i of cour e the ame. 

The maximum valu of the lift coC'fficlC'Dt, li S hould be exprcted, 
and a seen in all the diagram, occur at progressively lower ana-le 
of the stabilizer a the elevator is given increased etting angles . 
The greate L maximum, 1.15 i found for the 1ai1'e t model with the 
tabilizer at about 13° angle of attack and the elevator at 20° etting. 

If the a pect ratio were inerea ed twofold or more, the lift coefficient 
would be con iderably increa ed, and would indicate a erviceable 
high-lift wing. till higher value eould be found with larger elevator 
etting , without prohibiti ve lift/drag ratios. 

The effect of leakage of air between the elevator and tabiliz,C'r 
at large elevator setting is clearly manife t in Figure 4, 5, and 6. 
For the balanced elevator the lift drop harply at etting beyond 
the leakage angle, while for the plain elevator the lift continues to rise 
with the etting up to angles known to be far beyond the ones here 
u ed, po ibly extending beyond 60°. 

Some of the lift relation of immediate practical intere t may be 

ummarized. 
1. For elevator etting angles that cau e no leakage between 

Lhe stabilizer and elevator, all model ' exert the ame lift aL equal 
ana-les of the tabilizer and eq uallinear displacement of the Lrailing 
edge of the elevator. 

2, The lift of each balanced control increa e continuou ly with 
Lhe elevator setting until leakage occur , and for larger ettings decline 
harply, while the lift of the plain-elevator control continue to increa e 

for till higher etting. 
3. For all the particular control here te ted the lift coefficient 

i well expre ed by the formula 
OL = 0,050 (a + ro ) FIG. 3.-Model No.4. mounted in 4 

1 1 
by 4 inch tunnel lor measuring 

in which a and 0 arc 1'e pe tive y t.he tabilizer ang e of attack and the elevator hingo moments on H and· 

elevator etting, in degree, and r i the ratio of the di tances from the Joy·Page control urlace 

elevator' rear edge re pectively to the pivot and to the tabilizer 's leading edge, The tate
ment applie for a ranging from 0° to ± 10°. 

DRAG COEFFICIE TS 

The drag coefficient are plotted in Figmes to 11. For the smaller values of a and 0 the 
graphs on each diagram form a family of uptmned parabolas ymmetrically grouped to right 
and left of the axis a = O. Rotating each actual plot 180° about the axis a = O gives an exten ion 
to each graph which completes it for negative incidence. 

The equation of each family has ap proximately th e form 
o D = P (a - ao)2 + W + c _____ ____ ____ _ - _ - - - - - - - - - - - - - - - (3) 

in which (to and b02 + care th coordinate of the vertex; p, a, b, and c being con tants that can 
be found by scaling from the diagrams. The vert.icc. of the parabolas ar approximately on 
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the locu -it elf a parabola- who e parametric equations are a =ao, GD = b02 +c. The locll is 
a parabola becau e the drag i a quadratic function of the effective incidence a+a', which is a 
linear function of the elevator etting o. A th drag is of minor importance in the pre ent 
study, the determination of the constants is omitted. 

The 1 ak effect, though manifest, is not so marked as for the lift. 

LIFT/DRAG 

Th efficiency diagran1 , Figures 12 to IS, call for little comment. The largest lift/drag 
for zero elevator etting i found with Modell as 10..5, at ju t under 5° angle of attack. For 
5° to 10.0 elevator etting the maximum ratio is well above 12. For the other models the maxi
mum i somewha"t, though not greatly, Ie . The diagram for negative tabilizer angle of attack 
obviously can be d~rivM by rotating the pre ent one 1 D° about the axe a=D,L/D = 0.. 

HINGE MOMENTS 

The elevator hing moments of th foul' models, tabulated in Table VIII, are plotted again t 
elevator etting, 0, in Figure 16 and again t tabilizer angle, a, in Figure 17 . Foul' diagram 
derived from them are plotted in Figure 1. The value of a for the elevator and tabilizer 
angle of no-lift were read from Figure 4,5, and 6. The no-lift curve of Figure 1 were obtained 
by plotting the moment of the clashed no-lift curve of Figure 17 again to. The a V . 0 curves 
for complete elevator balance or for zero moment, of Figure 1 , ,,'ere plotted from data read 
from the curves of Figure 16 . Figur 19 contains curve plotted from lift and hinge moment 
data and t heir ratio, for the controls with stabilizer angle, a = o.o. 

