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Section 1.

OBJECT OF INVESTIGATICN

The object of this inveostigation is to make
a oomplete test in the wind tunnel of a large ngmber
of biplane combinations having different proporitions
of staggor and gap/chord. ratio, to derive a thoroughly
acocurate and éystematic set 0f biplane correotion fac-
tors from the results so obtained,and to verify the
accuracy of the formulae from Munk's "General Biplane
Theory® (ref. 9) by caloculating co rreéponding results

from them.



SECTION II.

REVIEW OF THE SUBJECT

The effects of biplane combinations on the aerodynamic characteris-—

. tics.of airfoils have been.}mown in 2 general way for several years, but
such ,imowledge as exists is based on scanty experimental data énd on a
’cheory which still lacks that exactitude of prediction necessary to win
for it the authority of physical law, We shall reviev the theoretical and
experimental sources of this kmowledge in turn.

From the theoretical standpoint the effects of biplans combinations

‘are bound up with the whole aercdynamieal theory of airfoils. The only
general theory deazling with the subject is the vaxtex .theozzy-, which Lan-

» chester in IEngland first boldly applied as an explanation of the 1ift of

wings, over Wenty years ago, and by whicl'z he worked out va fairly complsets

descrip tive account of the mechonism. Xutta in Germany and Joukowsky in

Russia developed the mathemstical details of the circulation fér wings of
infinite aspsct ratio, i.e., of negligible end-effect, Then the whole
schcv)-ol of Gernxa.;l aerod;ynamiéists, headed by Pra.nd.tl,. took up the further
theory oi"‘the effects caused by the trailing voi'tices, .usually embodying
their ‘~cogi tations. in exact mathematical language. In »1922, Mk, (ref. 1)

. also of the German school, made a quidé complete application of the theory
to biplanes, the previous work having been more or less restrieted to ilon-
0planeé. The result 1s we now have a truly physical theory of the aero-
dynamics of airfoils, expregsed in exact mathematical forrq, and capable
of making some quite good predictiomns.

| But although this theory is invalueble for the way in wiaich it 1i1lu~
minates part of the mechanism ﬁehiﬁd the phenomena, it is still embryonicy

it retains too many simplifying assumptions in its foundation, and must



yej; be worked out in greater detail before it will be adequate for obtain-
ing exact numerical 1nf9rmation. For instance, good agreement between
theoret ical and experimental values 1s restricted to about 8° of the or-

| diﬁary flying range. The theor& cannot predict maximm 1lift, or the fly-
'ing range; and although the mechanism of the induced drag has been care-
fully worked out, that of the remaining part of the drag has not been
elucidated with the same definiteness., In short, few calculations from
the theory are now capable of being used as a routine method in the design
room and dfawing office.

On the%dtﬁer hand when we examine the empirical knowledge by which
the airplane designer might predict the aerodynamical cdefficients of bi-
planes, our satisfaction is not mch greater. The only published data of
this kind which we have been sble to espy are incorporated in references
1 to 7, 81l of which only comprise wind twmnel tests on twelve biplane
combinations of zero stagger and different gap chord ratios, and. on gix
biplane combinations having mi sce 11ane aus stazger and gap chord ratios.
These tests were performed by six different e&:periménters working in
four different wind tunnels, each operating at & different wind speed,
and the biplane models enbodied five different types of é’irfoil ranging
in size from 18" x 2",65 to 33".6 x 6", A comparison between the various
resul ts would bc; interesting, but & direct comparison is remdered impossi-
ble by the fact thét wit‘hfwo exceﬁtions no biplane combination with the
same stagger and gap chord ratio was test;ed by different 'e@erimentérs{

- In Sectlion VII we shall make a detailed comparison bétween our own results
and these previous results. So suffice it heré to say that the gist of

the p.revious work was & fairly good determination of the effect of gap



chord ratio variation on 1ift, drag, end lift drag ratio, at zero stagger.
Part of this data was summsrized in "biplane correction factors" b&
which the‘ aerodynamic coefficients of the airfoii as a monOplaﬁe must be
mul tiplied in order to obtain the corresponding biplane coefficients,
Practically ro biplane carrection factors were available to show how
variation of the gap chord ratio at zero stagger would effect the moment
and center of pressure coefficients, or the distribution of load between
the two wings; and no correction fac’ﬁors were available to di;close how
variation of stagger at various gap chord ra.ﬁ ios would effect the 1ift
drag ratio or the lift; drag‘, moment, and center of pressure coefficients,
Having thus bi-iefly roviewed our subject it seems that at the presext
time the airplane designer can neither obtain from previcusly published
experimental data or from theory, kmowlelge of the aerodynamic coefficients.
of biplanes commenswrate in accuracy with that available for monoplanes,
Ve therefore propose to make a co@l eto test iﬁ the wind tunnel of a
large number of biplane combinations, from gap choxrd ratio equal 0.50 to
2,00, and fram stegger eqmi ~40% to 4607, For each biplane combination
we shall determine 1ift coefficients, drag coefficients, 1ift drag ratios,
moment coefficieﬁts, ard oenter of presswe coefficients, for angles of
attack from -6° to {-200. We shall then use this data (1) to verify the
gecuracy of var ious.biplane, formulas taken from Munks "General Biplane
The wy" (ref. 1)}, which represents fhe application of the vortex theory
to biplanes; and (2) to calculate biplane ¢ arrection factors at equal
values of the 1ift coefficient for drag coefficient, 1ift drag ratio,
moment coefficient, and center of pressuré coefficient, and also biplane
”correction factors for the maximun 11ft coefficient, minimum drag co-
efficient, maximum 11ift drag ratlio, and for thé distributibn of total

 1ift end drag between the two _wings.



It is desirable to calculate the coriection fectors by comparing bi-
plane with monoplane results at the same 1ift coefficient instead of at
the same angle of.attack; because from the standpoint of the designer
the weight of the airplame is the primery quentity known, and from the
standpoinf of the vartex theory the 1ift coefficient instead of the angle
of attack is teken as the independent variable because all formulae are
thereby simplified, emd it is egsief to caloulate the angle if the 116t
coefficient is given, than the 1ift coefficient if the angle is given.

In order to make thess comparisons-at equal 1ift coefficient it will be
necessary first to plot all of our date, because in wind tuunel tests
the angle of attack 1s the primary quantity and the 1ift is measured

af terwards.

After having tested the veracity of the theoretical biplane formulae,
anl caleculated correction factors from our data, we hope to be able in
‘the statement of our conclusions

(1) to ind icate which formulas reﬁresenta the facts with sufficient
socuracy to be immed iately used as & routine method in the design room,
and

(2) to present one or two smell charts which shell summarize all the
correotion factors for biplane combinations fran gap chord ratio equal

0.50 to 2,00 and stagger equal -40% to $50%,



Section IIl.

DESORIETION OF AEPARATUS

A1l of the tests were caducted in the M,I.T. 4'0 wind twmel,
with the N.P.L. type balance,at a wind veloc ity of 40.0 m.p.he The
standard apparatus of the wind tunnel was usged for testing each air-
foil as a monoplane, iamd for niounting the two biplane corbinations
in which each wing wé§ tested separately in the presemce of the in-
terference of the other, |

Each of ‘che remaining combinat ions wes tested as a bipleone unit,
and for this purpose we developed the type of mounting &llustrated
by Photos 1 and 2, end Plates 1 and 2., The canplete"biplane struct-
wre, consisting of balawse crosshead; 2 spindles, 2 airfoils, and
one strut-, is shown in Photo 1. The balance crosshead and spindles
 are shown in complete detail by Plates 1 and 2. So suffice it to say
that the crosshead was designed to screw into the balmce head in
rlace of the regular chucX for mowmt ing monoplanes, and was equipped
with all the gedgets necessary to alisn it transverse to the wind
tunnel axis, to hold the two spindles fimly in aligument, and to
quickly and accurately adjust the distance between ﬁheii- axes and
the balance axis. In the llethod of Procedwre, p. {4, the méthod of
mounting is deseribed., All parts of the crosshesd were ¢ anstructed
of brass, with the exception of the check (7), the two slider rods |
(5), and the spindles {2), which were of mild éteel.

| The airfoil models were of aluminum, 18" x 3%, accuratse to
0",0015, TFor the purpose of hdlding the two airfolls rigidly spaced

at their wpper em, three different lengths of strut were employed,
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PHOTO 1I.

THE BIPLANE STRUCTURE

Composed of balance crosshead,
spindles, airfoils, and strut.



PHoOoTO 2.

BIPLANE MOUNTED IN WIND LTUNNEL

Balance crosshead protected
from wind by discoid case.

7
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ivhich'we slall refer to as the long, medium, ond short struts. Tach
strut was constructed of brass, vas prong-shaped throwhout half of
its length, and was filal into a stream~line form, as far as possible,
When a given strut had been attached to the biplene by means of two
round-headed screws, the prong part of the strut was filled in with
pubtty in ader to decrease the resistance. This was also done of
course when the effective resistance of the strut was measured separate-
1y

It was found that the resistance of the balance crosshead was of
the same order as that of the biplané model itself, so it was fowd
desirable, in order to obtain more accurate values for the biplane
drag, to protect the crosshead fran the wind stream by means of some
kind of a case., For this purpose we utilized a Cello hot watter
bottle, whi;:h provided ﬁs with a hollow metal case, of discoid shoe, |
10%,5 in diameter by 2%.0 maximum thicimess, which we shall hereafter
refer to &s the "discoid case.” Trom the top of the discold case a
cirgular cover 8".0 in diameter was cut, and with the excep tion of.
i%J' at its center it w&é slotted across one of its diameters, The
béttom of the discoid case vas attached to the ton of the falrwaler
through which the balamce head projected, and the cover v.*aé atteched
to the central ﬁlaok (8) of the balmce crosshead. The bobtan thus
remained stationary while the cover rotated with the crosshead, and
the siots in the cover permitted the distamce bétween the spindles to -

be varied, The method of utilization is evident fran Photo 2, which

shows a biplane .combinat ion mownted in the wind twmnel;, with the bal-

ance orosshead protected from the wind by the discoid case.,
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Seetion 1V,

VETHOD OF PROCEDURL

‘Each of the two U,S.A. 27 airfoils was tested twice as a mono-
plane, and the average (p. s03) teken as the standard to which to
apply biplane correction factors,

The upper and lower wing of two biplane conmbinations were then
tested separately, in the presemce of thé interfererce of the other,
at G = 1,00 and 1.67, and stagger = O (ppwwses). It was originally
1ntended to test all the biplane combinations in this wey, but the
vibration of the two airfoils, due to the repulsion éxist ing between
them‘wcrking against the elasticity of the material, was apprecighle
at 6 = 1,67, and at G0 = 1.00 it was entirely too lerge for accurate
worc when this 1ift was larger than 1,2%. It would have been possible
to have rigidly fixed one of the two alrfoils by means of an additional
spindle supborting its upper emd, but that wculd have Increased the
amplitude of vibration of the airfoil which was being tested, and the
only way to decrease the latter would have Deen to decrease the wind
speed.

it was not desirable to conduct the test at a wind speed below
40 m.pehs, since that is the standard spéed at which most of the testis
on airfoils have been conducted at Li,I.T., and & direct comparision
of fesults would tims be possible, So for the remainder of the tests
we momted the biplone model in the wind tumel as a rigid wni t; as
described in Section III.

” We then conducted a series of tests to determine wﬁuether the
balance crosshead shouwld be protected from the wind, awmd what spindle

length was most desirable. Ve first tested a single U.sd.de &7 airfoil
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mownted on the balamce crosshead exposed (pe. //0 ). This showed thet
the resistance of the balame crosshead exposed was equal to sbout 3
times the minlmum drag of the airfoil, =nd thus necessitated the use

of a protecting case, for which '_purpose we utilized the discold case
previously deseribed, We then tested each of the two U.d.4s 27 air-
foils tw:me as & monoplane, mounted on the balace crosshead protected
by the discoid case, and with stardard spindle length, l.e., pi‘ojecting;
5".00 above the balance head (ppd/-4z), Owing to the ﬁreseme of the
discoid case within BY0 of the end of the airfoil, the 1ift amd drag e
were both iﬁcreased.by about 4%, In am atfenp‘g to eliminate this in-
terference we increased the spindle length to 8",C0, i.,e., 3".00 longer
than the standard length, and cmducted the same number of tests as
before '(pp.ll‘l;"_S_),. but the average result.;, (petl€) were unot so good as
the prev_ious averaze (p.l2), most likely due to the larger deflection
error arising fran the bending of the spindle, ~rFor the bipl_me tests
we therefore decided to protect the crosshead by means of the discold
case, and to use the 5",00 spindle length, As an aid {0 comparison we
' have platted the resul ts of the above mentioned preliminary tests in

Plate 3.

The average value of the four tests on tﬁe UdS.As &7 monoplane
with crosshead mowting pm;tected from the wind by discoid case, (p.i3,
and curve 3 ou Plate 3) is teken as the standard to which to compare
UeS.Ae 27 biplgale resul ts and thereby obtain bipl=sne correction factors.
This procedure involves the assumption that the interfereunce effects
of; the disc.oid case on the biplane are in the same proportion as for
the monoplane. Ve later tested each of the two gottingen 387 airfoils
in the same way (ppur-is0), and took the average resilts (p.18l_ and curve

K
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A |
2 on_Plafe 4’ as & basis 1t¢ which to cémpare the Gﬁttingenf387 biplane
results. )
Ve then proceeded to test twenty-nine U.S.A. 27 and twelve GOtt-
inge# 38% biplane caibinations, In eé.cﬁ test we measured L, D, and I,
the moment about the balame exis prolonged, end then calcilated L/b,
. Ml.é.,_and.C.P.- The_procedure in each case. was as fqllOW53'

" The set up. The cover of the discoid case waé’renpved and the
balance crosshead aligned transverse to the axisvof the wind tunnel.
Collars (1) were attached to the spindles (2) by serews (3); so that
the diétance‘fran the top of the collar to the top of the spindle was
5-11/52", Tuis made the distarce fram the balame head to the airfoil
51,00, The distance betwéeﬁ the égﬁndlé axéé was then deusted by mov-
ing the slides (4) along the slider rqu (5), and locking them in
position byAmeans of the slider clamp screws (6)s The sp‘acing was
'always previously calculated so that tﬁe chord of each airfoil would be
equidistanf frém the balerce axis; and the distance‘was laid off
accurate to 6".01 by laying a smll steel rule flat on the upper sur-~
face of & sli&e(é), at the same time placing its exd squarely against
| the side surface of the centfal block (8), and meaéuring from the latter
to the index line (9) on the svwface.qf the slidé; The balmece head
was then rotated thréugh the numbér of degrees of stagger which the
given viplane caﬁbiﬁatien was to have, and locked, The.airfoils were
screW;d on.to'the spindles and aligned parallel to the twmmnel axis by
sighting along & batfen. The spindles were then.locked by the screws
(10), the airfoils riéidly and accurately spaced‘at their wupper ends
by‘means of a strut, the dis?éid cover replaced, ard the test was ready

-

to begin.
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The teste Lo, L,, Dy, ‘D’, Mo and M, were mea.s.ured in the
usual maxmmer. The center of rotation at the upper end of the modell
wes then located, end its coordinates, p and d (fig. 1, p. 96),
moasured. Frou p and d we then caloulateda and h (fig._1 ), the
coordinates of the mean centér of rotation. After correctihg the
drag for effective spindle resistance, Dg, and effective strut resist-
ance, D, we calculated L, D, L/D, Mje, and C.P. The values of the
effective strut resistance had been previously measured so that in 2
given friplane test it was only necessary to take them from the curves
on Plate4t. This strut resistance vas of course different 'for each
angle of incidense“of the biplene, whereas for & given palr of spindles
the resistance was practically constant, Lift a.ﬁd momant correctibns
duve to strut and spiv_.dles be ing not equidistant from the balance sxis
Wgre negl igiblen.

A11 oi‘ the original data for the 41 biplane‘tests and for the

sixteen or seventeen other tests are given in Appendix B,
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Section V.

ESTIMATION OF EHROES

It is unnedessary to mention here the errors inherent in & wind
twmel equipped with an Ne.P.Le. type balamse. We shall discuss only
those errors arising when our procedwre departed from routine procedure.

(1) Mis~Alignment of biplene model, In setting up the biplane

model the distance between the spindle ames and the balance axis could
be set-to the neai'est 01,01, thus making the maximum error in gap equal
~to 5.—-0".01 gt zero stagger. Likewise &t the other end of the model
the strut distance could be set within o*,01, The maximum error in
G,ﬁ ratio would then be £ 0.003 at zero stagger, and the meximum
error in stagger would be @".01 sin 50°,2 = 0",01, d.e., ¥ 0.3%,

at G/C = 50 and 60% stagger. In setting the nunber of degrees of
stagger the balance head cculd be set to the nearest 00.1, thus giv-
ing an error in stagger of ¥ 00,05, or X 0.1%, and a G/ error equal
' 0.0000, The sum of fhese factors gives a maximum error of £ 0,003

in G/0, and of £ 0,47 in stagger., Since the sum of the errors both

in stagger and G/ can only produce an erro:f of sbout &£ 0.2% in
L, max,, and % max., as shown by our final results, they are en-
tirely megligible, and would have to be neglected even if they were
not so, because they are so far within the wind tumnel error. No
further mis-alignment of the biplane model took place dvwe to the

forces acting upon it during the course of the wind tummel test be-~

cé;use the balance orosshead, the airfoils, amd the stiff strut at

1 Y
the top formed a very rigid structurs.

(1) Mis-Aligmment between the model axis and the balance
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‘axis, oocurred to a greater or less degree when the airfoll was

screwed into the spindle, but a larger misalignment occurred in the
case of those models which were mownted on the balamce crosshead

due tofhe fact that the spindles suypported thereon were not exactly
parallel to the balence axis. These two fa.otors,co'mbinecl, served to
give a small amownt of roll and yaw to the model, which amoumts ecan
be estimated fram the codrdinates of the center of rotation measured
at each end of the model., "A" end A", the average values of these
codrdinates measured at each end {Notation ps 96), have been set daown
at. the head of the tabulat_ed records for each ,test, and are summerized

in the following table.

1y (2 (3
Aver. «1b +«86 07
h ,
Maxo 19 ‘ +92 oL
Aver. ~ 98 . W79 .90
a , : :
- Max, .93 o4 _ .81

All values are positive, and are given in inches, Colum (1) gives the
average and meximum values of "a'" and "h" for the ‘e/iight monoplanes
tested in the rountine way, with spindle mowmted direcfly in the balemce
head (2) gives the corresponding values for the four monoplane tests
conducted with the éirfoil mounted on the balamwe crosshead protected
from the wind by the discold case, with spindle exis O".75 from balance
axis; (3) corresponding values for the 41 biplane tests, '

From these values of "a'" and "h" we have calculated the values
in inches of roll and yew at the upper erd of the model,

{

3
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(1) (2) (3)
Aver, 17 208 W14
Roll .
Vex. «25b 15 42
. Aver. .04 «42 21
Yaw :
Mex. «1d +«51 «38

In calculating the degrees of roll 'énd yaw we divided the values
in ¢olumn (1) 'by-18.00 (= span of airfoil in iﬁches) and multiplied dy
»57.5, whereas in theé case of (2) and (3) we divided by 22.00 (= span of
airfoil in inches,plus ’s‘pinclle distanbe_ from 'bottom'of airfoil to axis
of balance crpsshead) and myltiplied by 57.3. This method was follow-
ed because in the case of (1), & single airfoil mowted in the routine
_manner, the spindle was but 2 prolongation of the balance axis, and the
mis~alignment was between the spindle axis and the airfoil axis; whereas
in the case of (2) and (3)‘ thehis»alignment between model axis and
balance sxis was due glmost entirely to thé facv't that the sPinﬁle axés
themselves were not parallel to the balarce axis, the model sxis being
practically parallel to the spindle axes. The value of roll and yaw

caloculated in this way were:

(1) (20 (3
Aver, 0% 092 094
ROll‘o ’
Max,. 098 084 181
Aver. 01 191 0%
Yaw '

Mazx., % 195 - 190

411 angles of roll and yaw were positive, asccording to M.4.C,A, nota-

tion,
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The effect of the mis-alignment in roll would be negligible,
The wind direction 'would still be parallel to the wing chord, and the
fo(rces zﬁea.sured on the balance would be {the setwel forces) X cos
(angie of rolll}. . , )
The cosine of the largest angle of roll recorded, 191, is 0.9998, so
the negligible error of only 1/50% would be involved, ZEven for 22
of roll the error would bé only . | |

The effect of yaw is more‘potent, because it puts the airfoll
chord at an angle to the wind direction. The following % errors are

teken from date on a Clark ‘tractor biplene model tested at M.I.T.*

4 Brrors for angle of Yaw & 4220 - .
Angle of attack  0° 6° 12°

Lifto-on-onuouuo;t _105 .007 -‘007
Drag...;.......... +2e6 +1le2 0

CePssssccsascessss LEss than %’% of choxd, '

These values were calculated for a complete rnodél at + 2° yaw, but
for tests on airfoils only, the importance of accurate aligmment is
greétly lessened, because the forces which cause most of the difficul-
ty arise principally from the fuselage and tail surface.s. If we
assume that 25% of the error.arises from the airfoils alone, and re-
merber that the meximum yaw arising in any one of our tests was +l?3,
it would seem by comparison that in our case the maximum error due to
yaw was less than -cr%% for drag, less than -3%:1?01' 1ift, aml entirely

negligible as regards moment, Detailed calculation.‘;(‘or our specific

case appear WNNECESSaTY.

* N.A.C.A. Report, 1919, p. 633.
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(3IX) Spindle and Strut Resistance. In the case of the 41 bi-

plane tests the effective spindle rasistances, ?D;_.,.', could not be deter-
mined to any greater degree of accuracy then ¥ 0,0009%, due largely

to the fact that slightly different lengths of the spindle, as much

as £ 1/2.0“, were Inevitably exposed each time éhe dis:‘.oidﬂ case oover
was removed and replaced, Likewise we believe thaﬁ the error i:nvolved.
in determining the effective strut resistance, D,, was about £ 0.0003%.
This mekes the sumn of the deviations for effective strut and spindle
raesistance equal to E 0.,0012#, and 1n§'olves the fdllowing grrors in
our biplane computations -

4 Errors due to strut and spindles,

Dyin. L/D ¥ex. |'D at Lyrex.
UsSelAe 27 |[Mine | 1.5 +1,0 £ 0,3
Biplanse Max. | +1.7 +1.1 0,2
Gottinger |1Min. | £1.3 +0.8 x048 .
387 Biplane Max. tlo‘l i 1"10.8 t0.2

A1l of these jralues really represent meximum % errors, the row

des ignated ‘mins being calculated for G/ = 0.50, stagger = -40%,
which izlvolved the largest values of drag, while the row Vdesigmted
“mexs was caloulated for G/0 = 2,00, stagger = 60%, involviig ;:’;xe
smallest values of drag. The max irum possible errors in measuring
drag were thus about x1,7% at Dyin.s £1,1% at L/D max., + 0,69
throughout the flying raﬂgga (4°-10°), and negligible when the. 1ift
was near its max:.mum. The average €rrors wére of course about ons

nalf of these values, say 1, & and 5%,respectively.

Y
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The fact that the spindle esxes were not quite equidistant from
the balame axis, but were so sPaced .as to mgke the ﬁing chords equi~
distant, as Weil as the fact that the strut usua’].'ty pr.otruded over
one em of the model {Photo 1), produced no &pprec igble eri‘or in mea-
suring‘moments. This was determined both by computat ion a.hd by ectual
measurement;

(1v) Deflection and Y.B.L, balarce errors. Deflection of the bim

plane medel would if anything be less thé.n that of 2 single airfoil
mo-mted in the usual maxmer, becausé in the case of \the biplane any
deflection in roll must cause distortion or slipping of the strut
attached at the top. Fikewise—spindlo-fefleetion—atthotep, Like-
wise spindle deflection would be less because the spindles had a free
length aboﬁt 170 shorter than the ususl free length. At the same
‘time all the errors involved in the WN.P.L. type balzince, whether of
deflection or otherwise, remain entirely negligible, even though

the forces were doubled as compared to the forces on & single alirfoil.

SUAVARY
We believe we have found =nd estimated approximately correcﬁdg
most of the errors characteristic of the method we employed 1ln con-
ducting our tests. These errors are summarized in the folioq:ing

table, in which the Roman numerals refer to the sources of the error.
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MAximum oo ERRORS.
Savrces| Le - . :Dc., ! L/D
of R . At " Fls,wu’
Evvor [0°-120 | Max.| M. L/p max 4‘?‘:‘3 f“‘la.-g. Raras: |
a) | | kez2 0.2
ar) |-o0.3 , +0.6 |['*0S5 | +0.5 | —0.% | —0.F
@) |- . =17 | x4t | 206 | 211, ] x0.6
Bté“‘-u:‘:'_"- -0.3 | to.2z +2.2 | vl.6 | +1.4 -2 | —i4

We hax}e previously stated tﬁat the errors.arising in the
determination of Mc and c;P. were negligible, and wghere see
that the I'c errors are &lso negligible, buﬁ the errors for Dc
min., and L/D max. could be over &%, while througﬁout the £ly-
ing range the errors for D, and L/D cld be as much as 17 and 137
‘respectively. These are the maximum errors. The average errors
would be about half as muchs But even é.t the ir maximum these
errors are no larger than the wind tumnel experimental error,
which is considered to be about 2%, Taking the latter into
socownt the meximum errors cald be about 4% for Do min. and
L/D mex,, and about 3% for D, and L/D throughout the flying
range.

However; our finzal biplane correction factors (Plates I3,
_14 ) have a greater reliabili'gy then thiss They were obtained
by comparing the data from 41 biplane tests and plotting smeeth

" ourves. Ve consider them to be accurate within =17,
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But although these final generalized results have this
degres of agouraoy, the specific results from a given biplane
test may not have., In conducting as many as 41 biplane tests
it was inevitable that to one or two of them thers should befall
all of the maximum errors estimated above. Such was fhe lot of
the U.3.A. 27 biplanss, G/ = 1,67, wtagger = 0, and of the upper
wing tested separately for the U.S.A. 27 biplane, G/C= 1,00,
staggor = 0,

Such individual discrepancies as theme have not vitiated
the final results. By a comparison of the results as a whole

they have been detected and eliminateds
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Section YII,

IS5 OF 1

The U.S.A, 27 alrfoll was thoroughly tested as & monoplane, and iu
81 biplane combinations; while the Géttingen 387 airfoil was ‘tested as
a monoplane, and in 12 biplame combinations. All of the biplane cabin-

ations tested are listed In the following table:

e/l

Stagger 0,50  0.75 1,00 1.33  1.67 2400

~40% u ug ug ug u u
-20% " g u =330
od u ug wug ug uu u
20% a ug w3
40% u | ug u
60% ~' u ug ug ug u u

g= GULtingen 387; u= U.S.A. 27, wu = U.S.A. 27 tested both as &
biplane unit, and in aldition each wing tegted separately in the
presence of the o ther,
The original data for these tests are tabulated in the crder in which
originally made, in Appendix B,

It must be remambered that this original data rexresents the
forces acting on the biplanes in the preserce of the interfercuce of
the discoid case, As mentioned in Section‘lv, Pe _t6 , it was thousht
that the easjest way to correct for this interference would be to com~
pare the biplane results with the reéul ts obtained from a monoplane
tested in the same way (p.f‘ﬁ__). We male these comparisons at equsl
angles of attaclk, because to have done so at equel L, would have

necessitated pletting all the original data., Instead, we obiained

biplene correction factors at equelec, for Ly, D, L/D, and M,,
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(Tables 1-35). We then multiplied the aerodynanrical coefficients
for the U.S.4, 27 and Gottingen 387 monoplanes tested in the rovtine
way (pp. 103,146) by these biplane correction factors, and so ob-
tained the {;rue biplene velues for the L, D, L/D, and M (Tables
34 - 55, 62 - 73); while the true biplane values for C,P. {(Tables
56 - 61, 73 -’76) were more easily obtained by alding ecertain co rect-
ions %o the original bipl;:;ne data., Having thus arrived at true values
of the biplane coefficients, we plotted them (Plates _q;g); and by
read ing values from the cwves were able ‘to check the accuracy of lMumk's
formulae (pp.22-79) and to calculate biplane correction factors at equal
values of the L, (Tebles T~ ro? ), |

Having tms outlined the use'to which our original data was put,

we skall now eanalyze in detail the results obteined.

I. Biplane Correction Factors at Egual @ .
21Dt I 23

These factors (Zebles 1 ~ 33) were obtained more or less as & by~
product in the prc;cess by which we arrived at the true biplane values
for the Lc’ Do’ L/D, and Mc' They are not of as much significance
as the correction factors obtained by making corparisons between the
biplane and monoplane resul ts at equal values of the Ly, because 1ift
is really the primary datwum in considering an airfoil, and the angle
of attack at which the 1ift occurs is only a secondary consideration.
Nevertheless, an analysis of these factors will doubtless repay the
effort involved, for they show —

(1) ®he values of all biplane coefficients in terms of the correspond-
ing monoplene results at equwal o , |

(2) .hov:'the biplane coeffieicnts at equal o« vary with stagger and
¢/, and

3) how far & given biplane combination the effects of a ziven stageer
g p
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and G/C vary with o< .
We shall analyze in turn the correction fectors at equal
for Ly D, L/D’ and M, ,
1., Lift Coefficient. - For & given biplane combination the correcd-
ion factors are practically comstant from o = 0° to oc = 12°% or

149, Thus for the UiS.A. 27 biplcne, G/ = 1,00, stagger = 0, the

values are —

o® 0 2 4 6 8 10 12 14
Correction

Factor o85%  .86% 487 .86% .85% o865 .86 .87%

The average value 1is .86—%— + ,01, while the corresponding average for
the Got. 387 is 855 + .01, thus making the average for the two,0.86,
The constancy of the correction factors from 0° to 12° - 14° for a
given biplane conbinetion, and the zood agreement between the U,S.4.
27 and G&t, 387 results, are shown to better edvantage by plotting
the factors for each combination, bﬁt we consider it uhnecessary to
inédIude the chart so obtaﬁed here, In the way 1llustrated ébove we
have found the average factcrs for all the biplane caribinations tested
and tabulate them below.

Table 75

Biplane Correction Factors for Lc’ ot = 8% to 13°
U.S.4. 27, and *Got, 387 Airfoils.

Gap /Clord
§tagger OQSO 0.75 1.00 ;.33 1.067 2.00
60% 89 J9RE .93 .89 .95 .96
*, 91z  *.95 *,90%
40% <90 +90 .90
; *,90
20% B84% .88 .94
*.85%‘

0% W65 482 865 89 863 «94
*,82 %855 *89%

-207% .78 .sa—;{:— .89
. *os&é'
0% W69% W71 W82% +87 883 RIS

*o 78% " . 84’19‘ *o 8 5
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' The data of Table 75 are pletted in our f£inal Chart, Plate _/3 , and
given & series of smcoth curves which we believe are accurate within
+£1%, and from which we take the following values as a comparison to
Table 75. |
Teble 76
Biplane Correction Factor Tor L., 0° 13

Applicable to Airfoils having a Max,., Carber = 10 to 164,
Gap/Chord

Stageer  0.50 0,75 1,00 1,33 1,67 2.00
607 .89 .92 .94 «95 «95% .96
40% .89 9% «93
20% 0943 .aa—% o9l
0% o763 .82 863 +89% 9% o 94

-20% ‘ .80 o843 .88

=40% +69% T .83 86 .89 $91%

We shall now conéider whether the factors in Table 76 are appli-
cable to any é‘i‘z"foil. From the standpoint of the vortex theory the
1ift of an airfoil may be divided into two parts, 1ift dus to.cur-
vature, and 1ift duve to’angle of attack,

For a mon.oplane,

Lift coefficiert. *lue to curvatwe = 2wsinA, ssecssse(l)
" " % " oangle of attack=R wsin@ sesess (2)

While for a biplane,

Llfb coefficient due to curvature = 2vrsin G, BOsscsres(3)
.o * angle of attack = 2vrsin s B%*.....B4)

df comparisons are then made at equwal angles of attack (equal /3 )
for monoplane and biplane, the biplane correction factor for the

1ift coef. due to curvature is

and for the 1lift coef. due to angle of attack is
‘ 27 vn/3 13 B
2 wnﬁ =
¥C, . Munks romemela. See our Aﬁﬁ.&_
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B and ‘Bo‘ are theoretically determined constants (ref. 9)
which dépend only on the biplane carbination, i.e., on the amownt
of stagger and G/O, so that these biplane cormrection factors for the
~two individual components of the 1lift coefficient are independent
both of é.irfoil‘profilé and angle of attack., But the 1ift due to
angle of attack increases as the a.rgie increases, while the 1ift
due to curvature remelns constant for a given airfoil, Therefore
the 'blplane correction factor for total L will be a2t lemst slightly
different for every alrfoil and every angle of attacks DPregisely it

will be equal to ~——

sin 3 -B, + sin/3B B + (B,.-5)-|Binds sin/Z,
5 = e = sen)sssea(b
'sin A +sin 3 '+ (B 8sinﬁ sin®/3 + ) (5]

The value of this is (Bo - :I) when /3 = 3, and gradually gpproaches B as

the esngle of attack is increased., Thus far the U.S.A. 27 airfoil,
G/ = 1.00, stagger = 03 3B = .854, B, = .,925, and the theoretical and

expcrimental values of the biplame correction factors are -

o S 2 4 5 3 Y L& 4
Theor. - +91% 895 885 .87 .87% .87 .87 o863

Exper, o857 J865 .87 865 .85%F  .86% .86 .87

The agreement here is good from 6° - 149 , but the predictiomsof the
vortex theory ere usudlly restricted to this range anyway. It might
be )inquired as to why the biplane 1ift cold not ve determined directly
by using formulae (3) and (4), dbut that camot be done, as shown by

a detailed compﬁta;t ion, p.55, because these formulae represent a
solution of the two - dimensional problem only. | 3ut we can compare

. results obtained from (3) and (4) with those obtained from (1) and (2),
and t;hus get biplane correction factors, based on the assumption

that the effect of the lateral dimensions (the 3rd dimemsion) is propor-
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tibnately the same for both monoplane>ard biplane,

From formuls (5) we see that for a given biplene corbination the
value of the ‘oiplap.é correction factor denends on @, and /:1’ .
ﬂc represents the curvature effect, whileﬂ = Q represents the angle
of attack at which the moment about the center of the wing is zero.ﬂ'
Sinces both of these factors are’'a function of camber, we shouwld expect
airfoils of approxzimstely equal canber to have approzimately equal
biplane correction factors., Ouwr exi:erimental resvlts show this to be
true for the U.S.i. 27 with maximum canber equal 10.98%, compared to
the Gt. 387 with meximum cember equsl 15.14%. 4And a comparison of the
carrection factors for these two airfoils with the limited data Pro-
v.iously published for the thin Eiffel 13 bis, R.AF. 6C, FJAJF. 157,
and Eiffel ;5 airfoils, shows thai the latter are alvays about 53
lower than the fomer."‘ From formula (5) we also see that as the
angle of attack (/3) is chanéed the bipiane correction factor must
change, but our sxperimental results show that the‘ deviation from the
average taken vetween 0° - 12° is only about # 1% for the U.S.A. 27
gnd GUt. 387 airfoils, .

Summing up, we can therefore say of the factors given in Table
76, that they are not of any especial sigﬁificance, but afford a con-
vepient means ;)f comparing the 1ift of different biplane combinat ions
throughout the flying range (0° - 130), ard are accurate within tl%

for airfoils having a maximmn camber of from 10 to 16%.

* por a detailed commrison see Section VII,.
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e Drag Goefficient = The biplane correction factors at equwal £

for D, (Tebles 11 - 19) are invariably larger then 1.00 for minimum
drag, and show a steady decrease from that point onwards as ot
increases., However, they remsin fairly comstant from 8° to 160,
throwhout which range an average velue zan be taken from which the
deviitions will not usually be greater tham =+ 27. The G(Sf. 387 results
as a whole agree with the U.S.A. 27 results within sbout 3% from oo =
00 ’po 140. The rarge of variation of the factors from 6° - 160, a8 well
&s the lack of & closer agreement.bétween the results for the two |
ai‘rfoils, does not justify e tabulation similar to that made for L,
factors in Table 75. The effect of stagger is much more pronounced
than that of G/C, where€s the biplane correction factors for Dy at
equal Lo’ as we shall see on p.66 , are affected in exactly the
opposite way. S

3. Lift -~ drag Ratio., The correction factors at equal oc (Tables

20-24) vary definitely for a givenibiplane corbination as o¢ is
increased. They fncrease very little with stazger between oL = 0°
and 16°, the variation being within %27 from the average, but they
increase rapidly as G/G is increased, The results f<'>r the UsS.4. 27
and GYt. 387 airfoils agree within aimut 2% from o= 0° to 14°,

4. Moment Coefficient ~ The correction factors for I, (Tables 25-27]

for a given biplane carbination are fairly constant frem gbout 4° to

149, sometimes over a larger rarge, and sanetimes not at all, Ve

0 . P hTiae
would éxpect constant factors from about 0 O 14°, because within that
rahge .3,0 oc o , and the curves ofio VS I‘c are practically
stfaight-lines rad iat ing from a fotus., As stagger is inereased from

“40% to 07 there is a slisht decrease®* in i, 68 from 1 to 5%; whereas

* Decrease here means a decrease in the absolute value of the pitching
‘moment about the L.E.

Nl
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from stagger_= 0 to 60%vthere is a decided decrease, of from 15 to
25%. The effect of negat:'n(e stagger is thus negligible; the effect
of positive stagger potent. The effect of increasing G/C is to de-
‘crease the Mo' but not to so great an exteunt as doss stagger, The
Mc corresction fastors for the G0t, 387 airfoil are effécted to a
smaller extent by variations of stagger and G/C than is the U.S.A. 27,
so that the latter has higher values at regative staggers am lower
values at positive staggers.

2 kK % ok % ok % %

This concludes ﬁhe analysis (so-called) Aof the biplane correction
faotors at equal o< for L, D, L/p, and I.. They are not of much
significance, They béfell us as a by-product from the procedure by
which we tried to obtain true ;ralués of the biplane asrodynamic
coefficients, Ve hopad to correlate them in s ame ﬁseful way, In the
care of the correctionfactors for Lc’ from 0° to 13°, we succeeded,
and consider the bother repeid,

- We shall now proceed to consider the data on the upper amd

lower wings tested separately.

* % £ Kk % X ¥ ¥ ¥
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-I1, Loading on Upver. .and Lower Wings

The upper and lower wings were tested serarately in the

presence of the intefferemnce of the other for two U.S.A. 27 biplars

cmnbination; (stagger = 0, and G/ = 1,00, 1,67}, ¥é consider this f
data to be very reliable for G/ = 1.67 but not so reliable for

G/ =1.00, because during the test of the latter biplane the wings
vibrated rather violently, whereas comparatively little vibration
occurred in the case of the former. The Ly, D¢, L/D, M, ,end C.P,
for each wing are tabulated with the Origmal Dafa, PP« 104 -109,
while the fractions of the total biplane 1ift and drag on each wing

are listed on Table 34, We shall examine the aerodynemic coeffi-

cients for each wing in reverse of the oxler mentioned.

v

1, Center of Pressure. The vortex theory indicates that for

unstaggered biplanes. there should be little difference between the
C.P. on the upper and lowe_r wings, Our C.P.'s for G/C = 1,00

are in e;.act agreement from & = 0° to 189, but they differ by 47
of the chord for @A = 1.67. There is nothing to indicate tmt
these latter values are in error, for & corbination of them in
such & way as to give the C,P, of the biplane as a whole (Table 34)
checks within 124 with the con’*esl)onding.values obtained when the
biplane was tésfed as o unit (Table 53). The same holds true for
the C.P.'s &t G4 = 1,00, Our data is therefore insufficient
either to gainsay or verify the theory, and we have not been ablé

to f£ind any published data of this specific type.

2, Moment Coefficient., The Ho's for the upper wing are
smaller than those for the lower wing at small angles of attack,

and larger at large angles of attack. This holds true both at



G/ = 1.00 snd 1,67, and checks with the results for the
R.A.P, 60 biplane (ref. 2).

