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Section I.

OBJET OF EIESTIGATICH

The object of this investigation is to make

a complete test in the wind tunnel of a large njniber

of biplane combinations having different proportions

of stagger and gap/ohord ratio, to derive a thoroughly

accurate and systematic set of biplane correction fac-

tors from the results so obtainedand to verify the

accuracy of the formulae from Munk's "General Biplane

Theory" (ref. 9) by calculating corresponding results

from them.
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SELTIOI II.

REVIEW _0F THE SUBJMT

The effects of biplane combinations on the aerodynamic characteris-

tics of airfoils have been known in a general way for several years, but

such iowledge as exists is based on scanty experimental data and on a

theory which still lacks that exactitude of prediction necessary to win

for it the authority of physical law. We shall revieav the theoretical and

experimental sourmes of this knowledge in turn.

From the theoretical standpoint the effects of biplane combinations

are bound up with the whole aerodynamical theory of airfoils. The only

general theory dealing with the subject is the voxtex theory, which Lai-

chester in England first boldly applied as an explanation of the lift of

wings, over twenty years ago, and by which he worked out a fairly complete

descrip tive account of the mechanism. Kutta in Germany and Joukowsky in

Russia developed the mathematical details of the circulation for wings of

infinite aspect ratio, i.e., of negligible end-effect. Then the whole

school of German aerodynamicists, headed by Prandtl, took up the further

theory of the effects caused by the trailing vortices, usually embodying

their cogi tations.in exact mathematical language. In 1922, ]unk, (ref. 1)

also of the German school, made a quitt complete application of the theory

to biplanes, the previous work having been more or less restricted to mon-

oplanes. The result is we now have a truly physical theory of the aero-

dynamics of airfoils, expressed in exact mathematical form, and capable

of maldng some quite good predictions.

But although this theory is invaluable for the ;ay in which it illu-

minates part of the mechanism behind the phenomena, it is still embryonic;

it retains too many simplifying assumptions in its foundation, and must
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yet be worked out in greater detail before it will be adequate for obtain-

ing exact numerical information. For instance, good agreenent between

theoret ical and experimental values is restricted to about 80 of the or-

dinary flying range. The theory cannot predict maximum lift, or the fly-

ing range; and although the mechanism of the induced drag has been care-

fully worked out, that of the renaining 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 drawing office.

On the Other hand when we examine the empirical knowledge by which

the airplane designer might predict the aerodynamical obefficients of bi-

planes, our satisfaction is not much greater. The only published data of

this kind which we have been able to espy are incorporated in references

1 to 7, all of which only comprise wind tunnel tests on twelve biplane

combinations of zero stagger and different gap chord ratios, and on six

biplane combinations having miscellaneous stagger and gap chord ratios.

These tests were performed by six different experimenters working in

four different wind tunnels, each operating at a different wind speed,

and the biplane models enbodied five differEnt types of airfoil ranging

in size from 181 x 2".*65 to 33".6 x 6". A comparison between the various

results would be interesting, but a direct comparison is rertlered impossi-

ble by the fact that with two exceptions no biplane combination with the

same stagger and gap chord ratio was tested by different experimenters.

In Section VII we shall make a detailed comparison between our own results

and these previous results. So suffice it here to say that the gist of

the previous work m.s a fairly good determination of the effect of gap



7-

chord ratio variation on lift, drag, and lift drag ratio, at zero stagger.

Part of thi s data was sumnari zed in "biplane c orrec t ion f ac t ors " by

which the aerodynamic coefficients of the airfoil as a monoplane must be

multiplied in order to obtain the corresponding biplane coefficients.

Practically no biplane correction factors were available to show how

variation of the gap choxd 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 factors were available to dimlose how

variation of stagger at various gap chord ratios would effect the lift

drag ratio or the lift, drag, moment, and center of pressure- coefficients.

Having thus briefly revieved our subject it seems that at the presEat

time the airplane des igner can neither obtain from previously published

experimental data or from theory, knowledge of the aerodynamic coefficients.

of biplanes commensurate in accuracy with that available for monoplanes.

We therefore propose to make a complete test in the wind tunnel of a

large number of biplane combinations, from gap chord ratio equal 0.50 to

2.00, and fram stagger equal -40% to 46016. For each biplane combination

we shall determine lift coefficients, drag coefficients, lift drag ratios,

moment coefficients, and center of pressure coefficients, for angles of

attack from -60 to *200. Wie shall then use this data (1) to verify the

qccuracy of various biplane formulae taken from 1.1unks "General Biplane

Theory" (ref. 1), which represents the application of the vortex theory

to biplanes; and (2) to calculate biplane correction factors at equal

values of the lift coefficient for drag coefficient, lift drag ratio,

moment coefficient, and center of pressure coefficient, and also biplane

correction factors for the maximum lift coefficient, minimum drag co-

efficient, maximum lift drag ratio, and for the distribution of total

lift and drag between the two wings.