The moment curves of Figures 16,17, and 1 how that the elevator of Model 2 i the only 
one of the H andley-Page types which i alway underbalancecl within the limit of the te t. The 
elevator of Model 4 i completely overbalanced for the u ual elevator etting range, and that of 
Model 3 exhibits uncertain conditions at etting of 0 between - 10° and -20.° for tabilizer angle 
above 10.°. ' 
. FOl' 11 general compari on of the ea e with which each elevator control, the curve of 
Figure 1 ,for L = 0. and a = 0., are useful, a each curve is typical of the family to which it belong. 
A compari on of the moment vel' U 0 curve for a=O, of Figure 1 , how the elevator hinge 
moment for Handley-Page lodel 2 to vary from two-third to one-half a much a for the 
eonventional plain flap type. Al 0 the hinge moment for ·Model 3 are een to average about 
one-fifth it much a for the conventional type. 

The relative lift value and the L / jJf ratios, where L = lift and .M = hinge moment, may be 
seen, f01~ a = 0°, in Figul'e 19. Although Model 3 show a very much greater L / M ratio than 
Model 2, ~uid for lllail elevator etting and tabilizer angle a uperiol'ity to the latter a a 
balanced ' eontrol urface, the un table condition at higher elevator ettings and tabilizer 
angles are 0 bj ectionable. 

Aerodynamical Laboratory, 
Bureau of Con truction and Repair, 

avy Yard, Wa hington, D. C. .May 7, 1927. 
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Angle of attack 
of stabilizer c< 

(degrees) +25 +20 

Model No.1: 0 _____ ___ 
-- -- ------- +2.182 + 5 __ __ ____ 
---------- - 2. 734 10 ____ ____ 
- -- -- - -- - -- 3.368 

15 ___ __ ___ ---- - ------ 3. 467 
+ 20 __ ___ ___ -- - -- -- - -- - +3.045 

Model No.2: 0 __ ____ __ +1. 131 +1. 149 + 5 ____ ___ _ 1. 529 1.811 10 ___ ____ _ 2. 018 2. 419 
15 ____ ___ _ 2. 922 3.049 20 ____ ____ 

+2.646 +2.736 
Model No.3: I 0 __ __ _______ __ ____ __ +1.159 + 5 ________ _____ _____ _ 1. 798 10 ______ __ 

- -- - --- -- - - 2. 293 
15 ____ ____ 

- -- - ------ - 2. 534 20 __ ______ 
- ------ -- -- +2.198 

Model No.4: 
0 ____ ____ 

--- - - - ----- +1. 407 
+ 5 ___ _____ 

----- - ----- 1.672 10 ___ ___ __ 
----- - ----- 1. 907 15 ______ __ 
- --------- - 2. 097 

+ 20 ________ ----- - ----- +2.043 
~- --

TABLE I 

Lift of Handley-Page stabilizer and elevator (pounds) 

(Air speed, 40 M . P. H.) 

Elevator setting to stabilizer (degrees) = 0 

+ 15 +10 +5 0 -5 

+1. 639 +1. 124 +0.505 -0.009 -0.511 
2. 434 1. 880 1. 307 +.809 +.299 
3. 198 2. 621 2.086 1. 598 1. 090 
3. 314 3. 012 2. 638 2. 286 1. 822 

+2.970 + 2. 795 +2.579 +2.374 + 2.114 

+1. 080 +.916 +.473 +.001 -.481 
1. 794 1. 602 1. 231 .721 +.204 
2. 491 2. 333 1.971 1. 473 .926 
3. 142 2.975 2. 609 2. 199 1. 649 

+2.877 +2.798 +2.645 +2.448 +2.029 

+1.200 +.831 +.434 -.003 - . 443 
1. 865 1. 536 1. 142 +.755 +. 325 
2. 619 2.291 1. 918 1. 563 1. 112 
2. 964 2.804 2. 530 2.211 1. 839 

+2.835 +2. 825 +2.588 +2.352 +2.125 

+1. 139 +.702 +.351 +.003 -.354 
1.641 1. 498 1. 135 .778 +.426 
2. 183 2. 269 1. 893 1.551 1. 212 
2. 468 2. 793 2.565 2. 275 1. 968 

+2.154 +2.678 +2.548 +2.390 +2.190 

-10 -15 

-1. 124 -1.644 
-.274 -.776 
+.564 +.095 

1. 387 .972 
+1. 802 + 1. 470 

-.921 -1. 077 
- .231 -.556 
+. 534 +.135 
1.288 .920 

+ 1. 717 +1. 451 

-.829 -1.200 
-.159 -.519 
+ .740 +.369 

1. 495 .991 
+ 1. 862 + 1. 410 

-.783 -1. 165 
.000 -.356 

+.771 +.398 
1. 548 1. 066 

+1.901 + 1. 514 

- 20 

-2.174 
1. 294 

-.457 
+.437 

+1. 104 

-1. 157 
-.610 
+.054 

.675 
+1. 083 

-1. 221 
-.376 
+.238 

.677 
+1. 069 

-1. 418 
-.538 
+.133 

.580 
+1. 062 

-25 

----- - - - ---
-----------
-------- - - -
-- ---------
-----------

-1. 131 
. 685 

-.025 
+.608 
+.710 

-----------
------ - ----
-----------
-----------
-----------

-----------
-----------
-----------
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Angle of attack 
of stabilizer a 