3. Lift coefficient, Distribution of 1ift between the upper

and lower wings. '.ﬁhe most significant way to deal with the 1ift
on the upper and 1ower‘wings is to e.xp;'esé the 1ift on each wing
as & fraction of the total 1ift of the biplane. This is dome in
Table 34. The values there tabulated show that in general the
1ift on the upper wing is greater than on the lower except possi-
bly at negative amgles of attack A% afo = 1.00 tho load on the
upper wing, expressed as a fract ion of the total biplane 1lift,
increases from 0.50 at 4° angle of attack to ‘0.54 at 200;
while at G£ = 1.67 the comresponding loads are 0.53 and 0,55,
These figures show in a general way the di étribution of 1lift
between the uppei* anl lower wings, but thre manifold advantages
to be gained from & more careful detailed design of wings
j‘ustifies & thorough analysis of the load distribution from both
theoretical and exverimental standvoints.

From the standpoint of the vortex theory the 1ift on each
wing of a biplane is considered to be the smm of prdmary and
secondary 1lifts (ref., 1l). The prima:c"y 1ift is the sum of 1ift
and cowmterlift; it is that part of the entire 1ift of a wing
which is produced by the intersction of the wniform £low with the
circulation and comunter-circulation flow around the wing., The
sec mdary 1ift is a component of the mutuwal forces acting between
parts of the whole biplane, consisting in this case of the re-
pulsidn between the upper and lower wings, increasing the 1ift

of the upper amd decreasing the 1ift of the lower by equel amoumts.
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For a biplg.ne without stagger _'the vpper end lower primary
lifts are equal, i‘oﬁr the induction at the upper ani lower wing
is almost equal, and therefore the changes of 1ift are equal.
But & secondary difference is induced between the primary lifts
due to the change qf "efféctive stagger™ as the angle of attack
is cIanged; The "effective stagger" is not meeaswured parallel to
the ﬁing chord, but more nea/rly parallel to the direction of
flight, Eér the effects of aerodynamiocal induction are deter-
mined by the positfon of the vortex layer behind the wings, ond
~ the direction of this layer nearly coincides with the direction
of flight, The "effective stagger" must therefo?e always be con-
sidered whether ‘_che biplane is staggered or not, Tor an -
staggered biplane it ‘s directly proportional to the gap and to
the 1ift coefficient, Due to it _thé change of induced upper

and lower 1ift coefficieﬁt is -
- Lo S & = ( R 0.5) *
%L, = "B et T [ =\ & (e)

This qmwntity must bs added to the absolute 1ift coefficient of

the forwerd wing, ar_rl subtracted from that of the rear wing.
It cqnstitutes the only apprec isble change of wpper aml lowsr pri-
mary 1ift on an unstaggered biplane,

Ve sﬁall ﬁow analyze the secondary 1lift, which is a repul-
sion between the two wings. This revulsive force is produced
both by the circulation flow anl the vertical flow around the

wings. The component due to the vertical flow. is proportional

* Ref. 9, pe 24. For natation see our Appendix A.
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to the square of the angle of atfack, aml exyressed as &
gquantity fo be ,added‘ to the upper anl subtracted from the lower
absolute 1ift coefficient, it is

sinzﬂ S ) ] . . .
On the other hand, the ¢ aponent due to the circulation flow is ‘

proportional to the square of the 1ift, and is

4

v c,oi E T
. g * L ] ® L ] L * [ ] * L ] [ ] L ] L] L] L] L ] L ] L] (8)
2
e 1T~ Bz

Adding (7) and (8) we get the total sec mdary 1lift coefficient
which must be added to the 1ift coefficient of the upper wing and
stubtracted from that of the lowérz

e
 sin? ¢-C
C'- = Sin v L 4 s & o s @ 9)
L . ﬂ (

2 P 77-2. 32
4The first term of this exyression is proporticnal to the square of
ithe angle of attack, while the second is proportional to the square
of the 1ift. But 1ift arises both from curvature and from angle
of attack. So for & glven biplane the 1lift due to angie involves
a doublé repulsive forse, that arising from voth {7) and the part
of (8) due to angle; whereas the 1lift due to cmrvature involves a
sincle repulsive force, that arising froam the part of (8) due to
curvatwe, Thick wing biplanes therefore have smalf\rrepuls ive
forces than thin wing biplanes, and upper and lower 1ifts are more
equal for the former,

* Ref, 9, p. ¥4, For notation see our Aprendix A,
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Calculations ‘for‘a specivfic case, however, show that at eg,ual
values of thé lii;t coefficient this factor causes negligible
differences of ldadiné for a thin wmg &s compared to,/;edimnly
thiek wing., The theoretical ourw;es, showing the i,?.otion of
total biplane 1ift on the upper wing platted against 1ift co-
effic lent, c‘oinéide for the R.A.F.6, (mex, camber 6.,95%) and the
U.S.A, 27 [Mex, camber 10.98%), boﬁm biplanes being at g/ = 1,00,
and zero stagger. mhe ¢ arresponding experimentalz curves do not
50 agrea‘, but for the reasons previously stated the Lk tter results
a.relcmsidered insccurate, It seems safe to say that differemes
.of curvature cause negligible d ifferences of secondary lifts.

‘By adding“the secondary 1ift coeffilcient (9} to the charce of

primary 1ift coefficient (6], we obtain

* 2
Cp +CL, == S. & l:(.&_;_ & [sin’/Bv + .o (10)
v v B K2 s

™ be
This expresses the equal énd. opposite amowmts by which the upper
and lower 1ift coéfficien’cs of an unsteggered biplane are changed,
The f.irst term of formula (10) must be edded to the upper wing and
subtracted from the lower at negative arngles of attack, amd vice
versa at positive éng‘les of attack, The sec ond term is always added
to the wpper, and subtracted from the lower. Aocording to the method
of this foi'mula ma have calculated the 1ift on the uwpper wing of
ther tiree biplane ccmbina_tions for v ich we have experimental data..
f:o serve as & basis of comparison. For ome of fthese we give the

detailed computations,
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RnAoFoGG Biplane."
Gap/Chord 1. 0.:, Stagger = 0, Aspect ratio = 6.

We coleulste SH2 =1/3, Gh = .1_03 = 0,172 .
From curves of the original data we f:.nd that |
B =0° vhen o =093,
From ref. 9, Tables I and III, we obtaln the followingz values;

B = 0.858, C = 1,88, - v = 0,078, Db (l
| - TR

We calculate O = 0.0148 C2, Dy = 0,078 sin %8 0,180 Cf .

- 0,5) = 0,671

It is then easy to calculate the vélue of Cry &nd O, for
~ each angle of attack. These are tabulated in Table 'f,?.
Table 77.
Amounﬁ, (OL, + DL }, by Which upper lift coef. (Cp) is increased.

R.A.F.6C Biplane
&_E/choxd = 1,00, Stagger = 0 , Aspect ratio = 6o

¢, x105 oy x 10°

~}

/3 I,x10° ch103 12,508 78 sin’ 130 Gf (0, 4 O, Jx10®

~6.3 ¥67 =260 1 1 9 11
“4,3 -30 <118 0 0 2 2
2.3 1 28 0 0 0 0
, 0.3 46 178 0 0 4 a
1.7 87 340. =2 0 15 13
3.7 127 498 4 0 32 28
5.7 161 630 =6 1 51 48
7.7 1956 650  ~8 2 75 69
9.7 222 868 =11 3 98 90
11.7 253 990  -13 4 127 118
13,7 276 1076 =17 5 151 139
15,7 297 1160 =19 . 6 174 161
17.7 295 1150 =19 7 71 159
19,7 277 1080 =17 g 151 183

* Original data taken from ref. 2, Table 2.



In the 2nd and 3rd columns the 1ift coefficients of the biplane
.as & whole are tabulated. GL, 'a.né. the two components of Cr,,

. are tabulated 1nﬂéex:arate coiﬁimié so that the relative importame
oi; each of these fhi‘ee factors can be"gaugéd.. it is evident ‘
that the compenent of the secondary 1lift which ari s;as from the

¢circulation f£low, viz.,

o0 |

o ,

| = 0.1%0 ¢; ,
2 rf B2

is by far the most ix‘xmortant'factor of the three involved. The
other two, listed in the 4th and 5th cdlums could be omitted
without causing an error of more than 1,17 in determining the
4 of 1ift on the upper wing, That amount is too large to be
neglected, however.

The fraction of total biplane 1ift on the upper wing is
. egual to

0.50 + - (GL‘ L CLz ) IZ'CL, nouooocoa.nocoooyot(ll)

where CL is the 11ift coefficient of the biplane as a whole. The
’ values of this fraction were calculated for the R.A.F. B¢, a.nd
also for the U.S.4. 27 at GA = 1,00 and 1.67, according to the
rmethod of computation illustrated ghove., The exzperimental values

are listed next to the theoretical values in Table 78.



/Table 78

. Theoretical and experimental va.lues of the Lift on -~
“the Upper Wing, exrpressed as a fraction of the totel biplane 1ift.

Stagger = 0,

Aspect ratio = 6.

()

- U.S.A, 27 Biplane

R.A.F.Bc_Biplane

We shall consider each of the three biplanes in turn,

G0 = 1,67 G6/c = 1.00 6/c = 1.03
o« L5x105 Trheor. Exper. ch.'l.05 Theor. Bxper. La:r.lo5 Theore. Ixper.
=6 =22 o5l o651 =16 50 89 =67 52 «40
-4 2 450 o860 . 17 +50 18 =30 51 «32
-2 58§ .51 o5& 48 .51 W4l 7 50 «83%

0 91 .52 54 77 o528 .48 46 51 .62—%-
2 126 .52 053 107 st : .48 87 052 0073
4 162 .53 53 143 .54 50 127 53 o543
6 191 .53 .53 169 o5& 51 161 .53%— 53
8 223 464 .63 199 .54 LBl 195 oB4%  J53
10 256 54 53 226 .55 51 222 55 +53%
12 284 .54  ,B3 255 +b6 52 253 +56 .54
14 314 +56 .54 282 57 52 276 . B6F  JB5%
16 337 BB 54 306 .57 .52 297 +57 .56
18 351 +55 .55 325 .57 53 295 57 o654
20 343 55 «55 329 58 B4 2T oB6% .49
L, = 1ift coef. of the biplans as & whole,

U.S.4. 27,

G@ = 1,60, When compared at equal values of L,, the theoretical ord

experimental values check within .01, from lg = 00126 upwards, or

from sbout o= 1° upwards. U.S.4, 27, G/ = 1,00, There is a o~
stant difference of ebout .04 between the theoretical and experi-
mental values, “from Ly = 00107 (oc = 29) ﬁpw#rds. It is evident
that the éxperﬁnental values are too low., The fraction of 1lift

on the upp(er wing at o= 0° should be at least .50, whereas the

experimental value is only .46. R.A.F.6c, G = 1,03, Experi-

mental and theoretical values check within an average of .01 from
L, = +00127 (4°) to L, meximum.
* The lifts for the lower wing will of course be the complements

of these values,
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‘Thas, in gemeral, the theorética.l.valuas .check with the ex-
perimental values from Lg = 00125 (about Q4 L, mex.) to L, max.,
or from sbout an angle of attack, of 4% to the burble point, The;
exception is the U.S.A. 27 biplene, G/0 = 1,00, the data for which
have previously been shown to be unreliable, ‘For all three biplanes,
however, there is & wide di{rergeme between the theoretical and ex~
perimental values ebove or below the limits of agreement just men-
tioned. But the theory is not suposed to 'make accurate predautions
outside of that range anghowv. Within that ramge it appears safe to
caleulate the 1ift on the upper wing by making use of formmla (10).
But in the form stated the use of this formula is rather tedious, Ve
therefore suggest the fallowing simlification. It is evident from
from (10) that for & given gap erd aspect ratio the fraction repre-
senting the 1ift loading on the upper wing is diresctly proportional
to the 11 ft, provided we neglect the term, sinzﬂv. This term does
not usually amount to as mich as 4 of the total 11ft for angles
of attack below 16°. 'We neglect i{; and reduce fomulae (10) and (11) to
the approximate form; |
CL‘ +« Oy,

- - 0.50 + mL,
2-Cp,

(Frac, of 1ift on upper )} = 0,50 +

where X is & function only of gep/span and aspect ratios. This can
be expressed in the alternative form, |
(Frac‘. of 1ift on upper) = 0,50 -y-Kch..................(12)
This represénts a straight line, having its origin at L, = 0, (Frac.
of 1ift) = 0.50; and of slope Ky; and 1s only eppliceble for values
of the I'c > 000125, Values‘ of X7 can be calculated for any gep/
span and espect ratios. For aspect ratio equal 6.00 ,
(¢33 b4

11,00 2545
1,67 16.1 .
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By supplying these values of -~K1‘ m edv_ué.t‘i'on ‘(>lv2) ve have» obtained
the followings—
Table 79

Traction of 1lift on ujéper_ wing.

ey
L x 108
[¢]
_1.00 1,687

125 53 .52
150 «53% .52}
175 54 53
200 .54:%— .53
225 555 53%
250 .56 .54

275 565 5ak
300 57 .55
325 575 .55
350 +58 o55%

A comparison of these valuss witﬁ the laboriously at.ta,ined values of
Table 78, shows that Table 79 is &f anything the more accurate of the
two. |

| In conclusion, therefore, we recommend equat'ion (12) as a ready
method of caleuvlabting the 1ift on the serarate wings of an unstaggered
biplane. It is agplicable fram L, = .00125 to L, max., and gives
rosul ts as accurately as the experimental data justifes. Our analysis
"has been restricted to biplanes wit.hout stagger, 'The vortex theory
ind icates that stagger accentuates the load.on the upper wing, but

no experimental data are avilsble. lore €kpérimental work is also

needed to determine the distridbution of 1ift at angles of attack below 4°,

We shali now proceed to consider the distribution of the total

drag of the biplane between the upper and lower wings.
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4; Distribution of Drag between upper ard lower wings.

" Qur results far the U.S.4. 27 biplane are given in Table 34. For

the sake of ready oo@arison with the results for the R.A.F.6c,*
we here reproduce the percentage of total drag on the upper wing,
Table 80,

% of Dreg on Upper Wing,

P (1) _{2) (3)

-6 54% , 44 45%

-4 56% 46% 47

=2 55% 48 4&%

0 50 49 49 :
2 48 50 50% ‘
4 49: 51% 51-i~

6 495 52 522

8 50 54 B4

10 51 55 555

12 51% 56 56

14 54 5% 56

16 55 57% 50»%-

18 57 57 484

20 52 " B5 49

(1) U.S.A. 27, GAG = i.oo,» (2) U.S.4. 27, G/C = 1.67, (3) R.4.F. 6c,
G0 = 1.03., Stagger = 0, and aspest ratic = 6, in each case., See
Tab.le %8 for Lg's.
Ope would expect that for an unstaggered biplene the drag would
i be‘ egqual on ﬁpper and lowsr wings at zero angle of attack, since the
mutually induced dovmwash is then eqwl at bofch wings, and the
"effective stagger™ is also zero, In our e;cpefimehtal resvlts this
eqﬁal distribution ocours at 0° (1), 2° (2), and 1° (3). Starting
from this position of equwl distribution, as the angle of attack is
dec}eased the e_ffective stagger is increased, the induced downwash
becomes less for the upper wing, ard therefore the % of drag on the

* Ref. 2, Table 2.
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upper wing would decrease; and vice versa for increased angle of attack,
Qur data i's in agréemeﬁt with this rea..soning. (2) and (3) show a wni-
form increase of the ¥ on the uwpper wing from -6° to +16°, while (1)
shows a uniform increase for positive angles of attacl:, but does not
' show & d'ecrease‘ for negative angles. 7This discrepency is due to ex~
'perimental error, for there are also irregularities in the 1ift readings
| for the negative angles of attack
After the‘uniform increase of the uprer % of drag from -6° to

+16°, there oocurs a dec ided decrease, thus indicating that above
about 16° the mferferenqe of the‘fron’c (lower} wing actually de-
croases the drag of the wpper wing., The front wing seems %o shieid
.the.rear. All three of the tests_ show this effect., #AIF—thre

Since we know of no fagile theoretical means of caleulating

the dra.g on each wing, we shall now try to carelate the resul ts

of these three téests so &s to oﬁtain a more generalized expression
for the % of drag on the upper wing. vhen the values of Table 80
are pletted, first with the 1ift coefficients end then with t%e
| angles of attack as ordinates, it is seen that (1) is sbout 4% below
(3) at equal L, and about 37 below at equal o , throughout the
. ré.nga 00 - 14°, 1t has previously been pointed out that the ¢
of 1lift on the upper wing wvas also too low for this same test,
viz., the U.S.A. 27 biplane at G/& = 1.00. It appears that in test-
ing the upper wing ofithe biplane combination, the wind speed was
fenpbrarily too low, or the angle of attaclk shifted through, 3° or so.
This const;mted our first test, and we were more or less inexperienc-

ed at the time. We shall therefore neglect the values (1).
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The curves of “2) and (3), versus.e¢ ., .lie on approximately tre
same straidht line,
%Drag on upper = 50 + o ’ ..................(15)

z ~ .
from oLk = 4% to « 149, While the curves of (2) and (3}, versus

Ly, are parallel straight lines, from L, = 0 to L, max,
For GL = 1,03, Frac. of drag on upper = .48 + 53.3 L, |

: } oaee(14)
For Gﬁ = 1.67, '.' 1 o "t N . 046 +* 5505 LC )

None of the plotted points deviate from these straisht lines by more
then & ¥, The average deviations are much less,

.As an easy means of calculating the drag on each wingof a bl
plane we therefore recommeni equations (4). They appear .applicable
to any biplene (aspect ratio egual >6) having the gap shord ratios
indicated,

,. This concludes our analysis of the load ing on the upper and lower
wings.,

* ok Kk ok K X K k k k k Kk Kk *k *k %

We shall now comsider the aerodynamic coefficients of the bi-
plane as a unit, In connestion with eacﬁ coefficient we shall verify
| the accuracy of predictions ‘from the vortex theory (Munk's formulae},
and derive biplane correction factors applicable at equal values of

the 11ft coefficient,
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III. Aerodynamical Coefficients of.the Biplane as a Unit,

These coefficients, obtained by the Method of Procedure out-
lined in Section IV, are listed in Appendix C, Tables 34 to 76
inclusive., We shall consider them acc ord ing t¢ the order in which

‘they are there tabulated,

1. Lift Coefficients -~ These are listed in Tables 35 - 41

(U.s.A. 27), and 62-64 {GOt. 387), and are pletted against ansles
of attack as ordinates in Plates 6§ - 7, and 10, 12 respectively.,
The piotted iaoints are not shown on the plates, because they viould
simply lead to confusion, with so many curves In close proximity. |
The deviations do not axceed 0.00002 #/ft%/mph, These curves
show at & glande the effect of stagger and G/0 variations cn the
1ift. They are useful as a nmeans of deterzﬁining

(1} the different anvles of attack at which the same 1ift is
produced by different hiplane combinations,‘ and

(2) the differemt 1ifts which occur_' at the same angle of atiack.
They dlso constitute the best methed ofvsmoothing out or eliminating
inaccurate data, and so improve the reliability of the resulis.
Thus by glé.nc ing at Plates 5 and 7 one can immed iately see that the
curvés for tﬁe U.S.A, 27 blplane combination, G6/C = 1.67, stagzer =0,
‘are.out of place, and that the values of Pc and D, which they repre-
sent are .evidently too small., A compéarison of these values (Tables
39, 46) with the results obtained when each wing of the biplaone
was tested separately (Table 34}, shows that the two do not agree,
and that the latter are correct. Ve therefore discord the rgsults ob-

tained when this specific biplane‘éoﬁoination was tested as 2 unit,
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- glthough shifting the angle of attaci by 093 would probably account

for the discrepancy.

No further mention of the plafes need be made, exceopt to call
attention to the ssale marked RATIC FACTOR, which is erected cn the
left hand side ¢of Plates B~7., This soé.le shows the ratio of the bi~
plene 1ift to the mestimum 1ift of the monoplane hé&ving the same wing
ared. it is & convenient mesns of ¢ angparing monoplane anl biplane
characteristics,

For atstaggered biplane the primary 1lift, due to curvature anl
angles of at'taok, is principally effected by interfereme, and change
of "efi“‘ective gap" as the angle of attack is changed. The interfererce
effect is principally an ihcrease of 1ift within the same limits for
either positive or negative stagger; while increase of effective gap

causes an increase of 1ift, and vice versa., The effective gap is

measured practically pervendicular to the direction of flight; it

v

is inecreased for positive stagger with positive angle of attack and
decreaséd for n'egatkive stagger with positive angle of attack, Thus
as a whole, the effects of interference and effective gap have like
signs for positive stagger, and opposite( signs Tor nesative stazzer.
The Influence of nositive stagger on 1ift should be much more
pronounced than that of negative stagzer. The Lc curves for the 4ut,
387 (Plate 10) and U.5.A. 27 biplanes (Plate 6) demonstrate this

very strikingly. On the former rlate 'the curves for the negative

- stagger alrost coine ide, whersas those for positive stagger are,

comparatively far apurt.
Acc ord ing to theory, at zero 1ift the angle of attack should

be the same for both monoplane and 21l biplanes having the samre

i
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. wmg section, Because the angle of attaok for & specifio LC isloom-
posed of |

(1} the original axigle belbngin-g: to the wing section and the Lo’

(2) the additional angle due to induction, and

(3) the additional angle due %o int‘erference, and

at zero 1ift (2) and (3) are eqwal to zero. A first glance at Plates
12, 5, axd 10, would seem to indicate that our results check with this
theoretical prediétion, for on these plates the L, curves certainly
converge to & narrow band at zero 1ift, But a careful analysis shows
that the deviations are toc iarge to a.ttribute‘to experimental srrors.
If we consider the error tc be in the angle of attack, we find that
‘the deviations from the average value cf the angles of attack atv‘zero

1ift are about as follows:

Average Maximum
deviations deviation:
Plate b 2092 +096
; _ 6 +094 2088
7 2092 2094
10 +092 +094
12 2092 2095

Since the models, when set up in the wind tumnel, were accurately
aligned to within 091, it is hard to see hovw the max bmum deviations
tabulated above can be attribuled to exverimental error. On the
other haizd, if we consider the errors to be in the measurswent of

112t near its zero walue, we find the following approxinate de~

viations in L; %

Average Lasimum
deviations deviations
Plate § ' 2.00003 +.,00008
6 4, 00004 . . 00012
7 : 4,00003 +.00009
10 +.00003 - £,00005

i2 +, 00003 +, 00005
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For the biplanes tested, #.,00012 corresponds to 0. 11‘4,, end

#,00003 corresponds to 0,036%.

It is difficult %o uee not onl.y

how an error of 0;144# ¢ould be made, or seven how an error of 0.036#

could have slipped in.

We thorefore believe that the different

angles of attack, which our resilts indicate occurred at zero 1ift,

camot be attributed to experimental error, but can doubtless be

accounted for by some of the factors

the theory.

L]

nexlected in the development of

Tle shall now make & few detailed camarisons between the values

£ 1ift amd anzle of attack obtained by us and those predicted by the

w}orte:c theory, e can comparé 1ifts at equal angles of attack, or

compare angles of attack at equal values of the 1ift,

But sc Yar as wve

know there are as yet no straightforward formuflle by which the 1ift

for a given angle of attack

can be calculated.

Lift due to curvature = & 7 5qs sin 5, B
" " " angle of attack = 2 7 Sq. sin/3-3B

apply only to the two-dimensional biplane,

The formulae®* —

).
} ower(14)

and so give 1lifts very

_ much higher than the three-dimensional actuality, as shown by the

following table,

Qable 81,

U.S.A, 27 Biplane, G/<1.00, Stagger = 0.

Lift eggfficient due to cuarvature = 0,00080 .

X (1) (8) (3)

-2 ~50 50 62
0 17 97 64

2 65 145 - 118

4 112 192 150

6 160 240 181

8 208 268 208

10 255 335 237
12 302 3682 266 .
14 348 428 253

(1) Loxlod due to an~le of attack. v
(2) Cheoretical Loxl0S, calculated by equations {14},
(3) Experimental chlO5

* Ref. ‘1, Pe 3la
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The lack of agreement is evidently the fault of the 2 - dimensional
‘valuesv of the lift arising fron engle of attack, Due to aerodynomical
indvucti‘oh arising frcm the lateral dimensions, the anéle of attack
mst be increaseﬁ Tor equal velues of Lg. But such c}orrections to
the anglé of’attack involve very‘clums;; éalculations.

It is mucil easier to start i‘fcm tho 1ift as the primary datum,
and compare angi es of a,t’bé.ck at egral values of the 1lift, In doing

this we can meke use of a Formula ready developed Dy lwnik,
c S r o
RSO . - ¢ 1,) - (=2 "'Ig) e (28)
™ 2 ! N W) '
| 2 p? 2
! o~ 2 .

By the method of this formula we have calculated the theovretical values

of o¢ , compared to the experimental values in Tablec B2 - 83,
‘ Table 82
(1) Thearetical and (2} Experimental values of the

angle of attack expressed in deszrees,
avt. 387 Biplene, Stapeer = 0,

Gap /Chord,

‘ 5 0,75 _1.00 1.33
-0g . LexlO (1) (2) (1} (2) (1) . _{2)
0 0 “7,1 88,0 7.1 w7.2 <l =7.3
2 51 wB,5 =349 ~3.,7  =3.8 3.7 3.9
4 102 0 =0.4 “0.4  ~0.7 ~0.7 0.9
6 153 3.4 3.0 2.9 2.5 2.5 2.1
8 205 6.9 645 642 5.7 Bab 5.2
1,0 256 10.4 9.7 9.5 8.8 8.8 845
1.2 307 13,9 13,7 12,8 12,1 11.9 11.4
1.4 358 18,1 19.1 16,9 1645 15,8 15.4
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An analysis of these two tables shows that the theoretical
ocurves of Lc’plotted against « will be parallel to the experi-
mental curves, the constant difference between the two being
094, The average differences between the theoretical amd calculat-
ed values of the argle, from L, 9\.00025 (Cy = 0.1), to 0.9 Lo max.,
are &8s follows for each biplane combination.

Stagger = o

Gey /ehord

050 0,75 1,00 1,33 1.67 2,00

UeSeds 27 0% 093 09 0% 093 095

Got. 387 - 094 0% 0% - -

The theoretical angles are in esch case larger than the experimental
angles, with the exception of the values for the U.S.Al 27 biplene,
stagger = 0, G/8 = 1,67, But the experimental values for this bi-
plane coarbination have previously been shown to be in error, anmd
need not be considered further here, The average of the deviations
tabulated sbove is 094, We can therefore sy that for unstaggered
biplanes, having any gap chord ratio, the amgle of attack for a given
value of the 1lift, from 0.1 to 0.9 L max., can be calculated (by
formula (15) ) to within 0294 . This deviation is always positive
for U.S.A. 27 and Gdt. 387 biplanes, so that for these biplanes the
exact argle can be obtained by subtracting Oc4 from the theoretical
value.

The foregoing applies only to unstaggered biplanes., We shall

now consider the effect of stagger on the angle of attack required
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to produce & given lift, Referring back to formula (15) it is appar-
ent that for a given value of the lift coefficient (Cy), on & biplamne
of given aspect ratio (S/b?), the angle of attack (oc ) is a function
only of the induction factor "k" and the interferemce factor "I,

The induction fastor "k" is the ratio of the span of & monoplene to
the span of the equivalent biplane having the same induced drag under
the same conditions., The values of "k' were determined by Munk
empirically.® He states that stagger does not materially affect them;
they depend only on the Gap/span ratio of the biplane, The inter-
ference fastor "I" is approximately & function of Gep/chord ratio
only, Munk states**that "I" varies somewhat with stagger and wing
section, but that the entire result is not much affected if an
average value of "I" is taken for each Gap/ohord ratio.

Since "k" and "I" are little affected by stagger, therefore the
angle of attack for equal lifts is not materially affected by stagger.
So runs the theoretical argument, but in our exper imental results,
tabulated below for the GSt. 387, at G/ = 1.00, the differences
between the angles of attack for the several staggers are not

negligible.

* General Theory of Th¢in Wing Sections." N.A.C.A. Report 114.

** Rof., 9.
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Table 84
1"
Bot, 387 Biplane, G/ = 1,00 (Plate 10).

Comparison between experimental values/of the angle
of attack (degrees) required to produce equel lifts

&t various staggers,

_Stagger
¢  L,xo° '
404 204 of 204 4% 0%

0 0 "'6.9 "'7.5 -7.2 "6.8 -7.7 ‘7.4
2 51 ~3.7 ~3e9 ~3.8 ~3.6 ~4.0 ~4.4
o4 102 .0.5 —0.8 -O.? "004 -1.0 -1.4
o6 163 2.5 2.4 2.5 2.7 2.0 1.6
8 205 5.7 5.5 5.7 5.9 6.2 4.6
1.0 266 8.9 8.7 8.8 9.0 8.2 7.5
l.2 307 12.4 12.2 12.1 12,1 1l.2 10.6
l.4 858 19.1 17.1 16.5 15,9 14.8 13.9

These values are plotted in Plate 15, together with the corres-
ponding resul ts for the U.S.A. 27 Biplenes at gap/chord ratio equel
0,75 and 1.00., An inspection of these curves shows that for the
Got. 387 biplane, G/0=1,00, the effect of negative stagger is entire-
1y negligible, while the effect of positive stagger/:: ocause an
appreo iable deorease in the angle, For the U,S.A. 27, G/ = 1,00,
there is a uniform decrease in angle as the stagger increases from
~40% to +60%; thers ococurs a small decrease at negative stagger, and

a more rapld decrease at positive stagger. The exact amowts are

tabulated below,
Table 85

Amounts (in degrees} by which the angle of attack corres-
pording to eqwl lifts 1s deereased when the stagger 1is
Ancreased from =40% to +60%,

CL chJ.O‘
(1} (2) (3) {4) (B)
2 51 0e7 0.6 0.8 1.7 1.6
o4 102 0.8 0.6 1.0 2.1 2.1
6 153 0.9 0.6 1.2 2.4 2.7
8 205 1.2 oJ7 1.4 2.8 3.4

1.0 256 1.4 0.8 1.6 3.3 4.6
(1) Gvt, 387, G =1.00 (2) U.S.A. 27, G/C=2.00 (3) G/0=1.00
(4) 6/ = 0.75, (5) G/6 = 0.50.
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In each case, with one or two exceptions, the effect of positive
stagger is much more pronounced than that of negative, so that the
decrements of angle tabulated sbove are due chiefly to the change

of stagger from 0% to 60%. This is due to the fact that the effects
of interference and effective gap have like signs for positive
stagger, and opposite signs for negative stagger, as explained in

the third paragraph, of this discussion on llft coefficients. As shown

by the figures in columms (2) and (5), the desrements of angle due to
stagger are about four times larger at G/ = 0,50 than at G/C= 2.00.
But this influence of G/C on the potency of the stagger is only
apparent. It is due to the faoct that the stagger has been expressed
as a 4 of the chord. 60% stagger at G0 = 0,50 corresponds to an
angle of stagger equal to 4993, while 60% stagger at G/ = 2.00
corresponds to an angle of only 1697, the ratio between the two
be ing about 44l

It is apparent that the decrements of angle due to stagger
(Table 85) are too large to be neglected, aven though the average
devz'iations would be only about half the sizs of the amounts there
tabulated if average values of "k" and "I" are used in calculating
the angles, This is further strikingly shown by the eurves of I'o
plotted against o« in Plates 6, 7 and 10. If the effeots of
stagger on & & were negligible, the L, ourves in Plate 6 would be
grouped in three narrow bands, corresponding to the three gap/chord
ratios; the curves in Plate 7 would be grouped in two narrow bandsg
and the curves in Plate 10 would practically coincide in one narrow
band, But swh 1s not the case; apprecisble angles separate the

curves.
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Surmary. In this analysis of biplane 1ift coefficlents we
have compared the theoretical and experimental values (1) of 1ift
coefficients at equal angles of attack, and (2) of angles of attack
at‘ eqwel 1ift coefficients,

(1) Caleulatiom of Lo's for given 's Was tried by means of the
2-dimensional formulae (14). These fommlae give values of I‘c very
mach too high, unless the «'s are increased to correct for the aerody-
namical induction arising from the lateral dimensions, But swh
corrections involve unnecessary labor.

(2) 1t is easier to calculate o 's at equal L,'s by means of form-
ula (15). This we did for ten unstaggered U.S.A. 27 and Got., 387
biplanes having ga.p/chord ratios from 0,50 to 2,00, The theoretical
oL's 80 obtained were almost uniformly 024 too high,

Formula (15) applies only to unstaggered biplanes, Munk states
that stagger does not materially affect the o required for a given
Lye Our data show that the average amounts by which o was de~
creased when the stagger wes changed from —40% to +60% were 102
at 6/ = 1,00, and 295 at G = 0,75, The average decrements were
directly proportional to the stagger exyressed in degrees., The
effect of positive stagger was twice that of negative (averages),

80 that in the spec ific cases mentioned above the decreases of oe
dve to positive stagger were 099, and 1?9, respectively,

It is evident that induwection factors "k", and interfererce
factors "I" should be caloulated for stagger. Meantime we rec ommeni
our L, correction factors at equwal o , 0°-13°, (Table /~/0 , and

Plate 13) as a quick means of finding the 1ift on staggered biplanes.

s =» * 5 = » * % » *® s % * * 3 %
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2, Drag Coefficients -~ These are listed in Tables 42 - 47
for the U,S.A. 27, and 65=-67 for the Gdt. 387 biplanes, and are
plotted against angles of attack as ordinates in Plates § -~ 7, and
10, 12, respectively. To avoid confusion the plotted points are not
shown on the plates, but the deviations do not exceed 3x10~6 #/sq.ft/
Mm.p.h. (=0,0036# for the biplanes).

By means of these cwves We have been sble to make comparisons
between the experimental values of the drag, and the theoretical
values calculated by the method of Munk's formulas

Onz = GD

2
"9-&—-. [P}__ - E&_—.] ® ssessescess(lB)
1 s

b2 12 b2 k2

J t
These compardtive valunes are tabulsated in Tables 86 and 87.

Table 86
(1) Thearetical and (2) Experimental values of
the Drag Coefficient (D x 10°).

Got, 387 Biplane, Stagger = 0O,

Gap [Chord
5 0,75 _1,00 1,33
[+ Lo x 10 (1) (2] (1} (2] (1) (2)
«0 0 97 125 g 106 o 108
2 51 70 4 89 72 69 72
o4 102 91 90 89 90 86 90
.6 153 134 127 128 123 121 123
«8 206 201 190 191 180 189 176
1.0 256 292 267 215 261 268 248
1.2 307 400 365 375 338 351 332
1.4 358 545 500 512 453 478 446

* Ref, 9, p. 26
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Table 87

(1) Theoretical anmd (2) Experimental Values of
Drag Coefficient (D, x 105)

U.S.A, 27 Biplane, Stagger = 0,

Gap fohord
Oy, Lo x 105 0,50 0,75 1,00 1,33 1,67 2,00
(1) _(2) (1) _(2) (1) _(2) (11 _(2) (1) _(2) () _(2)
«0 0 %2 105 92 95 92 95 92 98 92 o5 92 93
2 bl 62 65 62 63 6l 63 61 63 60 60 60 65
o4 102 8 78 76 76 74 76 71 %0 68 70 67 &%
N 163 127 126 123 118 117 112 110 105 106 104 103 98
«8 205 205 195 lee 181 186 172 174 163 164 160 161 153
1.0 256 3083 290 290 .'268 213 240 266 239 241 236 234 227
1.2 307 410 395 3856 3bb 361 339 338 334 331 318
1.3 333 457 5b8 428 415 401 4156 386 380
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An inspection of these tables shows that —
(1) for the GUt. 387 biplanes the theoretical values of the drag
agree with the expermjental values withine5#, from L,=00050 to
.00200 (=4° to 6°) while,
(2} for the U.S.A. 27 the same agreement occurs from Ls = 0 to
00200 (~8%t0 8°),

In each sese the theoretical wvalues are too low for values of
L, < 0,00100, and too high values of L, > 0,00100, Whi16,L5=0. 00100
agreement is practically perfect.

Formula (16) covers the case of unstaggered biplanes only.
Munk states that stagger does not materially affect the value of the
induotion factor "k", This mesns that for equal 1ifts, the value of
the drag is not materially effested by stagger. On examining data
(Table 88) taken from curves £3r Got., 387 staggered biplanes (Plate
10}, we find that variation of drag with stagger is indeed immaterial,
being usually within 24 (the experimeintal error) from L,=0.00050
(or from minimum dreg) to 0.9 L, mx. The agreement is tims good
throughout the whole useful range.

Table 88

Effect of stegger on drag (DcxlOE’) at equal 1ifts.

Gdte 387 Biplane, /8 = 1,00

Stagger
0  Lgxlo®
=40f =20% _of 204 404 s0f.

0 0 100 121 106 104 123 110
o2 51 76 73 72 73 73 80
4 102 90 90 90 87 8b 92
«6 153 123 124 128 120 123 125
8 205 178 180 180 176 180 180
1.0 256 250 253 251 246 260 250
1.2 307 346 347 338 332 337 338

1.4 358 542 481 453 443 453 445
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As & further means of showing the negligible effest which
stagger has on drag, we have calculated the biplane correction
fagtors for Dc at equal Lo's for both U,8.A, 27 and Gtt. 387 biplames
at G/ = 1,00, and stagger ~40% to 60%. These factors are summarized
in Tables 89 and 90 (Appendix G), respectively., They show at &
glamwe the variation of the biplane D, in terms of the Dy of the momo-
plane having the same L,. The average values of the correction fact-
ors for the whole range of stagger are tabulated at the right side
of each table., An inspeotion of the factors will show that these
average values can be used from L, = 00050 to 0.9 L, max., and from
stagger equal -40% to 60%, without incurring an average error > ‘2%%,
for the Got. 387, or 134 for the U.S.A. 27, The average values are
plotted in Plate 13, one curve being drawn.

We have also calculated the biplame correctlon faotors at equal
L, for the UsS.A. 27 and Got. 387 at zero stagger, and several gap/
chord ratios (Tables 91 and 92, respectively). Since the effect of
stagger is negligible, these may be used for all staggers as well,
We have plotted them in Plate 13, drawing only one curve at each
gap/chord ratio, to gerve both the U.S.A, 27 and G6t. 387 at all
staggers. The correction fastors differ somewhat for all airfoils
in gereral, depending on the profile drag of the sections. But we esti-:
mate that the curves in Plate 13 will give drags accurate to « I5
for all airfolls of maximum combination equal 10% to 16%. To avoid
cmfusion the plotted points are not inecluded on the plate. With
the exception of three points, no deviations exceeded 0,015, while

the average was not > 0,005. A separate curve (Plate 13) was
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plotted for the D, min, correstion factors (Table 93), since the
minimm drags 6ccur at someshat different 1ifts, - There is & defin-
ite decresase of 1)‘3 min. as the gap/chord ratio is increased, amowmnt-
ing to sbout 16% from G/0 = 0,560 to 2.00, The effect of stagger

is negligible when G/5 is > 0.75.

Summary. The effect of stagger on the drag at equal lifts is
negiible f£rom O.1 to 0.9 L max, Munk's formula therefore gives
values of the drag accurate within & 5% for all steggers and gap/
chord ratios, but this accuracy holds only from I.° = 0,00050 to
0100200, or from about 0.1 to 0.5 L, max. In Plate 13 we bave
plotted ocurves, showing the biplane carrection factors for Dy
which we believe will give results acourate within + 134 from sbout
0.1 to 0,9 L, max, These curves cover the case of &ll staggers and
gep/ohord ratios, but are sppliosble only to airfoils in the same
general group &8s the UlS.A. 27 and GBt. 887 so far as profile drag

is oconoerned.

8. 1Lift/drag Ratios - These are tabulated in Tables 48 - 49
for the U.S.A. 27, and 68-70 for the GBt, 387 biplsnes, and are
plotted against angles of attack as ordinates in Plates 8 - 9, and
11 - 12, respeotively. The plotted points are a0t shown, but in mo
case did the deviations exceed 0.1, expressed in terms of L/D.

We have calculated and plotted L/D's for only a relatively
small range of biplane combinations, because these ratios are
secondary charagteristios, and can always be computed from the

values of 1ift and drag to which we have given greater consideration.
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A direect comparison between theoretical and experimental values

of L/D are unnecessary, since we have previously made such comparisons
for lift and drag sepearately. Since at equal lifts, L/fD is inversely
proportional fo the drag, we can draw our conclusions &s regards

L/D directly from our previous ones concerning drag.