It is desirable to calculate the correction factors by comparing bi-

plane with monoplane results at the sana lift coefficient instead of at

the same angle of attack, because from the standpoint of the designer

the weight of the airplane is the primary quantity known, and from the

standpoint of the vartex theory the lift coefficient instead of the angle

of attack is taken as the independent variable because all formulae are

thereby simplified, and it is easier to calculate the angle if the lift

coefficient is given, than the lift coefficient if the angle is given.

In order to make these comparisons at equal lift coefficient it will be

necessary first to plot all of our data, because in wind tunnel tests

the angle of attack is the primary quantity and the lift is measured

afterwards.

After having tested the veracity of the theoretical biplane formulae,

and calculated correction factors from our data, we hope to be able in

the statement of our conclusions

- (1) to indicate which formulae represents the facts with sufficient

accuracy to be immediately used as a routine method in the design room,

and

(2) to present one or two small charts which shall summkarize all the

correction factors for biplane combinations fran gap chord ratio equal

0.50 to 2.00 and .stagger equal -40' to t-0f
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Section III.

DESCRIPTION OF A-PARATUS

All of the tests were ocnducted in the'r.I.T. 4'0 wind timnel,

with the N.P.L. tpe balanceat a wind velocity of 40.0 m.p.h. The

standard apparatus of the wind timnel was used'fcr testing each air-

foil as a monoplane, and for mounting the two biplane combinations

in which each wing was tested separately in the prese re of the in-

terference of the other.

Each of the remaining combinat ions was tested as a biplane unit,

and for this purpose we developed the type of mounting illustrated.

by Photos 1 and 2, and Plates 1 and 2. The canplete biplane struct-

ure, consisting of balanoe crosshead, 2 spindles, 2 airfoils, and

one strut, is shown in Photo 1. The balame crosshead and spindles

are shown in conplete detail by Plates 1 and 2. So suffice it to say

that the crosshead was designed to screw into the bale-nce head in

place of the regular chuch for mounting monoplanes, and was equipped

with all the gadgets necessary to align it transverse to the wind

tunnel axis, to hold the two spindles firmly in alignment, and to

quickly and accurately adjust the distance between their axes and

the balance axis. In the 17ethod of Procedure, p. jj, the method of

mounting is described. All parts of the crosshead were c anstructed

of brass, with the exception of the chvck (7), 'the two slider rods

(5), and the spindles (2), which were of mild steel.

The airfoil models were of aluminum, 1S" x 3", accurate to

0".0015. For the purpose of holding the two airfoils rigidly spaced

at their .pper eni, three different lengths of strut were enployed.
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PH oro .1.

THE BIPLANE STRUCTURE

Composed of balance crosshead,
spindles, airfoils, and strut.
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PHOT-O Z.

I

BIPLA3E MOUNTED IN WIND TUNNEL

Balance croashead protected
from wind by discoid case.
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which we shall refer to as the long, medium, and short struts. rach

strut was constructed of brass, vas prong-shaped throLUhout half of

its length, and was filed into a stream-line form, as far as possible.

When a given strut had been attached to the biplane by means of two

round-headed screws, the prong part of the strut was filled in with

putty in crder to decrease the resistance. This vas also done of

course when the effective resistance of the strut was measured separate-

ly.

It was found that the resistance of the balance crosshead was of

the same orider as that of the biplane model itself, so it was found

desirable, in oxder to obtain more accurate values for the biplane

drag, to protect the crosshead frcm the wind stream by means of some

kind of a case. For thi s purpose we utili zed a cello hot watter

bottle, which provided us with a hollow metal case, of discoid shqpe,

10".5 in. diameter by 2".0 maximum thickness, which we shall hereafter

refer to as the "discoid case." From the top of the disc oid case a

circular c.over 8".0 in diameter was cut, and with the excep tior. of

1-" at its center it was slotted across one of its diameters. The

bottom of the dimoid case vas attached to the tov of the fairv.'ater

through which the bala2ce head projected, and the cover was attached

to the central black (8) of the balance crosshead. The boitcm thus

remained stationary while the cover rotated with the crosshead, and

the slots in the cover permitted the distaice between the spindles to

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

shows a biplane -combination momted in the wind tumnel, with the bal-

ance crosshead protec'ted from the wind by the discoid case.
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Section IV.