I (degrees) +25 +20 +15 

I 

Model No.1: 
0 _______ ----------- O. 254 0.170 

+ 5 _______ ----------- .426 .356 10 _______ 
----------- .720 .646 

15 _______ ----------- 1. 173 1. 096 +20 __________________ 1. 458 1.373 
Model No. 2: 0 _______ O. 314 .209 .144 + 5 _______ .438 .338 .252 10 _______ .618 .546 .457 15 _______ 1. 091 .994 .880 

+20 _______ 1. 398 1. 330 1. 241 
Model No.3: 

0 _______ 
----------- .189 .110 

+ 5 _______ - ---------- .292 .229 
10 _______ 

- ---------- .532 .467 
15 _______ 

----------- .948 .888 
+20 _______ ----------- 1. 287 1. 257 

Model No.4: 
0 _______ ----------- .228 . 121 

+ 5 _______ ------ --- -- .345 .229 10 _______ 
-- - -------- .531 .426 

15 _______ 
----------- .966 .850 

+20 _______ ----------- 1.371 1. 169 
--------

TABLE II 

Drag of Handley-Page stabilizer and elevator (pounds) 

(Air speed, 40 M. P. H.) 

Elevator setting to stabilizer (degrees) =0 

I +10 I +5 I 0 -5 

I 

I 0.092 0.045 O. 028 O. 044 
.210 .123 .077 . 045 
.462 

I 
.325 .227 .155 

.892 .737 .567 .463 
1. 237 1. 078 .940 .819 

.085 .046 .037 .048 

.185 .120 .079 .046 

.371 .279 .183 .117 

.752 .615 .478 .352 
1. 118 1. 003 .855 .723 

I 
.074 .046 .039 .044 
.178 .109 . 084 .061 
.371 .286 I .229 .158 
.758 .654 .565 .460 

1. 126 1. 009 .910 . 811 

.068 .056 .044 .059 

.164 . 126 . 093 .069 

.357 .285 . 230 .174 

.732 .630 .510 .477 
1. 100 1.013 .930 . 848 

-10 -15 -20 

O. 090 O. 160 O. 247 
.052 .068 .124 
.090 .084 .082 
.378 .298 .217 
.699 .624 .520 

.089 .140 .201 

.051 .072 .126 

.097 .084 .113 

.287 .233 . 225 

.636 .559 .483 

.073 .109 .189 

.060 .075 .162 

.128 .103 .159 

.371 . 288 .287 

. 599 .501 .484 

.065 .114 .228 

.054 .085 . 165 

.121 .119 .169 

.383 .304 .287 

.743 .657 .572 

. 

-25 

------------
------------
------------
------------
------------

O. 317 
.222 
. 183 
.263 
.458 

-- --------- -
------------
------------
------------
------------

------------
------------
------------
--------- - --
------------
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TABLE III 

Absolute lift coefficient, eL , for Handley-Page stabilizer and elevator 

(Air speed, 40 M. P. H.) 

Elevator setting to stabilizer (degrees) =0 
Angle of attack 
of stabilizer IX - , - - ----:-, --- --;------1 

(degrees) +25 +20 +15 +10 +5 0 -5 -10 -15 -20 -25 

1------1-----1----1-----1-----1-----1-----1 1-

Model No.1: I 
0 __________________ +0.7100 +0.5333 +0.3657 +0.1643 -0.0029 -0.1663 -0.3657 -0.5350 -0.7074 ___________ _ 

+ 5_______ ______ ___ __ .8896 . 7920 .6118 .4253 +.2632 +.0973 -.0892 -.2525 .4211 ___________ _ 
10 _______ ___________ 1. 0959 1. 0406 .8529 .6788 .5200 .3547 +.1835 +.0309 -.l487 ___________ _ 
15_______ __ _________ 1. 1282 1. 0784 .9801 .8584 .7439 .5929 .4513 .3163 +.1422 ___________ _ 

+20_______ __ _________ +.9908 +.9664 +.9095 +.8392 + .7725 +.6879 +.5864 +.4783 +.3592 ___________ _ 
Model No.2: I I 

0 _______ +0.3711 +.3770 +.3544 +.3006 +. 1552 +. 0003 - -.1578 -.3022 -.3534 -.3796 -0.3711 
+ 5_______ .5017 .5942 .5886 .5256 .4039 .2366 I +.0669 -.0758 -.1824 -.2002 .2248 

10_______ .6621 .7937 .8173 .7655 .6467 .4833 .3038 +.1752 +.0443 +.0177 -.0082 
15__ _____ .9588 1. 0004 1. 0310 .9762 .8561 .7215 .5411 .4226 .3019 .2215 +. 1995 