The effects of stagger a.t equal 1lifts will be negligible. But
L/D mex. occurs at unequal 1lifts for different biplane conbinations,
s0 we have calculated the biplane correction factors for L/D mex,
for both the U.S.A, 27 and GBt. 387 biplanes. These are tabulated in
Tables 94 and 95 (Appendix C), respectively. They show beyond per-
asdventure that the effect of stagger on L/D max, is negligible, The
fagtors for the U.S.A. 27 and th. 387 biplenes agree excellently.
Average values (Teble 94) can be taken at each gap/echord ratio and
applied to all staggers without Involving an error > +1%.

These average values are plotted against gap/chord ratios in Plate 13.
L/D mex. shows & distinct improvement, about 25%, as the gap/chord
ratio is increased from 0,50 to 2.00. Such an increase in efficiency
is just what would be expected from the vortex theory.

The correction factors for L/D at equal 1lifts (Tables 96~97) are
the reciprocals of the fastors for ‘Do (Tables 91 ~ 92}, and the same
curves on Plate 13 serve for both, reciptocal scales being erected
at the side, In genersl, the correction factors vary inversely as

the 1ift, and directly as the gap/chord ratio.

4. Moment Coefficients - These are tabulated in Tables 50-b5

for the U.S.A. 27, and 71-73 for the G3t. 3687 biplanes, and are plotted



70

against L°'§ a8 ordinates in Plates 8-9, and 11-12, respectively.
The plotted points are not inclunded on the plates, but the deviations
in no case exceeded +0.000Dilbs. £t,/sq. £t/mph/ft. of ohord. For
owr biplane models thls way equivalent to & moment of 40,003 1lbs. ft.
about the leading edge,

A glance at the plates mentioned will show that the effect of
stagger on M‘3 ts ymoh more potent than that of the gap/chord ratio.
‘The effect of the letter, such as it is, is to inorease M,, * while
the effeot of positive stagger is just the opposite. The effect of
negative stagger is negligible.

& aimple theoretical formula for calculating the moment coefficient
seens hard to attaln. Munk states that the moment coefficient with
respect to the center of the biplame (Gp), is increased both from

indvotion and interfefence. Due to induction ~

- Acm=4_§_,_§z_§_ E.(lng- o.s)]om, | (17)
while due to interferemce =
» Acy, =c, (.08 +,_%gﬁ)+c1,._.%gs_ . (18)
In these formilae G, is the moment coefficient of the monoplane
about 1ts center point,
By means of (17} and (18) we have calculated C,, for both the

”n
U.S.4. 27 and Got. 387 biplanes at GA& = 1,00, with positive stagger

from 04 to 60%. As aforementioned,the effect of negative stagger

* Disregarding the sign of ¥,, an increase means an increase in
diving moment about the L.E.

** Ref. 9, p. 28,
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(1) Theoretical, and (2] Experimental Values
of the Moment Coeffioient with respect to the
Center of the Biplane (Cp x 10%),

TABLE 98

UeSehAe 27 Biplane

STAGGER
Cr, Loz 10° . 20% 40% 60%
(11 {2} (11 (2) (1) (2} _(2) (3)
o2 51 ~40 <41 ~40 =27 <~40 ~17 <5 ~42
oA 102 17 14 19 26 21 44 65 24
o6 153 74 67 78 86 83 113 132 90
.8 206 135 122 140 147 148 174 208 159
1.0 256 186 171 193 192 203 236 260 219
1,2 307 243 216 251 244 264 293 317 279
TABLE 99
GDt. 387 Biplane
g/o_= 1,00
STAGGER
Op Loz 10° A 204 807 60%
(1 (2) (21 (11 (L (11 (2
o2 51 -57 -42 -57 -34 -B8 -24 60 =19
o4 102 -6 -4 -5 17 -4 29 -2 A3
o6 153 45 51 48 6B 51 88 57 112
o8 205 93 104 97 113 104 133 113 171
1.0 256 142 147 148 162 157 177 170 230
1.2 307 186 196 193 202 204 237 220 284
1.4 358 241 232 250 246 264 277 284 318
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appeers negligible, and formulae (17) and (18} are not applicable
to negative stagger anywsy. The theoretical and experimental values
of Cp are compared in Tables 98 and 99, Apperdix-6. Values of Ch
rather than of M, were calculated and compered, because the theoretical
values of the former could not be sonverted into the latter without
assuming center of pressure values. An inspection of Tables 98-99 shows
that agreement between the theoretical and experimental valuves of C,
is very poor. The former are almost invariably too low, the average
error being about ~18%.

These large discrepancies led uws to examine formula (17) and (18)
with greater care., The only ready possibility for revision which
we could f£ind was the fact that the deris%ion of (18) involved the
agsumption that %0p/fm = 1. For (18) is evidently derived from
the following eqﬁation on p. 23 (Ref, 9).

1l
¢ = m3's
n T

_ it § &2 {'%_(%-0.5)] -6, (19)

Equation (18) reduces to

ACy x 8 :2 [_11;_ (—rliz - o.s)].cm,
when we subatitute S/bT - 2, which holds true far & biplane, Munk
here uses clln and AC_ to designate the same thing, Viz., the
additional moment due to induction, thus hwolving the assumption
mentioned &above. But for the U.S.A. 27 monoplane, the value of

Cy, / Cy varies from -1.35 to 6.41, as shwonky the following figures:
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OI‘ 002 . 0.4 006 0.8 1.0 102

LCLfoy -1.35 641 2.28 1.61 1.45 1,33

We therefore hoped that by applying corrections for this we could
obtain better theoretical values for Cy. But the increase of moment
due to induction constitutes only sbout 8% 6f the total increase,
S0 that the final values of Cp &veraged only sbout 3% higher than
before, and were still quite inadequate,

Since the theorstical formlae are apparently not of mch use
in finding the moment coefficients for a given biplane combination,
we have calculated the biplane correction fastors for M, at equal
Ly, for both the U.S.A. 27 and Got. 387 biplanes =t /8 = 1,00,
all staggers, and at stagger = 0, all G/'s (Tables 100-103, Appen-
dix C). These factors are practically constant for all 1lifts <
Ly max,l This can be seen from Plates 8«9, 11l-12, by the fact that
the curves of M‘3 V8. Lo ars practically straight lines radisting
from a focus, which focus is approximately L, = O, M, x 105 = -23 %2,
for both ﬁ.S.A. 27 and GBt, 387 monoplanes é.nd biplanes. We have
struck an average for each stagger and ga.p/chord ratio, and plotted
them (Plate 14). These averages for the U.S.A. 27 and th. 387
agree just sbout well enough to Justify drawing only one smooth curve.
Plotted points are not shown, but & ocomparison between plotted points
and curve points is given in Tables 101 a and 103 a., Correction factors
> 1,00 were reduced to 1.00,because theoretically it appears that

the Mc about the leading edge can be reduced but not increased above

the monoplane values. We have therefore considered tmat our M, curve
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for G/ = 2,00, stagger = 0 (Plate 8), is notably in error. The
corresponding C,P, curve is also in error. |
Summmary .

We have previously seen that the theoretically predicted values
of the moment coefficient were hopelessly too low, the errors averag-
ing about -18%. From our experimental data we have therefore attempt-
od to derive some useful approximations. The results are incorporated
in the two Mc correction factor curves in Plate 14, These are

. applicable from about L, = 0,00050 to I‘c pax. The curve showing varia-
tion with stagger at 6/ = 1,00 can be taken as acourate to within
about 0,013, while the corresponding figure ourve showing variation
with Gap/ohord ratio at zero stagger is about %= 0.02%. The difference

is due to the fact that our experimental data for the former showed 2

more uniform variation than did that for the latter.

Se CENTER OF PRESSURE CQEFFICIENTS.
Thess are tabulated in Tables 56-61 for the U.S.A. 27, and 73=-

76 for the Got. 387. They were obtained by subtracting the following
corrections from the original C.P,'s (Appendiz B) obtained for the

biplane subjeot to the interference of the discoid case,

——

e -d_=2_0 2 4 68 10 12 14 16 18 P0_2%

¥.5.4.27 0 ©0 0 ,01 L,01% .02 .02 .02 ,02 ,02 .01 .03} .0l% .01
Got, 387 0 0 0 .00} .01 .01 .01 .01 .01 .01 .01 .01 .01 .01

These ocorrections constitute the differsnce between the C.P, ourveéBfor‘{
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the monoplanes tested in the routine way, and the C.P, curves for the
sorresponding mbnoplane tested In the presence of the interference of
the dis00id case, {Plates 3-4), The assumption is made that the effect
pf the discoid case interference was to move the C.P.'s forward by
equal amount_s on both monoplane and all biplanes incorporating the same
wing section.

The C.P, '8 (Tables 56-61, 73-76) were plotted against L,'s as
ordinates (Plates 6-9, 11-12), The plotted points are not 1n01udeﬁ,
but they did not deviate from their respeotive ourves by a fraction of
the chord >.005, when L, > .00050., A glance at the ourves shov;s that
in general the C.P, moves forward as the stagger is inoreased from ~40%
to 60%, and backward as G/C is inoreased from 0.50 to 2,00, The effect
of positive stagger is much larger than that of G/0. The effect of neg-
ative stagger 1s negligible, Theory indicates that the biplane C.P. is8
never farther back from the leading edge than the monoplane C.P. for the
same Lye In general our curves bear this out, the principal exception
being that for the U.,S.A. 27 biplane G/G = 2,00, stagger = 0, the value
for which we oonsider to be in error.

We shall now consider the theoretical calculation of the C.P..
The problem may be divided into two parts, (1) the varlation with G/C,
at stagger = 0, and (2) the variation with stagger, at G/o = 1,00,

In order to caloulate the C,P.'s for unstaggered biplanes at
various G/0's, we £irst made use of the method indicated by Munk, Part
1 of the Ap;}endix (refs9)s The procedure is to calculate separately
the 1ifts due to ourvature and angle of attack, multiphy each by its

C.P., add, and then divide by the sum of the two 1ifts. This gives the
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C.P. for the total 1lift of the biplane, The formulae given by Munk
applay to two-dimensional flow only, but the results obtained can be
oorreoted to take account of the aerodynamical induction arising from
the lateral dimensions, We caloulated these corrections first{, making
use of the formula =
AT = %2 [(%z -0.5) ;](‘g)zg .
where AT is the additional arm of moment about the center of the
biplane produced by stagger and induction., ZExpressed as a fraction of
the chord abaft the leading edge, and substituting 3/bT=R (for a biplane)
this becomes -
Ace. £~ AL« (-g-)z.[(%,-o.s)ﬂ N £ 10
This expression involves the stégger (s)e For an unstaggersd biplane
the value of tho.".offeotive stagger" 1s substituted, and (17) becomes =
| Aoz, = 4 (F H2-[d; 0.5 %J I £
Gy, (1ife coeffioient), G (gap), and b (span), are kmown, while
the vglues of B and }[(&2-0;5) %} can be obtained from Tables I and III,
ref, 9o The corrections to take aooount of the lateral dimensions, cal~-

culated by equations (17) and (18), are listed in Table 104,

TABLE 104
A.C.P,(frastion of chord abaft L.E.) due to lateral dimensiomns,
= 1,00 ble W, gtions
¢ Lyx 10 )
i 7 SRS T ST SN
02 51 0000 "0002 -.005 "'0014
04 102 ' .000 -0002 "0006 "0014
o6 153 =,001 -.002 -, 007 -.014
.8 205 "0001 "0002 ’0007 -0015
1.0 256 ~-o001 =, 003 -+ 007 ~»015
1.2 307 ~,002 =~o 003 =4,008 ~s016
1.4 3_5‘78 -QQQ5 ~»004 =,008 "1915
Average =900] =003 =200%7 =, 015

*Ref, 9, p. 32 Derived on p.23
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It 1s seen that the corrections for Zero stagger are entirely
nogligible. For diplanes without stagger, therefure, we can calculate
the C.P, by the two-dimensional procedure previously mentioned (ref,9,
DeZ1)e

_‘Tho C.P,'s caloulated in this way averaged 43% of the chord too
low, But the theoretiocal values of 1ift, which this method involves,
have previously been shown to be very much too high., The 1ift due to
ourvature (2 msin F“-Bo’ seems to be about right, the discrepanscy being
in the Values of 1ift due ®. the angle of attack (27sin/3B,). It
therefore seemed apparent that the theoretioal values of the 1lift due
to curvature should be used, but that the differences bvetween these val-
ues and the experimentally determined walues of the total 1ift should be
substituted for the theoretlcal lifts due to angle, This we did, at the

sams time incorporating the procedure in the following formulea -

C.P, = 0.50-2 4 2“‘8;:@»"% A P T')
in which C.P., is the fraction of the chord abaft the leading edge, x is
the distance(fraction of ohord)of the center of pressure from the center
of the biplane for a wing section without ourvature, 2msin/3.B  is the
1ir% ooefficlent due to ocurvature, By is a constant, and C; 18 the total
11ft ooefficlent determined experimentally. Values of x and B, were
obtained from Table I, Ref. 9.
A oompasssion between the theoretical C.P.'s, calculated by equa=

tion (19), and the corresponding experimentally determined values, axe is
given 1n“rables 106~106, Agreement is comparatively exoellent, the

average deviations of the theoretical from the experimental C.P.'s

*Variation of Munk's formmla, ref. 9, p. l4.
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TABLE 105

Theoretical (Equati on (19) and experimental values of the center
of pressure coefficlent (C.P.)

S; s 0,
’ CH

0 L,z 105 TEL 0.7 %00 L 1,67 00 Wonoolans

o2 51 «62 o564 +65 o% 66 .A§ 67
o4 102 42 «43 44 . o4 . 46
o6 153 .55%- .35% 37 PR +»38 . *39
o8 205 032 00 3 o34 . «3D 3
1.0 256 .30 031 '51 '32 .sg ) '53 .3
1.2 307 - 29F  L30 ,30% W31 W31 32

EXPERIMFNTAL
o2 Bl J60F .62 469 465 <67 71 68

4 L02 %1 040%‘ oAGE 043% o45 o2 3
o6 B3 .%g 033 39 *35 I o4 .
8 205 ol 29 35 3 33 o3 .
1.0 256 .27 027 0530 02§ Osg L4 032
1.2 507 - .26 .52 .2 .3 .51
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TABLE 106

(1) Theoreticsal, and (2) Experimental values of
the center of pressure coefficient (C.P.)

Got. 387 Biplane

T B0,
‘ "ok o
O Lgx 100 0,75 1200 1433 Monoplane
(1) (2) (1] (2) (1) {8) (1) (2)
2 Bl . 4& 65 o7 .eg 76} o6 o78 «76
o4 102 . o45% | o4 o4 50 ot .52 o514
o6 163 40 «39 o4 odl 41 o4l o4 o3
8 205 «35% o35k | 436 «37 37 37 +38 39 |
1.0 256 .35 .54 .35& .35 .34 .35 .55% ®
1.2 307 31 o3 32 33% «32% «33% <34 .
t:x 358 «30 31 «30% o32 #31 032 o324 .
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being as follows -

BAE/ORGRD 0,50 0,75 1,00 1,55 1,67 %.00  WONORIANE

(gﬂg'fé b iwéos 05 =02 =02 =004 =,02% =400
T

"
Gote 387 - - - - -
(OI‘ ;.4 %0 1.9 000 o 01 «00 0003‘

From Tables 105-106 1t is seen that the theoretical effect of G/0
variation amounts to Just about one half the experimental effect
(apparent), and all of the theoretiocal biplans 0.P.'s are < _
the monoplane C.P., whioh 18 mot true of the experimental values,
The range of variation between the C.P. ourves for 6/ = 0,50 and
@/0 ® 2,00, amounts to 08 for the theoretiocal as compared to 07
for the experimental curves, But wo have no reason to doubt the ex=
perimental values as awhole, although the two ourves for G/C = 1,00
and 2,00, Plate 8, seem to raj»resent values abmut .02 too high. For
the ordinary run of GAP/CHORD ratios =(0.75-1,33), it is considered
that equation (19) will give results aocurate within = 0,01%, while
a oorrelation of oxperimehtal results (Plate 14) will give values
acourate within  Z 0.03. |

The foregoing applies only to unstaggered biplanes, equation (19)
being appliocable only to such. We performed similar calounlations hoi-

ever, on a staggered biplane using the method indiocated in Part II of

Munk's Appendix (ref, 9, p. 32),

A‘.l!he 1if£t due to angle of attack was again taken as the difference
between the lift due to ourvature, and the total 1ift determined exe

perimentally., In addition, we took into account the fact that the
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center of pressure of the component of force parallel to the wing
chord _1_3 samewhat above the mean chord of the biplane. Corrections
- (oquas (17) ) were also applied to take into account tﬁe asrodynam-
1os1 induotion dus to the lateral dimensions, C.P.'s for only one
staggered biplane (U.S.A.27§, G/0 = 0,75, stagger -40%) were caloule
ated, becguse that was the imly one for which the required constants

oonld be obtained from Munk's table, * The results are given here,

‘PABLE 107.
(1) Theoretiocal, and (2) Experimental values of O.P.

U.S.A. 27 Biplane

: G/c =0,75 , Stagzer = 40%
Lox 10° 33 96 127 189 246 300 333
(1) «78%  +40% o o2 o2 «23% «23

(2) <72 38 32 .2 o2 o26 26

Deviat-
ions 006%' 002’%' «02 «00 -+01 - Oz% =e03

The agresment shown between these walues is not discowraging,
but is not so good as was that for the unstaggered biplanes,

The variation of our experimental C.P.'s with stagger 1s very
regular, and in addition covers a larger ramge than was the case for
G/C variation (See Plates 11 and 9), We bave caloulated biplane cor-
rections for C.P,, showing the effeot of stagger variation at G/0 =
1,00, and the effeot of G/0 variation at stagger ® 0. These correc-
tiona; expressed as fractions of the chord Sy which the C,P, 18 418~
placed towards the leading edge':f\f’fh;;ﬁeml L, waze to L, max., are

tabulated in Tadbles 108-109, Appendix C. Averages are taken of the

GOte 387 and U.S.A, 27 results and plotted in Plate 14, We consider

*Table II, ref, 9.
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the curves there given to be accurate within == ,01,

SUMMARY,

! In this analysis of C.P.'s we have found that equation (19) can
be used to calm;late the C.P. 'for unstaggered biplanes, the accuracy
being about 0,01 from G/ = 0,75 to 1433, The same method applied
to staggered biplanes oan be used with a lesser degree of accuracy,

" In each of these theoretical methods, acourate results require the
assumption that =

(Lift due to0 angle) =
(Total 1if$, experimental)~(Curvature 1ift, theoretioal).

The acouracy of the results thareby obtained indicat@sthat the theoret-—
10a) 1ift due to curvature is about right,

In Plate 14 we have plotted our experimental results in the form
of correstions to be subtracted from the monoplane O0.FPe Values taken
from the ourves are accurate within about + 0,01,

L3 2 2 2 ]

THIS CONCLUDES THE ANALYSIS OF RESULTS. In oonnection with each
pait of the analysis a brief summary has been given. After we have
made a BREVIEW OF PREVIOUS EXPERIMENTAL WORK, SEOTIGN VIXI, WE SHALL IN
SECTION VIII GIVE A CONCISE GENERAL SUMMARY AND CONCLUSIONS,



SECTION VII,

REVIEY OF PREVIOQUS ESPERIMENTAL WORK,

We are making this review to ses if previous results check
with ours for the variation with Stagger and G/C of the biplane cor-
reotion factors for:

Lo max,
L, at equal values of oL, 0° = 13°
Do at equal Lo .
Dc min.
1/D at equal Lg *
IJ/D male
< Mg at equal Lg *
. CePs at equal Ly*

Our results are always given in column (2),and taken where

possible from our two final charts (Plates 13-14‘:),# and those of the

experimenter under oonsideration in columm (1),'.'.

l. L. Bairstow, Tech., Report A,0.A., 1911-12, p.73-74.

Name of Section: Eiffel 13 bis (Bleriot lla), maximum
camber = 4.35%

Size 0f Model: 30"x b,

Wind Velooity: 19 m.p.h. '

Where Testeds K.,P.L. 4 foot tunnely.

Number of Tests: 6, 4 without stagger at G/C = 0.4, 0.8, 1.2,
1465 and 2 at G/C = 1.00 andftagger = 44%
and =38%.

RESULTS: A table of Ly and L/D correction factors at equal o
for 6%, 8° , and 10°; and small curves for Lg, Dg and L/D from -B° to
12°‘, from whioh results the following comparisons of corraection factors
18 derived,

* Can only be computed from curves, and published curves
are seldom aoccurate enough.
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_Lg at equal «, 6°- 100 1/D MAX.
STAQ&@._Q

/o (1) (2) @l (@)
0.4 .62 o733 .75 67
08 77 .83 o79 6%
1.0 <82 «86 .81 »78%
1.2 .86  .88% «84 +80
1.6 .89 91 8% .81%

2. Je Re Pmell,meoho Report A.C.A., 1915"’16, pp. 99-110.

Name of Seotion: RAF 60, maximum camber = 6.95%
Sige of Model: 18" x "
Wind Veloolty: &7.3 m.peh,
Where Taested: N.P.L. & foot tumnel.
Number of Testss 8, 6 without Stagger at G/C = 0,67, 1,00,
: 1, 35 1,67, 2,00, and 2 at G/0 = 0,9, with
Stagger = 52% and =50%

RESULTSs Tables and ourves showing the varigtion with G/C of
Lo, Do, L/D, Mg, and C.P., from =60 to 20°; and
showing the variations with Stagger of Lg, Dg, and
L/D; and also loading of upper and lowsr planes for
¢/¢c = 1,03, Stagger = 0, From these we have derived
ocorrections factors so as to make the following
oomparison, We bave made as many comparisons as
the author's data would permist,.

TION OF CORRECTION FACTORS WITH G/c, AT STAQGER =

a/fc o Max, Do Min, L/D Max,
(1] (2] (1) (2] (2) (2]
67 o8 +8¢ 098 1.15% .vg 75
.90 091 09 - - .8 078
1,00 93 «95 .99% 1.124 .84 o7

1.12 .88 .8
1.11 .88% .82
1,05 .92 .88

81 «78
o8 «78
«82 «178
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Correction factor for Ly

ot . 00 = 10°
éZc (1) (2)

1,00 .81 .86

1,33 8 893
1.67 .8 .92
2,00 .90 .94

The correction fastors for Lg at equal o¢ show the same
amount of variation, viz. 9% and B% respectively, but (2) 1s always
about 5% higher than (1). That this difference is oommsiderable is
shoﬁ by the fact that even at =404 stagger (2) does not become as
low a8 (1) However, it 1s significant that the only two airfoils
testqd in the same tumnel at the same time by the sams personnel and
with conditions similar In every way, even though their camber dif=
fered by 4.16%, oheck within 3% for Lo correction factors at equal
between 0° ~ 13°,

Doy L/D. Mg, and C.P. correction factors at equal v_alue of Lg
cannot be obtained from the author's data.

D and L loading faotors for upper and lower wings fit in very
well with our values.

A comparison is made in Seoction VI.

Se¢ L. W. Bryant, Tech. Report A.C.A., 1917=18, Vol. 1, TDe
: 184-187,

Name of Section: RAF 15, mazimum camber = 6,383

Size of Models 3346 x &, Rake = 21303

Wind Veloolty: 35,7 m.p.he 50 foot section

Where Testeds N.P.L. 7 foot tunnel No., 1 o
Number of Tests: 1, at G/0 = .884, Stagger = 23,°3 = 43%
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RESULTSs Lg, Do, L/D,and C.P, at 4° intervals, 0° = 16°,
From these we have deduced the following correction factors:

I‘O Max, (1) 097% (2) 095%
Lg at equal o« , 40-12° (1) ,85% (2) «8%
Do Min, (1) .98% (2) 1.13

40 w. L. coﬂay, Teoh. Report AOCOA.’ 1917"18, Vol. 1, Pe 194

Hame of Seotion: RAF 16.

Sige of Models 1g" x 3",

Wind Velooity: 27,3 m.p.he ® 40 foet. Section.
Where Tested: N.P.L. 4 foot tunmel Ho, 1 .
Number of Tests: 1 at G/ = 0.75, Stagger = 0 .

RESULTS: The following comparison 18 made with correction
factors deduced from Cowley's datas

Q) {2)
Lg Maxz, osé%' .90%'
L at equal oz , 00-12° I .82
DO at equal Loy Lg = (000227 1'45% 1.40
D° Min. . 1.12 1013%‘
L/D at equal Ly = (.00227) .68 o7k
L/-D Min. » 071% «76

5, J. C. Bunsaker, Engineering, January 7, 1916, as reported
by Alexander Klemin, Aviation , November 15, 1916,

Nams of Seotions RAF 6, Maximum camber = 6,82%
Size of Models 18" x 13

Wind Velooity: S0 m,pehe

Where Tested: M.1,7.

Number of Tests: 1 at G/0 = 1.2, Stagger = 0 .

RESULDPS: LoMaximum (1) .95% (2) .96
. Do and L/D ocorrection factors for G/C ® 1,00, Stagger = 0:—
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___Bip Correct tors
Lo X100 1/D
(1) (2) (1) (2}
40 1.10 - «90 -
60 1,07 9 93 1,06 )
. 80 099 N: 1,01 1.15% ) Very poor
120 «85 «80 1.15 1,25 } Agreement
160 ¢85 o7 1,15 1.2g§.1
200 o75 o76 1,25 1,313 )} Good
. 240 73 75 1.27 1,33 ) Agreement

These results attributed to Hunsagker by Klemin show very

poor agreement with ours, (except for Lg = ,00200 to .00240),

and are evidently in error, for on none of our 42 separate tests

from G/0 = 50, to 200, and Stagger ® ~40% to 607, d1d we get an

L/D correotion factor greater than 1.00, or a Dy correction factor

less than 1.,00,at equal values of Lge At the sams tims it is evie

dent that for equal Ly, the values of the L/D correction factors

will be the reciprocals of the Dg ocorrection factors; whereas the

inaccuracy of these results attributed to Hunsaker is shown by the

fact that they do not even meet this simple test,

Alexzander Klemin (ref, above) deduced from N.P.L. results the

fonowmé sorreotion factor for Ly, 4° = 8%; to which we compare

our ownge
Lg Correction FPaotors, 49 - 89,
GAP /CHORD
280 1400 2220 e 60
(1) o76 +81 +86 «89
83 .86 .88% 91
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6¢ E. P, Warner, A. Klemin, G. C. Denkinger,
N.A.C.A, Report, 1917, pp. 289=292,

Nome of Section: Eiffel 36, maximum camber = 6,887
Size of Models Complete model of JN=2 Biplane
' 16" x 2965 wings.
Wind Velooity: 30 mepehe
Where Tested: M.1I.T7. 4 foot tunnel.
Number of Tests: 1 at G/o = 1,00, Stagger = 20%, Rake = about 20°,

RESULTSs Lo maxe. (1) .95% (2) .96%
Lg for practical range of flight, average (1) .88,
- (2) J86% ,

7 Lt, Col. Robert, International Air Congress, London, 1923,

Name of Section: SC 56a (upper), SC 56c (lower). Jomkowski
profiles, .
Size of Model: 706 x 118 mm, = 27980 x 4165
Wind Velooity: 40 m/s = 89,5 m.p.he
Where Tested: Institute Aerodynamique St, Cyr, wind tunnel
Noe 1 (2 metres),

Rumber of Biplane CombinationsTested: 4, stagger = 0, G/0 = 0,51,

Oe74, 114, 1.59.

The upper and lower wings were separately tested,
RESULTS:s L and D only were megsured, and no data published on
these, exocept small ocurves showing a fairly good agreement between
the experimental and theoretical ourves (from Prandtlfs formulae)
for L end D, This means that at equal values of L the theoretical
values of D and of were in fair agreement with the experimental

values,
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Section VIII.

GENERATL SUMMARY AND CONCLUSIONS.

When this thesis was undertaken it appeared that the airplane
designer could neither obtain from theory or experimental data an exact
knowledge of the aerodynamic coefficients of biplanes. Certain for-
mlae from the vortex theory showed good possibilities, but insuffi-
cient data, especially for staggered biplanes, existed to verify them.

We therefore proceeded to make & complete test in the wind tunnel
of a large number of biplane combinations. Two U.S.A. 27 airfoil
models were tested in 31 biplane combinations, from G/C equal 0,50
to 2,00, and stegger + 604 to -40%; while two Gottingen 387 airfoil
models were tested in 12 combinations, from G/ equal 0,75 to 1.33,
and stagger equal eo%ﬂﬁo -40%. Esch of the four airfoil models
utilized was of course first tested thoroughly as a monoplane, The
material of each was aluminum; the size 18" x 3", and all tests were
conducted in the 4:00 M.I.T. wind tumel at 40 m.p.h.

The following is an outline of the specific results obtained from
the originel data. In eagh case we refer the reader to specific
tables or charts.

(1), Tabulated values of Ly, D, L/D, M,, and C.P. at equal values
of o« for all tests, Tables 35 — 76. Curves for Lg» Dy, and
L/D plotted egainst o , snd for M,, and C.P., plotted against L,
for 63% of all tests, Plates 3-4, 512,

(2) Tabulated values of Ly, D,, L/D, M, and ¢.P. for upper and
lower wings tested separately, U.S.A. 27 biplane at G/ = 1,00 and
1.67, and stagger = 0, Fraction of total 1ift and drag on each

wing. Tablag_’ :38403 o4 pp. 109-107.
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{3) Corparison at equal values of the I’c between the experimentally
determined values and the values calculated by Munk's formulae, for

16ading
theaL,s Dy» L/D, My, C.P, and o-- Tables 77~ 8, 99-99, /04107
(4) Biplanse correc‘tion factors at equal valuesof o« , for I‘c’
Dy, L/Djand M,,for all tests. Tables 1-33.
(5) Biplane coarrection fastors for L, max., Dy min. and 1/D
max.; and for D, L/D, My and C.P., at equal values of the L.
Plates 13-14, TablesJi— 77, /oo~/03, /08 ~/OF.

All biplane correction factors mentioned in (5), as well as

those for Ly at equal o« (0° - 139), have been plotted in Plates 13-
14, in & form directly avallable for pragtical use. Correction factors
taken from these curves have the following approximate degrees of
acourasy:

4,01  for L, mex., L,,at equal o¢ (0°-13°),L/D max., and C.P.;

+.01% for Dy, Dy min., L/D, and *My; and

+.02% for .
4 comparison with previously published data for the Eiffel 13 bis,
Eiffel 36, R.A.F. 6, R.A,F. 6¢, and R,A,F. 15, (Section VII), indicates
that correction factors read from the our curves can be applied to
this whole range of airfolls without incurring errors materially
larger (+.00%) than those cited above., Agreement in specific cases
did not usually come within this range of error, but the previous re-
sults, taken as & whole, bracket our correction factors. That is the
significant fact, because these previous tests were performed at

* gh =1,00, stagger = =404 to 60%
** Stagger = 0, G/ = 0,50 to 2.00.
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seversl different windi twmmnels, wind speeds, and model sizes.

A1l of our results outlined in (1) to (5) above have been
thoroughly analyzed in Section VI. The correction factors at equal «
 (4) were found to be of little significance, with the exception
of those for L,, which had practically the same values (#.01)
from 0° to 13° for both the U.S,A. 27 and Got. 387. These have been
1ncorpprated in Plate 13,

The 1ift loading can bhe found within 4,01 by the empiriceal equa-
tion (13): -

(Frac, of 1ift on upper wing) = 0,50 4 Ky L,
where K, = 23,5 for G/ =1.00, and 16.1 for G/ =1.67 . This applies
only to unstaggered biplanes from L, = 00125 to L, mex, but it gives
just as good results as Munk's more complicated theoretical formula (10).
More experimental work is needed to determine the distribution for
staggered biplanes, and for GL<:4°. Drag loading can be found to .01
by the empirical equation: —

{Frec. of drag on upper wing) = K, + 33.3L,, (14)
where K, = 0.48 for G/£=1.00, and .46 for 6/ = 1.67. This applies
only to unstaggered biplanes, f:om Ly =0 to L, max, A relationship
whdch gave just as good agreement so far as our results were concerned,
Was i=

(% Drag on upper) = 50 + X° | (13)

_ . 2
' The comparison of theoretical and experimental values of

D,, L/D, My, and C.P., &t equal L, (3), showed that: —
(a) Ly cannot be theoretically calculated for a given o , but that
ot for a given Lo can be calculated for unstaggered biplanes by Mumk's

equation:-
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x ocy; -~ S 51 +1 -(Sz +I) . (15)

This gives results acenrate within 094 (average) from 0.1 to 0.9

I‘o max, Munic dismisses stagger as negligible. We found that the
averagé amount by which o¢ was decreased, when the stagger was in-
creased from 0% to 60%, was 192 at 6/ =1.00, and 295 at G/ = 0.75.
The effect of positive stagger was twice that of negative.

(b} Dc and L/D for a given I‘c can be caloulated by means of Munk's

formula -

. 02 |s S
Cp =0Cp =L 1 - g 0\ (16}

1 2

This gives results accurate within #5% from 0.1 to 0,5 L, mex., for
biplanes both with and without stagger. The effect of stagger at
equal lifts 1s negligible from 0.1 to 0.9 L, max.

(o) The values of M, caloulated by Munk's formulae (17) and (18},
were hoplessly too low, averaging =18%.

() C.P. can be calculated within +.01 for unstaggered biplanes,
| G/ = 0,75 to 1,33, by Munk's formula -

CePe = 0,50 = « 3[ WSiI}L@o > BO (19)
CL

Accursate results require the assumption thaet -

(Lift due to o¢ ) = (Thtal 1lift, experimental) - (Curvature 1lift,
theoretical)., The acouracy of the results thereby obtained indicates
that the theoretical 1ift due to curvature is about correct. The
theoretical 1ift due to o 1s entirely too high., If the assumption
made above had been incorporated into the method for calculating Mc’

results of greater accuracy might have been obtained,
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Our analysis of results has disclosed in general that an in-~

crease in the gap /chord ratio of a biplane -

(1) egualizes the load on upper and lower wings,

(2) increases L, max, and L/D for a given Lgs

(3) decreases D, min.,, and o and D, for & given L,, and
(4) increases M, amd C.P. by small amounts,

While an increase in stagger -

(1) inoreases the:load on the upper wing,

(2) decreases L, max.,

(3) decreases a for a given Lg,

(4} inoreases M, and C.P. by material amounts, and

(5) has a negligible effect on L/D and D, for a given 1lift.

Plates 13 and 14 present a concise quantitative estimate of
these various effects due to stagger and gap /chord varistions while
Munk's formulse, specified above, can predict loading, « , D, L/D,

and C.P. with rough accuracy over limited ranges.
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Appendix A,

OTATION AND METHOD OF

Symbol Unit of Measura
Lo Lbs.
Ill Lbs.
L s Lbs.
L Lbs.
DO Lbs.
1)1 Lbs.
Ds Lbs.
D Lbs.
2
Lc (Lbs./ft./@h)
D "
Lo
Mo Revolutions of

moment wheel,

Ml "

T

Meaning of Symbol

Zero reading of 1ift arm on wind tunnel
balance,

Reading in 1lbs, on litt arm with wind
at 40 m,p.h.

Apparent 1ift due to spindle, or to
spindle and balance erosshead combined.
This only appeared when one airfoll wes
tested in the presence of another or
when balance erosshead was not protected
by the discoid case.

Equal to Iy ~ Lo or Ly -~ Lg = Lg, gives
the actuel 1ift on the airfoil, except in
the case of the test made with spindle
3200 larger than standard where L =

(L - Ly)/(+928).

Zero reading of balance drag srm.

Reading of balance drag arm with wind
velocity 40 mep.h,

Apparent drag due to spindle, or to spindle
and balance orosshead combined when the
latter was exposed.

Equal to Dy =D, or Dy - D, - D as the

case may be, glves the drag on the airfoil.
The 1ift coefficient of the airfoll,

" drag " r n "
w 1ift/dreg ratio " ¥ "

Zero position of moment wheel

Position of moment wheel, after pitehing
moment on the airfoll with wind velicity
at 40 mph, has been counterdbalanced by
rotating the moment wheel, which operates
& torsion wire,



Symbol

¥

Ml. (=

¥,

c.P.

Unit of Measwure

Revolutions of
moment wheel,

In.Lbs,.

In.Lbs.

75

Meaning of Symbol

Moment of spindle about balance axis, or
of spindle and exposed balance crosshead
about balance axis, &s the case may be.

Equal to (M3 = Mo}/ 3.78 or (M;-My-Mg)/
3.78 as the case may be, represents the
pitching moment on the zirfoil about the
balance axis prolonged. 3.78 = torsion
wire constant.

Por monoplane !~ pltching moment of the air-
foil about its leading edge, and equal to
M - Za - Xh, For biplsne:~ pitching moment
about leading edge of mean geometrical
chord, and equal to M=-Za 2#d Xh, where H is
taken as positive (&), whether measured
above or below the M.G.C.

(Lbs. f£t./Sq.ft/ M.P.H./

ft. of Chord)

Lbs,.

Lbs,

Degreos

Ins,
Ins.

Ins.

For monoplsnes moment coefficient of the
airfoil about its leading edge, equal to
ml.a./(la 6 SV2), where ¢ = chord in f£f,

S = area in sq. ft., V = veldelty of wind
in m/p/h. For biplane; Homent coefficient
about leading edge of geopetrical mean
chord, equal to My o /12 C SVZ,

Forsce parallel to the Z2 - axis. Equal to
Loasot - D sinoc o

Force parallel to the X - axis. ¥Equal to
Dcosct~ 1L sinec

Angle of attack, where o<= 0 means that
the chord coinsides with the direction of
the airflow,

Center of pressure coefficient expressed as
a fraction of the €hord abaft the leading
Gd.geo

Gap.
Chord.

Distance from the axis of rotation ( = mean
of upper and lower centers of rotation) to
The leading edge, messured parallel to the
X - axis, & =1,00 -~ _d-(G/2-p) tans
(Fig. 1), 2




Symbol
h
b
d

Unit of Measure

Ins,

Ins,

Ins.

Degrees.

7

Meaning of Symbol

Distance from mean axis of rotation to the
chord of the airfoil (or to mean geometrical
chord of biplane}, measured parallel to the
Z - axis., h=G/4 - p/2, (Pig. 1.).

Distance from chord of lower wing (at upper

end of biplane as mounted in wind twmmnel) to
upper center of rotation, measured parallel

to Z - axis,(Fig. 1).

Distance from upper center of rotation to
center line of strut, measwed parallel to
the X - axis. (Fig, 1).

Angle between strut and line parallel to

Z - Axis, This angle was recorded as nega-
tive (=) for positive stagger, and positive
(=) for negative stagger. (Fig. 1).

CeZe8e

Radians

Munk's (Ref. 9) nomenclature was used in
the theoretical calculations involving his
equations,

Dynamic pressure, equal to % 0 ve
Angle of attack, where /3 = 0 means that

the moment aroundthe center of the wing is
Zero,



Symbol

Ao

Unit of Measure

Radjians

CeBeSe
C M. 8.
O@SQ

© B S,

77

Meani of Symbol
CLO

The effect due to curvature,:ELo),peing the
1ift coefficient for 3 =0, *7
Absolute 1ift coefficient = L/gS.
Span.
Chord.
Stagger

Center of pressure of airfoil withdut curva-~
ture effect, expressed as frac. of chord.

Constants for a given biplane combination.
Equal /B
Interference fagctor,

Induction factor (empiriocal),



N.B.

Appendix B,

ORIGINAL DATA.