IETHOD OF PROCEDTE

Each of the two U.S.A. 27 airfoils was tested twice as a mono-

plane, and the average (p. /0) taken as the standard to which to

apply biplane correction factors.

The upper and lower wing of two biplnie combinations were then

tested separately, in the presene of the interfereme of the other,

at G/1= 1.00 and 1.67, and stagger = 0 (ppIuv.Lff). It was originally

intended to test all the biplane combinations in this way, but the

vibration of the two airfoils, due to the repulsion existing between

them wacking against the elasticity of the material, was appreciable

at G/0 = 1.67, and at G/0 = 1.00 it was entirely too large for accurate

wiot when this lift was larger than 1.2#. It would have been possible

to have rigidly fixed one of the two airfoils by means of an additional

spindle supporting its upper enir, 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 been to decrease the wind

speed.

It was not desirable to conduct the test at a wind speed below

40 mn.p.h., since that is the standard speed at which most of the tests

on airfoils have been conducted at L1.I.T., and a direct comparision

of results would thus be po sible. So for the remainder of the tests

we mo-ated the biplane model in the wind tunnel as a rigid uni t, as

described in section III.

We then conducted a series of' tests to determine whether the

balance crosshead should be protected from the wind, a.l what spindle

length was most desirable. We first tested a single U.s.A. 27 airfoil
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mounted on the balance crosshead expo sed (p. /_/_). This showed that

the resistance of the balacme crosshead exposed was equal to about 3-

times the minimu= drag of the airfoil, and thus necessitated the use

of a protecting case, for which purpose we utilized the discoid case

previously described. WYe then tested each of the two U.s.A. 27 air-

foils twice as a moiioplane, mounted on the balate crosshead protected

by the discoid case, and with stanilard spindle length, i.e., projecting

5??.00 above the balance head Oppi-asiz). Owing to the presence of the

discoid case within 3'0 of the end of the airfoil, the lift and drag

were both increased by about 450. In am attenpt to eliminate this in-

terference we increased the spindle length to 8"?.0, i.e., 3".00 longer

than the standard length, and cnaducted the same number of tests as

bef ore (pp.sj/j, but the average results (p.j6) were not so good as

the previous average (p. 11-, most likely due to the larger deflection

error arising fran the bending of the spindle. For the bipltne tests

we therefore decided to protect the crosshead by means of the discoid

case, and to use the 5".00 spindle length. As an aid to co;parison we

have platted the results of the above mentioned preliminary tests in

Plate 3. See bEtez1: efrziu -9

The average value of the four tests on the U.S.A.- 27 monoplane

with crosshead mounting protected from the wind by discoid case, (p.1),

and curve 3 on Plate 3) is taken as the standard to which to compare

U.S.A. 27 biplane results and thereby obtain biplane correction factors.

This procedure involves the assumption that the interference effects

of the discoid case on the biplane are in the same proportion as for

the monoplane. 'We later tested each of the two G~ttingen 387 airfoils

in the same vay (ppiq-isd), and took the average resul ts (p.'i_ and curve
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2 on Plate 4) as a basis to which to compare the G6ttingen 387 biplane

results*

Vie then proceeded to test twenty-nine U.S.A. 27 and twelve G~tt-

ingen 387 biplane canbinations. In each test we measured L, D, and I.,

the moment about the balarce axis prolonged, and then calculated L/D,

164.,and C.P. The procedure in each case. was as f ollows:

The set up. The cover of the disc oid case vas removed and the

balance crosshead aligned transverse to the axis of the wind tunnel.

Collars (1) were attached to the spindles (2) by screws (3), so that

the distance fram the top of the collar to the top of the spindle was

3-11/321t. This made the distaime fran the bala:xe head to the airfoil

5".00. The distance between the spindle axes was then adjusted by mov-

ing the slides (4) along the slider rods (5), ani locking them in

position by means of the slider clamp screws (6). The spacing was

always previously calculated so that the choxd. of each airfoil would be

equidistant from the balare axis; and the distance was laid off

accurate to o".01 by laying a snnll steel rule flat on the upper sur-

face of a slide(4), at the sane tine placing its end squarely against

the side surface of the central block (8), and measuring from the latter

to the index line (9) on the surface of the slide. The balance head

was then rotated througi the number of degrees of stagger which the

given biplane canbination was to have, and locked. The airfoils were

screwed on to the spindles and aligned parallel to the tunnel axis by

sighting along a batten. The spindles were then locked by the screws

(10), the airfoils rigidly and accurately spaced at their upper ends

by means of a strut, the discoid cover replaced, and the test was ready

to begin.
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The test. Lo, L,, 3D, D, 1%, and , were measured in the