+20_______ +.8682 +.8977 +.9440 +.9181 +.8679 I +.8032 +.6658 +.5634 +.4761 I +.3554 +.2330 
Model No.3: 

0 _______ ----------- , +.3803 +.3937 I +.2727 +.1424 -.0010 -.1454 -.2720 -.3937 -.4006 ___________ _ 
+ 5 __________________ 1 .5900 .6119 .5040 .3747 +.2477 +.1066 -.0522 -.1703 -.1234 -- -------- --

10 _______ --_________ .7524 .8593 .7517 .6293 .5129 .3649 +.2428 +.1211 +. 0781 ___________ _ 
15_______ _______ ____ .8315 .9725 .9200 .8301 .7255 .6034 .4905 .3252 .2221 ___________ _ 

+20_______ ___________ +.7212 +.9302 +.9269 +.8492 +.7717 +.6973 +.6110 +.4626 +.3508 ___________ _ 
Model No.4: 

0 _______ ----------- +.4617 +.3737 +.2303 +.1152 1 +.0010 -.1162 -.2569 -.3823 -.4653 ____________ 1 

1 + 5 _______ ----------- .5486 .5384 .4915 .3724 .2553 +.1398 .0000 -.1168 -.1765 ___________ _ 
, 10 _______ -__________ .6257 .7163 .7445 .6211 .5089 . . 3977 +.2530 + .1306 +.0436 ___________ _ 

15______ ____________ .6881 .8098 .9164 .8416 .7465 .6457 .5079 .3498 .1903 ___________ _ 
+20_______ ___________ +.6703 +.7068 +.8787 +.8360 +.7842 +.7186 +.6238 +.4968 +.3485

C
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Angle of attack I 

of stabi lizer IX 

(degrees) 
+25 + 20 

Model No.1: 0 _______ 
------- - --- 0.0827 

+ 5 ___ ____ 
----------- . 1386 

10 _______ 
----------- .2343 15 __________________ .3817 

+20 _______ 1 _______ __ __ .4744 
Model No.2: I 

0 _______ 

1 

0. 1030 . 0686 
+ 5___ ____ .1437 .1109 

10_______ .2028 . 1791 
15_______ .3580 .3261 

+ 20 ___ __ __ 

1 

.4587 .4364 
Model No.3: 

0 __________________ . 0620 
+ 5 __________________ . 0958 

10 _______ 
----------- .1746 

15 _______ 
----------- .3111 

+ 20 _______ ----------- .4223 
Model No.4 : 

0 _______ 
----------- .0748 

+ 5 _______ 
----------- . 1132 

10 _______ 
----------- . 1742 

15 ____ __ _ 
----------- .3170 

+ 20 _______ 
----------- . 4499 

TABLE IV 

Absol'ute drag coefficient, CD, for H andley-Page stabili zer and elevat01' 

(Air speed, 40 M, p , n.) 

Elevator setting to stabilizer (degrees) = 5 

+ 15 + 10 +5 0 ~1_- 10 

O. 0553 0. 0299 O. 0146 O. 0091 O. 0143 0.0293 
. 1158 .0683 . 0400 . 0251 . 0146 . 0169 
.2102 .1503 . 1058 .0739 . 0504 . 0293 
.3566 .2903 .2398 . 1845 . 1507 · 1230 
.4468 .4025 .3508 .3059 .2665 .2275 

. 0472 .0279 . 0151 . 0121 . 0157 .0292 

. 0827 . 0607 .0394 .0259 . 0151 . 0167 

. 1500 . 1217 .0915 . 0600 .0384 .0318 

. 2887 .2467 .2018 .1568 . 1155 . 0942 

.4072 .3668 .3291 . 2805 .2372 .2087 

. 0361 . 0243 . 0151 . 0128 . 0144 . 0240 

. 0751 . 0584 . 0358 .0276 .0200 · 0197 

. 1532 . 1217 . 0938 .0751 .0518 .0420 

.2914 .2487 . 2146 .1854 . 1509 · 1217 

.4124 .3695 .3311 .2986 .2661 · 1965 

. 0397 . 0223 .0184 . 0144 .0194 . 0213 

. 0751 . 0538 . 0413 . 0305 . 0226 · 0177 

. 1398 .1171 . 0935 . 0755 . 0571 .0397 

.2789 .2402 . 2067 .1870 .1565 · 1257 
. 3836 .3609 .3324 .3052 1 .2782 .2438 

- 15 - 20 

O. 0521 O. 0804 
. 0221 . 0403 
. 0273 . 0267 
. 0970 . 0706 
.2030 . 1692 

. 0459 .0660 

. 0236 . 0413 

. 0276 . 0371 

.0765 . 0738 

. 1834 . 1585 

.0358 . 0620 

.0246 . 0532 

. 0338 .0522 

.0945 .0942 

. 1644 . 1588 

. 0374 . 0748 

. 0279 . 0541 

.0390 .0555 

. 0997 .0942 

.2156 .1877 

- 25 

------------
------------
.------------
------------
------------

0. 1040 
. 0728 
. 0600 
. 0863 
. 1503 
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------------
------------
------------
------------
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------------
------------
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Angle of attack 