In all tabulations of data, negative signf (-) are inserted,
but sll positive signs (4) are omitted. The absence of a
8ign means that the valne. 4is positive (&),
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<

-6
-4
-2
0
2
4
6
8
10
12
14
16
18

# _#
i R
«368 ,252
Y 66 0515
366,746
366 ,945
«366 1.196
+364 1429
364 1628
+364 1845
«364 2041
«363 2232
+362 2383
362 2,456
«361 2434

Dy =

L I
«290 ,l164
291 ,428
«291 .651
290 ,.853
«290 1,102
«289 1,320
.289 1,528
.288 1,733
.288 1,927
«287 2,122
.287 2,276
.286 2.359
.285 2,330
«285 2,267
285 2,166

U.S.A.-27 Monoplane #1

»0450

1
L,-17

“.116
.149
«380
+579
«830

1,063

1,264

1,481

1,677

1,869

2,021

2,094

2,073

0450
Ll*Lo

-.126
137
.360
563
.812

1,031

1.239

1.445

1.639

1,835

1.989

2.073

2.045

1.982

1.881

1lst Test
a = 0%98
D, El D; =D, -Dg

0727 .1920 .0743
.0728 .1586 .0408
0729 L1514 «0335
«0730 ,1550 0370
«0730 ,1643 » 0463
+0730 ,1811 0631
.0730 ,2001 0821
.0730 ,.2241 1061
0730 ,2494 1314
.0730 ,2762 .1582
.0730 .3063 .1883
,0730 .3380 .2200
.0728 ,4068 . 2809

2nd Test

a = 1%00

Do Dy Dy-Dy-Dg

.1445 ,2691 L0796
1446 ,2324 ,0429
.1447 ,2238 L0341
01447 ,2251 L0384
.1447 ,2351 ,0454
014497 ,2507 ,0610
.1447 .2695 ,0798
.1447 ,2932 ,1035
.1447 ,3181 ,1284
.1448 ,3449 L1551
.1448 ,3766 ,1868
L1248 .4088 ,2168
.1448 ,4658 ,2760
.1448 ,5264 ,3366
.1448 ,5799 ,3901

h = 0O%10

Mo My MM
12,47 10.93 -1,54
12,47 11,13 -1,34
12047 11.35 "1012
12,47 11,63 - .84
12.4’7 11.83 - .64
12,47 12,36 - .11
12,47 12,80 .33
12,47 13.18 o71
12,47 12,94 «47

h = 0%11

E_o.. Ml nl-uo
14,28 12,73 -1,55
14,28 12,91 =1,37
14,28 13,18 =1,20
14.28 13.45 - 083
14,28 13,68 = .60
14,28 13.91 - .37
14.28 14,17 - L1l
14,28 14,71 «43
14,28 15,17 «89
14,28 15.31 1,03
14,28 15,01 76
14,28 14.4H <17

?7.



U.S.A.=27 Monoplane #l

Mean Values of Two Tests

a = 0%99
L1-L, ' D1-Do-Dg  L/D
- o121 «0770 «1,57
143 0419 3e42
370 .0338 10,93
«5T71 «0367 15,58
«821 «0459 17,90
1,047 0620 16.89
1,251 .0810 15.46
1,463 «1048 13.98
1,658 «1299 12,78
1.847 «1567 11,80
2,005 +1876 10,70
2,084 «2184 9.55
2,059 . ,2785 7.39
1,982 .3366 5,89
1,881 «3901 4,82
x z Za
.064 - .129 bl .128
«051 . 140 139
« 047 «369 365
.038 o571 .566
.018 «820 «811
- 0011 10048 10037
- 0050 10251 1.240
- +100 1,461 1.44"7
- 0160 10654 1.639
- 0231 10838 10819
- .303 1,989 1.969
- .364 2,061 2,040
- .370 20042 2.021
- 360 1,977 1,957
- 0344 10890 1.871

700

h = 0%11
My =M,
L D My =M
- 2 1o T
=.00020 ,000128 =1,55 «,410
«00024 ,000070 1,36 =,360
00062 ,000056 =1,16 «,307
000095 .000061 - 084 -0222
«00137 ,000077 = .62 =,164
.00175 ,000103 -~ ,38 -,101
00209 ,000135 - ,11 -,029
.00244 ,000175
.00276 ,000217 .37 .098
«00308 ,000261
+00334 ,000313 .80 .212
00347 ,000364
«00343 ,000464 ,62 .164
.00330 .000561 :
.00314 000650 ,17 «045
In W oo, SRt M
«0070 - ,275 -71,1 -,00015
00056 - 0493 '117.2 ’000027
.0052 < ,667 60,3 -,00037
.0042 - ,784 45,7 -,00044
.0020 - 0973 39-5 '000054
-.0012 «1,139  36.3 -,00063
~e0055 <1,275 - 33,9 ~.,00071
“00110
-40176 -1,565 31.4 -,00086
-.0254 =
-,0333 1,790 30,0 -,00099
«20400
-,0407 -1,898 30,9 -,00105
-.0396 ~
’00378 -10865 32.9 '.00104



-

00O OD

1 1 1

6
4
2
0
-2
4
6

L
(=]

6

10
12
14
16
18
20
22

(-4

8
10
12
14
16
18

Dy =.0450,

I, L
.146 ,288
L4477 ,288
,646 ,287
+863 ,286

1.105 .286

1,327 ,285

1.528 ,285

1,735 ,284

1,932 ,284

2.122 ,284

2,282 ,283

2.385 ,283

2.371 .282

2,287 ,282

2.186 .281

U.S.&,-27 Monoplane #2

f!:fg_
- .142
.159
»359
.57
.819
1,042
1,243
1,451
1,648
1,838
1,999
2,102
2,089
2,005
1,905

Dg = .0450

I

P L In
.3650 ,239
.3653 ,503
.3648 ,738
.3643 ,962
.36381,199
.3631 1,419
3624 1,628
.36281.830
3613 2,024
,3614 2,225
.3606 2378
.3601 2477
»3597 2,439

Iy -L,

=127
»138
373
» 598
.835
1,055
1,266
1.468
1.663
1.864
2,017
2.116
2,079

a =

lst Test

a = 0¥97

Dy
« 2596
.2342
2241
.2255
22354
+2500
» 2694
« 2903
«3166
« 3450
.3730
«4044
+4603
. 5264
D874

.1439
.1439
«1440
» 1440
+1440
21440
.1439
1438
#1437
+1436
«1435
.1434
1432
.1430
«1428

2nd Test
ovo9

D, D1

0716 ,1964
.0719 ,1585
0719 1510
.0719 ,1540
+0719 ,1630
0719 ,1795
,0718 .1990
,0718 ,2200
0716 ,2463
0714 ,2750
.0712 ,3055
.0711 ,3355
.0710 ,3934

h

. 0707
.0453
20351
.0365
. 0464
» 0610
.08056
#1115
1279
»1564
+ 1845
« 2160
« 2721
.3384
.3994

h =

= 0%14

Do DPy-Do-Dg 1y

14,48
14.58
14,79
15,02
15,28
15.53
15,77

16,23

16.69
16,72

16,65

15.97

o%19

,0798
0416
.0341
L0371
. 0461
L0626
.0822
.1032
.1297
.1586
.1893
.2194
.2774

11,97
11,97
11,97
11,97
11,97
11,97
11,97
11,97
11,97
11,97
11,97
11.97
11,97

E&
16,00
16.00
16,00
16,00
16,00
16,00
16,00

16,00

16,00 -

16,00
16.00

16,00

10,41
1c.52
10,77
10,92
11,27
11.47
11,75
12,02
12,28
12.46
12.71
12.92
12,56

/10f

X M,
-1.52
"lp4'2
"1.21
- 098
.72
47
.23
.23

72
.65

"003




U.S.A.-27 Monoplane #2

Mean Values of Two Teéts

a = 0998
o« I1-Ly Dy-D,-Dy My -,
-8 =,134 0753  -1.54
- 4  L149 <0435 21,44
-2 366 .0346 -1.21
o .587 .0368 1,02
2 0827 00463 - 171
4 1,049 20618 - 49
6 1,254 .0813 - ,23
8 '1.459 .1074
10 1,656 .1288 .27
12 1,851 <1575
14 2,008 .1869 72
16 2.109 2177 .84
18 2,084 2748 .62
20 2,005 - ,3384
22 1,905 3994 - ,03
=< X 2. Za
-4 ,053 .146 143
-2 ,048 364 «35%7
0 .037 587 .575
2 ,018 .828 .811
4 -,012 1,050 1.029
6 -,050 1.254 1.229
8 «=,097 1,458 1,429
10 =,160 . 1.651 1,619
12 «,232 1,840 1.802
14 -,303 1,991 1,950
16 -,373 2,085 2.044
18 9.382 20064 2.022
20 =,371 1,997 1.956
22 -,344 1,914 1,875

/102

h = 0%16
L M, =M
Lg D, 10
. _ D 3.78
~.00022 ,000126 =~1.78 = ,407
.00025 ,000073 3.42 - .381
«00061 ,000058 10,59 - ,320
»00098 ,000061 15,98 - .270
.00138 ,000077 17.86 - ,188
.00175 ,000103 16,98 - ,130
.00209 ,000136 15,43 - ,061
«00243 ,000179 13.58
00276 ,000215 12,88 .071
«00309 ,000263 11.79
«00335 ,000312 10,75 190
«00352 ,000363 9,70 222
00347 ,000458 7,48 .164
00334 ,000564 5,93
.00318 ,000666 4,77 - ,008
Xh .2 M,
00096 L § 260 - 62. -, 00015
.0085 - ,515 + 117,6 «.00028
«0077 - ,669 + 61,2 -,00038
«0059 - ,839 + 47,7 -.00046
«0029 - ,996 + 40,3 -,00055
-,0019 -1,161 ¢+ 36.9 -.00064
-s0080 =1,2908 + 34,4 -.00072
‘.0155
-.0256 -1. 574 * 31.8 “e 00087
-, 0371
-40485 -1,809 + 30,2 -.00100
-,0696 -1,882 ¢+ 30.1 «,00105
-,0611 «1,919 + 30,9 -.00106
-,0594
-,0550 -1,938 + 33,7 -,00108



=

OOARMNDO PO

10
12

16
18

22

U.S.A.-27

Monoplane

Mean Values of Two Tests on #1 and Two Tests on #2

To be used as the standard to which to apply biplane
correction factors,

Ly - I,

- ,128 L0762
»146 « 0427
.368 ,0342
.579 .0368
«824 - 0461

1,048 ,0619
1,253 .0812
1,461 «1061
1,651 ,1294
1.849 #1571
2,007 »1873
2,097 .2181
2,072 « 2767
1,994 «3375
1.893 «3948

Le

.00021
.00024
.00061
.00097
.00137
00175
00209
00244
«00276
«00309
.00335
.00350
»00345
»00332
«00316

Do

1/p

c.24

«000127 - 1,68 —66,6
3.42 217.4

000071
« 000057
000061
000077
.000103
000135
.000177
000216
000262
.000312
.000364
« 000461
«000563
» 000658

10,76
15,71
17.85
16,92
15,45
13.76
12,70
11,78
10,71
9,60
7.49
5,91
4,80

060.8
+46,%7
*3909
#36.6
«34,2
"31.6A
+30,1
+30.9

+33 o3

L

=,00015
“e 00028
-.00038
-,00045
-, 00055
-.00064
e 000‘72

-,0008%7
-,00100
-.00105
-.00106

103



[ lg

COHRBPDOM S O

/04

U.S.A.-27 AB Upper
Plgne of Bi-Plane Combination

G/C = 1,00, Stagger = 0

Lon

0687
0687
0687
0687
0687
0685
0685
0685
»0684
.0683
»,0682
0680
.0678
.,0683
0683

R Zoo2 2
.0828
.0516
0416
.0386
.0444
.0605
.0789
.1014
.1291
«1623
.2024
. 2402
.2918
.3029
«3740

175
<037
239
«427
611
.859
1,027
1,212
1.387
1,575
1,745
1,918
2,073
2,142
2,086

«002 -
«002
002
002
,002
+ 002
0002
002
+ 002
» 0802
2002
»001
0001
»001
0

+155
3Mm
«573
« 759
»943
1,191
1,368
1,543
1.718
1,905
2,075
2,246
2,401
2,469
2,409

«1880
1569
«1471
«1443
«1503
+1665
«1852
«2079
« 2357
+ 2688
.3088
3464
«3878
+»4094
.4805

“2.12
.72
5,75
11,07
13,79
14,20
13,04
11,96
10,74
9,70
8.62
7,98
7.10
7,08
5,58

Le

——

-,00029
» 00006
+ 00040
«00071
«00102
.00143
00171
« 00202
«00231
«00263
«00291
.00320
.00344
» 00357
00347

2

.000138
. 000086
. 000069
« 000064
.000074
»000101
»,000132
.000169
.000215
000871
000337
» 000400
.000486
« 000505
.000623

Mo

11,56
11,56
11,56
11,56
11,56
11,56
11,56
11,56
11,56
11,56
11,56
11,56
11,56

a4

10,12
10,19
10,43
10,63
10,79
11.31
11,68
12.23

12,91

My =M,

-1‘44

-1,37

-1.13
- 093
- .77
- .25

12

«67
1.35

Hi-no

3.78

.381
«363
299
«246
«204

- +006
.032
o177
<357



e L

OOBNONMPN

10

14
16
18

.064
«053
+050
«039
023

-+039
-.068
‘0113
-.170
- 225
-e 299
'0363

- .184
2032
«23"7
429
«612
« 860

1,028
1,213
1,387
1,572
1,740
1,907
2,060

1y

«309

+495

.668

.830
1,006
1,188
1,333
1,501
1,664
1,813
1,961
2,079
2,168
2.129
2,110

U.S.A.-27 As Upper Flane
- of Biplane Combination

a = QF9

Za

- 182
.031
«235
425
+606
«851

1,018
1,202
1,372
1,556
1,721
1,888
2,040

105

Yo

-,00021

. 73 6 - 0@0029

G/C = 1,00, Stagger = 0
- Continued =
9 h = 0%19
Xn Mrp C,P.
.012 - 187 - ¢339 -.00010
7 .010 - .385 4,010
.009 - o524
+007 - ,664 .515 =,00037
.. 004 - .806 439 -,00045
0
-, 007 -1,091 356 =,00061
-.013
-, 022 -1,362 .328 -,00076
"0032 :
-.043 -1,587 .304 -,00088
-.069 -10752 0283 -.00097

U.S.A.-27 As Lower Plane
of Biplane Combination

G¢/C = 1,00, Stagger =

=)
002
002
«002
002
« 002
002
.002 1
»002 1
002 1
002 1
002 1
001 1
001 1
«001 1
«001 1

L

.022..
,165
338
501
.678
.859
.005
174
338
.488
.635
754
.843
.804
.786

22
D712
.0712
+0712
.0712
.0712
0712
0710
0709
.0708
<0707
+ 0705
«0704
.0703
«0700
» 0699

6/
'Dl

.1785
.1482
.1418
.1468
<1556
.1701
«1890
« 2083
.2308
<2558
«2791
»3023
.3297
.3850
.4538

Dg

0374
.0374
.0374
.0374
«0373
«0373
.0372
0372
,0371
.0370
.0369
.0368
.0367
.0366
0365

«0699
«0396
.0332
0382
0471
+0616
0808
»1002
1229
1481
#1717
«1951
«R227
»2784
3574



oL L/D
- 6 - .31
- 4 4,16
-2 10,18

0 13.12

2 14,39

4 13,91

6 12,45

8 11,70

10 10,89

12 10,01

14 9,53

16 9.00

18 - 8,29

20 6,49

22 5,00
= X
- 6 +068
-4 « 050
-2 . .044

0 ,038

2 «024

4 «001

6 =,024

8 "0064

10 =-,111

12 -,165

14 “e 229

1l6 -,297

18 '0358

20 ‘0355

22 -,340

7 R U.S.A.-zv Aa LOWGI'

Plane of Bi-Plane Combination

¢/C = 1,00, Stagger = O

Continued
Le D, M, My ¥ ¥,
-,00004 ,000116 14.,45 12,67 -1,78
00028 ,000066 14,45 12,81 -1,64
»00056 ,L000055 14,45 13,06 -1,39
.00084 ,000064 14,45 13,32 -1,13
.00113 ,000079 14,45 13,45 1,00
.00143 ,000103 14.45
.00168 ,000135 14,45 13.82 - ,63
«00195 ,000167 14,45 '
,00223 ,000205 14,45 14,20 - ,25
.00248 ,000247 14,45
.00273 ,000286 14,45 14,69 24
.00292 ,0003256 14,45
.00307 ,000371 14,45 15,03 58
.00301 ,000464 14,45 14,78 «33
,00298 ,000596 14,45 14,51 .06
a = 0993 h = 0814
z Za  Zm My G
-.,029 -,028 +010 - 434 21,496
+161 +150 007 - #5577 1,196
337 «313 «006 - o675 669
+501 +466 «005 - 760 « 506
«679 +630 »003 - 895 440
+ 860 «800 «000
1.007 937 -,003 -1,109 .368
1.1?6 1.092 -.009
1.338 1,241 -,D16 -1,323 «330
1.486 1.381 -.'023 )
1.626 1,511 -,032 -1,479 304
1.738 1.614 -,042 '
1.820 1,692 -,080 -1,589 «291
1.790 1.665 °005° “10628 0303
10790 1.665 '0048 ‘1.697 0315

/06

nl -M

3.78

«471
434
.368
299
«264

- .169
- .066
.064

153
«087
.016

¥

-,00024
-,00032
'000038
-,00042
-+00050

-.00062
-.60074
-,00082
-,00088

'000091
-,00094



Lg

« 002
.002
+001
« 001
«001
« 001
«001
«001
»001
+001
+001
« 000
«000
«000

-2.47
4,78
10,76
15,19
16,28
15,30
13,61
12,22
10,95
9,61
8,86
8,05
e42
6.18

U.S.A,.-27 As Upper Plane
of Biplene Combination

G/C = 1,67 Stagger = 0

Lo Ln i s D2 D
333 ,178 - ,157 ,0373 ,0687 ,1694
.333 .520 ,185 ,0375 ,0687 ,1450
.333 .714 .380 L0377 ,0687 ,1417
332,921 ,587 ,0379 L0687 ,1453
.331 1,140 ,808 ,0381 ,0687 ,1564
«331 1.357 1,025 ,0382 ,0687 L1739
331 1.550 1,218 ,0383 ,0687 ,1964
330 1,751 1,420 ,0383 .0687 ,2236
330 1,969 11,638 ,0383 ,0687 ,LB565
.330 1,140 1,809 ,0383 ,0682 ,294%
.329 2,351 2,022 ,0383 ,0682 ,3347
.329 2,498 2,168 ,0383 ,0680 ,,376)
«328 2,626 2,298 ,0383 ,0675 L4153
.327 2,589 2,262 ,0383 ,0675 .4724

L. Dq M, oY My -Mg
-,00026 ,000106 12,51 10,90 1,61

.00031 ,000065 12,51 11,10 -1,41

.00063 ,000059 12,51 11,31 -1,20

.,00098 ,000065 12,51 11,58 - ,93

.00135 ,000083 12,51 11,80 - ,71

,00171 ,000112 12,51 .

.00203 ,000149 12,51 12,28 - ,23

.606237 ,000194 12,51

.00273 ,000249 12,51 12,81 .30

.00302 ,000314 12,51

00337 ,000380 12,51 13,40 .89

00361 ,000450 12,51

,00383 .000516 12,51 ‘

.00377 ,000811 12,51 13,69 1,18

107



S lg

OB ODOWO,

LI I )

« 047
+050
»048
.039
022
-+004
‘0038
‘0081
-0136
-.192
-+267
“0339
’.416
'0430

-0002
-0002
“.002
~.002
e 002
‘0002
’0002
-.002
—-e 002
-Q001
-.001
-.001
-.001
- 001

of Biplane Combination

D

/08

gg
-,00014
-.00030
"000038
-,00046
-+ 00055
-+00071
-.00087

-,00100

-,00111

D

«1877 ,0812
«1517 ,0452
.1448 ,0383
.1465 ,0400
.1560 ,0496
1702 ,0638
.1885 ,0822
2055 ,0991
2288 ,1225
«2540 ,1479
.2813 ,17853
<3069 ,2008
.3405 ,2346
.4057 .2999

G/C = 1,67 Stagger = 0
.= Continued - . .
a = 0%99 h = 0%19
g, E& EQ Mrg C Po
- 2165 = ,163 «009 - ,254 - ,514
+181 «178 «010 - ,542 «999
0378 .374 .009 - .683 .601
« 587 «581 «007 - ,820 «470
+808 +800 «004 - ,9084 +«406
1,025 1,015 + 001
1,220 1,208 007 -1,276 348
1,421 1,407 -,015 :
1,638 1,622 «,026 «1,569 319
1,807 1,789 4,037 :
2,014 1,994 -,051 -1,809 « 299
2156 2,135 «,065
20279 20256 '0079
2250 2.228 =-,082 -1,99% « 296
U.8.A.-27 As Lower Plane
of Biplane Combination
¢/Cc = 1,67 Stagger = 0
Lo Lh L 2 D
«338 0234 - J102 ,0358 ,0707
337 +458 «123 ,0358 ,0707
0336 ,0653 ’ 0318 00358 <0707
«336 «840 <506 L0358 ,0707
«336 1,040 «706 ,0358 ,0706
336 1,244 +910 .,0358 ,0706
335 1.411 1,077 .,0358 ,0705
335 1,590 1,257 L0359 ,0705
o334 1,762 1.430 ,0359 ,0704
334 1,936 1,604 ,0360 ,0701
333 2,080 1,748 ,0360 ,0700
.333 2,204 1.872 ,0361 ,0700
«332 2.239 1,908 .0361 ,0698
0332 2,188 1,956 .0362 ,0696



[ | lg

DOPVONESD

070
.049

\U.S;A.~27 A8 Lower Plane

of 3Biplane
G/C = 1,67, Stagger = 0
- Continued -
e D¢ o R}
-.00017 ,000135 12,48 10.83
.00021 ,000075 12,48 10,85
. 00053 ,000064 12,48 11,13
.00084 ,000067 12,48 11,36
.00118 ,000083 12,48 11,58
«00152 ,000106 12,48
.00180 ,000137 12.48 11,97
00210 ,000165 12,48
«00238 ,000204 12,48 12,37
.00267 ,000246 12,48
»,00291 ,000292 12,48 12.54
00312 ,000335 12,48 '
.00318 ,000391 12,48 12,97
00309 ,000500 12,48 12,60
a=0%9 h= 0%19
Z  Za I M4,
- o110 - ,109 L0133 - 314
.121 .112 0010 - .533
316 ,313 ,009 - .661
.506 ,501 ,008 - ,789
.708 .700 0005 - .933
1,079 1,068 -,006 1,262
1,257 1,244 -,015
1.428 1.412 -.024 -1.465
1,699 1,581 -,036
1,694 1,678 =~,046 =1,708
1.853 1,835 «,061
1,885 1,867 =,070 1,806
1,845 1,827 -,067 -1,862

/09

-M
" M, a1
3,78
-1,65 .436
"'1063 0431
"1935 .357
-1,12 + 296
- 090 a238
- .51 .135
- o1l +029
«06 »016
«49 »130
12 «032
c.P. &
- 095 '000017
1,470 -,00030
»698 ~-,00037
«520 -,00044
«440 -,00052
390 -,000%70
.342 -,00081
0336 "000095
«319 -,00100
.337 -.00104



/1o

U.S.A.»87 Monoplane #1

Mounted on Balance Crosshead

2 I L D Dy Dy-D-Bg  Iq-Ly-L, L/D
-6 L,118 ,272 .,2725 .0672 .0826 - .158 - 1.9
-4 ,394 ,271 ,2335 ,.,0665  ,0447 2119 2.8
-2 .637 271 .,2240 L0657 .0360 462 10,2
0 o865 .270 .2273 ,0647 .0403 .696 14,6
21,099 .270 ,2359 ,0639 . 0487 +826 17.0
4 1,328 ,269 ,2516 ,0631 0650 1,058 16.3
6 1,549 .269 ,2741 ,0619 .0885 1,279 14,4
8 1,751 .268 ,2959 L0607 +1089 1.483 13.6
10 1,956 ,268 .3216 .0595  ,.1364 1,688 12.4
12 2,149 ,267, ,3498 ,0586 .1653 1.883 11.4
14 2,309 ,267 .3826 .0575 .1992 2,044 10,3
16 2,408 ,267 .4169 ,0562 .2331 2.145 9.2
18 2,380 .266 .4732 .0554 .2954 2,119 7e2

Drag (Dg) Lift (Lg), of 5-7/8% spindle and balance cross-
head on which spindle was mounted 3/4* from balance axis.

L= 39. Dy Dg=D3-D, In Ly Lg=Iq-L
-6 L0451 ,1678 ,  ,1227 304 «300 .004
-4 ,0451 ,1674 .1223 .304 .300 .004
-2 ,0449 ,1872 .1223 .303 «299 .004
0 .0449 ,1672 .1223 .302 .299 . .003
2 L0447 ,1680 .1233 .302 .299 .003
4 ,0445 ,1680 1235 301 «300 ,001
6 .0443 ,1680 .1237 «300 «299 .001
8 ,0442 ,1705 1263 «299 «299 : 0
10 ,0442 ,1699 . ,1257 .299 «299 0
12 ,0440 ,1699 .1259 .299 «300 -.001
14 ,0440 ,1699 .1269 +298 «300 - 002
16 ,0440 ,1706 .1266 0296 «300 -, 004

18 .,0440 ,1704 «1264 «295 «300 -.005



Crosshead mounting protected bj discoid

U.S.A.-27 Monoplane #1

case
lst Test
Dy = ,0327 a = 0%79 h = 0%83
I L I-l, D Dy Dy-Be-Dg ¥y M
.170 .270 - ,100 ,1762 ,0719 ,0716 9,18 10,80
«447 270 177 ,1432 ,0715 ,0390 9.02 10,80
.688 .270 ,418 ,1364 ,0708 ,0329 9.04 10,80
.907 ,269 .638 ,1378 .0698 ,0353 9.10 10.80
1,159 ,.268 ,891 ,1484 ,0683 ,0474 09,15 10,81
1.379 .268 1,111 ,1634 ,06%1 ,0636 9.21 10,81
1,601 ,267 1,334 .,1821 ,0661 ,0833 9.38 10.81
1.824 ,267 1,557 ,2067 ,0649 L1091 9,55 10.81
2,033 .266 1,767 .2343 .0635 ,1381 9,75 10.81
2,241 ,266 1,975 .,2600 0621 ,1652 10.00 10,81
2,400 ,265 2,135 .2940 .0613 .2000 10.33 10.82
2.469 ,265 2,204 ,3358 ,0598 .2383 10,51 10,82
2,446 ,265 2,181 ,3979 .0590 .,3062 10,38 10.82
2.364 ,264 2,100 ,4672 05756 L,3770 10,08 10.82
2,238 ,264 1,974 .5300 .0562 .4411 9,83 10.82
2nd Test
o DB= 00327
L D Lok, D Dy DDy
139 ,270 = (131 L1775 L0677 «0771
+406 ,269 2137 L1407 ,0664 .0416
.650 ,268 .382 ,1314 ,0655 .0332
.879 .268 .611  .1334 .0648 0359
1,115 .26% .848 ,1426 ,0630 .0452
1.351 .267 1,084 .1574 ,0622 +0625
1,558 ,266 1,292 .1761 L0613 0921
1.799 .266 1,533 .2000 L0598 .1075
2,009 ,266 1,743 .2258 0592 .1339
2,194 .266 1,928 .2530 L0579 .1624
2,352 ,2656 2,087 .2864 ,0563 1974
2,447 ,264 2,183 .3215 L0553 . 2435
2,418 .264 2,154 .3878 ,0541 .3010

Mg

-.09
"009
e 09
-, 08
".08
-008
-,08
-,08
9008
-.08
-008
-.08
-009
"009
-.09

£41.

3.7M

-1.53
"1.69
~1,67
-1.62
-1,56
~1.48
"l 035
"1.18

.98

«73

o4l

35
«65
90

20 IO N B B B |
3



U.S.A,~ 27 Monoplane #2

72

Crosshead mounting, protected by discoid case.

(I la

OORDVDON>O

-
o

In

«106

384

«634

«858
1.093
1,337
1,560
1.777
1,972
2,150
2.341
2,447
2,431
2,357
2,234

«201
‘0479
727
958
1.194
1.427
1.637
1,843
2.039
24229
2.384
2,470
2,451
2.387
2.271

Ds =

EQ
« 254
»253
«252
251
«250
« 250
249
« 249
0248
e R47
0246
0246
245
« 245
244

+0301

In-Lg

- .148
131
382
«607
«843

1,087
1,311
1,528
1.724
1,903
2,095
2,201
2,186
2,112
1.990

.331

«328
327

«325
«325
.324
0323

1st Test
a = 0178 h = 0n87
DL D DDy My My o
1934 ,0839 L0794 9,65 113) «,09 -1,57
.1556 ,0879 ,0436 9,49 131 -.09 -1,73
01460 .0818 00341 9053 1-31 "‘-09 “1069
1482 ,0808 L0373 9,58 11,30 =08 1,64
.1569 ,0797 L0461 9,621L30 ~,08 -1,60
01728 ,0786 ,0641 9,69 1,30 -,08 -1,.53
«1913 ,0775 L0837 9.86 1130 -.,08 -1,36
2144 ,0763 .1080 1,04 1130 =,08 -1,18
2400 ,0751 ,1348 10,22 N30 «,08 =1,00
»2676 ,0738 ,163% 10,46 11,29 =.08 « .75
«3008 0725 ,19821076 11.29-,08 = .45
3358 0712 .2345 1095 11.29-,08 - ,26
#3975 ,0699 2975 1085 1129-,09 - .45
.4706 ,0687 ,3718 1044 11.29-,09 - .76
+«5300 ,0674 ,4325 10,19 11.29-,09 -1,01
2nd Test
Dy = ,0327
1.1-1,E _1_)_1_ 1_)2 Dl D _-Dg
- 0130 01830 0061? 00886
.148 +1446  ,0633 0486
401 1331  .0641 .0375
.628 .1392  ,0659 0406
.871 ~1475 L0666 «0502
1.008 1658  ,0677 .0854
1,309 .1870 .0686 +0857
1,818 #2101  .0691 .1083
1,712 «2376  .0698 .1351
1,902 2661 L0705 .1629
2,058 .2981 L0716 .1938
2,145 .3306 .0723 .2246
2,126 «2861  ,0736 .2788
2,063 <4702  ,0746 +3629
1,948 «5395 L0758 .4310



. U.s.Ao"

27

Monoplane

773

Mean of 4 tests for Lift and Drag and 2 Tests for Moments.
Mounted on balance crosshead; crosshead protected from wind
by discoid case,

To be used as standard to which to compare biplane results and
thereby obtain biplane correction factors,

s

11 Jg

DRRVONRG

&

- 127
«148

396 |

0622
«863
1,095
1.311
1,533
1.737
1,927
2,091
2,183
2,162
2,092
1,971

M

-0410
".452
-.445
‘0431
s 418

D

«0791

X

+066
053

+048

037
«018

‘0399'0013
-‘360-0053
-.312’.0105
-,262-,168
~e196~,241
-e114-,313
-,066-,370
-.106".385
~.188-,366
e 254".335

Lo

-.00021

00025
« 00066
«+00104
«00144
.00183
+00219
+00256
00289
.00321
» 00349
+00364
« 00360
«00349
«00320

8 =

0135 -
145
«394
«622
«864
1,097
1,312 1
1,535 1
1,734 1
1,91% 1
2,076 1
2,162 1
2,146 1
2,092 1
1,990 1

e
»000132
« 000072
«000057
000062
000079
+ 000106
000140
.000180
, 000226
.000273
000329
000388
.000493
.000618
000725

0%77

Za

«104
0112
«304
479
+665
«845
«011
«182
.338
476
+600
«667
+654
+610
«532

Xh

«056
«045
»041
.031
«015
"0011
-.045
-,089
‘0143
-.205
= 4266
'¢315
'0328

1/p

-1‘ 63
3.42
11,54
16,71
18,30
17,20
15,70
14,20
12,82
11,79
10,60
9.38
7.30
5,64
4,53

h = 0%85

15 o
« 250
+519
«708
+879
'1.068
-1,255
-1,415
-1,583
-1,743
-1,877
-1,980
-2,048
-2,086
-2,109
“2.071

2L

- ,254
296
«792

1,244

. 1,726

2,190
2,622

3,066

3.474

3,854

4,182
4,366
4,324
4,184
3.942

2D

.1582
.0864
. 0686
.0746
»0946
.1278
.1876
.2164
«2710
3272
03952
.4658
.5916
7414
»8700

Eé
-,00014
-.00029
-+00039
-,00049
‘000059
=,00070
-+00079
-,00088
‘000097
-,00104
-,00110
-,00114
-,00116
-,00117
‘000115

? Nin

- .500
"1‘038
-1,416
"'1. "58
2,136
-2.,510
-2.830
-3.166
-3‘486
”30754
-30960
-4,096
-4,172
-4,218
-4,142



Crosshead mounting protected by discoid case.

Length of spindle = 8100, i.e,, 3900 longer than standard

t 3 l?

ONM DO

U.S.A.-27 Monoplane #1

length,

2
.328
+327
«327
«326
o326
«326
.325
«325
324

324

.323
.322
321

<267
. 266
.265

.265
+265
.264
+263
263
«262
.262
.262
<261
.261

h

.148
445
o717
.968
1.205
1,462
1,706
1.925
2.158
2.352
2,503
2,645
2,625

1,217
1,459
1,703
1,932
2.139
2.362
2,544
2,604
2,513

D, = 0547
1st Test
Ll'Lo 22
- +180 <0570
«128 0583
391 . 0598
«642 « 0606
+883 0617
1.136 «0626 -
1,381 <0637
1.600 + 0651
1.834 +0661
2,028 . 0670
2.180 .0680
2.323 « 0690
2.304 .0702
2nd Test
I‘l -Lg &)'
«118 .0695
.180 ,0693
«443 .0690
«681 .0678
.944 «0665
1,195 <0655
1,440 .0644
1,669 .0630
1,877 «0620
2,100 +0610
2.282 .0600
2.343 «0590
2,312 «0576

X

2130
1652
.1563
1595
1690
1866
.2088
.2372
2682
2971
.3282
<3679
.4221

D

2041
.1684
.1598
3598
.1632
.1742
.1914
+2129
.2383
¢ 2657
.2983
«3343
3741
04418

444

Dl "'D o -DB

.1013
.0522
.0418
.0442
.0526
.0693
.0904
.1174
1474
.1754
« 2055
. 2442
.2972

Dl "DO "Ds

.0799
.0444
.0361

0407
.0630
.0812
«1206
«1490
«1826
<2196
«2604



Crosshead mounting protected by discoid case,

115

Length of spindle = 8%00, i.e., 3%00 longer than standard,

le

OO DONDOM

LI I ] l?~

OOk DO WOHO

« 266
+ 266
+265
» 264
264
+263
262
¢ 261
. 261
+ 261
+ 261
« 260
+ 260

+ 268
267
« 266

'265
«265

o264
264
+263
«263
«262
262
«262

+261

.188
+473
733
.973
1.244
1,491
1,729
1.955
2.185
2,404
2,555
2.616
2,600

213
«497
754

1,006
1.273

1,509
1,737
1.960
2.200
2.386
2,538
2,595

2,563

Dg = ,0547
18t Test
Il‘Lo 22
- 078 .0706
207 . 0695
468 0680
.709 «0665
980 +06584
1.228 .0642
1,467 .0632
1,694 .0622
1,924 .0613
2,143 0603
2,204 .0594
2,356 .0584
2.340 0569
2nd Test
L) -Lg D
- ,055 .0703
.230 .0695
488 .0688
741 .0675
1,008 .0668
1,245 0660
1,473 0650
1,697 »,0640
1,937 . 0627
2,124 +0615
2,276 0603
2.334 0592
2,292 .0578

D

«1980
+1670
1600
.1652
1770
«1945
« 2155
« 2405
« 2720
3048
.3368
.3749
.4495

1923
«1656

'%663
1198
190187
11957
~2184
. 2442
22744
3044
«3396
«38%8c,

*
+4514

D1 -Do-Dg

.0727
.0428
0373
.0440
+0569
.0756
.0976
.1236
1860
.1898
2215
2618
.3379

Dy -Dy-Dg

.0673
.0514
.037

. 0441
0568

+0750
» 0987
«1255
«1570
»1882
2246
«2735

0578



t s 8 I%

OORNDONMBO

U.S.A.-27

Length of Spindle
Average of 2 tests on #1 and 2 tests on

Monoplane

1/6

= 8%00, i.e., 3%00 longer than standard

L] - Lo Dy - Do - DB

- ,106 .0803

.186 0477

448 .0381

.694 «0433

.954 .0573
1.201 0752
1,440 .0951
1,665 .1218
1,893 1524
2,099 .1840
2,258 2178
2,339 <2600
2,312 +3259

Lo

e 00016
«00029
« 00069
» 00107
«0014%7
«00185
. 00222
«00256
« 00292
»00323
«0034%
00360
+00356

L

')

.000125
« 000073
.000059
« 000067
.000088
.000116
000146
«000187
000235
000283
»000335
000400
000502

1/p

- 1‘3
3.9
11,8



B

OOLNORDMR !

Lo I
.296  ,051
0294  L442
«292  J797
«290 1,126
.288 1,455
0286 1,798
.286 2,102
«283 2.,423
«281 2,727
«279 3.021

277 3,302
.274 3.521
272 3,579
+«270 3,475

o4
9,86 6,74
9,86 6,57
9,86 6,76
9,86 7,03
9.8 7,23
9,86 7,49
9,86 7,70
9,86 7,95
9,86 8,17
9,86 8,25
9,86 8,42
8,86 8,30
9,86 7,82
9,86 8,09

U.S.A‘ -27 Biplane

G/Cc = ,50 Stagger =-40%

a=0

L

- 0245
.148
505
«836

1,167
1.512
1,817
2,140
2,446
2,742
3.025
3,247
3,307
3.205

1=

=825

-.870
e 820
‘0749
-,695
-e62%7
e 572
-.505
'.447
-.426
‘0354

-.413 .

-+540
-,468

%85, h=0
]
22 D
«0056 « 0969
- 0054 « 0976
0052 » 0982
0050 .0988
0047  ,0994
0045 «0995
0043 « 0996
+0041 « 0999
«0039 «1002
«»0037 L1005
+0035 1007
00032  ,1006
.0030 L1005
.0028 ,1004
-8 z
165 - ,267
120 0143
110 »500
.089 .836
.060 1,169
,015 1,817
".039 1.822
-.110 2.143
-.183 2,460
=,290 2,740
-.407 3,014
-,510 3.230
'.553 3.296
-0583 30196

Y

#3431
«2733
+ 2508
2480
« 2595
« 2809
3108
3499
3928
04445
«4945
«8577
+6296
+»7038

227
«122
425
711
994
1,290
1,550
1,821

2,083

2,330
2,572
2,745
2,802
2,718

D

«1950
01147
0018
0886
»0998
«1213
«1513
«1903
.2331
« 2847
e3347
«3983
«4705
«5450

- 4598

992
-1,245
"l ™ 460
-1.689
-1.917
-2,122
-2.326
‘20530
2,756
-2.926
'30158
-3+342
'30186

4

Short Strut,/3= 3897

1/D

-1.3
1.3
5,5
9.4

11,7

12.5

12,0

11.2

10,5
9,6
9.0
8.2
7.0
5.9

C.P.