usual manner. The center of rotation at the upper enl'of the model

was then located, and its coordinates, p and d (fig. __, p. .),

measured. Frou p and d we then calculateda and h (fig.I ), the

coordinates of the mean center of rotation. After correcting the

drag for effective 'spindle resistance, D,, and effective strut resist-

ance, 'D, we calculated L, D, L/D, Mle, and C.P. The values of the

effective strut resistance had been p-viously !ieasured so that in a

given iriplane test it was only necessary to taee them from the curves

on Plate4d. This strut resistance vas of co urse different for each

angle of incidence of the biplane, whereas for a gi'ven pair of spindles

the resistance was practically constant. Lift and moment corrections

due to strut ani spindles being not equidistant from the balance axis

were negligible.

All of 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 OP ERR07S

It is unnecessary to mention here the errors inherent in a wind

tunnel equipped with an IT.P.L. type balame. We shall discuss only

those errors arising when our procedure departed from routine procedure.

(1) Mis-Alignment of biplane model. In setting up the biplane

model the distarpe between the spindle ages and the balance axis could

be set -to the nearest 0".01, thus making the maximum error in gap equal

to 1 0".01 at zero stagger. Likewise at the other end of the model

the strut distance could be set within O".01. The maximum error in

G/' ratio would then be & 0.003 at zero stagger, and the maximum

error in stagger would be 0t".01 sin 500.2 z 0".01, i.e., I 0.3%,

at G/b = .50 and 60% stagger. In setting the number of degrees of

0
stagger the balance head could be set to the nearest 0 .1, thus giv-

ing an error in stagger of - 00.05, or 1 0.1%, and a G/0 error equal

0.0000. The sum of these factors gives a maximum error of E 0.003

in G/C, and of E 0.4% in stagger. Since the smn of the errors both

in stagger and G/C can only produce an error of about f, 0.2% in

Le max., and 1% max., as shown by our final results, they are en-

tirely riegligible, and would have to be neglected even if they were

not so, becausd they are so far within the wind tunel error. No

further mis-alignment of the biplane model took place due to the

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

cause the balance crosshead, the airfoils, ani the stiff strut at

the top formed a very rigid structure.

(II) 11is-Alignnent between the model axis and the balance



axis, occurred to a greater or less degree when the airfoil was

screwed into the spindle, but a larger misalignment occurred in the

case of those models which were mounted on the balance crosshead

due toqthe fact that the spindles supported thereon vere not exactly

parallel to the balance axis. These two factors,cnbined, served to

give a small amomt of roll and yaw to the model, which amounts can

be estimated fran the codrdinates of the center of rotation measured

at each end of the model. "A" and "B", the average values of these

cordinates measured at each end INotation p. 76), have been set dwn

at the head of the tabulated records for each test, and are summarized

in the following table.

(1) (2) (3)

Aver. .15 .86 .07

hax. .19 .92 .21

Aver. .98 .79 .90
a

Max..93 .74 .81

All values are positive, and are given in inches. Column (1) gives the

average and maximum values of "a" and "h" for the eight monoplanes

tested in the routine way, with spindle mounted directly in the balance

head) (2) gives the corresponding values for the four monoplane tests

conducted with'the airfoil mounted on the balance crosshead protected

from the wind by the discoid case, with spindle axis 0".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 y%7 at the upper enid of the model.
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(1) (2) (3)

Aver. .17 .08 .14
Roll

ax. .25 .15 .42

Aver. .04 .42 .21
Yaw

.ax. .14 .51 .38

In calculating the degrees of roll and yaw we divided the values

in column (1) by 18.00 (a span of airfoil in inches) pnd mult-iplied by

57.3, whereas in the'case of (2) and (3) we divided by 22.00 (= span of

airfoil in inches,plus spindle distance from bottom of airfoil to axis

of balance crosshead) and multiplied by 57.3. This method was follow-

ed because in the case of (1) a single airfoil mounted in the routine

manner, the spindle was but a prolongation of the balaime axis, and the

mis-alignment was between the spingle axis and the airfoil axis; whereas

in the case of (2) and (3) the mis-alignment between model axis and

balance axis was due almost entirely to the fact that the spindle axs

themselves were not parallel to the balamre axis, the model axi.s being

pzactically parallel to the spindle axes. The value of roll and yaw

calculated in this way were:

(l) (a) (3)

Aver. 0?5 -0?2 0o4
Roll.

ax. 028 024 121

Aver. 021 1.1 0o5
Yaw

Max. 0*4 123 120

All angles of roll and yaw were positive, according to NT.A.C.A. nota-

tion.
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The effect of the mis-alignment in. roll would be negligible.