+ 25 _+ 20_1 
+ 15 

- ----------- + 8. 60 + 9.64 
- ----------- 6. 42 6.84 
- ----------- 4. 68 4. 95 
- ----------- 2. 96 

I 
3. 02 

- ----------- + 2.09

1 

+ 2. 16 

+ 3.61 + 5.50 + 7.50 
3. 49 5.36 7.12 
3.27 4. 43 5.46 
2. 68 3. 07 3. 57 

+ 1. 89 + 2.06 + 2. 32 

- ----------- + 6. 14 + 10. 91 
- ----------- 6. 16 8. 14 
- ----------- 4. 32 5.61 
- ----------- . 2.67 3.34 ' 
- ----------- + 1.71 + 2.26 

- ----------- + 6.18 + 9.42 

~ =~=========I 
4.85 7.17 
3. 59 5.13 

= ===========1 

2. 'l7 2. 90 
+ 1: 49 + 1. 84 

I 

TABLE V 

Li/t /dmg JOI' Handley-Page stabilizer and elevator 

(Air speed , 40 M . P. D .) 

Elevator setting to s tabilizer (degrees) = 0 
- --

+ 10 + 5 0 - 5 - 10 

-- -I 

+ 12. 22 + 11. 22 - 0.32 - 11. 61 - 12.50 
8.96 10. 63 + 10.51 + 6.65 - 5.27 
5.68 6. 42 7.04 7.04 + 6.27 
3. 38 3.58 4.03 3.94 3. 67 

+ 2. 26 

I 
+ 2. 39 + 2,,1 53 + 2. 58 + 2.58 .... 

+ 10.78 + 10.28 +. 03 - 10.02 - 10.35 
8.66 

I 
10.25 9. 13 + 4.44 - 4.53 

6.30 7. 07 8. 06 7.91 + 5.51 
3. 96 4·U 4. 60 4.69 4. 49 

+ 2.50 + 2~ 64 + 2.86 + 2.81 + 2.70 

+ 11. 23 + 9.44 -. 77 - 10. 06 - 11. 35 
8.64 10.48 + 8.99 + 5.33 - 2.65 

. 6.18 6.71 6. 83 7.04 + 5.78 

. 3.70 . 3.87 3. 92 4.00 4.03 
+ 2.51 + 2.56 + 2.59 + 2. 62 + 3.11 

+ 10.32 + 6.28 + .07 - 6.00 - 12:-05 
9. 14 9. 01 8. 37 + 6. 18 O. 00 
6.36 6.64 6. 75 6. 97 + 6.37 
3 .. 82 4.07 4. 00 4.13 4.04 

+ 2. 43 + 2.51 + 2.57 + 2.58 + 2: 56 

- 15 - 20 

- 10. 27 - 8.81 
- 11. 41 10. 43 

+ 1. 13 - 5.58 
3. 26 + 2.02 

+ 2. 36 + 2.12 

- 7.70 - 5.76 
- 7. 72 - 4. 84 
+ 1. 61 +. 48 

3.95 3.00 
+ 2.60 + 2. 24 

- 11. 00 - 6.46 
- 6.92 -2.32 
+ 3.58 • + 1. 50 

3. 44 2. 36 
+ 2.81 + 2.21 

- 10.22 - 6.22 
- 4. 19 - 3. 26 
+ 3.34 +. 79 

3. 51 2. 02 
+ 2.31 + 1. 86 

- 25 

__________ J 
------------
- - ------- - --
------------
---- -- ------

- 3.57 
3. 09 

- .14 
+ 2.31 
+ 1.55 

----------_ .. 
------------
------ - -----
------------
------------

------------
------------
------------
- -----------
-_._---- - ----
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a* --

+ 25 + 20 

Model No.1: 

TABLE VI 

Lift coe.Uicient , K ., fOT Handley-Page stabiiizer and elevat01' (Lb./Jt.3/mi.2jhr.2) 

(Air speed 40 M . P . n .) 