1/2



U.S.A,-Z’? Biplane

/78

o G/C = .50 Stagger = 0
D, = ,0571 @& = 0%85 h = 0%¥12 Short Strut,p = 0°
= L, In L DI Dy Dy D L/D
- 6 «296 ,320 .024 ,0083 ,0837 .2635 L1144 2
- 4 #4296  ,665 .369 ,0085 ,0843 ,2364 ,0865 4.3
- 2,204 ,968 «674 ,0088 ,0843 ,2283 ,0781 8.6
0 293 1.287 994 L0089 ,0842 ,.2333 L0831 11,9
2 .201 1,617 1,326 ,0088 ,0840 L2835 ,1036 12,8
4 +290 1,986 1,696 ,0086 ,0839 ,2854 ,1358 12,5
6 295 2,304 2,009 ,0084 ,0838 ,3204 L1711 11.7
8 .299 2,607 2,308 ,0082 ,0834 ,3579 ,2092 11,5
10 .298 2,923 2,625 ,0080 ,0831 ,4058 ,2576 10,2
12 297 3,217 2,920 L0077 ,0829 .4531 L3054 9,6
14 .296 3,470 3,174 ,0075 ,0827 ,5086 ,3613 8,8
16 »295 3,689 3,394 ,0073 ,0822 ,5607 ,4141 8.2
18 .294 3,836 3.542 ,0071 ,0820 ,6130 4668 7.6
20 «293 3,956 3,663 L0069 ,0818 ,6731 5273 7.0
22 .282 3,859 3,567 ,0067 ,0816 ,7980 ,6526 8.5
2 'EQ EQL. ¥ X Z Za, Xh Eﬁx 79 2
-6 9,98 7,07 -,770 ,115 ,012. ,010 =,014 - 766 -21,77
-4 9,98 7,29 -,716 ,112 ,361 ,307 -,013 -1,010 93
- 2 9.98 7.70 ".,604 .100 .664 .564 -.012 "1.156 .58
0 9‘98 8007 "0505 .083 0994 0844 "0010 ’10339 045
2 9,98 8,40 -,418 ,057 1,328 1,129 -,007 =-1,540 38
4 9,98 8,61 -,352 ,017 1,700 1,445 -,002 -1,795 35
6 9,98 8,95 <,273 ,040 2,015 1,712 .005 -1,990 33
8 9,98 9,27 -,188 -,114 2,313 1,968 ,014 -2,170 «31
10 9,97 9,50 ~,124 -,200 2,628 2,235 .024 -2.383 «30
12 9,97 9,89 -,021 -,305 2,920 2,483 ,037 -2,541 +29
14 9,97 10,13 042 -,406 3.125 2,655 ,049 -2,662 29
16 9,97 10,52 L146 -,540 3,374 2,870 ,065 -2,789 «27
18 9,96 11,17 .320 -,650 3,508 2,983 ,078 =2,741 «26
20 9,96 11,01 ,279 -,756 3,620 3,076 ,L091 -2,888 26
22 9,95 10,87 ,244 -,732 3,548 3,015 ,088 -2,859 27

1/2
1/2



e

LI O |

OOHHENONEN

G/C = .50 Stagger = 60%

Da = .0556,

Lo

«305
+305
»304
«304
«303
.303
303
.302
.302
.301
301
301
300
.300

Lo
10,11
10,11
10,11
10.11
10,11
10,11
10,11
10,11
10,11
10,11
10,11
10,11
10,11
10,11
10,11

I,

321

.697
1,078
1,451
1.843
2,228
2,613
3.006
3.376
3.730
4,046
4,297
4,418
4,433
4,289

51

8.41

9,43
10,37
11,29
12,13
12,93
13,63
14.35
14,98
15,51
15.80
15,28
14,04
12,49
11,29

UQS.AQ'Z? Bipla.ne

a = 0%89,

L

.016
+392
774

1.147

1,539

1,925

2.310

2,703

3,074

3,428

3,745

3.996

4,119

4,133

3.989

¥

- 0450
- .180
.069
«312
«535
«746

D!
-3
+0023
. 0025
»0028
.0030
.0032
.0035%
«003%7
. 0040
+0042
+ 0044
. 0047
+ 0049
«0052
. 0054
» 0056

X

+120
112
107
.090 1
063 1
2016 1

+931-,046 2
1,120 4124 2
1,289 225 3

1.429 o342 3.428
1,503 2455 3.745 °
10369“0550 30996

0630-,564 4,190

h = 0316,

Do

.0492
.0502
0512
.0527
.0543
. 0547
+0552
0563
.0574
.0584
. 0595
. 0604
.0614

Short
|
« 2271
+ 1941
»1895
« 2017
2289
2644
3111
»3693
.4293
+4980
«5747

.6937
+8506

,0622 1,0230
.0630 1,2764

zZ  Za

»003

744

Strut,s= 50

22

D LD

<1200 .1
.0858 4,6
.0799 9,7
.0904 12,7
.1158 13,3
.1506 12,7
.1966 11.8
2534 10,7
23121 9,8
.3796 8,0
.4549 8,2
.5728 17,0
.7284 5,
.8998 4,
1,1512 3.

(6 N e BN

Xh Mpp C.P.

.003 .01

383  .343 .01
.70 ,685 ,01
.147 1,021 ,01

541

1.372 .01

.930 1,720 ,00
317 9,062 -.00
712 9,412 -,01
.080 2,741 -,03

3,052 -,05
0335 -007
.557 "'008

722 =,09

3

1,040 4580 4,140 3,680 -,09
3
3

312,428 4,134

.676 -.06

92 -.472 52
79 -/541
71 -.633
44 -,723
0l -,847
26 -,977
741,123
99 4,272
60-1,416
46 1,568
28 4,759
70 -2,101
29-2,647
02-3.002
85 3,295

«50
47
« 27

18
17
16
«1d

15
15

21
o224
26

1/2
1/2
Ve
1/2
1/2
1/2



20

Ds = 00556’

Lo

. 294
292
« 291
» 290
.289
« 287
. 284
» 282
» 281
«279
e 278
« 276
o274
.272

oL no,

-6
-4
-2

11,80
11,80
11,80
11,80
11,80
11,80
11,80
11.80
11,80
11,80
11,80
11,80

11,80

11,80

Iy

.062
.482
857

1,221

1,577

1,928

2,282

2,648

3.000

3.312

34,578

3,791

lw
.

o
o
0

U.S
¢/C =

a=0

L

oA, =27

Biplane

.75 Stagger = -40%

/20

86, h = 0%02, Short 8trut, 8= 2821

t

s
0067
«0065
» 0063
« 0061
+0059
. 0056
.0054
» 0052
+ 0050
.0048
«0046
0044
«0042
»0040

S
0138 -
«108
099
081

.048 1

5 b
.0926 ,3189
0935 ,2520
.0943 ,2357
.0947 ,2376
.0950 ,2509
.0957 ,2795
0963 .3136
.0967 .3573
20971 ,4073
»0972 ,4632
»0076 ,5232
.0977 .5874
.0978 ,6755
.0978 .7579

z za

250 - ,215
«182 ,156
«561 .483
931 ,.801
»289 1,109

,008 1,645 1,415

‘0054
"¢132
‘0228

2,002 1,721 -
2,370 2,040 -
2,720 2,340 -

-.330 3,028 2,605 =

-.442
-4 558

-.660

3
-.620 3
3

3.286 2,815 -

.496 3,005 =
.584 3,082 -
«575 3,075 -

D i/p
.1640 - 1.4
. 0964 1,9
.0795 7.1
.0812 11,5
.0944 13,7
«1226 13.4
«1563 12,8
.1998 11,8
«2496 10,9
.3056 9.9
.3654 9.3
«4297 8.2
.5179 7.0
+6005 6,0
Eﬂ M1e .QLE°
.0028 - 0583 - 0775
.0022 - ,946 1,735
00020 "10165 0695
.0016 -1,490 535
,0010 -1,742 .45
,0002 -1,997 ,405
.0011 -2,254 375
.0027 -2.579 L36
.0046 -2,805 ,345
.0066 -3,021 .335
.0088 -3,204 ,325
L0112 -3.472 .33
.0124 -3,805 ,355
0132 37

-3,958



Dy = 40556,

=%
.
wd
-2

Lo

. .29.8-\

.296
.295
«293
.292
.290
«289
.287
.286
.284
282
281
.280
.278
.277

M,

Snsugn

11,50
11,50
11.50
11,50
11,50
11,50
11,50
11,50
11,50
11,50
11,50
11,50
11,50
11,80
11,50

My

8.50
8.53
8.73
8.88
9,10
9,10
9,14
9.36

10 04

9,91
9,90
9,67

9,14

8.18

a = 0!87,

L

-+167
e 222
«581
.937

1.289

1,669

2,072

2.381

2.700

»036

wwwwww
*o
=3
w
-3

-.794
-.785
’.732
-+693
"Q635
-‘635
"¢625
-.566
"0521
-+386
-,420
"0423
".484
-,624
-.878

h =

*
s
»0080
.0078
+ 0076
«0074
.0072

«0070
+0068

+0066 -

0064
. 0062
<0060
. 0058
. 0056
0053
+0051

X
«130
«108
+096
081
»048
.005

"0055

-.130

-,220
"0330
-.456
-,580
-+ 690
e 774
-.698

Stagger

U.S.A.-27 Biplane
G/C = .75, = -20%

Short Strut, g= 1429

72/

-,0489 -3,961

D D L/D
.3010 ,1504 1,1
«2436  ,0922 2,4
.2283 L0763 7.6
.2326 ,0806 11,6
.2477 ,0949 13,6
2744  ,1213 13.%
3155 ,1622 12,8
3571  .2034 11,7
+4060 ,2520 10,7
.4600 ,3059 9,9
.5200 ,.3659 9.2
.5746  ,4204 8.5
.6419  ,4876 7.7
.7302 5757 6,5
«8513 ,6966 5.2
Za Xh fls C.P.

=,157 L0091 - ,646 -1,37
«187 L0076 - ,980 -1,52
.503 ,0067 -1.,242 ,715
.815 ,0057 -1,514 ,54

1.122 ,0034 -1,760 ,455

1,455 ,0004 -2,090 ,415

1,805 -,0039 =2.426 ,L,39

2,074 -,0091 -2,631 ,365

2,348 -,0154 -2,854 L35

2,638 -,0231 -3,001 ,33

2,905 -50319 -3,203 L33

3,084 .,0406 -3,466 L3325
0220 -,0483 -3,656 .33
.240 -,0541 -3,840 ,345



2z

U.s.Ao “27 Biplane

G/C = ,75 Stagger = 0 |
Dy = L0571 a = 0987 h = 0908 Short Strut,e= 0°
ol L | L vt
e ﬂ L D D D, D L/D

«6 o313  +219 - ,094 L0083 L0808 ,2829 L1367 - ,7
-4 ,313 .598 ,285 ,0085 L0819 L2372 ,L0897 3,2
-2 L,312 ,956 .644 ,0088 ,0825 .2272 ,0788 8.2
0 L,311 1,327 1,116 ,0089 ,0832 ,2339 ,0847 13,2
2 ,310 1,673 1,363 ,0088 ,0839 .2518 ,1020 13,89
4 ,309 2,142 1,832 ,0086 .0846 ,2872 ,1369 13,40
6 .308 2.454 2,146 L0084 ,0853 ,3219 L1711 12.5
8 ..307 2,768 2,461 ,0082 ,0858 -.3637 ,2126 11,6
10 L,306 3,107 2,801 ,0080 .0862 ,4155 ,2642 10,6
12 306 3.438 3.,132 L0077 L0866 .4720 ,3206 9
14 ,305 3,701 3.396 L0075 ,0870 ,5301 ,3785 9
16 .303 4,007 3,704 L0073 .0875 ,L60%7 4498 8
18 .301 4,180 3.879 ,0071 .0880 ,6695 ,5173 7
20 .,300 4,285 3,985 ,0069 .0880 ,7494 ,5974 6
22 ,2909 4,213 3,909 ,0067 .0880 .8891 ,7373 5

= ¥ ¥ ¥ Xz Ze Xh M C.P
-5 9,82 6.7 -,812 ,126 - ,108 - ,094 ,010 - ,728 -2,24
-4 9,82 7.13 -,711 ,110 «279 243 ,009 - ,963 1.15
-2 9,82 7.46 «,624 ,101 «640 «556 ,L,008 -1,188 .62
0 9,82 7.92 -,502 ,085 1,116 .971 ,007 -1.480 .44

2 9,82 8,20 -,428 ,054 1,366 1,189 ,004 -1,621 .395
4 9.8 8,44 -,365 ,008 1,836 1,598 ,000 -1,963 .355
6 9,82 8,85 «,257 -,053 2,151 1.870 -.004 -2,123 .33
8 9,82 9,18 «,169 -,132 2,466 2,148 -.011 -2,306 .31
10 9,82 9,48 -,090 -,222 2,800 2.436 -,017 -2.509 .30
12 9.8 9,88 .016 -,334 3,129 2,722 -,027 -2,679 ,285
14 9,82 10,15 087 -.,455 3,386 2,945 -,036 -2.822 .28
16 9.81 10,31 .132 -.586 3,682 3,203 -,047 -3,024 275
18 9.81 10,34 ,140 -,704 3,844 3.344 -,056 -3,148 275
20 9,81 10,21 ,106 -,800 3,943 3,432 -,064 -3,262 275



Dg = 0556,

oL

-6
-4
-2

LO
300
+299
.298
«297
296
<295
+294
«293
.292
.291
<290
.289
. 287
+285
+284

nO
11,51
11.5)
11,51
11,51
11,51
11,51
11,51
11,851
11,51
11,51
11,51
11,51
11,51
11,51
11,51

Iy

.282
1,024
1,387
1,818
2,176
2,545
2,867
3.182
3.495
3,799
4,057
4,278
4,345
4,276

5]

8,53
9,02
9.35
9,65
9.94
10,09
10,38
10,60
10.84
11,00
11,08
11,28
11.33
11.32
10,86

U.S.A.-27 Biplane

¢/c = .75,
as= 0!86, h

L

D

= ot -}

- .018 ,0065
.3656 ,0068
«726 L,0070
1,090 ,0072
1.522 ,0075
1,881 L0077
2,251 ,0080
2,574 ,0082
2,890 ,0084
3.204 ,0087
3,509 ,0089
3,768 ,0084
3,991 ,0087
4,060 ,0085
3,992 ,0083

X

-.'788
-.659
-o 571
-.490
‘.415
-.376
-.299
-e 241
“.177
’0135
-0114
e 061
-0048
-.050
".172

.S
.114 -
«107
+100
081 1
053 1
«005 1

“.046 2
~.138 2
-.210 2
‘0324 3
-,560 3
-,600 3
-0736 3
e 810 4
‘0814 3

Stagger = 20%

/123

= 0909, Short Strut, 8=-1429

Dy

« 0747
« 0757
» 0766
0771
#0777
«0784
« 0791
20797
«0803
« 0811
.0818
« 0827
»0835
»0838
0840

4

0029 -
+360

«723

090

.524 1
.893 1
257 1
.580 2
.886 2
.240 2
470 2
.742 3
«952 3
.220 3
<970 3

Dy D if»
02542 01174 - 015
#2210 .0829 4,41
2145 +0753 9,65
« 2204 .0805 13,53
« 2461 1053 14,43
«2791 1374 13,70
»3218 #1791 12,57
03644 «2209 11,62
04197 «2754 10,54
4750 «3296 9.74
+ 5409 03946 8,90
+6025 ¢45563 8,27
L6711  ,5233 7,64
« 7628 6149 6,61
8869 7390 5,40
Za Xh Me C.P.

0025 .0103 - 0773 "8088
310 ,0096 - ,979 «905
«621 ,0090 -1,200 +555
.937 00073 "1.434 .44
0311 00048 '1.731 038
.629 00005 "2.006 0355
940 ~,0041 -2,235 L33
220 -,0124 -2,449 315
+482 -,0189 -2,640 «305
787 -,0202 -2,893 295
0985 “'.0504 ‘3.049 .29

220 -,0540
«400 -,0662
«630 ~,0729
+415 -,0733

-3.,227 ,285
-3.,382 ,285
-3,607 ,.285
-3.514 ,295



U.S.A.-z'?

Biplane

Stagger = 40 %

D= ,0556, & = ,0",91, h = 0."12, Short

/24

strut, = -28.°1

& L, L3 L D Dy D' _D L/D
-6 ,301 ,380 ,079 .2382 ,0686 ,0049 .1091 .72
-4 ,300 ,747 .447 ,2100 ,0700 ,00b2 .0792 5.6b
-2 .299 1,130 .831 ,2086 ,0707 .0054 .0%769 10.81
0 .298 1,519 1,221 .,2214- ,0714 .0057 .0887 13,78
2 .297 1,905 1,608 .2495 .0%721 .0059 ,1l159 13.89
4 L2096 2,288 1.992 .2856 .,0731 ,0061 ,1508 13.21
6 .295 2,673 2,378 .3300 ,0740 .0064 ,1940 12.26
8 .294 3.004 2,710 ,3841 .0747 .0066 .,2472 10,97
10 .203 3,379 3.086 ,4418 .0753 ,0069 .3040 10.16
12 .292 3,706 3,414 ,5021 ,0760 ,0071 3633 9.40
14 ,291 4,059 3.768 ,5784 ,0766 ,0073 ,4389 8.60
16 ,291 4,326 4,035 ,6525 ,0771 .Q076 ,bl22 7.88
18 ,290 4,458 4,168 ,7447 ,0776 ,0078 .603%7 6.92
20 ,288 4,483 4,195 .8610 ,0782 .0081 .%191 5.84
22 .286 4,353 4,067 ,9833 .0788 .,0083 ,8406 4,84
My M, X z Za Xn  Mrg  C.P.
oL
-6 9,15 11,78 .1l18 ,067 ,061 .014 ~ 770 3.83
-4 9.74 " .108 + 440 400 ,013 - ,8b3 .72
-2 10.25 " .106 . 826 . 752 013 -1,.1%70 .47
¢ 10,75 " ,0890 1,221 1,102 011 ~1,386 .38
2 11.20 " .059 1,811 1.468 ,007 -1.628 .33 1/2
4 11.48 » . ,023 1.996 1,817 ~.003 -1.893 .31 1/2
6 11.83 11,%8-.067 2.384 2,170 -,007 -2.137%7 «90
8 12,20 n «,108 2,720 2.475 «.013 -2.351 «29
10 12.39 v =,223 3,050 2,775 -.027 52.587 .28
12 12,65 n =-,356 3,410 3,102 -,043 -2,829 27 1/2
14 12,81 v =,484 3.758 3.420 -.068 -3.089 27 1/2
16 12,97 1 «,620 4,013 3.658 -.074 -3,.269 o 27
18 12.54 * «,715 4,145 3,770 -.086 -3.483 + 28
20 11.06 11.,78-.%760 4,182 3,805 -,001 -3.524 27 1/2



ol

-6
-4

/25

U.S.A.-27 Biplane
G/C = ,75 Stagger = 60 %
Dy =.0556, a = 0,790, h = 0,"07, Short strut, B= -38,°7
1

I L, L D, D, Dy D I/
257 304 . 053 2489 ,07256 ,0037 ,1171 +D
164 v 002 .462 .2166 ,07435 L0039 ,0828 5b.6
1152 . 302 .850 2141 0743 .0042 .0700 12.2
1549 ,302 1.247 .R276 .07562 ,0044 ,0924 13.5
1983 201 1.652 R564 ,0761 ,0046 ,1201 13,7
2540 «301 2,039 .2944 L0770 .0049 .1569 13,0
2747 .2300 2,447 3470 L0779 .0051 .2084 11.7
3155 »200 2,855 .4038 .0787 .0053 .2642 10.8
3508 .299 3.209 .4649 .07985 .0066 3242 9.9
3854 .298 5.556 .5380 .0799 ,0058 .3967 9.0
4199 .297 3.902 .6164 .0803 .0061 .4744 8.2
4439 .296 4,143 7177 .0810 .0063 .,5748 7.2
4588 .295 4.293 .8410 ,0817 .0065 ,6972 6.2
4601 .295 4.306 .97 ,0827 .0068 .8326 5.2
4525 ,294 4.231 1.1906 .0838 ,0070 1.0442 4.1
! M, X z Za Xn Mgy C.P,
9.74 11,68 122 .039 .086 - ,009 - .560 -4.79
10.41 11,68 115 «456 .410 .008 - .754 5D
11,11 11.67 +100 .847 762, 007 - ,917 .36
11,77 1l.66 .092 1.247 1.122 .006 -1.099 .29
12.42 11,65 .062 1.656 1.490 .,004 -1.290 .26
12.94 11.64 .018 2.044 1.840 .01l -1.497 .24
13,44 11.64 =~.049 2.544 2,290 -,003 -1.811 ,23
13,82 11.64 «.140 2.860 2.574 -.010 -1.978 + 23
14,26 11.65 -.,2335 3.215 2.993 -.016 -2,289 .23
14,48 11,66 «,350 3.9560 3.204 -.025 -2,434 23
14,86 11.67 -.484 3,900 3,510 -.034 -2.632 22
14,38 11,68 -.592 4.133 3,720 -.041 -2.965 « 23
13.69 11.69 =.663 4.293 3.864 -.046 -5.289 20
12.98 11.69 -.685 4.520 3,888 ~.048 -3.499 .27

1/2
1/2

1/2

1/2
1/2
1/2



UIS .A.-2'7

G/¢ = 1,00,

Ds:: 00556‘ g =

Biplane

Stagger

= -40 %

/2&

0."92, h = 0,"05, Short strut, &= 21.°8

-4.644

1
« I Lo ‘L. Dy Do Dy D L/D
-6 .030 ,302 -.272 ,3156 ,0873 ,0073 .1654 -1.6
-4 .491 ,301 .190 ,2452 ,0892 ,0071 .0933 2,0
-2 ,916 .300 .616 .2268 .0890 ,0069 .0753 8,2
0 1.296 ,.298 ,998 .2299¢ .0893 ,0067 .0783 12,7
2 1.677 .206 1.381 ,2493 ,0905 ,0065 .0967 14,3
4 2,078 ,204 1,784 .2786 .0910 ,0063 ,1257 14,2
6 2.476 ,203 2,183 .3200 ,0915 .0061 ,1668 13,1
8 2.807 .291 2,516 .3690 .0920 ,0059 2156 11,7
10 3,202 .290 2,912 ,4238 .0926 .0057 .2699 10,8
12 3.503 .288 3.215 ,4852 .0929 .0055 .3312 9,7
14 3,835 .287 3.548 .5505 .0931 .0062 .3966 9.0
16 4.091 .285 3,806 ,6218 ,0933 ,0050 .4679 8.2
18 4,223 .283 3,940 .7111 ,0935 ,0048 .5572 7.1
20 4.207 .28l 3.926 .80l14 .0937 .0046 6475 6.1
o« M M, X 2 Zg X My . C.P.
-6 4.59  7.56 .132 289 .266 .007 -,526 -,61
-4 4.48 . .106 .182 ,167 .005 -,987 1.80
-2 4.60 : .097  ,613 ,564 .005 -1,352 .73
0 4.87 “ .078  .998 ,918 .004 -1.633 .54
2 5,09 . .048 1,383 1.272 .002 -1.928 .46
4 5.26 " .000 1,785 1,641 .000 -2,250 .42
6 5.29 7.56 -,062 2,187 2.013 -.003 -2,610 .40
8 5.53 -.138 2,515 2,313 -.007 -2,843 .38
10 5.79 . -.238 2,913 2.680 -.012 -3,136 .36
12 5.95 " -.345 3,210 2,962 -.,017 -3,381 .35
14 5,97 . -.474 3.535 3.252 -,024 -3.648 .34
16 5.74 “ -.600 3.780 3,478 -.030 -3,929 .34
18 4.74 u -.685 3,918 3.60L -.034 -4,313 .37
20 3.72 7.56 -.543 3.974 3,656 -,027 .39

1/2
1/2
1/2

1/2
1/2



1727

U.S5.A,=-27 Biplane
G#Cc = 1,00, Stagger = =20 %
D_=.0671, & =0."89, h = 0,"21, Short strut, 8= 11,°3
1

o« b I L D, p, D5 D I/D
-6 ~ 171 ,31b -a1l44 9123 .0966 ,0085 .1501 -~,9
-4 «097 .313 . 284 .2562 0979 ,0082 .0930 3.1
-2 995 «312 .683 2438 .0983 .0080 .0804 8.0
0 1.398 310 1.088 2512 .0989 ,0078 .0874 12.5
2 1,778 + 209 1.469 .R695 ,0094 ,0076 ,10564 13.9
4 2,206 »907 1.899 5035 ,1000 .0074 ,1390 13.6
6 2.589 ,306 2.283 2466 ,1005 ,0072 .1818 1R2.6
8 2.949 + 304 2.645 5921 .1011 .0070 .2269 11,7
10 3.297 , 303 2.994 L4473 .1016 ,0068 .2818 10.6
12 . 3,649 ,302 3,347 - .5090 L1021 ,0066 .3432 9.8
14 3,975 .300 3,675 D733 .1026 .0064 ,4073 9.0
16 4.226 , 299 3.927 .6395 .1027 ,0061 .4736 8.3
18 4.369 . 298 4.071 L7269 ,1028 ,0069 .5611 7.2
20 4.345 ,296 4,049 .8235 .1030 ,0057 .6577 6.2
e w M X z Za Xn My C.R.
-6 4,41 7.34 + 146 ~.160 -,142 .031 ~.664 -1,38
w4 4,29 7.33 +115 +27% . 247 .024 -1.076 1.29
-2 4,38 7.32 « 107 .679 . 604 .0228 ~1.,404 ,69
0 4,59 7.31 .087 1.088 , 969 .018 =~1.707 .52
2 4.75 7.31 063 1.471 1,310 L0111 -1.998 .45
4 4,72 7.30 .0086 1.902 1.693 .001 -2.,376 41
6 4,82 7.30 -,069 2.288 2.038 -,012 -2.681 «39
8 4,96 7.50 -s145 2,647 2,358 =~,030 -2,94% Y
10 5.12 7.31 - 239 2,996 2,663 ~,050 -3.193 «35
12 5.25 7.31 - 360 3,341 2,974 -~,07"6 ~3.443 .34
14 5,38 7.32 - ,493 3.6565 3.262 -,104 -3.661 .33
16 5.42 7.33 -,629 3.900 3.471 -,132 -3.844 Y]
18 4,83 7.33 - 740 4,032 3.5856 ~-,155 -4,090 .34
20 4,02 7.34 -.920 4,448 3.959 -,193 -4.645 1

1/2
1/2
1/2
1/2

1/2
1/2



U.S.A.-27 Biplane
G/C = 1,00 Stagger = 0
D, =,0571, &=0."88, h = 0,"08, Short strut, 8= 0°

/23

5.11 7.65 -,815 4.122 3,628 -.065 -4,235

o« I, I L D, p, D D I/
-6 ,186 ,320 -,134 ,2998 ,0934 .0085 ,1406 ~-1,0
-4 .604 .319  .285 .2495 .0941 .0085 .08958 3.2
-2 1,011 .318  .793  .258L .0949 .0088 .0773 10.3
0 1.382 .316 1.066 .2457  .0956 .0089 .0841 12.7
2 1.806 .3l4 1,491 .2651 .0964 .0088 .1028 14.5
4 2,214 .313 1.901 .3012 ,0972 .0086 .1383 13.8
6 2.586 .31l 2,275 .3431  .0975 .0084 .l80L 12.6
8 2.932 .310 2.622 .3900 .0983 .0082 .2264 11.6
10 3,203 ,309 2.984 .4456  .0990 .0080 .2815 10.6
12 3.637 .307 3,330 .5060 ,09956 .0077 .3417 9.7
14 3,966 .305 3.661 .5780  ,1000 ,0075 .4104 8.9
16 4.238 .303 3.935 .6419  .1004 .0073 .477L 8.2
18 4.471 .302 4.169 .7161 .1007 .007L 5512 7.6
20 4.459 .300 4,159 ,8091 ,1008 .0069 .6443 6.5
-6 4,64 7,63  ,127 -,148 -,130 010 -.671 -1.51
-4 4,45 - .107  .279  .246 .009 -1.068 1.26
-2 477 106 .790  .695 .008 -1.459 .61
0 4.99 - ,084 1,066  ,939 ,007 -1.644 .51
2 5,10 ,051 1.492 1.313 ,004 -1,986 .44
4 5.02 7.64  .004 1,90l 1.673 ,000 -2,366 .41
6 5.21 .  =,058 2.278 2.004 .-,005 -2,642 - .38
8 5.28 «  -.,140 2.622 2,307 -.0ll -2,918  ,37
10 5.41 «  -,240 2.984 2.626 -.019 -3,197 .35
12 5.51 «  -.360 3.323 2,925 -.029 -3.460 .34
14 5,52 +  -.485 3.647 3,210 -.039 -3.731 34
16 5.56 7,65 -.624 3.900 3.432 -.050 -3.935 .33
18 5.61 7.656 -.765 4,123 5.628 -.061 -4.107  ,33
20 .34

1/2
1;2
1/2
1/2
1/2

1/2
1/2

1/2



U 0s -A."a?

G/C = 1,00

Biplane

Stagger

= 20%

/27

D_=,0571, & = 0,87, h=0,"06, Short strut, @= -11,°3

-,0060

1

o L, L, & D, D, D D I/D
-6 227 L3523 -.096 .2865 ,0856 .,0070 ,1368 -.,7
-4 ©.638 ,L,321 317 2385 .0863 .0072 .0879 3.6
-2 1,040 .320 720 .2290 .0872 .0074 ,0773 9.3

0 1.418 .319 1.099 .2337 .0879 .0077 .0810 13.6

2 1.858 .318 1.540 .2668 ,0890 ,0079 ,1028 15.0

4 2,275 .317 1,958 .2945 .897 ,0082 .1395 14.0

6 2,640 ,315 2,326 .3391 ,0902 ,0084 .1834 12.7

8 3.008 ,314 2.694 ,3897 .,0910 .0086 .2330 11l.5
‘10 3,357 .313 3.044 ,4454 ,0919 .0088 .2867 10,6
12 3,690 .,312 3,378 .5043 .0925 ,0089 ,3458 9.8
14 4,058 .310 3,748 .5714 .0931 ,0087 .4225 8.9
16 4,362 ,308 4.054 .6482 .0936 ,0085 .4890 8.3
18 4.567 ,307 4,260 ,7163 ,0944 ,0083 .556% 7.7
20 4,568 ,305 4,263 ,8215 ,0949 .0081L .6614 6.5
22 4,420 ,304 4,116 ,9680 ,0959 .0079 .8071 5.1
-6 4,15 17.23 .127 -,108 =,094 »008 - ,879 -2.71
-4 4.44 " 0105 0311 -271 0006 -10015 1.09
-2 4,79 h .102 716 624 2006  -1,275 .59

¢ 6.00 " .081 1,099 « 955 .,005 =-1,550 .47

2 5.19 “ .049 1,542 1,342 .003 -1.885 4l

4 5.43 7.24 .002 1,968 1.702 ..,000 -2,181 W37

6 5,65 “ -.060 2,330 2,027 ~,004 -2.443 1e

8 5.82 " ~-,144 2,700 2,368 ~,009 -2,7305 .33
10 5,94 . -.244 3,042 2,648 -,015 -2,977 232
12 6,09 “ -.064 3,373 2,935 -,022 -3.217 231
14 6.19 " -.495 3,738 3.260 -,030 -3.498 231
16 6.27 ‘u -,647 4,028 35,504 -,039 <=3,721 .30
18 6,38 " ~,785 4,220 3.675 -,047 -3.85b +30
20 B.04 7.24 -.833 4,225 3,671 -3,944 W31

1/2

/2
1/2

Ve



/30

G/C = 1,00, Stagger = 40%
Dgy=.0556, a=0?86, h = 0%093 ,Short strut,3= -.2138
o Ly &L, L D, b, D D I/
-6  .247 .304 -,057 ,2577 ,0700 .0057 .1264 -.5
-4 .673 ,302 .371 .2173 .0712 .0060 .0845 4.5
-2 1.068 .301 .767 ,2110 ,0724 .0062 ,0768 10.0
0 1.454 .300 1.154 .2216 .0731 .0064 .0865 13.3
2 1.887 .209 1.588 .2468 .0738 .0066 .1108 14.3
4 2,230 .298 1,932 .2837 .0746 .0069 .1466 13,2
6 2.658 .298 2.360 .3256 .0754 .0071 .1875 12.6
8 3.028 .207 2.731 .3754 .0763 .0074 .2361 11.5
10 3.406 .296 3.110 .4362 .0772 .0076 .2958 10.5
12 3.759 '.295 3.464 .5024 .0778 .0079 .3611 9.6
14 4.098 .204 3,804 .5736 .0783 .0081  .4317 8.8
16 4.379 .293 4.086 .6441 .0787 .0083 .5015 8,1
18 4.588 .292 4.296 .7266 .0791 ,0086 .5823 7.4
20 4.569 .290 4.279 .8339 .0795 .0088 .6900 6.2
o My M X z Za Xn M, GC.P.
-6 6.71 9.74 .119 -,070 -,060 .01l -,753 -3.585
-4 7,21 9,74 .110 .364 ,L313 .0ll -.994 .91
-2 7.69 9074 0104 '763 o655 .010 -1.207 0525
0 8,15 9.74 .087 1.154 .993 .008 -1.413 .4l
2 8,57 9,74 .055 1.590 1.369 .005 -1.683 .355
4 8.84 9,74 .012 1,937 1.664 ,00L =1,903 325
6 9.21 9,74 -.061 2.366 2.034 -,006 -2.219 31
8 9.54 9,74 -.148 2.736 2.550 -,014 -2.389 .29
10 9.82 9,74 -.246 3,112 2.675 -.0R3 -2.631 .28
12 10.05 9.74 -.358 3.464 2,980 -,034 -2.864 .275
14 10.26 9,74 -.500 3.794 3.260 -.048 -3,074 .27
16 10,42 9,74 -.630 4,066 3.500 -,060 -3,260 +265
18 10.54 9.74 -.774 4.260 3,670 -.074 -3.384 .265
20 9.99 9.74 -.,814 4.254 3.660 -,077 -3,517 .275

{



U.5.A,-27 Biplane

73/

G/C = 1,00, Stagger = 60%

DB = ,0671, a = 0,"81, h = 0,"05, Short Strut,/3= -31.,°0
. 1 4

o L, Ly L D, D, D_ D L/D
-6 « 028 276 -,0b62 ,R660 ,0771 .0046 ,1272 -4
-4 2327 672 345 L2246 ,07835 ,0048 .0844 4,1
-2 220 1,106 .781 ,2156 .0795 ,0081 .0%735 10.7

0 324 1,518 1,194 ,2296 ,0803 ,0063 .0868 13.7

2 .323 1,927 1.604 .2550 ,0810 .0056 .1313 14,4

4 .22 R.,362 2.040 .2955 ,0821 .0088 ,1505 13.6

6 321 2,759 2,438 ,3433 .0832 ,0060 ,1970 12.4

8 «320 3,160 2.840 .4000 .,0840 ,0063 .2026 11.2
10 319 3.542 3,223 ,4623 ,0847 ,0065 ,3140 10.3
i2 .18 3.927 3.609 ,5288 ,0856 ,0068 .37¢€3 9.5
l4 .,317 4,238 3,921 ,5979 ,0865 ,0070 ,4473 8.8
16 317 4,558 4,241 ,6861 ,0875 ,0072 .53453 7.9
18 01b 4,725 4,410 ,7900 ,0882 .0075 ,6372 6.9
20 313 4,706 4,393 ,9130 ,0892 ,0077 .7590 5.8
o My Mg X Z Za Xh Mgy C.P.
=6 8,49 11.59 »110 «,064 -.052 006 - 774 =4,96
-4 9.20 " .108 . 338 274 006 - ,910 .90
-2 9.85 u <100 .778 . 630 .005 1,095 47
0 10.43 " .087 1,194 .968 .004 -1.279 + 35
2 11.06 “ 067 1.601 1,299 .003 =1.442 30
4 11,38 “ ,011 2.008 1.628 ,001 -1.685 «28
6 11.81 " -,060 2,443 1.980 «,003 =1,919 ,26
8 12.16 " -,126 2.886 2,336 -,006 -2,179 «25
10 12,44 11,60 -,250 3.224 2.612 -,013 -2.377 24
12 12,68 " -,382 3.602 2.918 -,019 ~2.613 L4
14 12,85 " -,B515 3.908 3,166 «.026 -2,809 .24
16 12,78 " -,659 4.220 3.420 =-,033 -3.076 24
18 12.38 “ -.765 4.380 3.548 =.038 -3,304 « 25
20 11.97 11,61 -.,788 4,380 35.548 -,039 -3.408 + 26

1/2

1/2



/32

U.5.A.-27 Biplane
G/C = 1,33, Stagger = -40 %
D,= .0556, a = 0,"92, h = 0,"06, Medium strut, g= 16.°7
o« Ly I, L D, D, Dt D LD
-6 ,078  ,301 -,223 ,3249 ,0983 .0089 ,1631 -1l.4
-4 ,534 ;300 ,234 ,2595 .,0990 .0087 .0962 2.4
-2 ,964 ,299 .665 .2435 ,0997 .0085 ,0797 8.3
0 1.359 ,298 1,081 .2490 .1004 ,0082 .0848 12.5
2 1,778 .297 1.481 .2695 ,1010 .0080 .1049 14,14
4 2,197 .295 1,902 ,3001 .1l016 ,0077 .1352 14.D7
6 2.592 .294 2,208 ,3420 .,1022 .0075 .1767 13.0
8 2,996 .292 2.704 .3935 .l028 .0073 ,22878 11.9
l0 3,366 ,290 3,076 L4500 ,1034 ,0070 .2940 10.5
12 3,699 ,289 3,410 .5095 .1040 ,0068 ,3431 10,0
14 3,976 ,287 3.678 .5723 ,1046 .,0065 ,4056 8.9
16 4,257 ,285 3,972 ,6497 .1046 ,0063 ,4832 8,2
18 4.377 ,283 4,094 .7466 ,1045 ,0060 ,6805 7.0
20 4,371 ,281 4.090 .8495 .1046 ,0058 .6835 6.0
o My M, X z Za X Mg c.P
-6 11,59 14.30 ,136 -.,238 -.,219 ,008 -.506 -~,77
-4 11,58 14,30 ,110 .227 .,209 ,007 - .935 1,37
-2 11,70 14.31 ,103 .661 ,609 .006 -1,3056 .66
0 11,2 14,31 ,085 1,061 .977 ,005 -1.614 .50 1/2
2 12,16 14,32 ,054 1.482 1,364 ,003 -1.938 ,43 1/2
4 12,24 14,32 ,002 1,906 1,783  ,000 -2,303 W40
6 12,35 14,32 .,0656 2,302 2,119 =,004 -2.635 ,38
8 12,41 14,32 -,150 2.706 2.490 -.009 -2.986 .35 1/2
10 12.82 14,32 -,239 3,076 2.830 -,014 -3.213 ,34 1/2
12 12,83 14,32 -,371 3,402 3,130 -.022 -3.502 .34 1/2
14 12,84 14,32 -,494 3.661 3,368 &.030 -3,729 .34
16 12,51 14,32 -,.630 3.946 3,631 -,038 -4.072 .34 1/2
18 10.73 14,33 .,710 4,068 3.745 -.043 -4.654 .38
20 9,51 14,33 -.,756 4,072 3.748 -,045 -4.975 .40 1/2



- 6fe = 1,33,

U.S.A.~27 Biplane

Sfagger =

-20%

/733

Dg = .0556, a = 0992, h = 0%04, medium strut,s= 895

Ly
302
«301
.300
.299
.208
<296
«294
.202
. 291
«290
.288
«286
.286
.284

M,

——

11,70
11,70
11.70
11,70
11,70
11.70
11,70
11,70
11.70
11,70
11,70
11,70
11,70
11,70

Iy
.144
592

1,002
1,410
1,822
2.27%
2,656
3.024
3.369
3.734
4,062
4,298
4,475
4,458

El
8.51
8,59
8,76
9.01
9.16
9.14
9.37
9,60
9.70
9.82
9,96
9,89
9,14
8.14

[ J N D N DN DN N D B DN BN B B |

L

- 0158
«293
« 722

1,111
1,524
1,081
2,362
2.732
3,078
3.444
3,774
4,012
4,189
4,174

¥

»844
»822
.778
« 710
«672
«677
.616 -
0555 -
529 -
.497 -
+460 -
o479 -
¢6'77 -
942 -

'
s
« 0099
+ 0097
+ 0095
+ 0002
« 0090
+ 0087
«0085
. 0082
.0080
+ 0077
« 0075
+ 0073
« 0070
+0068

X

«128 -
111
«1056
.083 1
.05l 1
«003 1

Dg

0957
« 0967
+»0976
«0983
+0990
» 0996
« 0999
1002
1004
« 1006
»1011
«1016
+1018
1018

£

173 -
.285
0718 .
111 1,

«526 1.
«986 1.

«067 2,367 2.
«149 2.734 2,

251 3
.377 3

.080 2.
.438 3,

«509 3,770 3,

o637 3
+750 4
.780 4

.986 3
.158 3.
s152 3

. Bl

«3092
+2526
» 2404
« 2459
2678
.3045
#3464
3955
« 4548
«5159
25788
+6535
+7384
+8519

159 ,L,005
262 ,004
660 ,004
022 ,L,003
403 ,002
827 L0000
180 -,003
515 -,006
835 “e 010
160 -,015
468 -,020
668 -,026
824 -,030
820 =-,031

D

«1480 -

« 0806
0777
.0828
01042
01406
«1824
¢2315
+2908
«3502
4146
+ 4890
«5740
«6877

Za Zh Mo

- 4690
-1,088
-1,442
'1.735
«2,077
-2.504
‘2. 799
"3’064
-3.354
-34642
'30908
-4,121
-4.471
-4,731

|5
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Ds = 00571’

=
-6
-4
-2

Lo
311
«311
«310
«309
.308
«308
+306
302
«303
0302
«301
<300
.300
299

=
)

o.c.'

L I 4

R I B I I B

.
gCDtOtOQO'D(O'D!O

L ]

OlD!O

* &
'O*OQD
O =3 3

9. 96
9.96

Ih

134

» 587
1,000
1,387
1,829
2,272
2,651
3.025
3,369
3.706
4,079
4,328
4,529
4,478

My

6,77
7.02
7.36
7.81
8,21
8.44
8.83
9,20
9,51
9,80
10,01
10,15
10,22
10,12

U.S.A, 27 Biplane

124

G¢/Cc = 1,33 Stagger = ©
a = 0988, h = 0906, Medium Strut, 3= 0°
L 3 % w2 D
- 4177 L0094 ,0826 ,3012 L1515 -1.2
«276 L0097 ,0835 ,2408 ,0905 3.1
.690 L0099 ,0847 L2277 L0760 9,1
1.078 ,0100 ,0849 ,2329 ,0809 13.3
1,521 ,0099 ,0855 ,2526 L1001 15.2
1.964 ,0097 ,0861 ,2897 ,1368 14.4
2.345 L0095 ,0863 ,3295 L1966 13.3
2,723 ,0093 ,0873 L3791 .2254 12,1
3,066 L0090 ,0873 ,4299 ,2865 10,7
3,404 ,0088 ,0873 ,4957 ,3425 9.9
3.778 ,0085 ,0878 ,5650 L,4116 9,2
4,028 ,0083 ,0878 .6510 .4978 8,1
4,229 ,0081 ,0885 ,7577 L6040 7.0
4,199 ,0078 ,0880 ,8246 ,L,6717 6,2
¥ X z 2, In e C.E.
-e847 ,130 -« ,194 - ,171 ,008 - ,688 -1,18
-,780 L,110 ,268 .236 .007 -1,023 1,27
-,690 L,100 .68 ,L,604 ,006 -1,300 63
-.571 ,081 1,078 ,948 ,005 -1,524 .47
-,466 L,047 1,522 1,340 ,003 -1,809 ,L,395
-.405 -,001 1,968 1,731 ,000 -2,136 ,36
302 -,069 2,349 2,067 -,004 -2,366 ,335
-e204 ~-,150 2,726 2,400 -,009 -2,595 ,315
122 ~,249 3,064 2,696 -,015 -2,803 L3056
-,045 -,374 3,400 2,992 -,022 -3,015 ,295
«011 ~.512 3,760 3.308 -,031 -3,266 ,29
050 -,632 4,004 3,523 -,038 -3.485 ,29
.069 -Q732 4.302 3’700 ".044 -30604 .285
,042 -,794 4,150 3,652 -,048 -3,562 ,285



Dy = 0556, a = 0¥88, h =

L

—-— 8

<304
.303

302

» 299
.298
« 297
«295
294
.293
292
291
L 2N J 290
« 288

12,10
12.10
12,10
12,10
12,10
12.10
12,10
12.10
12.10

12,10
12,10
12,10
12,10

I3
.258
«703

1,113
1,519

1,947

2.368
2,754
3.136
3.520
3.907
4,214
4,507
4,602
4,547

8.95
9,31
9,56
9,91
10,09
10,28
10,50
10,73
11,01
11,01
11,17
11,28
11.34
10,53

UsS.A.~-27 Biplene
¢fc = 1.33

L

- 0046
«400
811

1,219
1,648
2,070
2,457

2,841

3.226
3.614
3.922
4,216
4,312
4,259

"0833
-.738
"0672
".580
'.531
-‘481 -
-.424 -
'0365 -
«e290 -
"0290 -
s 246 -
"0217 -
=201 -
‘.415 -

De

»0083
'« 0085
. 0088
. 0091
0093
0096
0098
0100
00100
.0098
« 0096
.0093
. 0091
,0088

£

0123 -
«112
«106

.088 1

.054 1
000 2
.069 2
.155 2
«261 3
.392 3
+461 3
.680 4
775 4
.780 4

/25

Stagger = 20%

Do

0894
+0898
.0903
«0911
.0918
« 0926
0933
« 0940
« 0947
.0951
. 0955
» 0958
« 0961
. 0962

z

n

» 2824
«2377
.2322
¢ 2435
« 2685
3026 .
.0933
«0940
. 0947
« 0951
« 0955
. 0958
+ 0962

Za Xh

0060 - .053 .00

.392
807

«345 ,00
«710 L006 -1,388 L5256

+219 1,071 ,L,00

+650 1,451

.074 1,824 ,00
.462 2,167 -,004 -2,587 ,35
.844 2,503 -,009 -2,859 ,335
.228 2,840 -,01

,608 3
.916 3
.188 3

276 3,760 -,04

0243 3,

D i/p
1201 - L4
.0838 4,8
.075 10,5
0877 13,9
«1118 14,7
01448 14,2
« 2416 11,8
.3037 10,6
3691 9,8
.4358 9,0
.5033 8.4
.5842 7.4
L7174 6,0

Yie S

Ve 787 =4,37
7 -1,090 ,L93

5 -1,626 »445

»003 =-1,985 .40

0 -2,305 «37

6 -3.,149 325

-,024 -3,441 .315
442 -,028 -3,660 .31
-0041 ‘3.856 .305

7 -3,914 ,305
7 =4,098 .31



e
-6
-4
-2

0

8
10
12
14
‘16
18
20

12
14
16
18
20

Lo

305
«304
303
.301
300
. 300
.299
. 297
296
.295
. 294
«293
.291
.290

12.11
12,11
12.11
12,11
12,11
12,11
12,11
12.11
12,10
12,10
12,10
12,10
12,10
12,10

U.SO‘A."Z" Biplane

¢/c =1

«0556, a =0

L
.161
+600

1,025
1,432
1.861
24293
2,706
3.071
3,462
3.843
4,198
4,476
4,621
4,598

. 5]
8.91
9,26
9,60
9,96

10.44
10,63
11,04
11,25
11,62
11,75
12,02
12,12
12,25
11,81

L
- 0144
. 296
722
1,131
1,561
1,993
2,407
2,774
3.166
3.548
3.904
4,183
4,330
4,308

¥

-,846
-.754
-e664
- 569
-o442
"0392
-o 281
".227
".127
"‘0093
-,021
+,005
+.080
".07?

«33

Stagger

::-[-4

0%

/3¢

$90, h = 0908, Medium Stru@v&z ~1627

*

D
0072
»0075
« 0077
«0080
»0082
» 0085
20087
. 0090
. 0093
. 0096
.0098
« 0100
.0100
. 0098

X

Do

.0853
«0863
.0872
. 0880
.,0888
. 0896
« 0904
.0911
0917
.0924
.0938
0946
. 0946

z

127 - ,158 -

»110
+103

.083 1,131

« 290
#1718

.049 1,564
,000 1,993

-.072
-.157

2,412
2776

-+280 3,163

-.394 3,541
“0536 30886
4,152
4,290
4,280

-.680
".798
-.828

2;
2918
« 2369
2278

.2346
« 2566
. 2926
.3364
.3858
.4439
. 5093
. 5786
.6518
« 7269
« 8462

2.1?1 -
2.598 -
2,847 =
3.187 -
3,497 -

737 -
'861 -
.852 -

D
.1437
. 0895
0773
+0830
.1040
.1389
.1817
. 2301
. 2873
.351%
4202
, 4924
. 5667
.6862

Xh

Me
0010 - 0714

L/D
- 1.0
9.3
13,6

«009 1,024 1
.008 -1,318
,007 -1,594
.004 21,854
.000 -2,186
. 006 =2,446
0013 ‘20 812
.022 2,952
.032 -3,248
.043 -3.475
<055 «3.677
064 ~3,157
.066 -3,709



2

OOABDOVBD

Lo

.320
«320
.319
318
317
315
'314
.312
311
«312
310
«309
- 0308
«306

S

13,44
13,44
13,44
13,44
13.44
13.44
13.43
13,43
13.43
13.43
13,43
13.43
13,43
13,43

In
.099
«549
996

1.398
1,831
2,276
2,638
3,059
3.418
3.809
4,200
4,479
4,698
4,678

.

10.37
10,60
11,08
11.52
12.06
12,29
12,64
13,02
13,25
13.37
13,49
13,71
13.55
13.33

U.5.4,-27 Biplane

G'/C =

L

- 221
« 229

677
1,080
1,514
1,961
2,324
2,747
3.107
3.498
3.890
4,1%0
4,390
4,372

=

"-811
“.750
"0624
-.508
-,365
-0304
-.209 -
~e108 =
-0048 -
-,002 -
+0011 -
+,074 =
.032 -
0026 -

1,33

Stagger = 60%

Ve

D, = ,0571, a = 0%86, h = 0817, Medium Strut, A=-2422

]

22 22 5 2 L/D
L0062 ,0802 ,3000 L1565 - 1,4
.0065 ,0814 ,2393 ,0943 o4
.0067 ,0826 ,2250 ,0796 8.5
.0070 ,0835 ,2297 .0821 13,2
.0073 ,0844 ,2520 ,1032 14,7
.0075 ,0852 ,2880 ,1382 14.2
.0078 .0860 ,3267 L1758 13,2
.0080 ,0869 .,3813 ,2203 12,0
.0083 ' ,0877 .4402 ,29071 10,5
.0086 ,0883 ,5083 ,3543 9,9
.0089 ,0888 ,5821 ,4273 9,1
.0091 ,0897 .6495 4936 8.5
.,0094 ,0906 .7307 ,5736 7.2
.0096 ,0912 ,847%74 ,6895 6.3

X Z Za h ¥, C.E.
.132 - ,236 - ,203 ,022 - ,630 - .89
«110 ,222 ,191 ,019 - ,960 1,44
.104 ,672 ,578 ,018 -1,220 ,L605
.082 1,080 ,930 ,014 -1,452 .45
'051 1.516 1Q303 ‘009 -10677 .38
,001 1,961 1,689 ,000 -1,993 .34
.068 2,320 2,004 -,012 -2,201 .315
.151. 2,748 2,365 -,026 -2,447 ,295
o244 3,106 2,672 -,042 2,678 ,285
.382 3,492 3,001 -,065 -2,938 .28
.524 3.875 3,332 -,089 -3.232 ,275
.675 4,140 3,555 -,115 -3,366 .27
.808 4,346 3,735 -,137 -3,566 .275
.844 4,340 3,730 -,143 -3.661 .28



ol

Lo

.302
<301

»289
«288
+ 286
« 285

'

7.54
7.54
7.54
7.54
7454
7.54
7454
7.54
7.54
7454
7454
7.54
7454
7.54

D_ = ,0556,

I

U.S.A.-27 Biplane

¢/C =
a = 0%

L

.103 -.199

572
1.003
1.401
1,807
2.223
2,630
2,996
3379
3.7M4
4,056
4,280
4,406
4,398

iy

4.53
4,46
4,78
5.08
5,35
5.45
5.7%
5.99
6.12
6.23
6.32
5.98
5.08
3.74 -

.271

.704
1,103
1,510
1,928
2,336
2,703
3,088
3.424
3,767
3.992
4,120
4,113

—.795
-.815
-.730
~+650
-.580
-‘553 -
-.473 -
“410 -
'0376 -
‘&347 -
'0323 -

"0413 -

-‘650'-
1,005 -

1,67

Stagger = -40%

91, h = 0’06’

D

B
.0093
«0091
0088
«0086
«0084
.0081
.0079
0076
0074
+ 0071
. 0069
+ 0067
+ 0064
« 0062

«128 - L,214
.105 « 263

100 o7
«079 1.1

.003. 10928

«071 2.3

.150 2,708
«257 3,090
378 3,420
514 3,752
.638 3.968

D .
2
.0812
0822
.0833
. 0843
.0852
. 0856
<0860
.0868
.0876
.0880
,0883
,0885
.0887
.0889

/133

Medium Strut,p= 1395

. D

2
.2973
«2331
« 2215
« 2270
« 2490
2811
n3243
«3758
«4339
« 4909
. 5607
«6358
7100
. 8261

00 ,637 .006
03 1,029 .,005
.047 1,512 1,378 .003

;2 20135 '.004

3
3
+740 4.089 %.715 -.044

«770 4,093

2

»1512
.0862
.0738
0785
0998
1318

2258
2833
.3402
+4099
.4835
.5593
.6754

e

- .608
’1.060
-1.373
-1,684
-1.9861
-2,306
-2.,604
-2,866
-3.173
‘30436
-30705
‘30985
-4,321
-4,679

1l
1
1l
.1748 1
1l
1l
1

Q-QGNDC>O£0UJh(ﬂPJD

s

Wi
* o % & 8 g
o d V)

® & o

.
HBaWNHOODdOAHEFO

L J

C.»P,

- 095

1,34
+655
«51
.43
.40
37
«355
+345
«335

«335
«355
«38



U,S.A.-27 Biplane

6/C = 1,67 Stagger = -33%
Dg = ,0571 a = 0993 h = 0%04
el S - T S
-6 ,276 ,L,129 - ,147 ,0096 ,0895 ,3000
-4 ,275 ,608 333 L0093 ,0892 .2440
-2  ,274 1,038 .764 ,009)1 ,089%0 ,2319
0 .272 1,453 1.181 ,0089 ,0889 ,2395
2 .27 1,88 1,614 ,0086 ,0886 ,2622
4 .270 2,308 2,038 ,0084 ,0884 ,2966
6 .269 2.709 2,440 ,0081 ,0881 ,3387
8 .,268 3,009 2,831 ,0079 L0079 ,3905
10 ,L,26% 3.474 3,209 L0079 L0077 ,4432
12  ,266 3,820 3,554 ,0074 L0074 ,5104
14 ,265 4,171 3,906 ,0072 ,0072 5751
16 .264 4,405 4,141 ,0069 ,0069 ,6395
i8 .263 4,452 4,189 ,0067 .0067 L7301
20 ,261 4,376 4,105 ,0065 L0065 ,8495
O A T X 2z Za *In
-6 7.54 4,45 -,817 ,128 - ,161 - ,150 ,005
-4 17,54 4,49 -,806 ,L,109 ,326 ,303 .004
-2 7.54 4,52 -.799 ,102 ,760 707 .004
o 7.54 5,05 -,659 ,085 1,181 1,100 ,003
2 7.54 5,41 -,564 ,052 1.616 1,502 .,002
4 7054 5‘66 "0497 0002 2.043 1.900 .000
6 7.54 5,99 -,410 -,069 2,445 2,374 -,003
8 7.54 6,37 =.,310 -,152 2,836 2.636 -,006
10 7.54 6,73 -.,214 -,270 3,206 2,981 -,011
12 7.54 7,11 -.114 -,380 3,550 3,301 -,015
14 7.54 7.39 -.040 -,528 3,892 3,612 -,021
16 7.54 7,43 -.029 -,664 4,113 3,830 -,027
18 7.54 6,31 -.325 -,754 4,152 3,861 -,030
20 7,54 5,31 -,590 4,094 3,808 -,030

".740

I

.1438
.0874
«075%
.0854
#1091
«1445
1875
« 2404
2932
+3686
.4283
4940
5867
.7065

e

- o672
-1,113
-1,510
-1,762
"20 068
-2.397
"20781
-2,940
"’3.184
-3.400
"3 0621
"‘30832
-4,156
-4,368

/39

Medium Strut, g= 11?3

1 e e



(40

U.S.A.-27 Biplane
G/C = 1.67 Stagger = 0

DB = ,0556, a = 0,"90, h 0."06, Medium Strut,/3= 0°

o L, Ib__ L~ Dl D, ‘Dar D L/D

-6 » 049 «303 -.,254 ,3040 ,0770 ,0094 ,1620 -1,57

-4 .509 . 302 .207 .2334 ,0779 ,0097 ,0902 2,29
-2 . 946 «301 .645 ,2165 ,0787 ,0099 .0723 8.92

0 1.350 . 300 1.050 .,2205 ,0793 ,0100 .0756 13.89

2 1,740 .299 1.441 .2398 ,0798 .0099 ,0945 15,25

4 2,198 .298 1,900 ,2716 ,0806 ,0097 .1257 15.12

6 2,557 2297 2,260 .3100 .0813 ,0095 .1636 13,82

8 2.948 . 295 2.653 ,3590 ,0821 .0093 .2120 1R2.50

10 3,328 » 293 3,035 ,4150 .,0828 ,0090 .2676 11,34

12 3,651 - 291 3,360 .4750 .,0834 ,0088 ,3272 10.3

14 3,998 .290 3,708 L5403 ,0837 .0085 .3925 9.2

16 4,295 . 289 4,006 .6098 ,0840 ,0083 .4619 8,8

18 4.479 .288 4,191 ,6833 ,0843 ,0081 .5353 7.8

20 4.459 .287 4,172 ,7985 .0847 ,0078 ,6004 6.3

ol Ml MO X Z Za Xh. MIJ .E . c QP .
-6 4,95 7.79 134 -,270 -.243 .008 - 516 -G71
-4 4,87 7.79 ,106 .199 .179 .006 - .957 1.60
-2 5,06 7,79 . 096 642 578 .006 -1,306 .68

0 5,32 7,79 .076 1,050 . 945 .0056 1,604 251

2 5.83 7.79 .045 1,443 1.299 003 -1.873 .431/2
4 5,77 1.79 =-.007 1,903 1.713 .000 -2,247 .39 1/2
6 6,09 7,79 -.,074 2,264 2,038 -~-,004 -2.484 «36 1/2
8 6432 7,79 =-,176 2,655 2,389 -,011 -2,76% 34 1/2
10 6,07 7,79 =-.262 3,032 2.72¢ =-.016 <3,036 W33 1/2
12 6,7 7,79 =-.378 3,303 3,018 «,023 ~3,270 .32 1/2
14 6.86 7,79 =-,515 3,690 3,321 -,031 -3.536 + 32
l6 6,99 7,79 -,660 3,977 3,579 -.040 -3.751 W31 1/2
18 6,78 7,79 =,790 4,146 3,731 -,047 -5.951 .31 1/2
20 5,99 7.79 -.812 4.140 3,726 «.049 -4,153 33 1/2



4/

yU.S.A.-27 Biplane
G/C = 1.67 Stagger = 33%

Dg = .0571, a = 0%81, h = 0%07, Medium Strut A= -1193

= ‘fﬁz .E:E L fﬁé ,fia 2}. D L/n
-6 L2855 ,150 - ,135 ,0079 ,0981 ,3033 .,1402 - 1.0
-4 ,283 ,L,616 .333 .0082 L0976 ,2495 ,0866 ¢+ 3,8
-2 ,282 1,036 .858 ,0084 ,0972 ,2431 ,0804 10,7
0 .280 1,425 1,145 ,0087 ,0968 .2443 ,0817 14,0
2 ,279 1,85 1,585 ,0090 ,0965 ,2693 ,1067 14,9
4,277 2,294 2,017 .,0092 ,0960 .,3006 .1383 14.6
6 .276 2,676 2,400 ,0095 ,0955 ,3424 ,1803 13.3
8 .274 3,069 2,795 ,0098 ,0948 ,3922 ,2305 12.1
10 ,273 3.426 3,153 ,0100 L0942 .4441 ,2827 11.1
12 .272 3,812 3,530 ,0100 .0937 .5072 .3464 10,2

14 ,271 4,137 3,866 ,0099 ,0933 ,5745 ,4142 9.3 -
16 ,270 4,428 4,158 ,0096 ,0923 ,6488 ,4808 8.5
18 .,268 4,521 4,253 ,0094 ,0914 .,7229 ,5650 7.5
5,9

20 ,266 4,353 4,087 ,0091 ,0907 ,.8446 ,6877

= M ¥ ¥ X E za I ¥,

— c.g
“6 10,40 7‘24 ""836 .126 - .150 - .122 ‘009 - .723 -ie
-4 10,38 7,15 -,855 ,L,109 ,325 ,263 ,008 -1,126 1.15
-2 10.37 7,50 -,759 ,109 ,854 ,691 ,008 -1,458 57
0 10,36 7,70 -,704 ,082 1,145 ,928 ,006 -1,638 ,475
2 10.34 7,95 -.632 .050 1,588 1,385 ,004 -2,021 ,425
4 10,32 8,02 -,609 -,002 2,021 1,638 ,000 -2,247 .37
6 10,30 8.32 -.524 -.073 2,406 1,949 -,005 -2,468 .34
8 10,31 8,38 -,510 -,158 2,798 2.265 -,011 -2,764 .33
10 10,32 8,61 -,453 -,270 3,152 2,552 -,019 -R.,986 ,315
i2 10.33 8,77 -.413 -,398 3,521 2,855 -,028 -3.240 305
14 10,34 8,93 =-,373 -,531 3.848 3,118 -,037 -3.454 30
16 10,35 9.24 -,294 -,678 4,130 3,341 -,048 -3,587 .29
18 10,35 9.44 -.241 -.775 4,214 3,419 -,054 -3,606 ,285
20 10,35 8,91 -,38 -,750 4,072 3,300 -,052 -3.628 ,29



UQSQA. "27 Biplane
G/Cc = 1,67

Dy = ,0571, a = 0292, h = 0%06,

Lo

»315
«313
312
»311
0310
«309
.308
«307
.306
a305
«303
.302
»301
. 299

11,91
11,91
11,91
11,91
11,91
11,91
11,91
11,81
11,91
11,91
11,92
11,92
11,92
11,92

Iy
232
+698

1.127
1,536
1,988
2,399
2,779
3.169
3.548
3.910
4,264
4,526
4.605
4,497

8.36
8,69
9,10
9,59
9,83
10,21
10,58
10,88
11,11
11,28
11,53
11,83
11,76
11,04

L

- 0083
.385
.815
1,225
1,679
2,090
2,471
2,862
3.242
3,605
3,961
4,224
4,304
4,198

"0940
-.851
’0743
-‘610
-.550
-,450
'cha
-‘272
o212
-,167
-0103
-.024
-,042
‘0233

]
2s
+0068
«0070
«0073
«0076
0078
0081
»0083
»0086
+0089
0092
»0094
« 0097
»0099
»0100

I

+126
o112
«110
»085
052
+ 001
-4080
-.155
-e 268
‘0395
'0536
-.688
-,"780
o762

D0
.0812
. 0822
.0832
«0840
0847
0854
+0861
«0867
0872
0879
. 0886
»0892
»,0898
0900

I3

Stagger = 60%

(A2

Medium Strut, »=-1998

Y

»2802
#2317
« 2255
.2340
0847
.0854
0861
. 0867
.0872
+0879
. 0886
0892
.0898
»0900

.095 - .088

378
«811
1.225
1,681
2.096
2,478

-2.870

3 .242
3.600
34945
4,193
4,268
4,186

D 1/
.1351 - 096
« 0854 4,5
<0779 10,5
0853 14.4
«1118 15.0
+ 1478 14.2
«1895 13,1
2413 11,8
«2978 10.9
3628 10,0
+4349 9.1
+ 4985 8,5
« D769 7.4
<7129 5.9
Xh My,

2008 - ,860 -
.007 -1,206"
2007 -1,496
.005 =1,743

003 -2,102
.000 -2,378
‘0005 -2.627
- .09 -2,903
’0016 '3.179
-.024 -3,455
-.032 -3.701
‘0041 ‘3.838
".047 ‘3 .925
"0046 ‘4.035

c,P.

2,98

1,06
615
«475
.415

.38
+355
.335
.325
32
315
.305
305
.32



/43

U.S.A. -27 Biplane .
g/c = 2,00 Staggér = - 40%

]

D_= ,0556, & =0%92, h

o 0204 , XLong Strut,s8= 1193

e N T S T e
o300 ,138 - ,162 L0134 ,0966 L3144 ,1458 - 1,1
+e88 ,607 309 L0131 .0975 ,2505 ,0843 347
«296 1,046 2750 ,L,0128 ,0984 .2391 ,0723 10,4
«295 1,458 1,163 .0124 ,0989 ,2462 ,0793 14,7
«294 1,878 1,584 ,0121 ,0994 .2682 ,L1011 15,7
1
6
4
2

L

.293 2,301 2,008 ,0118 ,0999 ,3005 ,1332 15,
291 2,700 2,409 L0114 ,1003 .3442 .1769 13,
.290 3,093 2,803, .,0111 ,1005 ,3932 ,2260 12,
.289 3,467 3,178 .,0108 ,1006 .4513 ,2843 11,
+288 3,836 3.548 L0105 L1011 .5119 ,3447 10,3
.286 4,145 3,859 L0101 ,1015 ,5756 .4084 9,5
2284 4,383 4,099 ,0098 L1017 .6454 ,4783 8,6
.282 4,456 4,174 ,0095 .1018 ,7271 5602 7.5
.281 4,317 4,036 L,0091 L1020 ,8591 ,6924 8.8

Mo 1'e] ¥ X Z 22 X u_, C.P

14,33 11,30 -,801 ,128 - ,176 - ,162 -,005 - ,634 -1,20
14,33 11,33 -.794 .,106 302 ,278 -,004 -1,068 1.18
14,33 11,51 -.746 ,L,099 ,746 ,686 -,004 -1,428 ,635
14,33 11,8 -,661 ,079 1,163 1,070 -,003 -1.728 ,.495
14,33 12,03 -,608 ,045 1,586 1,459 -,002 -2,065 ,435
14,33 12,10 =,590 -,007 2,612 1,850 ,000 -2,440 ,405
14,34 12.38 -.518 -,075 2,412 2,220 ,003 -2,741 .38
14,34 12,53 -.455 -.,164 2,806 2,582 ,007 -3,044 .36
14.34 12,74 -,423 -.270 3,178 2,922 ,011 =3,356 L35
14,34 12,84 -,397 -,400 3,542 3,260« ,016 -3,673 +345
14,34 12,94 -,370 -.537 3.837 3.528 ,022 -3,920° ,34
14,34 12,65 -,447 -,670 4,065 3,740 ,027 -4,214 345
14,34 11,43 -,770 -.756 4,140 3,800 ,030 -4,600 37
14,34 10.48 2,020 ~-,725 4,030 3,705 ,029 -4,754 ,395



(44

U.S.A.=-27 Biplane
G/C = 2,00 Stagger = 0
Dg = .0571, a = 0¥95, h = O, Long strut, B =0

L L L Dy D, Dy D L/D

0 1 B — —

023 190 -,233 ,0132 ,0892 .,3028 ,1433 -1,6
322 «670 .,348 ,0136 ,0902 .2452 .0843 4,1
220 1,106 .786 ,0140 ,0911 .2357 .0735 10,7
319 1,518 1,199 ,0141 ,0%19 .243%7 .,0806 14,9
.318 1,932 1,614 ,0140 ,0930 ,2639 ,0998 16,2
218 2.418 2,100 ,0136 ,0938 ,3037 ,139%2 15,1
215 2,775 2,460 .0133 ,0941 ,3450 ,1805 13.6
+213% 3,167 2,854 ,0130 ,0950 .3971 .2320 12.3
312 3,548 3,236 ,0127 .0958 .4501 .2845 11.4
311 3,876 3,565 L0125 ,0964 .5146 .35479 10.2
+310 4.230 3.920 ,0120 .0969 .5800 .4145 9.5
+309 4,489 4.180 ,0116 .0971 .6504 .4846 8.6
207 4,555 4,248 ,0113 ,0978 .,7313 .5651 7.5
305 4,439 4,134 ,0110 ,0979 .8641 6981 5.9

u, n 2 u B0 X0, Zo M c.P.

9.17 6,25 -.7172 LA17  -,247 -,235 -.537 -.725
9.17 6,09 -,815 » 110 2340 \ 323 ~-1,238 1.21
9.17 6,37 -,741 » 098 .783 744 -1,485 .63
9.17 6,61 -,678 .081 1,199 1,139 -1,817 «505
9.17 6,77 -.63b .044 1,616 1,536 -2,171 .45
9,17 6,94 -,590 -,008 2,103 1,998 -2,588 .4l
9,17 7,12 -,542 -.,078 2.466 2,392 -2,.884 .29
9,17 7,20 -,497 -.166 2.858 2.713 -3.210 « 075
9.17 7.38 -.474 ~.280 3.235 3.073 -3.547 + 365
9,17 7,54 -,431 -.400 3,556 3.376 -3.807 . 385



ol

-6

. -4

-2

D

/45

U.S.A,=-27 Biplane
G/C = 2,00 Stagger = 60 %
g = #0571, a = 0¥93, h = -,0%01, TLong strut,/a = =16%"7
L, Iy L D! D, Dy D L/
»316 .293 -,023 .,0099 ,0810 ,2740 ,1260 -,2
.757 » 7567 443 ,0103 ,0824 ,2295 ,0797 5.5
.313 1,183 870 .0107 .0839 ,2230 .0713 1lR.2
312 1,579 1.267 ,0111 .0849 ,2344 ,08l13 15,6
311 2,032 1,721 ,0115 ,0859 ,2596 ,1051 16,4
.310 2.460 2,150 ,011l9 .0866 ,29756 .1419 1b.2
.309 2,838 2.529 ,01k2 .0874 .3410 .1848 13.7
.308 3,221 2,913 ,0126 ,0882 ,3927 .2348 12,4
306 3,609 3,303 ,0130 .0890 .,4520 .2929 11,3
.304 3,974 3,670 ,0134 ,089%7 .bld9 .3657 10.3
.5303 4,283 3,880 ,0138 .0904 .5828 .4213 9.4
.302 4,509 4,207 .0141 ,0909 ,6496 ,4875 8.6
301 4,605 4,304 ,0141 ,0914 .7396 .5770 7.5
.300 4,550 4,260 ,0138 ,0924 ,8895 .7262 5.9
go f&. .jf_ X | 2 Zz, Xh M, C.P.
11.87 8.93 -.178 123 -,036 -,034 -~,00Fk -,743 -.69
11,87 9,35 -,666 .112 » 436 .406 -,001 -1,071 ,82
11,88 9.70 -.576 . 100 867 .806 -,001 -1,381 ,53
11,88 10,04 -,486 .081L 1,267 1.178 -,001 -1,683 .44
11,89 10,42 -,389 045 1,723 1,603 .000 -1,992 .385
11,89 10,61 -,338 ~,008 2,103 2,002 ,000 -2.340 ,365
11,90 10,88 -,270 -,080 2,633 2.35b .00l -2,626 .345
11,89 11,07 ~,217 =-,174 R2.916 2.714 L.002 -2,933 330
11,89 11,27 -.164 =~,284 3,300 3,070 ,003 -3,237 .325
11,88 11,35 &,140 -.414 3,660 3,405 .004 ~3.549 ,325
11,87 11.43 -,116 -,583 3,960 3,684 .006 -3,806 ,32
11.86 11,75 -,029 =-.692 4,173 3,880 .007 -3,916 .315
11.85 11,50 -,093 ~-.780 4,268 3,975 .008 -4,076 .32
11.85 10,90 -,2561 =-.771 4,236 3,932 .008 -4,191 ,33



Gottingen 387 Monoplane

114G

Test made by Aeronautical Department, M,I.T.,Nov.8,1922,

To be used as standard to which to apply biplane correction factors

1808 88 IR

OOV VA O

s |
0O

16

b Xl
VOm

L

- 09
12
229
«340
.452
+565
+796
1,028
1,258
1,477
1,699
1,920
2. 097
2,235

.312

2,363
2,368
2,314

2

0860
« 0457
.0412
« 0397
«0411
«0432
«0522
+0648
0832
«1068
1337
«1645
+1961
02282
« 2630
+3060
+3582
+ 4284

1/p

“1 .08
«65
5.56
8,56
11,00
13.10
15,24
15,86
15,13
13.82
12.72
11,67
10,70
9,79
8,79
7.72
6,62
5.40

Lo

-,00016

«00020
+00038
«0005%7
+00075
+ 00094
00133
«00171
« 00209
00246
»00283
«00320
00349
.00372
+00385
.00394
«00395
.00386

Dc
.000143
.000076
«000069
»000066
+000068

000072

000087
.000108
000139
000178
000223
»000274
000327
.000380
000438
.000501
«00059%

«000714 .

¥,

-, 00019
‘0000 1
-,00036
-,00040
«+ 00045
-¢00050
=.00060
-.00069
-, 00079
-,00088
-, 00097
-,00107

-,00118
-e 00121
- 00124
-,00126

C:P,

- 1.08
1,60
95
72
260
. 53
45
»40
37
«36
34
¢33
33
32
«32
32
31



Crosshead Mounting Protected By Discoid Case

thtingen 387

.188
+401
«614
816
1,076
1.310
1,550
1.779
2,001
2,208
2,400

" 2.519

2,606
2,610
2,605

,0793
+ 0776
0768
»0760
.0750
. 0740
0726
0712
.0698
. 0685
.0670
. 0665
. 0639
0622
,0608

Dg=.0301, a = 074, h = 0792

Lo L

.251 -,063
»250 » 151
» 249 » 065
. 247 D69
.247 .829
246 1.064
.245 1,305
284 1.535
243 1.758
.242 1.963
242 2.163
241 2,278
»241 2,365
.240 2.370
« 240 2,365

D X

+0786 «070
.0448 »060
.0397 . 065
. 0429 +063
.0bl6 052
»0662 »029
. 0868 - 0003
21133 ~.049
.1403 -,105
1715 -.170
.2060 ~ 249
+2408 ~+317
.2807 ~.380
+3280 ~.422
.5848  ~,448

Monoplane #1

{47
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" . '
Gottingen 387 Monoplane #l(Cont.)

My M, Mg
8,84 10,72 -.09
8,62 10.72 -.09
8,60 10.72 -.09
8,56 10,72 -,09
8.58 10.72 -.08
8.56 10|72 "008
8'64 10072 ".08
8.77 10,71 -,08
8.8%7 10.71 -,08
9005 10.71 ""08
9.28 10,71 -,08
9.57 10,71 -,08
9.74 10‘71 "'008
9.82 10,71 ~-,09
9.75 10.71 -.09
Za Xn Mo
-.0565 .064 -,355
+109 » 055 -.686
.267 j.060  -.744
«420 - .068 ~-+910
2613 .048 =1.,110
«789 ,027 -1,312
+ 967 -,003 -1.499
1,139 -,045 -1,676
1,302 -,097 -1.864
1.452 -.156 2,026
1.59? - .229 "2.183
1,680 -,292 =2.253
1,731 -,350 =-2,316
1,740 -,388 =-2,340
1,740 -.412 2,385

-, 474
~-,532
-.537
-~.548
-.D4b
-.550
-,D29
-.492
-.465
-.418
- 2257
-,281
- 230
- 0212
-+ 235

C‘P.

-1l.62
1,56
. 6856
.935
»445
.41
. 285
+ 565
«255
045
+ 335
«33
« 33
33
2235



Crosshegd Mounting Protected By Discoid Case

280

G0ttingen 387 Monoplane #£2

DS' = ‘0301. 8

217 «255
434 1254
.653 .263
881 252
1,118 +R51
1,345 +250
1,588 «250
1.807 «&50
2,020 .249
2,225 +R49
2,419 248
2.524 «248
2,603 <247
2,622 «R46
2,617 246
% 2
0715 0621
. 0707 » 0433
» 0699 .0598
. 0690 0444
0681 0540
0667 .0694
0649 0913
0638 »1060
0629 .1439
» 0619 . 1760
» 0609 .2101
. 0598 .2442
.0583 #2871
. 0568 «3308
0555 « 3940

- ,038
» 180
+400
.629
.867

1.095

1,338

1,557

1,771

1.9%76

2,171

2,276

2.356

2.376

2,371

087
+062
067
.068
»054
.031
~.003
- 1058
'-0103
-0170
~.246
~.313
"43'75
~.442
"0442

0%8%, h = 0o%82

1637
1441
» 1395
« 1435
1524
21662
» 1863
s 2000
+ 2369
«2680
5011
23341
5755
4177
.4796

-1047
174
395
- 627
867

1.0987

1,340

1.558

1,774

1,996

2,166

2.267

2,342

2,353

24363

/49



Gottingen 387

ol Ml MO
~8 8.71 10.69
-6 8,74 10.69
-4 8,80 10,69
-2 8,87 10,69
0 9.,00¢ 10,69
2 9,12 10,69
4 9.28 10.69
6 9,47 10,69
8 9.72 = 10,68
10 9,96 10,68
12 10.23 10.68
14 10.56 10,68
16 10,73 10.68
18 10.81 10,68
20 10.72 10,68
ol Za X
-8 -.041 »047
-6 151 .051
-4 344 . 055
-2 545 ,056
0] . 754 « 044
2 »954 . 025
4 1,167 -.002
6 1.356 ~-.,048
8 1.543 ~-,085
10 1.719 -+139
12 1.884 - .R02
14 1,972 - . 257
16 2,039 -.306
18 2,047 ~-.363
20 2.057 -.363

Monoplane #2(Cont., )

MS M
-.09 -.500
-,09 -.492
-.09 -~ 4476
-.09 ~-,458
-.08 -,426
-,08 -,384
-,08 - 352
-,08 ~-,302
-008 . --233
~-,08 . =~,169
-.08 -,008
-,08 -.,011
-.08 .034
-,09 »0568
-,09 . 034

Mle c.P.
-.412 ~2.92
-,502 1,13
~.765 » 645
-.947 .505

=1,136 435
-1.323 405
-1.521 08
-1,706 365
~-1,861 .35
-2.027 24
-2.184 YY)
-2,240 233
-2.311 ,33
~2,352 ,33H
12,386 2335

/50



GOTTINGEN 387 Monoplane

Crosshead Mounting Protected by Discoid Case
Mean of 1 Test on #1 and 1 Test on #2.

/5/

To be used as standard of comparison in obtaining biplane cor-
rection factors.

& L
-8 -,051
-6 +166
-4 0383
-2 « 599
0 « 848
2 1,082
4 1,322
6 1,546
8 1,765
10 1,970
12 2,167
14 2,277
16 2,361
18 2.373
20 2,368
] X
-8 064
-4 « 066
-2 0065
0 +053
2 «030
4 -,003
6 -, 054
8 -.104
10 "0170
12 -,248
14 -.315
16 - 377
18 -.432
20 ~,445

D i
,0703 - 0,73
.0441 3,76
.0396 9,69
00437 13.7
.0528 16,07
.0678 15,98
.0891 14.81
.1097 14,10
.1421 12,41
1738 11,34
.2081 10,40
.2425 9,39
.2839 8,33
.3294 7,20
.3894 6.09

2 2L

0060 - .102

061 332

<378 .767

«59 1,198

848 1,696
1.082 2,164
1.324 2,644
1,548 3,092
1,767 3,530
1.969 3,940
2.162 4.334
2,268 4,554
2,341 4,722
2,353 4,746
2,358 ° 4,736

'=.00009
» 00028
.00064
.001@0
,00141
.00180
.00220
. 00258
«00294
.00328
»,00361
.00380
00394
«00396
.00395

?2 .