Elevator setting to stabilizer (degrees) = ~ 

+ 15 + 10 + 5 
I 

0 I 
- 5 - 10 

---
- 15 

0 ______ . ___________ + 0. 001818 + 0.001365 + 0.000936 + 0. 000421 - 0. 000007 - 0.000426 - 0.000936 - 0. 001370 
+ 5 _______ 

----------- .002277 . 002028 . 001566 .001089 +. 000674 +. 000249 -. 000228 -. 000646 
10 _______ 

----------- . 002806 .002664 . 002183 .001738 .001331 . 000908 + .000470 +. 000079 15 _______ 
----------- .002888 . 002761 .002509 . 002198 .001904 · 001518 . 001155 .000810 

+ 20 _____ __ ----------- +. 002536 +. 002474 +. 002328 
Model No . 2: 

+. 002148 +. 001978 + . 001761 +. 001501 +. 001224 

) ------- + 0. 000950 +. 000965 +. 000907 +. 000770 + .000397 +. 000001 - .000404 -. 000774 -. 000905 
+ 5 _______ . 001284 . 001521 .001507 .001346 .001034 .000606 +. 000171 -. 000194 -. 000467 

10 _______ .001695 .002032 .002092 . 001960 .001656 · 001237 . 000778 +. 000449 +. 000113 15 _______ . 002455 . 002561 ' .002639 .002499 .002192 .001847 · 001385 . 001082 . 000773 
+ 20 _______ +. 002223 +. 002298 +. 002418 + .002350 + .002222 + .002056 + .001704 +. 001442 +. 001219 

Model No.3: 
0 _______ 

----------- + .000974 + .001008 +. 000698 + .000365 -. 000003 - .000372 - .000696 - . 001008 
+ 5 _______ ----------- . 001510 . 001566 .001290 .000959 +. 000634 + .000273 -. 000134 - .000436 

10 _______ ----------- .001926 .002200 . 001924 .001611 · 001313 . 000934 +. 000622 + . 000310 15 _______ 
----------- ' . 002129 . . 002490 . . 002355 .002125 · 001857 .001545 . 001256 .000833 

+ 20 _______ ----------- +. 001846 +. 002381 +. 002373 +. 002174 + . 001976 +. 001785 +.,001564 + .001184 
Model No . 4: 

+ .006590 +. 006003 0 _______ 
----------- +. 001182 +. 000957 +. 000295 -. 000297 -: 000658 -. 000979 

+ 5 _______ 
----------- . 001404 . 001378 .001258 .000953 . 000654 + .000358 .000000 - .000299 

10 _______ ----------- . 001602 . 001834 . 001906 .001590 .001303 · 001018 . 000648 +. 000334 
15 _______ 

----------- .001762 . 002073 .002346 .OQ2154 · 001911 · 001653 .001300 . 000895 
+ 20 _______ 

----------- +. 001716 +. 001809 + .002249 + .002140 +. 002008 +. 001840 +. 001597 + .001272 
~ 

~ - .. 

*aod angle of attack of stabilizer (degrees). 

-----

- 20 - 25 

- 0. 001811 ------------
.001078 ------------1 - . 000381 ---- -- ------

+ .000364 ------------
+ .000920 ------------

- .000972 - 0. 000950 
-. 000513 .000575 
+ .000045 -. 000021 

. 000567 +. 000511 
+ . 000910 + .000596 

-. 001026 ------------
-. 000316 ------------
+. 000200 ------------

.000569 ------------
+ .000898 ------------

-.001191 --.----------
-. 000452 ------------
+. 000112 ------------

. 000487 ------------
+ .000892 ------------
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TABLE VII 

Drag coe.Uicient, K %, for Handley-Page stabili zer and elevator (lb. /ft. 2/mi.2/hr.2) 

a* 
+ 25 + 20 

Model No.1 : I 0.0002117 0 ______________ __ _ 
+ 5 _______ --- ________ 1 

10 _________________ _ 
15 _______ ------- ----

+ 20 ______ _ ________ __ _ 
Model No.2: 0 ______ _ 

+ 5 ______ _ 
10 ______ _ 
15 ______ _ 

+ 20 ______ _ 
Model No.3: 

O. 0002637 
.0003679 
. 0005192 
. 0009165 
.0011743 

0 _______ -- ________ _ 
+ 5 _______ ------- - ---

10 _______ -----------
15 _______ -----------

+ 20 _________________ _ 
Model No.4: 

0 ___ ____ -----------+ 5 _______ -- ________ _ 
10 __________ __ _____ _ 
15 ______________ ___ _ 

+ 20 _________________ _ 

.0003548 

.0005998 

.0009772 

.0012145 

.0001756 

.0002839 

.0004585 

.0008348 
· 0011172 

. 0001587 

. 0002452 

. 0004470 

.0007964 

. 0010811 

· 0001915 
. 0002898 
. 0004460 
.0008115 
· 0011517 

-

+ 15 

0. 0001416 
. 0002964 
.0005381 
. 0009129 
. 0011438 

.0001208 

. 0002117 

. 0003840 

. 0007391 

.0010424 

. 0000924 

. 0001923 t 

. 0003922 

.0007460 

. 0010557 

. 0001016 

.0001923 

. 0003579 

.0007140 

.0009820 

*a=angle of attack of stabilizer (degrees) . 

(Air speed, 40 M. P . lI.) 

Elevator setting to stabilizer (degrees) = 0 

+ 10 + 5 0 ! - 5 I - 10 t -15 

I 

0.0000765 0.0000374 0.0000233 O. 0000366 0. 0000750 O. 0001334 
. 0001748 .0001024 .0000643 . 0000374 .0000433 . 0000566 
. 0003848 .0002708 .0001892 . 0001290 .0000750 . 0000699 
· 0007431 . 0006139 . 0004723 .0003858 .0003149 . 0002483 
. 001030-1 .0008980 . 0007831 .0006822 . 0005824 . 0005197 

· 0000714 .0000387 . 0000310 .0000402 .0000748 .0001175 
.0001554 .0001009 .0000663 . 0000387 .0000428 . 0000604 
. 0003116 . 0002342 · 0001536 . 0000983 .0000814 . 0000707 
.0006316 .0005166 . 0004014 .0002957 .0002412 . 0001958 
. 0009390 . 0008425 . 0007181 .0006072 1 . 0005343 ' .0004695 

. 0000622 . 0000387 . 0000328 .0000369 · 0000614 '. . 0000916 

.0001495 . 0000916 .0000707 . 0000512 I .0000504 . 0000630 

. 0003116 .0002401 \ .0001923 .0001326 .0001075 . 0000865 

. 0006367 . 0005494 . 0004746 .0003863 · 0003116 .0002419 

. 0009459 . 0008476 ." 000764-1 . 0006812 . 0005030 .0004208 

· 0000571 . 0000471 . 0000369 .0000497 .0000545 . 0000957 
. 0001377 .0001057 .0000781 .0000579 .0000453 .0000114 
. 0002998 .0002394 · 0001933 . 0001462 · 0001016 . 0000998 
. 0006149 .0005292 · 0004787 .0004006 .0003218 1 . 0002552 
.0009239 . 0008509 · 0007813 I .0007122 . 0006241 . 0005519 

-_._----

- 20 -25 

0. 0002058 ------------
.0001032 ------------
. 0000684 ------------
. 0001807 ------------
. 0004332 ---- -- -- - ---

.0001690 O. 0002662 

. 0001057 . 0001864 

. 0000950 . 0001536 

. 0001889 .0002209 

.0004058 .0003848 

. 0001587 ------------

. 0001362 ------------

. 0001336 ------------

. 0002412 ------------

. 0004065 ------------

. 0001915 ------------

. 0001385 ------------

.0001421 ------------

. 0002412 ------------

.0004805 --- ---------
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Angle of attack 
of stabilizer a; 

(degrees) 

:-lodel No.1: 

25° 

0 _________________ _ 
5 _________________ _ 

10 _________________ _ 
15 _________________ _ 
20 _________________ _ 

:\1 odel No.2 : 
0 ______ _ - 0.260 
5 ______ _ -.324 

10 ______ _ -.355 
15 ______ _ -.407 
20 ______ _ -.407 

:-lodel No . 3: 

g======= ===========1 10 __________________ 1 

15 ___________ ~ _____ _ 
20 _________________ _ 

Model NO.4: 

20° 

- 0.412 
-.384 
- .398 
-. 514 
-. 537 

-. 199 
-.220 
- .251 
-. 339 
-. 358 

-. 059 
- .137 
-. 196 
-. 201 
-.201 

TABLE VIII 

Elevator hinge moments for Handley-Page control surfaces (lb . in.) 

15° 10° 

- 0.301 -0.199 
- .272 -. 195 
-. 310 -.225 
-. 444 -.367 
-. 478 -.418 

-.151 -. 109 
-. 161 - .105 
-. 191 - .129 
- .288 -.223 
-. 317 -.263 

-. 027 - .050 
- .039 -.039 
-. 087 -.061 
- .160 -. 117 
- .181 -. 144 

(Air speed, 40 M. P. H.) 