«1406
.0881
0792
«0874
«1056
<1356
.1782
2194
« 2842
3476
»4162
«4850
«5678
.6588
« 7788

Do
000117
000074
. 000066
.000073
.000088
.000113
.000149
.000183
. 000237
000290
000347
000404
.000473
000549
. 000649

2 o

- .768

- 1,278

-1,510
-1,858
-2,246
-2.,636
-3,020

. =3.382

-3.726
-4,054
-4,368
"40 494
-4,628
-4,692
"40 772

~-2,346
-2.3 86

X,

——

-, 00021
'000035
e 00042
-, 00052
-, 00063
-.00073
-,00084
-,00094
-,00104
-, 00113
-,00121
-, 00125
-,00129
-.00130
-,00133



n
Gpttingen 587

G/C = ,

Dy = .0556, a = Of

75,
90,

Biplane

Stagger

= ~40 %

/52

h = -0%05, Short strut, = 2831

o L, L, L D} D, D,
-8 « 286 .156 -.131 0069 .0886 3169
-4 283 +862 579 .0065 .0908 .2487

0 +280 1,595 1,315 0061 . 0018 L2709

2 279 2,008 1,729 .0059 .0921 3001

6 - .276 2,693 2,417 »0054 ,0926 .3708
10 275 3,362 3,089 0050 . 0929 L4736
14 270 34990 3,720 .0046 .0928 . 6038
18 . 268 4,309 4,041 »0042 ,0927 » 7497
20 . 267 3.9560 3.683 . 0040 .0925 . 8943

o D /D Mo My M
-8 .1648 -0.80 10,61 6,80 ~,995
"4 50958 6005 10Q61 7.35 "0863

0 1174 11.20 10.61 7.96 ~.700

2 + 1465 11,80 10.61 8,24 ~,626

6 2172  1l.12 10,60 9.00 ~.423
10 +3201 9.656 10.60 g.62 -.258
14 «4508 8,25 10,60 10.10 ~,132
18 .5972 6,76 10,60 9.75 ~-.285
20 7422 4.9% :

ol X Z Za’ Xh ML.E. C.P’
-8 .182 -4107 -,086 -,009 -~.890 ~2,77
"4 .135 0570 .513 ’000? “'1.&69 .80

0 117 1,315 1,183 -.006 -1.877 475

2 087 1,732 1,568 -,004 -2.180 42

6 -.037 2,426 2,283 .002 =2.708 .57
i -,219 3,096 2.786 ~.011 -3.0586 .33
14 -.464 3,714 3,343 ~.023 -3.498 315
18 -.681 4,020 ,034 -3.877 2



thtingen 287 Biplane
. G/C = .75, Stagger = 0
b, = ,0556, a = 0%90, h = 008, Short strut, =0
ot Lo 14 L DS* Do Dy
-8 » 304 »OL7 .013 .0081 .0829 .2687
-4 301 ,996 .695 ,0085 . 0855 .2382
0 .299 1,706 1.407 .0089 .0873 .2682
2 .299 2,089 1.760 .0088 . 0887 .R953
6 .296 2.809 2,613 .0084 . 0902 3823
10 293 3,500 3,207 , 0080 . 0916 .4950
14 200 4,118 - 3.826 .0075 . 0937 .6278
18 .287 4,555 4,268 0071 ,0947 .7684
20 .285 4,609 4,324 .0069 ,0951 .8504
22 .284 4,670 4,386 .006% .0855 . 9463
24 .283 4,400 4,117 .0065 .0959 11,0700
oL D L/D Kl M o - M
-8 L1221 .11 7.62 10,86 -,856
-4 .0886 7.84 8,07 10.86 -.738
0 .,1164 12,09 8,47 10.86 -.632
2 .1422 12,37 8.73 10,86 -.563
6 2281 11,00 9.02 10,86 -.487
10 .3398. 9,45 9,32  10.86 -.408
14 4710 8.11 9,68 10,86 -,312
18 .6110 6.99 9,95 10,86 -.241
20 . 6928 6.25
22 « 7886 5.566 9.66 10,86 -.317
24 ,9120 4,51
:i X Z 2a, Xh M, C.P.
-8 122 -.005 ~.004 ,010 - .862 -71,78
-4 137 . 686 .617 .011 -1.366 .665
-0 .116 1,407 1,266 .009 -1,907 »45
2 . 080 1.762 1.5%6 . 006 -2.155 405
6 -.035 2.521 2,269 -.003 =2.753 2365
i0 -,220 3,216 2,894 -,018 -3.284 T W34
14 -.,466 3.824 3,442 -,037 =-3,717 525
18 -.732 4,242 3.818 -.058 -4,001 2315
22 -,915 4,356 3,920 -,073 -4.164 32

/753 .



thtingen 387

-.786

4,200

/S

Biplane
G/C = ,75, Stegger = 60 %
D, = .0556, a = 0Y86, h = 0%04, Short strut, /4 = 3837
« Iy L, L Dy D, D
-8 +30L », 087 .086 ,0037 .0685 +R433
~4 299 1,107 .808 »0039 .0710 2203
0 ~297 1.873 1,676 . 0044 0727 . 2085
2 « 297 2.279 1,982 »0046 0742 2934
6 .95 5.049 2,754 .00b81 .075% .5884
10 «294 3,871 3,577 .0056 «0769 . D338
14 .292 4,568 4,276 .0061 .0790 . 6982
18 2290 5.100 4,810 .0065 0805 9200
20 . 289 5,150 4,861 .0068 ,0808 11,0800
82 . 288 4,900 4,612 0072 .0810 11,3500
-8 »1135 .76 10,58 8,05 -~-.681
-4 .0898 9,00 10,55 9.32 - 4225
0 .1258 12,52 10.55 10,52 -.008
2 ,1590 12,48 10.556 11,12 ~L1B1.
6 22620 10.50 10.55 11,97 » 376
10 . 2957 9.05 10.56 12.89 . 563
14 .Db75 7.67 10.56 12,85 .605
18 21774 6.20 10,56 12.24 »445
20 .9368 5.19 10.56 11,42 228
22 1.,2062 3.84
o X Z _EE,' Xh M, o C.P.
‘=8 «125 -,070 - .060 .00b -,606 =2,88
-4 146 800 688 .006 1.019 «42b
0 .126 1,576 1,355 .005 1.368 .29
2 . 089 1,985 1,700 .004 1,562 .26
6 -.028 2.762 2,376 -.001 1,999 » 24
10 -~ 4230 3,590 3,087 ~-.009 2.515 «235
14 -.492 4,279 3,680 -.020 3,055 24
18 -,748 4,812 4,145 -.030 3,670 255
20 4,883 -.032 3.940 « 27



/155

]
Gottingen 387 Biplane
¢/C = 1,00, Stagger = ~ 40 %

= ,0656, a £ 0%94, h = 0¥04, Short strut, 3 = 2128

o 1 L DO Dl Ds

013 216  ~,007 0921 #2117 .0055
#3311 « 957 646 ,09048 2478 +0060
«508 1,758  1.450 « 0965 .2788 +0064
« 306 2,130 1,824 «0975 3074 + 0066
202 2,934 2,632 .0990 «0959 +0071
299 3,665 3,366 «1001 5177 0076
+R296 4,309 4,013 +1008 .6582 0081
2293 4,615 4,322 » 1009 .8133% .0086
«291 4,600 4,309 1014 « 9333 .0088

D /D Ml Mo M
+1585 <0,61 7.19 10,79 ~.953
-0914 7‘07 7.50 ' 10079 -0870

» 1203 12,04 7,97 10,79 ~.746
1497 12,35 8.17 10.79 ~-.693
»R342 11,22 8,69 10,79 -.5b85

0544 2.50 9,07 10.79 -.455
. 4950 8.11 9,357 10.79 - 376
.6482 6.67 8,35 10,79 ~-.645
7675 5,62 8,11 10.79 -.709
X 2 Za Xh Mie Cc.P.
J144 -,118 -,111 .006 - ,848 -R,39
2136 638 600 +005 1.475 o7
120  1.450 1.361 «005 2,112 .485
»083 1.828 1,718 «003 2.414 o4é
~,042 2.641 2.482 =-.002 3,038 + 285
~.235 3,378 3,176 -,009 3.621 «0556
~,490 4,008 3,767 ~,020 4,123 345
~-.718 4,304 4,046 -.029 4,662 36

-+1750 4.308 4,047 -,030 4,746 265



thtingen 387

Biplane

Stagger

’,
L Ds
~.023 . ,0086
«701  ,0082
1,485 «0078
1.874 0076
2,673 «0072
5,409 .0068
4,033 0064
4,402 0059
4,434 «00567
3,912 » 0055
Ml Mo
7.20 10.85
7.65 10.85
8.22 10.85
8.58 10.85
8.82 10.85
9.21 10,85
9.51 10.85
9.48 10.85
8.96 10.85
2a Xn
-.039 . 007
.638 + 007
1,567 » 006
1,728 004
2.843 -;004
30141 “.012
3.710 ~.024
4,029 -.037
4,066 -.041

G/C = 1,00,

Dy = .0556,

ol L, Ll

-8 210 «287
-4 + 307 1.008

0 «304 1,789
2 303 2,177

6 «000 2,973
10 «298 3,707
14 2295 4,328
18 «R92 4,694
20 « 290 4,724
22 .88 4,200
Py D L/D
-8 + 1369 ~0.17
-4 . 0878 7.99
0 +1215 12,21
2 .1496 12,53
6 2427 11,00
10 0627 89.40
14 8033 8.02
18 +6489 6.80
20 7502 5.91
22 »9615 4,11
o X z
-8 #1335 -.042
-4 «146 + 693

0 122 1,485

2  .,083 1,878
10 -,23%4 3,419
14 ‘.488 4.032
18 =-.745 4,380
20 -,811 4,418

= -20 %

D,

Sttt

+0864
0886
0908
«0916
»0932
«0944
<0957
+ 0970
20972
0874

"‘._965
- .846
-,695
~ 2654
- 0537
-.454
-+55b
- .562
- 0500

Ml.e.

- 4933
-1,491
~-2,068
~2,386
~5,278
~-3.563
-4.041
4,354
~4.520

a = 0¥92, h = 0905, Short strut, B = 1133

By
2875
L2412
2757
«3044
,3987
,5195
,6610
.8074
.9087

1,1200

C.P.

-7.40
72
»465
. 425
+ 365
2045
»235
023
34

/56



"Gottingen 387

Dy
+» 2889
2397
« 2706
+2989
« 3920
,H113
6458
. 7900
+8B36
. 0036

Biplane
G/C = 1,00 Stagger = 0
D = ,0556, a = 0¥90, h = 0, Short strut, /3= 0
8
o« Ty L, L Dy’ D,
-8 +295 »247 -,048 ,0081L ,0853
-4 +293 2972 .679  ,0085 ,0874
0 .290 1,746 1.456 ,0089 ,0886
2 «290 2,128 1,839 ,0088 ,0896
6 <287 2,937 2,650 .0084 .0906
10 .284 3,700 3,416 ,0080 ,0914
14 «281 4,350 4,069  .007B  .0922
18 «278 4,759 4,481  .0071  ,0931
20 276 4,852 4,576 L0069  ,0933
22 275 4,830 4,555 L0067  ,0935 1
(x D L/D My M, M
-8 +1399 -Q.35 7.35 10,94 -,980
"4 00882 7070 7.75 10194 "0844
0 «1175 12,40 8.20 10.94 -,728
2 .1449 12,70 8,43 10.94 -.664
6 . 2376 131,17 8,84 10.94 -.555
10 +3563 9.59 g.22 10.94 -, 455
14 . 4905 8,30 9,56 10,94 ~.365
18 .6342 7.07 .90 10,94  ~,275
20 .7278 6,30 9.75 10.94 -.315
22 .8478 5,38 9.29 10.94 -.436
h=0,Zh =0
ot X A Za M, C.P.
Sormr—— ————— ——t R ————
-8 J131 -,136 -,122 -,828 -R,03
-4 «135 .670 .603  «1,447 272
0 .118 1.456 1,310 -2,035 .465
2 ,080 1,841 1.657 -2,321 o42
6 -.041 2.689 2,393 -2.948 237
10 -,242 3,424 3,082 -3.53% 2345
14 -.508 4,062 3,656 -4.021 33
18 -,780 4,450 4,005 -~4.280 .32
20 -,880 4.544 4.090 -4,405 +325
22 -,922 4.536 4,082 -4.528 335

» /57



Gottingen 387

Biplane

Stagger =

20

% .

IS

= ,0556, a = 0Y92, h = Q¥08, Short strut,B= -1183

’

L Dg D, Dy
618 0072 + 0800 2302
1,400 0077 .0816 «2576
1.814 0079 . 0824 +2870
2,614 . 0084 . 0842 «3758
3,396 .0088 .0868 .4971
4,084 .0087 . 0880 6432
4,615 20085 .0895 «8019
4,703 .0081 . 0902 »8800
4,758 .0079 .0905 +9895
4,654 0077 ,0910 1.1518
e R ) Bl
7.64 10.87 - .855
8.05 10.87 -.745
8,71 10.87 -,571
8.98 10.87 -.500
9045 10087 "0376
9,87 10,88  -,267
10,18 10.88 -,185
10.51 10.88 -.098
10,47 10.88 -.108
10.25 10088 "0167
9.85 10,88 ~.R73
Za Xn Mije‘ C.P.
-.119 012 ~-,748 ~1.93
561 .010 -1,316 12
1,289 »009 -1.869 +445
1‘671 ‘006 "2.177 .40
2,410 ~,004 -2,782 + 355
3,128 ~+020 -5,575 $ D3
3,762 ~.041 -3.896 32
4,210 ~,065 ~4,343 31
4,296 ~.074 -4.340 o1
4,345 -,079 =4.433 «315
4.281 -,081 ~4.473 C P

@/C = 1,00,

DB

ot Lo Ly

-8 +306 + 200
-4 303 »921
0 301 1,701

2 200 2,114

6 2298 2,912
10 « 296 3.692
14 «293 4,377
18 + 290 4,905
20 «289 4,992
22 288 5.046
24 + 287 4,941
ol D L/D
~8 + 1603 -0,66
-4 20874 7.08
0 « L1327 12.42
2 « 1411 12,86
6 «R76 11,50
10 3459 9.82
14 +4909 8.32
18 +6485 Te1d
20 27261 6.4%
22 «8355 5,70
24 «9975 4,67
o X Z
~8 o144 -.129
~4 + 129 +610

0 o113 1.400

2 «078 1.817

6 -,046 2.620
10 -0247 3»401
14 -.510 4u 078
18 -.810 4,584
20 -.9R6 4,664
22 <~1,012 4.718
24 983 4.654



Gottingen 387

/59

Biplane
G/C = 1,00 Stagger = 40 %
Dg = ,05566, a = 0991, h = 0908, Short strut, 3 = -21%8
ol L, Ly L D, Dy Dé
-8 e 3L « 000 -+, 017 » 074% 22692 «0075
~4 +315 1,042 727 0766 2254 . 0071
0 +313 1.848 1.535 0788 «2602 .006%7
2 «312 2,250 1,958 .0800 2959 » 0065
6 311 3,079 2,768 .0818 .3961 » 0061
10 «309 3,859 3.550 .0836 .5238 .008%
14 «307 4,576 4,269 » 0856 .6815 0052
18 + 305 5,059 4,754 0868 »8501 .0048
20 «304 5,130 4,826 .0881 . 9460 .0046
22 303 5,191 4.888 .,0892 1,0631 , 0044
24 + 302 4.850 4,548 0897 1.3500 ,0042
:f;. D /D Ml M, M
-8 21314 -0.13 7.66 10.94 ~-.86"7
-4 » 0861 8,44 8.51 10.94¢ ~.643
O ollgl 12.89 9.34 lO. 94 “.424
2 1538 12,60 9.78 10.84  ~-,307
6 «25R6 10,96 10.43 10.94 ~-.,135
10 3789 9.37 10.84 10.94 -,026
14 «53561 7.9% 11.11 ° 10.94 »045
1i8 «7029 6,77 11.21 10.94 071
20 7977 6,05 11.06 10.94 032
22 9139 5.58 10.70 10.94 -.063
- 24 1.2005 3,78
:i X Z Za Xn yié c.Pp.
-8 o127 -, 037 -,03%4 .010 -.845 ~7.59
-4 «136 .720 .655 .011 1,309 .605
0 «119 1,535 1,398 .010 1,832 »40
2 .086 1.941 1.768 007 2.082 «2B3
6 ~-.036 2.7175 2.523 -.003 2.655 «325
10 -.8245 3,560 3.240 ~-.020 3.246 «305
14 -.510 4,270 3.887 ~-.041 3.801 «298
18 -.800 4,732 4,300 -4064 4,165 «295
20 -.900 4,800 4,362 -.072 4.258 2985
22 -.986 4,868 4,436 -.079 4,420 . 5056



" ‘
Gottingen 387

G/C = 1,00,

Biplane

Stagger = 60 %

160

= ,0556, & = 0V86, h = Ol06, Short strut, B= -31%0

a
o L,
-8 200
-4 » 299
0 287
2 286
6 +294
10 . 292
14 « 290
18 288
20 287
22 + 286
oL D
-8 21229
-4 +0931
0 « 1321
2 + 1651
6 2691
10 »4054
14 5662
18 + 7533
20 . 8822
22 1,0115
o X
-8 2114
~4 149
0 « 132
2 .094
6 “0035
10 -~ ,287
14 ~.518
18 -.790
20 -.878
22

-.883

o

+ 365
1,130
1.9564
2,369
3,186
3,982
4,708
5.169
5.281
5,142

L/p

~0,58
6,77
12,52
12,55
11.75
9,10
7.80
6,48
5,66
4,80

-.081

+822
1,657
2.077
2,901
3,798
4,420
4,870
4,990
4,880

Lon
- 065 20043
» 831 ,0048
1.657 .00583
2,073  ,005%
2,892 0060
3,690 .0065
4,418 0070
4,881 »0075
4,994 0077
4,856 »0080
Ml Mo
7.82 10,83
8,80 10,83

8.80 10.83

10.36 10.83

11.12 10.83

11,62 10,83

11.87 10.83

11,69 10.85

11,29 10,83

10.48 10.83

Za Xn
-.070 'OO?

» 707 .009
1.425 .008
1.786 . 006
2‘498 "0002.'
3'265 “0015
5’804 "'0031
4,191 -,0487
4,290 -,083

4,200

-‘.053

Do Dy
. 0728 « 2553
0749 L2284
0772 L2702
0779 0041
0796 L4103
.0815  ,5490
0826 7114
.0841 .900b
.0845 1,0300
0849 1,1600
M
"796
~ 4537
-, 273
~4,124
- #0177
~ 4209
« 21D
« 228
» 122
- 4,093
Mle C.P'
-, 733 =3.02
~1,3b3 +5b
~1.7086 2345
-1,916 .a0b
~24419 « 2710
-3.,041 +R65
~3,498 265
~3,916 .27
~4,115 <275
~4,240

+29



= .0556, a = 0495, h = 0, Medium strut, B= 1627

DS
ol Lo
-8 + 900
-4 298
0 296
2 + 294
6 »291
10 «289
14 +286
18 283
20 282
22 281
ol D
-8 + 1763
~4 .0889
0 .o l136
2 o 1412
6 » 2312
10 « 3548
14 4904
18 « 6469
20 »7399
22 .9448
oL X
-8 « 200
~4 e 130
0 o114
2 .078
6 +001
10 -+ 247
18 - 776
~+850

20

Gottingen 387

G/C = 1,33

Biplane

Stagger = -40 %

L, L D} D, Dy
»118 -.182 0092 » 0860 W 0271
8717 .581 .008% .0874 »2406

1.680 1.384 .0082 » 0886 2660
2,086 1.792 »0080 .08981 .29359
2,909 2,618 0075 » 0900 . 9843
3,726 3,435 . 0070 +0908 + 2079
4,366 4,080 ., 0065 0915 . 6440
4,779 4,496 ,0060 +0917 +8002
4.799 4,517 0068 .09819 . 8952
4,460 4,179 . 00558 .0921 11,0980

Efg M, M, M
-1,03 10,59 7499 -.688

6,55 10.59 7,45 -,830
12,20 10.59 8,19 -.635

12,70 -10,58 8.54 -.592
. 11'31 10.58 8084 - 0460

9.68 10,58 9.54 -,328

8'31 10157 9.67 —.238

6,95 10.5% 9.25 -.549

6.11 10,57 8,71 -.492

4,43
h=0, X =0

a 2a Hle C.P.

-.155 ~,147 ~-.541 ~1,16
573 545 1,375 «80
1.384 1,315 1,950 47
1,795 1,705 2,297 « 425
2.624 2,494 2.954 + 275
3,440 3,268 3.596 ' 00
4,074 3.872 4.110 1345
4,472  4.250 4.599 . 345
4,494 4,270 4,762 . 355

74
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Gottingen 387 Biplane
G/C = 1.33 Stagger = 0
= .0556, a = 08193, h = 0804, medium strut, B=o

«299 .360 -,039 .0085 .08l5 .2754
«296 1,009 713 L0097 .,0839  ,3359
+»294 1.839 1,535 .0100 ,0844  .3708
.293  2.233 1,940 0098 ,0856 3024
«390 3,047 3,757 0085 0870  ,3967
«388 3,838 3,540 0080 L0884 ,5351
«385 4,503 4,318 L0085 ,0898 ,6683
«382 4,891 4,609 0081 L0910 8180
+381 4,929 4,648 ,0078 L0908 ,9100
380 4.872 4,583 0075 0916 1.0260

D /D _ M, _M M

.1288 -0.30 10,58 7,05 -.,934
(0877 8,13 10,58 7.85 =.775
.1208 12.70 10,58 8.10 -,656
1513 12,81 10,59 8.44 -,569
.2446 11,38 10.58 8.94 -.436
.37231 9,51 10.59  9.37 -.333
5144 8,21 10,59 9,73 -.237
.6633 6.95 10.60 9,87 -,196
7558 6,14 10,60 9,57 =,275
.8713 5,15 10.60 9,08 -.418

X z Za, Xn My,E C.P,
.132  -,020 -.018  ,005 -,920 -15,323
137 705 856  ,005 -1.436 .68
.121 1.535 1,439 ,005 -3,090 . 455
083 1.943 1.808  .003 =2.380 41

-,041 2,786 2,573 =,002 =3,007 .36
-.249 3,548 3,301 =-,010 =3,614 ;34
~520 4.212 3.985 ~.021 <4,131 +325
~i792 A,584 4,268 =~,033 =4.426 $32

-.879 4,619 4,300 ~,035 =4.540 325

-.916 4,578 4,357 ~,037 -4.638 +335



Biplane

GOt tingen 387
G/C = 1,33 Btagger = 60 %
Dg = .0556, a = 0993, h = 0810, Medium Strut, 3 :
o Lo Ly L D} D, Dy
-8 .35 ,231 -,084 ,0059 ,0738 .3813
-4 ,%03 ,99%8  ,693 L0085 ,0744 3250
0 .301 1,826 1.533 L0070 ,0788  ,3580
2 ,300 2,245 1,945 L0072 .0780 ,3886
6 .299 3.074 23,775 L0078 L0800 3867
10 ,397 3,879 3,582 ,0083 0816 .3165
14 .295 4.609 4,314 ,0089 <0834 6743
18 4293 5.075 4.782 ,0094 .0848 8394
20 .,291 5,182 4.891 ,0096 ,0854 ,9394
22 .290 5.092 4.802 ,0099 .0859 1.0800
o D L/D M, M, '
-8  ,1470 =,57 10,63 7,31 =,878
-4 ,0885 7.83 1063 8,14  =.659
0 1186 12.86 10.63 9,08 ~.4236
2  ,1478 13,17 10,63 9,55 -,286
6 .2433 11,40 10,63 10,35 =-.071
10 .3710 9.66 10,64 10,98  ,090
14 .5253 8,22 10.64 11,38 196
18 ,6896 6,94 10,64 11,49 (235
20 7888 6,20 10,64 11,35  .188
22 ,9286 5,18 10.64 10.94  .O79
o« X z Z, Xh M1 e O.Ps
-8  ,157 -,062 -,057 ,016  -,837 =4,50
-4 136 686  ,631 014 -1.304 <635
0 ,119 1,523 1,401 ,012 ~1,839 40
2 ,078 1,945 1,790 .008 -2,084 +355
6 =,042 2,782 2,560 =,004 ~2,837 315
10 -,274 3,588 3,300 -,037 =3.183 395
14 -,530 4,308 3,960 -,053 =3,711 +285
18 =,822 4,756 4,378 =,082 -4,071 +285
20 =.932 4,860 4,475 -,093 -4,194 .285
232 -<.945  4.796 4.410 -,095 -4.236 .295

62q.

=-2492
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APPENDIX C.

TABULATED RESULTS

Tables
I, Biplane Correction Factors at Equal ol for
Lgs> Do, L/D,and M,. 1-33
II. Loading un Upper and Lower Wings . 34
I1I, Aerodynamic Coefficients (L, D, L/D, My, and C.P.)
for the Biplane as a Unit,.
1. U,S.A. 27 biplenes. 35-61
2. G¥t. 387 biplanes. ' 62176
IV. Biplane Correction Faetors for Dy, L/D, M., and C.P.
at Equal L,; and for L, max., D, min., and L/D max, 89-97
100103
108=109

N.P. In all tebulations of data, negative signs (-) are imserted,
but positive signs (+) are omitted. The absence of a sign means

that the value is positive (+).



BIPLALNE C ORRECTION FACTORS FOR Lc AT EQUAL oe¢,

Tahle 1 v
UsDasds 27 Biplane
Stagger = 0
G¢/c
o® £ 50 275 1,00 1,33 1.67
-6 -.105 412 588 776 1,113
-4 1.280 »990 «990 « 959 718
-2 «864 +825 1.016 «885 «826
0 + 786 «895 «855 878 842
2 + 766 +769 <864 «880 #8305
4 775 «835 +870 +899 «870
6 « 784 »817 «866 892 «859
8 7558 805 «857 .890 «866
10 J759 810  ,.864 .887 878
12 « 760 815 867 «887 876
14 « 759 812 876 904 +887
16 7176 848 +899 + 922 916
18 «820 +896 «965 978 970
20 «876 » 953 . 986 +999 « 998
22 + 905 992
Table 2,
Usdeds 27 Biplane
G/¢ = 0.50
J/ Staeger,
oL =407 A &0g
-6 ~1.074 -.105 072
=t} +D14 1.280 1.362
-2 «648 864 $ 992
0 <669 786 +918
2 «675 + 766 «890
4 692 775 +850
6 .691 764 879
8 » 700 775 .892
10 708 +769 887
12 7158 +780 «893
14 » 723 759 694
16 o 144 776 «915
18 « 765 880 «982
20 2186 «876 985
22 + 905 1,011

/G4~



BIPLANE CORRECTION FACTORS FOR L, AT EQUAL ot.

%

o>¢>ﬁ9c>£:i>5w

-1.018
+ 660
+ 786
« 704
2745
« 751
«760
713
« 786
«789
«788
.808
«834
«858

209

o346

1.B51
1,065
« 979

. 0930’

. 912
0904
«885
«893
«889
« 900
.923
«964
1.002
1,031

60%

w896
« 990
« 919
914
"«88R2
« 200
«935
1,007
1.027

Table 3
o U-Svo 27 Bipl&ne

) G = 0,75

. It er,

207 0 ¢9320%
=732 J4l2 =079
W77l .990 1,268
.745°  .825 <930
J708 895 .873
J746 789 882
+763 835 860
786 .B17 +856
W78 LB0B o841
J781 810 .836
790 .815 787
.801 812 858
.818  .848 +863
864 896 <923
«900 953 W 971
W913  .992 1,011

n Table 4.

Got. 387 Biplane
G/ = 0,75
St ere,
o 0% 0

-8 1,384 ~.135

-4 710 «851

0 766 +820

2 «796 .811

6 783 +815

10 778 .808

14 .814 +836

18 +845 893

20 776 «913

22 #9486

« 997



BIPLANE COIRCTION FACTOSS 7TOR Ly AT EQUAL o¢

Table B
T Svo 27 Biplane
¢/ = 1,00
Stagger
< 0% =20% 03 2% 407 807
-5 1,191 #6531 .588 421 «250 «228
-4 +660 «986 « 990 1,101 1,289 1,169
-2 «790 875 1,016 « 924 . 984 1.002
0 .800 .872 .855 .881 «925 . 958
4 .817 .869 «870 «89¢ .884 <933
6 .818’2" .860 ‘ 0866 0877 Q888 0928
8 .822 .864 «857 . 861 .892 .927
10 «842 566 .864 .880 «899 »932
12 «837 .872 .867 879 +902 «939
14 +849 <879 «876 «896 . 910 .938
16 o871 .899 .899 - ,928 «934 <970
18 .910 2981 «965 + 985 +993 1.020
20 «939 «968 L9956 1,020 1,023 1,050
22 1,045
" Table 6
Gots 387 Bipland
¢/ = 1,00
Stagger
o -7 =204 o 20% 207 80l
-8 1,010 o243 477 1,104 <178 077
-l 0792 «859 .831 «758 891 1,019
0 +845 «866 «849 «816 .895 «965
2 +840 «864 846 +836 892 «955
6 .854 +866 .860 «849 894 0934
10 +848 «859 +860 «855 «896 «933
14 +879 «882 «890 «894 «934 «967
18 «905 0921 «938 « 967 995 1,021
20 910  .935 +966 «993 1,019 1,053
22 +983 1,028 1,054 1,050



N8R molbd

BIPLANE CORRECTION FACTORS FOR L, AT EQUAL §k

«991

Table 7
- UeSeds 27 Bipl&ne
G = 1,33
Stagger
407 =208 0% 20% 407 807
W78 =693 JATE  =e496 =832  =0969
o813 1,017  .959 1,380 1,027 795
4852  .925  .885 1,040 .25 867
.850  .891  .872 .976 «907 865
+8B8  .883  ,880 +953 +905 o877
«869  ,906  ,B99 « 947 0912 +897
874 899  ,892 «934 $917 885
o884  .893  .890 +929 «906 898
890  ,890 887 .934 <916 +900
+888 o897 887 $941 «924 W911
.878 .902  ,904 . 937 «933 +929
W90 .919 .922 «965 «957 . 954
0945  ,968 «978 .998 1,001 1,015
978,997 .999 1,018  1.050 1.045
Table 8
GOt. 387 Bipland
60 = 1.33
Stagger
407 ) £0%
1.898 o407 875
712 .874 849
807  .895 889
.826 894 +896
+849  .894 +900
.865 891 902
892  .923 0944
o941  ,965 1,000
o954  ,981  1.030
«902 1.037

V=4



ooprvobhih h%

0O B
MO DdMO

"'0875
«941
+902
«885
+874
«882
+888
«884
+894
+893
«900
+913
+953
« 933

- BIPLANE CORRECTION FACTORS FOR L, ‘.A.'L‘ EQUAL ot

Tabkle 9
U.S.4. &7 Biplane
G = 1.67
Stagger
33% 0 33%
"y 6545 1.113 -.592
1l.156 »718 1,156
«979 .826 1.100
+866 842 915
+ 935 +835 918
» 940 +870 +922
« 928 +859 «913
925 +866 913
.928 1878 <913
«926 - L.876 919
« 933 «887 '« 924
« 948 +916 « 954
«9681 «998 +978
Table 10
U.S.A, 27 Biplane
gL = 2,00
Stagger
o® 10% 0% 60%
/
-6 2711 1.021 -+101

~4 1,072 1,208 14540
-2 .96l 1,010 1,115

0 «932 « 961 1,015
4 917 « 983 1.003
4 «919 « 962 «922
6 « 917 « 936 - «963
8 « 917 + 933 <952
10 «919 « 936 « 956
12 « 924 +929 «956
14 «922 « 938 +950
16 + 938 «956 + 964
18 «966 « 981 «995
20 « 964 + 989 «985

60%

—.364
1.336
1l.045
+981
971
«956
«940
+ 936
« 938
0959
« 947
.968
1.002
« 997




BIPLANE CORRECTION FACTORS FOR Dy AT EQUAL ok

Table 11
UQS.A. 7 Biplane
G = 0,50
Stagger
X a0 0 807
-5 1,230 o722 «758
-4 1.346 1.015 1.006
-2 1,341 1.141 1,168
0 13210 1.137 1.233
2 1,066 1.107 1.236
4 «963  1.077 1.195
6 .901 1,019 1.170
8 .876 «963 1,166
10 «894 <954 1.156
12 .869 «931 1,159
14 +861 929  1.170
16 854 «886 1.228
18 «800 «795 1.239
20 o T4 «723 1l.232
22 o747 1,320
Table 13
UcSoA. Fy 4 Biplane
G/6 - 0,75
Stagger
oL® 404 -20% 0
-6 1.035 +950 «862
~4 1.130 1,081 1.052
-2 1,161 1.114 1,151
0 1,109 1.101 1.157
2 1,007 1,012 1.090
4 SN2 «963 1,085
6 « 930 « 965 1,019
8 #9119 «936 « 979
10 924 . «933 979
12 1933 « 934 979
14 «940 «941 « 974
16 «920 «901 «964
18 «880 «830 .880
20 «8R3 «790 «819
22 «799 «845

- 202

o741
972
1.100
1,100
1.137
1,090
1.068
1.018
1.020
1.006
1,014
« 976
«889
«845
«846

Table 12
cdt. 387
¢l = 0,75
Stagger
~40% 0
1.17  .871
1.2 1.11
1,10 1,08
1.07 1,04
,987 1,01
$924  ,979
940 982
915,935
.,951  .889
846
40% 60%
«690 . 740
. 930 <971
1,121 1,023
14211  1.260
1.238 1,283
1,197 1.243
1,153  1.240
1,138 1.218
1,127 1,200
1,108 1,211
1.129 1.220
1,097 1,230
1,027 1.185
.985 1,141
964 1,198

16
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.10
14

£0
22

BIFLAWE CORRHCTION FACTORS rOR D, AT EQUAL oL

Table 14

TeSede 87 = Biplane
G/ ~ 1,00
Stagger
~40% -207 0 20%

1,044 .948 .887 .864
1,093 1,091 1.052 1,031
1.100 1.174 1.129 1,129
1.069 1,191 1.150 1,107
1,052 1,188 1,098 1.098
4997 1,102 1,099 1,107

0992 1,080 1,071 1.091

.992 1.044 1.041 1,071
1,000 1,043 1,042 1,061
1,010 1,048 1,042 1,056
1,020 1,049 1,057 1.088
1,001 1,013 1,022 1,048

.948 +955 « 940 <947

.888 «901 +883 « 908
: .925
Qable 15
Got. 387
G/ ~ 1,00
Stagger
404 . =207 [} 20%
1.13 975 « 997 l.14
1.15 1.11 Llell 1.10
1.13 1l.14 1.10 1.08
1.08 1.09 1.06 1,03
1,05  1.07 1.05 1.00
1,02 1,08 1,03 997
1,03 1,05 1,02 1.02
«993 .994 » 920 «993
984 « 962 « 933 931
«910 +897

«798 +804
« 992 «991
J.121 1.071
1.181 l.184
1.182 1,190
l.161 1.193
1,116 1.171
1.089 l.161
1,096 1.161
1.101 1.158
1.110 1,150
1,074 1.143
«990 1.082
0 946 1.040
4% 80%
« 937 +8786
.09 1.18
1.02 l.24
l.12 1.21
l.11 1.1¢9
1.09 4417
1l.12 1.18
1.08 1.15
1.02 1.07 .
+980 1.09

/70
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worvobbd

~407 ~20%
1.02 +935
1.13 1,06
1.17 1,14
1.16  1.13
1,12 1.12
1,07  1.12
1.05 . 1.09
1,05 1,07
1.09  1.08
1,05 1,07
1,04 1,07
1,03 1,07
L9688  ,975
4935 .941
o
-8
-l
0
2
6
10
14
18
20
22

Table 16
U.S.A. 27 Biplene
G/ ~ 1.33
Stagger
9 207 40%
+956 +816 +906
1.06 .984 1.05
1.11 1.13 1,13
1.10 1.20 1.15
1,07 1.19 1.1
1.08 1,15 1,10
1.05 1.13 1.07
1,04 1,11 1,06
1.06 1.12 1.06
1.05 1.13 1.07
1.06 1.12 1.08
1.06 1,07 1.05
1.03 +992 +965
+920 984 940
Table 17
60t. 387 Biplane
6/ - 1.38
Stagger
—20% [°] 607
1.26 o917 1.05
1.12 1.11 1.12
1.06 1.13 1.12
1.03 1.11 1.08
1.02 1,08 1,07
1,02 1.07 1.07
1.02 1.07 1.10
«991 1,02 1.06
0947 +969 1.01
1.01 «935 0996

BIPLANE CORRECTION FACTORS FOR De AT SQUAL

607

» 989
1.11
1.16
1.12
1.10
1,10
1,05
1.06

11.10
1,08

«925
1.06

«975

« 944

177
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BIPLAVE CORREGTION FACTORS FOR D, AT EQUAL ol

Table 18
U.S8.A. 27 Biplane
G/ - 1.67
Stagger
-40%  -=83% ] 3% 807
« 955 « 908 1.02 +886 «854
1.01 1.03 1,086 1.02 1,00
1.08 1.11 1.06 1.17 1.14
1.07 1.1% 1.03 1.12 1.17
1.07 1,17 1.01 l.14 1,19
1.05. 1,15 «996 « 910 1.17
1.04 1.12 <974 1.07 1.13
1.04 1.11 « 976 1,06 1,11
1.05 1,09 +990 1.05 1,10
1.04 1.153 1.00 1.06 1.11
1.10 1.056 1.01 1,086 1.12
1.03 1,06 990 1.05 1.0%
« 950 999 +910 « 9260 +981
«9R1 969 «891 «941 978
Table 19
U.S.A. &7 Biplane
G/ - 2,00
Stagger
o 407 0% 60%
-6 «920 « 205 796
~4 2990 «990 « 936
& 1.06 1.07 1,04
0 1.08 1.10 1,11
2 1,08 1.07 1.12
4 1.06 l.11 l.12
6 1.05 1.07 1.10
8 1.04 1.07 -~ 1,08
10 1.05 1.05 1,08
12 1.05 1.06 1,09
14 1,05 1,07 1.08
16 1,02 1,04 1.04
18 954 « 961 «980
20 0949 « 9585 . 995

/1 7Z
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BIPLANE C ORRECTION FACTORS FOR L/D at EQUAL of

Table 20
U.S¢4, 27 Biplane
gt -0
Stagger
ot 50 275 1.00 1.33 1.67 2.00
-5 <131 «440 +589 1,33 1.67 2.00
4 1.10 819 »819 751 585 1.11
~2 « 757 « 704 901 796 $T78 976
0 «709 «789 763 «815 «837% +880
2 «692 720 - o777 827 «820 «825
4 + 718 « 765 # 791 «824 o764 858
6 « 756 +809 «809 .«848 « 884 «85D
8 796 «843 839 - #873 « 904 »882
10 799 831 «829 «839 -882 867
12 +809 +828 824 «837 +868 847
14 +812 8350 826 «850 874 «860
16 +868 «871 «870 +858 «918 « 908
18 1.03 l.02 1l.02 « 950 1.06 #9505
20 1.22 1,17 1,12 1.09 l.12 1.00
22 1.21 1417 '
Table 21
TUeSede 27 Bil)lanQ
G - 1,00
Stagger
A (0 1/ 9% 207 407 803
& 1.04 649 589 440 «298 238
-4 024 « 187 «819 « 921 1.13 - 1,04
-2 « 709 «735 ¢ L0901 814 872 « 980
0 « 763 « 740 «763 804 804 «830
2 $ 770 747 o777 «804 #7175 114
4 «816 #7950 £ 791 «810 <759 +780
6 +825 « 797 «804 308 797 795
8 846 «844 «839 841 «845 814
10 «845 834 829 «832 +820 +«804
12 +820 +825 +8:4 +885 811 «803
14 «831 «837 +826 821 .815 812
16 1861 o877 «870 877 «859 337
18 2956 « 984 1.02 1.04 1.01 +935
20 1.06 1,08 l.12 1l.12 1.08 1,01
22 1.13




BIPLANE CORRECTION RACTORS FOR L/D AT EQUAL oX

nrable 23
Got. 387 Biplane
g/ - 1.00
Stagger
-40% ~207 o7
916 324 0518 -
«691 + 785 754
#7143 «755 $ 793
o776 «790 « 795
«825 +806 «820
+830 «819 .836
.852 «843 «871
+921 « 936 « 979
924 « 960 1,03
1.08
" Table 22
Got. 387 Biplane
ek - .75
Stagger
407, oF 809
1.60 —e148 ~-1l.12
«597 o174 874
«690 o754 #1770
739 «782 . 782
+818 +807 « 768
+845 «8R5 $ 793
842 «853 «805 -
« 934 +966 +856
+815 1.03 +855
1,12 o774

207

«629
«690
770
+805
«847
+860
872
« 987
1,07
1.15

CDNO:L(!D 'g

10
14

&0 .
2

407 807
«204 .814
+828 .880
<799 778
J792 785
+803 J784
.821 « 795
+834 +820
036 .896
$ 997 + 930
1.08 «965
Table 24
GOt. 387 Biplane
G ~ 1,33
Stagger
.07 0%
1.55 W491
o646 4,800
. 756 $790
794 799
o832  .828
849  ,831
«873 .861
4963 L961
1,01 . 997
+ 965 +981

/7

607

«860
« 758
#7656
«824
«837
+841
«860
«959
1.02
1.04



B iplane Correction Factors for Mc. at Equal ob

TABLE 35

U.S.A. 27 Biplane

TABLE 26

Got. 387 Biplane

175

CAD/CHORD = .50 Glc = .75
STAGGER STAGGER
oL -40¢  of 0% X208 0% ___60%
-8 1.19 - 1.53 .945 -8 1.16 1.12 «730
-4 955 975 523 -4 «905 904 .788
-2 880 816 .447 0 .836 «850 .609
0 .831 761 411 2 827 .818 589
2 790 721 396 6 «800 813 «589
4 764 715 .389 10 754 .810 620
6 750 704 397 14 +778 826 «£80
8 735 .685 ,402 18 825 853 781
10 725 683 .406 20 - 873 825
12 734 .B877 417
14 « 739 BT3 444
16 770 .681 .514
18 «801 .681 .635
20 754 .684 711
22 - .690 .795
TABLE 27
U.S.A« 27 Biplane
GAP/CHORD = ,75
o _-40%  -20% 0% 20%  40% 60%
-8 1.17 1.29 1.45 1.54 1.54 1.12
‘-d 2913 .945 .929 944 .919 726
-2 823 «879 839 .B48 .B26 .648 .
0 »848 862 +843 8186 .789 .825
2 -816 824 760 .811 758 «604
4 795 833 783 «800 «755 596
6 797 .858 750 790 .755 641
8 .814 830 728 o774 741 +625
10 805 .817 <720 757 J742 656
12 «805 .800 «714 770 754 649
14 .810 +831 713 770 «780 664
16 .848 .846 739 .788 798 724
18 911 875 «755 .810 .835 .789
20 +936 909 o772 854 +835 .828
22 - 957 - 849 - -



Biplane Correction Factors for Mg at Equal o¢

TAELE 28

U.S.Ae 27 Biplane

G/C = 1.00
STAGGER ~
ol -40% =204 of 204 404 604
-8 1.05 1.33 1.34 1.76 1.51 1.55
-1 +956 992 1,03 .900 .852 J4
o} 930 971 .936 .882 .805 728
2 .901 .935 .929 .882 .788 675
4 .896 947 943 .870 .759 671
6 .923 .948 935 864 .784 678
8 .899 931 .920 .864 755 .688
10 .899 915 916 853 754 .681
12 .900 918 .921 .856 764 .696
14 .921 926 942 .883 776 - J710
16 960 .939 961 .909 .795 .751
18 1.03 .980 .985 .924 .811 792
20 1.10 1.10 = 1.00 934 .832 807
TABLE 29
68t. 387 Biplane
6/C = 1,00
STAGGER
ot -40% -20% 0% _ 20% 40% 60%
-8 1.103 1.215 1.07 975 1.10 955
0 941 922 905  .834 .816 760
2 915 .905 .880 .825 .790 .726
6 .895 .968 .870 .821 .784 714
10 . .893 .879 871 .832 .800 .750
14 917 .898 .895 .866 846 .778
18 974 .928 911 .904 .889 834
20 .990 .948 .923 .908 .893 .863

176
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Biplane Correction Factors for M; at Equal ot

TAELE 30.