Elevator setting to stabilizer (degrees) = 0 

5° 

- 0.129 
-. 116 
-. 143 
-. 284 
- .350 

-. 064 
-. 057 
-. 063 
-. 154 
-. 204 

-. 029 
-. 023 
-.035 
-. 075 
-. 107 

0° 

0.000 
-. 029 
-. 059 
-. 193 
-. 278 1 

.000 
- .011 
- .017 
- .088 
-. 146 

.000 
+. 004 
-. 006 
- .034 
-. 069 

- 5° 

+ O. 129 
+. 106 
+ .044 
- . 100 
- . 199 

+. 064 
+ . 055 
+ . 044 
-. 025 
-. 089 

. 029 

. 034 
+ .024 
+. 006 
- .029 

-10° 

O. 199 
. 159 
. 126 

- .007 
- .118 

. 109 

. 093 

.088 
+. 035 
-. 034 

.050 

.049 
+. 046 

.039 
+. 011 

I 
- 15° 

n 301 
.~1 
. ~5 

+.~2 
- .003 

· 151 
· 123 
· 120 
. 081 

+. 019 

.027 
+ .009 
-. 006 
+. 015 
+ .007 

-20° 

+ 0.412 
+. 367 
+. 333 
+. 231 
+. 102 

. 199 

.173 

. 163 

.108 

. 046 

+. 059 
+ .099 
+. 022 
- .087 
-. 073 

-25° 

+ 0. 260 
+. 240 
+. 205 
+. 079 
+. 025 

~~~~~~~~~~~~I 
0 __________________ 1 +. 196 . 142 I .030 +. 003 .000 -. 003 -. 030 - .142 - .196 ------------
5 _____________________________________________________ ___________________________________________________________________________ _ 

10 __________________ 1 - . 019 + .062 .045 . 033 . 038 . 039 +. 016 - .176 -. 190 ------------
15 ______________________________________ __ __________ __ __________________________________________________________________________ _ 
20_______ ___________ +. 010 .028 . 031 .052 .067 . 087 +. 075 - .012 -. 181 ___________ _ 
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TABLE IX 

Slope, m , oj CI- curves for elevator s~ttings between + 100 and -100 jor Handley-Page stabilizer and elevator 

Elevat or setting to stabilizer ~ (degrees) 

A<1=5° in each case. Air speed, 40 M . P H. 

Model No.1 

6CL 

Slope
C 6 I

m = 6a 

Model No. 2 

6CI-

Slope 
LlCI

m = 6<> 

Model No. 3 

.:ICL 

Slope 
6CI

m = .:Ia 

,-----I------------! 

+ 10 _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ O. 246 ' O. 0492 I' O. 232 O. 0464 
+ 5- ------------.---------------------- .255 . 0510 .248 .0496 

0. 227 
.230 
. 245 
. 258 

0.0454 
.0460 
.0490 
. 0516 - 5- ----------------------------------- .259 . 0518 .228 .0456 

o _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 260 . 0520 I . 241 . 0482 

- 10 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 273 . 0546 . 232 . 0464 - - - - - - - - - - - - - - - - - - - - - - --

l\lodel No.4 

6CI-

0.26U 
.255 
. 258 
.256 
. 256 

-----

Slope 
6Cl-m=--
6a 

0.0520 
.0510 
.0516 
.0512 
.0512 

Average slope _______________________ ------------[ .0517 / ____________ 1 . 0472 ------------ .0480 1------- -----: .0514 
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Axis 

z 
t . 

a 
\ 
\ 
\ 
\ , , , 
I 
I 

y/" " ' - -- --~x 
'i' 

Positive directions of axes and angles (forces and moments) are shown by arrows 

l\Ioment about axis Angle Velocities 

Force 
(parallel 

Linear to axis) Sym- D esigna- Svm- P ositive Designa- Sym- (compo-Designation bol symbol tion bol direction tion bol nentalong Angular 
axis) 

LongitudinaL __ X X rolling _____ L Y--.Z roll _____ _ 4> u p LateraL _______ Y Y pitching ____ M Z--.X pitch _____ e v q NormaL __ ____ Z Z yawing _____ N X--.Y yaw _____ 'l' w r 

Absolute coefficients of moment 

L M N 
OL= qbS OM=qcS ON= qfS 

Angle of set of control surface (relative to neu
tral position), o. (Indicate surface by proper 
subscript. ) 

D, Diameter. 
Pe, Effective pitch 
Po, Mean geometrio pitch. 
Ps, Standard pitch. 
pv, Zero thrust. 
pa, Zero torque. 
p/D, Pitch ratio. 
V', Inflow velocity. 
Vs, Slip stream velocity. 

4. PROPELLER SYMBOLS 

T, Thrust. 
0, Torque. 
P, Power. 

(If (( coefficients" are introduced all 
units used must be consistent.) 

7], Efficiency = T VIP. 
n, Revolutions per sec., r. p. s. 
N, Revolutions per minute., R. P. M. 

q>, Effective helix angle = tan-1 (~) 
21Trn 

5. NUMERICAL RELATIONS 

1 HP=76.04 kg/m/sec. =550 lb. /ft./sec. 
1 kg/m/sec. =0.01315 HP. 

1 lb. = 0.4535924277 kg. 
1 kg = 2.2046224 lb. 

1 mi./hr. =0.44704 m/sec. 
1 m/sec. =2.23693 mi./hr. 

1 mi. = 1609.35 m = 5280 ft. 
1 m = 3 .2808333 n. 