U.S.A. 27 Biplane

G/C = 1.33
STAGGER
ot -40% =209 0% 20% 40% 60%
-6 1.01 1.38  1.37 1.57 1.43 1.26
-4 .902 1.05 .987 1.05 988  .925
-2 .921 1.02 918  .980  .930 .B62
) .920 . .988 .868 925  .908  .827
2 906 972  .845  .929  .868 .785
4 919 .998  .851 919 .87 .795
6 .931 .989 .836 915 .865 .778
8 .944 968 .820  .903  .888 773
10 .921 .961 .804  .903  .B46  .767
12 934 970 .804  .918  .865 .780
14 .941 .987 .800 924  .878  .816
16 .994 1.01 .851 .940  .897  .822
18 1.12 1.07 864 .938  .899 .855
20 1.18 1.12 .843 970  .878  .867
TABLE 31
G8t. 387 Biplane
e . G/ = 1,33
7 STAGGER
o 409 0% 60%
-8 .06  1.20 1.09
-4 .911 950 .864
0 .809 .931 .818
2 .8n .903 790
6 .87 .888 75
10 .886 .891 .785
14 .915 .919 .847
18  .980 .943 ' .867
20 .998 .950 .879



Biplane Correction Factors for Mc at Bqual

993

TABLE 32
U.S.Ae 27 Biplane
6/C = 1.67
STAGGER
o _40% =334 0% 334 60% _
"'6 1022 1.34 1‘03 1044 1.72
-4 1.02 1.07 924 1.08 1.16
"2 0970 1 007 0922 1 003 1 006
0 «959 1.00 914 2932 +994
2 .919 .969 .878 +946 «985
4 «919 +955 .895 .895 .948 "
) 920 .984 +879 .873 930
8 905 «929 +875 874 917
10 910 913 «870 «855 911
12 915 .906 871 864 «920
14 936 916 «893 .871 .935
16 .973 <935 915 876 936
18 1.03 996 =947 864 .940
20 1.11 1.03 .983 «859 955
TABLE 33
U.5.A.27 Biplane
___G/c=2.00
STAGGER
ol _40¢ 0% 60%
-8 1.26 1.07 1.48
-4 1.03 1.19 1.03
-2 l 001 1.05 .976
0 «.984 1.03 947
2 966 1,02 934
4 973 1.03 933
[ 970 1.02 929
8 .961 1.02 926
10 961 1.02 2927
12 «979 1.01 946
14 « 950 961
16 1.03 .956
18 1.10 976
20 1.13

(79
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TABLE 34
(2 pages)

U.S.4. 27

Biplane

Combination of results obtained by testing each plane
separately in the presence of the other.

@/c = 2,00

o L/ Lex10° Dz 10° C,R.

8b&abbBoarvobld

‘1.26
2,24
T.74
12,02
13,90
14,01
12,61
11,83
10,77
9.85
9404
8.44
7.68
6.78

«016
+017
«048
077
«107
0143
0169
0199
0226
+255
o282

" +306

+326
« 329

o127
<076
«062
064
«077
«102
0134
«168
210
+259
. 512
+ 363
o429
<485

_STAGGER = ©

Loading on Upper and

5 Lower Planes

Mox 10 Lifs Drag

» W ower
-y 496 e 017 - 888 - 112 ‘ .543 .457
1. 662 - 027 0185 .817 0566 .454
«708 -, 034 414 586 o857  J44D
«510 ~, 040 o460  L540 «600 .500
0440 =y 048 476  ,B25 424 L5186
«600 500 495 500
. 3 6 e 062 . 605 +496 0495 . 505
508 492 503 497
.329 ~e 075 .510 0490 0512 0488
516  ,485 514 486
« S04 =y 085 516  ,484 541 459
.525 ’ 0477 0552 0“8
«R87 -+093 D29 4T 568 ,432
: 542  ,458 «522 478

-gpnt inued on next pags -



130

TABLE 34
(ooncluded from previous page)

UsS.Ae 27

Biplane

Combination of results obtained by testing each plane

separately in the presence of the other.

g/C = 1,67

o L/ Lox105 Dgx 208 G.P,

a»o-#-moc»galu&

"1.82
3.1
9.36

13,79

16.18

14,86

13.36

12,40

11.29

10,15
9,36
857
7.74
6416

-0022
026
068
+091
+1R6
+162
«191
o SR3
oRB6
«2584
0314
« 337
138
343

«121
«070
062
«066
«083
<109
+143
«180
o %27
+&80
«536
«393
+454
«556

-~ 776
1,188
+645
493
422
+568
«330

316

+315

STAGGER = 0

Mgx 108

-~ 016
=030
~e 058
~e 045
~e 054
“0071
~+084

'0098

-+108

Loading on Upper and

Lowey Planes

Lift Drag

) Upper Jl.owar
-y 607 -'0593 .“o 3 560
5602 ,398 ,46B 535
544 456 ,480 .50
536 464 493 607
833 467 500 50O
«B30 470 Bl4 L4856
«830 470 B2l 479
«830 470 540  .460
534 L466 560 .450
530 470 560 440
«536 L4664 b66  .434
o037 463  B7S 427
546 J4B4 D70  .430
«550 450 L,B5D  .4B0



Lift Coefficients {Lex 10°) for U.S.A, 27 Biplanes

TABLE 35
g/t = 0,5
. STAGGER
%407 (7 ST A
-6 24 2 1
-4 11 27 29
-2 40 63 61
0 65 &4 90
2 93 106 122
4 120 134 152
6 145 160 184
8 170 183 216
10 195 209 244
12 219 233 274
‘14 241 253 298
16 260 272 320
18 264 283 328
20 252 293 327
22 — 286 320
~ PABLE 36
_G/o = 0,75
oL - -40% =20% g% 208 40% 60%
-6 =19 -14 -8 -2 7 4
-4 14 16 21 27 33 34
-2 44 45 50 57 66 67
0 69 69 88 86 96 98
2 102 102 108 121 127 117
4 130 132 144 149 158 161
6 159 165 171 179 189 195
8 188 189 196 204 215 227
10 216 215 223 230 246 256
12 242 242 250 241 273 284
14 263 267 271 280 300 303
16 281 286 297 302 323 332
18 287 298 309 318 332 342
20 285 299 318 322 333 341
22 - 289 314 320 326 339

/8/



Lift Coefficients (Lg x 105) for U.S.A. 27 Biplane

“PABLE 37
G/ = 1.00
ot =40%1 =20% g _20% 40% §0%
-6 -23 -12 -11 -8 -5 -4
-4 14 21 21 23 27 25
-2 48 53 62 56 60 61
0 78 86 84 86 91 94
2 110 116 118 122 - 126 127
4 141 150 150 155 153 161
6 171 180 181 183 186 194
8 200 219 - 208 214 217 226
10 232 238 237 242 247 256
12 as7 268 266 270 a7t 288
14 284 294 2953 299 304 313
16 305 314 314 325 327 339
18 314 325 333 340 345 bl
20 312 322 - 339 340 249
PABLE 38
G/O 2 1,33
=20 STAGGER
= -40% _=20% 0% 207 40% 60%
-6 -19 -13 -15 -4 -12 ~18
-4 17 21 20 29 22. 17
-2 52 56 54 63 56 53
0 83 87 85 96 89 85
2 118 121 121 130 124 120
4 150 157 165 164 158 166
6 183 188 186 195 192 185
8 215 217 216 225 220 218
10 245 245 244 257 252 247
12 272 275 a73 289 283 279
14 293 301 302 313 311 310
16 318 321 323 337 334 333
18 326 334 . 337 344 345 361
325 331 333 338 347

20

342

/52
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Lift Coefficients (Lg x 10°) for U.S.A, 27 Biplane

TABLE 39
= 67 _
STAGGER
o =407 ~33% T 33% 60% _
=5 -17 -12 -21 -11 -7
' 20 24 15 24 28
-g BN 1+ " 260 b0 67 64
0 87 86 83 90 g6
2 120 128 114 126 133
4 153 163 1581 159 1656
6 186 194 179 191 196
8 215 224 210 228 227
10 246 255 241 2b1 258
12 ara 284 269 282 288
14 300 311 296 308 316
18 319 3381 321 333 238
18 329 334 335 337 346
20 309 326 333 324 331
TABLE 40
gk =2,00
STAGGER
o 408 0F 60%
-6 -14 -19 -2
-4 23 5 32
-2 59 62 68
) 9l 94 99
2 126 128 138
4 159 166 160
6 197 196 201
8 223 227 231
10- 252 258 263
12 74 285 293
14 308 313 - 317
16 328 336 337
18 333 338 343
20 320 331 327



112% Coefficlents (Lg x 10°) for U.S.A. 27 Biplane

TABLE 41
8 = 0
ot 50 275 1,00 1,33 1,67 2,00
-6 2 -8 -11 -15 -21 -19
-4 27 21 21 20 15 25
-2 53 50 .82 54 50 62
0 77 88 84 88 83 94
2 105 108 118 121 114 128
4 1% 144 150 1565 151 166
6 160 171 181 186 179 196
8 183 196 208 - 216 210 227
10 209 223 237 244 240 258
12 233 250 266 273 269 285
14 253 271 293 302 296 313
16 272 297 314 323 321 335
18 283 309 333 337 335 338
20 293 318 330 333 333 331

184
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Drag Coefficients (Do x 10°) for U.S.A. 27 Biplane

TABLE 42
_— &/t = 0,50
STAGGER
o -40% [ 60%
-5 165 91 96
d 96 72 71
-2 76 65 67
0 74 69 75
2 a2 856 95
4 98 110 122
6 122 137 158
8 152 167 202
10 187 206 250
12 228 245 305
14 ano 291 367
16 314 326 451
18 370 <68 572
20 420 406 693
22 492 870
TABIE 43
2 0,75
oL -40%  -20% ﬁ 20% 40% 60%
-f 130 - 119 108 93 87 93
-ty 80 7 75 69 66 69
-2 66 64 66 63 64 58
0 68 67 71 67 74 b
2 76 78 84 a7 9b a9
4 99 98 111 111 122 127
6 126 130 137 144 156 167
8 159 162 169 176 197 211
10 199 202 211 220 243 269
12 ‘246 246 257 268 292 319
14 294 295 306 318 353 382
16 339 332 356 359 404 453
.18 407 384 407 411 475 548
20 462 444 460 474 564 641
23 526 557 557 6356 789
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Drag Coefficients (Do x 106) for U.S.A. 27 Biplane

TABLE 44
c =‘1,0Q
oL -40% _ -20% ﬁ .Qz’L _40% 60%
-9 132 119 111 108 100 100
-4 78 78 7% 73 70 70
-2 63 67 64 64 64 61
0 65 73 70 68 72 72
2 80 87 85 85 o1 92
4 102 112 112 113 119 122
6 134 146 - 145 147 151 168
8 172 181 - 180 185 188 201
10 216 T 285 A25 229 237 261
12 266 876, 274 a78 290 3056
14 319 328 . 331 340 348 360
16 369 373 376 386 2396 . 421
18 438 491 4356 438 458 - 8501
20 499 506 496 610 - b3z 584
TABLE 45
Q[Q - 1,33
X 408, =20% %ﬂ 20% 40% 60%
-B 129 118 120 103 114 124
-4 80 76 75 70 75 79
] 66 65 63 6b 65 66
0 71 69 6% 73 69 69
2 86 86 83 92 86 85
4 109 114 111 117 112 ] 112
(-] 142 147 142 1562 146 141
8 182 184 180 192 183 183
10 236 233 229 243 &30 238
12 276 281 277 296 282 285
14 3237 334 332 3561 328 344
16 380 388 392 396 388 389
18 456 451 474 459 445 450
20 525 529 517 551 529 530



Drag Coefficients (Dg x 10¥) for U.S.,A. 27 Biplane

(57

TABLE 46
G/C = 1,67
STAGGER
= 407 553 of 55% 507
~5 120 114 129 112 107
-4 72 73 76 72 71
-2 62 63 60 .87 65
0 65 71 63 68 71
2 82 90 78 88 92
4 107 117 102 112 119
6 140 151 131 145 152
8 180 192 169 184 192
10 227 234 214 226 238
12 273 296 263 278 291
14 330 345 316 333 350
16 381 389 364 386 393
18 439 461 421 444 454
20 520 544 503 529 549
TABLE 47
g/ = 2,00
STAGGER
ot =40% ok 60%
-6 116 114 100
-4 . 70 70 66
-2 60 61 59
0 66 87 68
2 83 82 87
4 108 113 116
6 142 145 148
8 180 185 187
10 228 228 234
12 277 279 286
14 329 334 340
16 3" 382 354
18 440 444 454
20 533 537 559



Lift Drag Ratlios for U.S.A. 27 Biplane

5.42

TABLE 48
ST =
ot 250 275 0 33 1,67 2,00
) 022 - 74 "'?-.99 "1025 "1. 63 "1.90
-4 3.75 2,80 2,80 2,67 2,00 3.79
-2 8.15 7.58 9.70 8.56 8,34 10,50
] 11.156 12,40 12.00 12,70 13,17 13.81
2 12,35 12,85 13.89 14.76 14.61 4.7
4 12.17 12,98 13.40 13,96 14.80 14.42
6 11.69 12,49 12.48 13,10 13.67 13,21
8 10.95 11.69 11,53 12,00 12.41 12,13
10 10,14 10,56 10.52 10,66 11.20 11.01
12 9.51 9.74 9,70 9.86 10,21 9.97
14 8.70 8.89 8.85 9.10 9,36 9,21
16 8434 8,36 8.35 8.24 8.81 8,73
18 7.69 7.60 7.65 7.11 7.95 7.45
20 7.21 6490 64,65 6.44 6462 5,93
22 5.81 5,64
TABLE 49
G/c = 3.00
o -40% -zg% 0% 20% 40% 60%
"6 -1074 -1009 - 099 —074 -050 _040
-4 1.79 2.69 2.80 3.15 3,86 3.567
-2 7.62 7.91 9.70 8,75 9,38 10,00
0 12,00 11.64 12,00 12,63 12,63 13.04
2 13.74 13,32 13,89 14.35 13,84 13.80
'y 13.81 13.39 13.40 13.71 12,85 13.20
) 12,76 12,31 12.49 12,43 12,31 12.28
8 11.62 11.60 11.63 11.57 11.51 11.20
10 10.72 10,59 10.52 10.57 10.41 10.20
12 9,65 9.71 9.70 9,71 9.55 9.46
14 8490 8.96 8485 8.80 8.74 8,70
16 8426 8442 - 8.35 8.41 8425 8.04
18 7.16 7.36 7465 7.76 7453 7.00
20 6426 6436 6465 6465 6439 5.98
22

/188



Moment Coefficients (Mo x 105) for U.S8.45 7B1p1anes

All of the following values denote diving
moments, and should be prefixed by a minus

sign,
TABLE 50
§/6_= 0,50
ot _ =4 0% 60%
) 18 23 14
o~ 27 a7 15
A 33 31 17
0 37 34 19
p] 43 40 22
4 49 46 25
6 54 51 29
8 59 55 32
10 63 69 35
12 69 64 39
14 74 67 44
16 79 70 53
18 84 72 67
20 80 3 5
22 73 84
TABLE 51
.G/ =0,75
-
=2 -&.QL =20% 206 40% . 60%
=6 17 19 22: 23 23 17
v 26 26 26 26 26 20
-2 31 33 32 32 31 PA
0 38 39 38 37 35 28
2 45 45 42 45 42 33
4 51 b3 50 51 48 38
6 57 62 54 57 54 46
8 65 66 57 62 59 50
10 70 71 63 66 65 b7
12 76 75 67 72 71 61
14 81 83 71 -7 78 66
16 87 87 76 81 82 76
18 96 92 79 85 88 83
20 99 96 82 91 89 88
22 101 90

/89



Moment Goefficients (Mg x 10°) for U.S.A. 27 Biplane

All of the following values denote diving
moments, and should be prefixed by a minu

sign, :
TABLE 52
Glc = 1,00
STAGGER :
o ~40% -20% 0% _20% 40% 60%
- 16 20 20 26 23 23
-4 27 29 29 27 27 25
-2 36 38 39 34 32 29
0 42 - 44 42 40 36 33
2 B0 51 51 49 43 37
4 b7 61 60 56 49 43
6 66 68 67 62 66 49
8 72 75 " 69 60 55
10 78 80 80 74 56 59
12 85 86 87 80 2 66
14 92 93 94 88 78 7
16 99 97 99 94 82 78
18 109 103 103 97 85 83
20 117 - 117 106 99 88 86
TABLE 63
GG = 1,33
STAGGER
or  ~40%  -20% 0% 20% 40% 60% __
-6 15 21 21 24 21 19
-4 25 29 28 29 28 26
-2 35 39 35 37 35 33
0 41 44 39 42 41 a7
2 5 53 47 51 48 43
4 59 64 54 59 56 51
6 67 71 60 66 62 56
8 75- 7 66 72 n 62
10 80 84 70 79 74 67
12 88 91 76 86 81 73
14 94 99 80 92 88 82
16 99 104 88 97 93 85
18 © 117 112 91 98 94 90
20 125 119 89 103 93 92

{90
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Moment Coefficients (Mg x 105) for U.S.i. 27 Biplane

All of the following values denote diving

moments, and should be prefixed by a minus

-
©

sign,
TABLE 54
G/0=1,67
STAGGER
o ~40% ~3%% 0% 33% 60%
) 18 20 15 22 26
-4 29 30 26 30 33
-2 37 40 35 39 40
0 43 45 41 42 45
2 51 53 48 52 54
4 59 61 57 57 61
6 66 71 63 63 67
8 72 74 70 70 73
10 79 79 76 74 79
12 86 85 82 81 87
14 94 92 89 87 94
16 100 96 94 90 97
18 109 105 100 91 99
20 117 110 104 91 101
TABLE 55
G0 = 2,00
o ~40% 9% 60%
=6 19 16 22
-4 29 33 29
) 38 40 37
0 a4 a7 43
2 . B3 56 51
4 62 66 60
6 70 73 67
8 44 81 74
10 84 89 81
12 92 95 89
14 99 96
16 106 99
18 116 102
119 105
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Center of Pressura Coefficients for U.S.A. 27 Biplanes

TABLE 56
C = 0,5
STAGGER
oL =40% 0% 60%
A 2,32 «93% A7
~2 «83 .56 2%
0 .58 +45 <21
2 047 03 .1
4 40 o3 o1
6 o7 31 14
8 034 . 29% <13%
10 o3 «28 ol
12 .Sg 27 .1%
14 o3 o827 .
16 «31 26 015
18 .32% o24% 20
20 «31: 25 o223
TABLE 67
G0 = 0,75
3 -
oL =40% =20% % 20% _ 40%  60%
"“ 107 1052 1015 09 o”z .55
-2 . .71% «62 b 47 36
0 . 54 44 A4 38 .29%
2 oad A4k L38F 37 . 25
4 039 .40 05 034 05 0'2
6 +35% 37 W31 31 L2 o2
8 o34 o35 o2 <30 o2 oR2
10 o3 <34 o2 «29 o2 o223
12 o3 032 «27 .28 26 22
14 o3 o 32 26 27M  L28 «21%
16 3% 31 .26 <27 .2% .22
18 34 32 «26 27 . o24
20 «35% 33 .26 27 26 .26%
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Center of Pressure Coefficients for U.S.A, 27 Biplane

G/c = 2,00
* b
oL ~A0% =20% % _20% 40k 60%
-4 1,80 1.29% 1.25 1.09 91 90
-2 7 869 o6 .59% «52% A7
0 5 523 51 W47 o4l +35%
2 4 44 o4 .40 J34% .29
4 = 40 +40 «35% o31 W27
6 38 37 «36% .33 o2 243
8 36 35 36 .32 27 o24
10 34 34 «33% W3 .263 235
12 33% 33 33 «30 .26 .23
14 33 32 323 .29% .26% .23
16 33 3% o352 .29 .25 +23
18 35 3 o31 .29 o258 .24
20 37 3 323 29% .26 o243
TABLE 59
g/c =
oL ~40% =20% % 20% 40%  60%
-4 1.37 1.87 1.27 093 1.18 1.44
-2 +66 67 63 .Azg 61 +60%
0 5 »52 o4 . 47 o45
2 o4 o44t «38% 39 o3 «37
4 o3 o403 35 +36 o3 o33
6 .36 W37 32 33 .32 o29%
8 o3 o3 «30 .32 .32 " +28
10 o3 . .29 31 29% 27
12 o328 o3 28 «30 o29 265
14 032 o3 27 «29% «283% «26
16 052% 03 02 029 taa .25%'
18 36 o34 +27 o2 o2 .26
20 «38% «36 .27 o2 o2 26%



Center of Preasure Coefficients for U.S,i. 27 Biplane

TABLE 60
/o = 1,67
‘ STAGGER
oL =40% =33% 0% 33% 60%
-4 1,34 1,14 1.60 1,15 1,06
-2 +65% N +68 57 $61%
0 .51 o4 W51 od ol
2 42 .41 A4RE 31 o4
4 .38 o3 .38 036 o3
6 o35 «36 34E 3 o3
8 o34 *33 +33 o 31 .32
10 .33 o312 32 »30 W31
12 « 32 o3 031 «29 «30%
14 31 o2 S0 .2 +30
16 32 2 «30 R 29
18 o34 .32 «30 27 «29
TABLE 61
/0 = 2,00
S

& -40% 0% 60%

-4 1,18 1.21 «82

—2 .6 .625. 053

0 ol o5 b4

2 4 o4 3

4 «39 o393 35

6 «36 37 +33

e .34 .5 .32

10 «35% o3 031

12 ] 34 31

14 32% «33% +30%

16 »33 o34 «30

18 o35 «36 «30%

=z



Lift Coeffioients (Lo x 10°) for Bt. 387 Biplane

TABLE 62

Got. 387 Biplane

TABLE 64

Got. 387 Biplane

/9§

- Ggle = .75 . G/0 = 1,33
STAGGER
% :‘ﬁ %E 602 ot -40% 0% 60%
-29 2 14 -8 -30 ~-7 -14
4 49 56 -4 4 50 48
101 108 121 0 106 118 112
136 139 156 2 141 152 153
192 200 219 6 208 220 221
249 258 288 10 277 285 288
302 311 348 14 332 343 351
333 352 397 18 37 380 394
306 361 406 20 37 387 407
- 365 3856 R2 348 383 400
TABLE 63
Got. 387 Biplane
STAGGER

oL =40% =20% 0% 20% 40% 60%

-8 -16 -4 -8 -7 -3 -11

-4 45 49 47 43 51 58

0 11 114 116 108 118 127

2 144 148 145 143 158 163

6 210 213 211 208 220 229

10 2711 274 275 274 287 298

14 827 328 331 332 347 359

18 366 363 370 361 392 403

20 369 366 381 393 403 416

22 279 397 407

406
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Drag Coefficients (Dg x 106) for GBt. 387 Biplanes.

TABLE 65 TABLE 67
/6 = ,75 — G0 = 1,33
T 8

T d e s
-8 168 124 116 -8 180 151 160
-4 80 74 75 -t 74 73 74
0 96 94 103 0 92 98 96
2 116 112 128 2 112 120 117
6 170 179 206 6 181 192 191
10 263 268 212 10 280 294 294
14 367 373 442 14 389 407 417
18 461 471 600 18 499 512 532
20 566 530 716 20 565 577 603
22 - 604 921 22 . 668 724 711

TABLE 66

6 =

STAGGER
O =40% ~-20% 0% 20% 40% 60%
-8 162 139 143 163 134 135
-4 76 73 73 73 72 78
0 98 99 96 97 89 107
2 117 118 1156 112 121 131
6 184 191 186 178 198 211
10 280 287 282 273 300 320
14 392 398 388 389 425 448
18 500 501 489 500 542 661
20 586 574 566 5655 610 675
22 650 640 700 78



Lift Drag Ratios for G3t. 387 Biplanes

97

TABLE 69
G/6_= 1.00
- 37
oL =407 =207 ~o% 204 40% 60%
-8 —.99 ~.35 ~456 —88  —.22 - .88
-4 6.92 6471 6045 5490 7,09 7.53
0 11,31 11,50 12,09 11,74 13,27 11.88
2 12,30 12,53 12.61 12,77 12,57 12,43
6 11,40 11.16 11,33 11.70 11.10 10,84
10 9,69 9,55 9,75 10.02 9,57 9,31
14 8434 826 8,63 8.54 8,16 8,02
18 7.11 7.24 7,56 7,62 7.24 6.93
20 6012 636 6,65 7,06 6460 6.16
22 - 5,83 6420 5,81 5.21
PABLE 68 TABLE 70
QR = 475 — Gl =338
S
o vy 0 6 oL —402 0% 60%
-8 -1,73 Jd6  1.21 =8 =167 —oBB - .93
-4 5.11 6o62 7447 -4 B.54 6,85 6,49
0  10.61  11.49 11,72 0 11.52 12,03  11.69
2 11,71 12,40 12,39 2 12,69 12.68  13.08
6 11,30  11.18 10.61 6 11,50 11.456  11.58
10 9,85 9.63 9,24 10 9.90  9.70 9.80
14 8.24 8,36  7.88 14 8.54  8.43 8.41
18 7.21 7.46 6,61 18 7.44  7.42 7,40
20 5,40 6.81 5,67 20 6,68 6460 6476
23 - 6105 4.18 22 5.21 5.30 5.62
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Moment Coefficients (Mg x 108) for GOt. 387 Biplanes.

41l the following values denote diving moments
and gshould be prefixed by a minus sign,

TABLE 72
G/e = 1,00
o 407 =20% %% 20% 407  60%
-8 21 23 20 19 21 18
-l 39 40 38 35 25 36
0 57 55 54 50 49 g6
2 62 62 61 b7 55 50
6 79 85 - 72 69 63
10 96 94 - 93 89 86 80
14 108 106 106 102 100 92
18 121 115 113 112 110 103
20 1256 119 116 114 113 108
TABLE 71 TABLE 73
G = .75 —_— G =1,33
_STAGGER
X ~40% 0% 60% of 407 % 602
»f 22 . 21 . 15 . -8 14 23 21
-4 36 36 32 -l 36 38 35
0 50 51 37 0 52 - b6 49
2 57 56 41 2 60 62 b5
6 70 71 .14 6 7 78 68
10 81 87 66 10 95 95 89
14 92 98 80 14 108 108 100
18 102 106 o7 18 121 117 107

20 - 110 104 20 126 120 111
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Genter of Pressurs Coeffiocients for GOt. 387 Biplanes.

TABLE 74 PABLE 76
6/ = 0,78 G/c = 1,33
STAGGER STAGGER
ot 40% 0% 60% 8 ~40% _0% 80%
“8 —2,77 ~T1.78  -2.88 -8 -1.16  -15,32 -4.50
-4 80 0663 2% -~ +80 +68 «63%
0 o4 245 29 0 47 .:% <40
2 51 40 o255 2 42 . 35
6 +36 +35% 023 [ 363 «25 o3
10 052 .33 .22%' 10 .34 Q33 .z
14 »30% W31 o235 14 o3 «31% 2
18 031 030% .u% 18 .3 .31 .2
) zo - - 026 ao .5 .31 .2
22 - .32 - 22 - o3 o2
. PABLE 76
gs& - ]'QQ
o 402  -20% : %’z 20% 40% 60%
-8 -2,39 7,40  -2,05 -1.93 -7.69 -~3,02
-4 o7 .72 W72 W72 603 .55
0 04 04% o‘ . 040 )
2 4 .42 5} o3 +35 «30
6 o3 . W36 . o31 .2
10 . . J33% 32 2 .2
14 o3 e .32 .31 o2 o2
18 .35 .33 31 .30 2 26
20 «35% 33 31F W30 2 o26%
22 - g » .30%‘ .2 .28




Biplant Correction Factors for Dy at Equal Lge

TABLE 89

. U.83.4.27 Biplﬂne

Lox 10°

g/c = 1,00 :
STAGGER
«20% » o% 200 40%  60%

01, ~40% Average
2 L0581 1,07  1.12  1.12  1.12  1.15% 1.12 1.2
ok 102 1.21  1.22% 1.21 1.24 1.21 1,21 1.22
o6 4153 1.256 1.30% 1.30% 1.27 1,30 1.26  1.28
«8 4205 1.32 1,332 1,32 1.30 1.30 1.30 1.31
1.0 266 1.37  1.32% 1.3} 1.29 1,304 1.30% 1.32
1.2 307 - 1,36 1.34 1.30 1.32 1.32 1,33
13 ,333 - -  1.35% 1.31 1.32% 1,31 1,32}
TABLE 90

GYt. 387 Biplane

_6/0 22,00
0 Lox 105 407 =-20% 0% 20% 40% 60% Average
o2 L0561 1,31 1,26  1.24 1,236  1.26  1.38 1.1%
o4 L1028 1,60 1,50 1.50 1l.45 1.42 1.63 1.
06 0155 1043 10“ 1045 1.40 1.43 1045 1045
o8 4205 1,35 1.37  1.37  1.34F 1,37 1.37  1.36%
1,0 866 1,33 1,34 1.3 1.31 1.33 1,33 1.33
1o o307  1.31%F  1.32 1.28F 1.2 1.28  1.28% 1,29
1.4 L3688 - - 1,46  1.41%F 1,45 1.42 1,43}

200



Biplant Correction Factors for Dy

TABLE 91

U.S.As 27 Biplane

at Eqﬂal I‘oo

20/

y Stageer = 0 ,
O Lox10° 60 .76 1,00 1,33 1.67 2,00
0 0 1.14 1‘°§§ 1.0 1.0 1.0?5 1.01

o2 L051 1.2 1.0 1.0 1.0 1.0 1.12
& ,102  1.30  1.25 1,26 1.17 1.17 1.12
o6 153  1.,45% 1.37 1,30 1.22 l.21 . 1.14
o8 L2056 1.49 1,38 1,231 1.24%  1.32 1,17
1.0 256 1,54  1.41% 1.2  1.27 1.25 1.21
102 0307 - 1050 1055 1029 1027 1.21
13 333 - - 1,78 1,323  1,32% 1,213
TABIR 92
G9t. 387 Biplane
gy
Op  Lgx 305 . 0.75. | 1,00 1,58
o2 4051 1.12 1.08% 1,08%
o 4103 1,20 1.20 1,20
o6 153 1.31 1.2 1.26%
08 0205 1.40 1.5 1.29
1.0 0256 1.41 105 1031
1.3 .507 . 10“ 1.3 1.31‘%
leé 1,45 1,31 1,30



ROZ,

Biplane Correction Facstors for Dy Minimum

TABLE 93 )
4 U.S.4. 27 Biphn‘

Stagger 0,50 0,76 1,00 1,33 1,67 2,00

60% 1.1%  1.02  1.07 1.104 1.14 . 1.03%
40% S 1,12 112 1.14
20% 1,106 1.12  1.14
0% 1.4 1,16 1.12 1,104  1.08 1.07
-2 1.12% 1.1 1.14
-40% 1,30 1.16 1.1 1,16 1.09 1.05
. Average
of Tables . ‘
3 2 2 1,13 1a1 1,05
TABLE 94

G9t, 367 Biplane

GAP /CHORD
Stegger  _0.75 1200 1,33

60% 1.13% 1,18 1.12
404 1.09
20% 1,1
0% 1,12 1.1 1.10%
=20% 1.1

-40% 1,21 1,15  1.12
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Biplane Oorrection Factors for L/D max.

TABLE 94
U.8.A. 27 Biplane

GAP /OEQRD _

Stegmer _ 0,50 0,76 2,00 1,33 1,67 2,00
60% o72% 78 LJ78%  .80F .82 «89%
40% 76 78 .82
20% 79 <82 «80F  .8X
0% oTO  J13E LT 83 o8 «88%
~20% o765 ,78 80 .81
-40% 68k 7B .78 I W82% 86

~Average for

UySeds 27 &

Go%, 507 2708 .76  L70%  .80% .82 +88

TABLE 95
G8t, 387 Biplane

Sfagger 0,75 200 2,33
~ 60% .78 78 )

s +80

0 +80

0% o7 79 +80
208 78

-40% o73% o77 o79




Table 98a

Biplane Correctlon Factors for L, max.

204

Gap/Chord
. U.S:A’ gz EiE].&ne .
604 +98 1,00 1,00 .99 .98
40% «95 «981 o9
204 .92 97 o9
o  +83% «91 «95 o9 «96 973
'2% s .85% .93-% 9
=4 2 15% 82 .8 4,93 o94 +95
@8t, 387 Biplanes »
60% 1.08  1.06%  1.03
4% 1.03
2 1.0
oé «98% .g§ +98
=20 .
~40% «84% o91 «95%




Biplane Correction Factors for L/D at Equal L,.

TABLE 96

U.S.A. 27 Biplane

STA( =
Oy Lg% 105 0,50 0,75 1,00 1,33 1,67 2,00
o2 51 «92 933 .95 «95 «96% o9
o 102 1T W79 81 «84% .88 8
o6 153 69 W73 o7 .82 o83 8
o8 205 67 W72 T G76 8 .82 8
1.0 256 o656 70 T4 o7 «80 083
1,2 307 66%F 74 o7 79 8
1.3 333 o7 «75% .8
TABLE 97
Got. 387 Biplane
STAGGER = 0
CHORD
O, Lox 10° 0475 1.00 1.33
.2 51 .8 .92 .92
4 102 o8 «83% «83%

6 153 o7 o79 o79

8 208 o7k o7 o7

1,0 256 o7l o7 o7

1.2 307 «69% 75 o76

14 358 «69 o76 o77

Zos



Biplane Correction Factors for M, at Equal I'o'

TABLE 100
UeS.4.27 Biplane
G/c = 1,00
Stagser

O; Lox 105 0% 20% 407 60%

o3 51 1.02% #92 . 78

4 102 1.00 o9 . o74

6 153 1.03% o95 83 «69%

8 205 1,03 «94% +83 o72
1.0 256 1,03% «94 83 72
1.2 307 1.04 +96 83 o733
A!ergge 1102‘%__ .94&' «83 o713

TABLE 101
Got. 387 Biplane
- G/c = 3,00
Stagger

0y Lgx 10° 0% 20% 40% 60%

o2 51 1,00 095 «90 87

4 102 .98 943 . .

o6 153 97 .91 . .

8 206 97 91 . .
1,0 256 «97 °92% . »76
1.2 307 .98 .93 8 o79%
1.4 358 +95 .92% .88 J79%
Average 9% .93 855 .79§_

Correction Factors for negative stagger: For U.S.A. 27, these
practically coinoide with the values for zero stagger; for
G6t. 387, they are practically equal to 1.00.

TABLE 10la
(1) Average for U S.A. 27 & Gote 387, combined,
2 pond ] )

204 7 7
(1) 1.00 1100 1.00 o9§ o84 «76

(2) 3200 1,00 298

zo6
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Biplane Correction Factors for Mz at Equal Lg.

TABLE 102
U.S.A,. 27 Bipun‘
G/t =13,00
O Lox 100° GAP /CHORD
+50 275 1400 1433 1,67 2,00
o2 51 +86 .90  1.02% o9 1,00 1.07
o4 102 «8b6 +89 1,00 o9 98 1.06,23‘
o6 153 8 «88 1,03} 091 097 1.0
.8 205 QB 084% 1005 .90 09 100
1.0 256 #81 o83  1,03% .88 «96 1.0
1.2 307 - o84 1,04 «86% 97 -
Average .84 86k 1,02 o91% «98 1.07
TABLE 103
Got, 387, Biplane
g/c_= 3,00
Cp Lox 10° GAP /CHORD
275 1200 133
o2 51 +96 1.00 +98
4 108 «95% «98 1.00
o6 153 .91 097 096
8 205 «93 97 .95
1.0 266 «95% o97 «97
1.2 307 94 °98 98
1.4 358 «93% «95 «96
Average 94 97 97
TABLE 103a

(1) Averages for U.S.A. 27 & GOt. 387 combined.
(2) Corresponding Values taken from a smooth curve(Plate 14)

gl 0,50 0475 00 1,33 167 2,00
(1) o84 9 1,00 o9 .98 1,07
(2) 87 .93 9% o9 099 1.00




Z08

Biplane oorrections for C.P,, expressed as fractions
of ochord by which C.P., is displaced towards leading
edge, applicable from 0.1 Lz maxe to L, max,

TABLE 108
@/6 3 1.00

(1) Average of Got. 387 and U.S.i. 27.
(2)_v1!eragsrtakon from ourve (Plate 14).

Stagzer G0, 367 UaSeA, 27 (1) (2)
4% .00 -001‘1' -.00% .00
~20% «01% -0 ~e00 .01

0% 02 =0 «003 .02
20% o0 o #0383 003
40% 0 N «06% .
60% 010 .10 «10 .10

TABLE 109
STAGGER = 0,

(1) Average of Gote 367 and U.S.A. 27,
(2) Average from curve (Plate 14),

g/c Gote 387 U.S.4.27 (1) (2]
0.50 - 0 0 +06%
0475 «03% 0 0 .04
1,00 02 -0 «0 «02
1.33 .02 [ ] 00 001
1,67 - N «01 000%
2,00 - -.02% -.02% +00
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Appendix D,

CURVES

Plate 5. L ,and D, vs. o< for & U.S,A. 27 biplanes,
stagger = 0; G/ = 0.50 to 0.75

Plate 6. L aIld Dc v, o for 16 UoS.A. 27 biplanes,
stageer = 240% to 60%, G/& = 0,50 to 1,00,

Plate 7. L, and D, vs, o« for 8 U.S.A. 27 diplanes,
stagger = -40% to 604, G = 1.67 and 2.00.

Plate 8. L/ w.o , M and C.P. v. L, for & U.S.A. 27
biplanes. St8gger = 0, G/ = 0.50 to 2.00.

Plate 9.  L/D vs. o, M, and C.P. vs.L,, for 6 UsS.A. 27
biplanes. G/ = 1.00. Stagger = -40% to 60?0.

Plate 10, L, and D, vs.o¢ for 6 Got. 387 biplanes. G/6 = 1.00,
stagger = ~404 to 60%.

Plate 11, L/D V8s OC , and C.P. Vs, I‘c’ for 6 th. 387
biplanes. G/ w 1.00. Stagger = =40% to 60%.

Plate 12, (},» D,y L/D) vs., oC , (Mc’ C.P.) V8. L., for 3

Go%. 387 biplanes. Stagger = 0, G/A = 0,75 to 1,33,
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