The wind direction mould still be parallel to the wing chord, and the

forces measured on the balance would be (the actul forces) X cos

(angle of roll).

0
The cosine of the largest angle of roll recorded, 1.1, is 0.9998, so

the negligible error of only 1/50% would be involved. Even for 4.0

of roll the error would b6 only -e

The effect of yaw is more potent, because it puts the airfoil

choi at an angle to the wind direction. The f ollowing % errors are

taken from data on a Clark tractor biplane model tested at 1.I.T.*

% Errors for angle of Yaw - +.20

Angle of attack 00 60 120

Lift. .. a a* -1*5.5 -0.7 0.7

Drag.............. +2.6 +1.2 0

C................ Less than -W% of chord.

These values were calculated for a complete model at 4 20 yaw, but

for tests on airfoils only, the importance of accurate alignment is

greatly lessened, because the forces which cause most of the difficul-

ty arise principally from the fuselage and tail surfaces. If we

assume that 25% of the error, arises from the airfoils alone, and re-

meriber that the maximum yaw arising in any one of our tests was +1.3,

it would seem by comparison that in our case the maximum error due to

yaw was less than *-% for drag, less than -Y for lift, and entirely

negligible as regards moment. Detailed caloulationg'or our specific

case appear unnecessary.

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

plane tests the effective spindle nsistance, D., could not be deter-

mined to any greater degree of accuracy than 1 0.0009#, due largely

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

as i 1/20", were inevitably exposed each time the di soid case oover

was removed and replaced. Likewise we believe that the error involved

in determining the effective strut resistance, D., was about +_ 0.0003#.

This makes the sun of the deviations for effective strut and spindle

resistance equal to L0.0012#, and involves the following errors in

our biplane computation.

% Errors due to strut and spindles.

M Min. L/D Max. D at LIAX

U.S.A. 27 Min. 15 +1.0 0.3

Biplane Max. t.? *1.1 t0.2

Gottinger Ylin. k1.3 *0.8 +0.2

387 Biplane Max. *1.4 *0.8 t0.2

All of these values really represent zaximum % errors, the row

designated''min" being calculated for G/ = 0.50, stagger -40%,

which involved the largest values of drag, while the row desi ted

max. was calculated for G/0 a 2.00, stagger : 60, involving the

smallest values of drag. The maximum possible errors in measuring

drag were thus about *1.7% at Dmi n.l.l% at L/D max., *. 0.6%

tbroughout the flying rangp (40-100), and negligible when the lift

was near its _mniimmu. The average errors were of course about one

half of these values, say 1, -i, and i-orespectively.
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The fact that the spindle azes were not quite equidistant from

the balame axis, but were so spaced as to mal.e the wing choids equi-

distant, as well as the fact that the strut usually protruded over

one en of the model (Photo 1), produced no appreciable error in mea-

suring moments. This was determined both by computat ion and by actual

measurement.

(IV) Deflection and N.P.L, balamce errors. Deflection of the bi-

plane model would if anything be less than that of a single airfoil

mounted in the usual manner, because in the case of the biplane any

deflection in roll must cause distortion or slipping of the strut

attached at the top. Zi1eei~z efindledfleeticn at th t9. Like-

wise spindle deflection would be less because the spindles had a free

length about l.O shorter than the usual free length. At the sarre

time all the errors involved in the IT.P.L, type balance, whether of

dleflection or otherwise, remain entirely negligible, even though

,the forces were doubled as compared to the forces on a single airfoil.

SUCAlRY

We believe we have found and estimated approximately correctL9

most of the errors characteristic of the method we employed in con-

ducting our tests. These errors are summarized in the follo7ing

table, in which the Roman numerals refer to the soumes of the error.
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11AXIML" EnfRops.

%5ources ., IDS
of At

E*v-or. MaL. MI'- L/,,, 4.

I) z 0 .2.

(tz) -o..3 +0.6 +0.5 +0.5 -o.w -0.9

QT . - .g.7 i.i -G M I-x -. t o.

er.or, O.3 ., +2.2 +I. +1- I -4

We have previously stated that th.e errors.arising in the

determination of K and C.P. were negligible, and wehere see

that the L. errors are also negligible, but the errors for D

min., and L/D max. could be over a%, while throughout the fly-

ing range the errors for D. and L/D c ould be as much as 1% and 1j

respectively. These are the maximum errors, The average errors

would be about half as zmich. But even at their maximum these

errors are no larger than the wind tunnel experimental error,

which is considered to be about 2%. Taking the latter into

account the maximum errors cculd be about 4% for DO min. and

L/D max,, and about 3% for D and L/D throughout the flying

range.

However, our final biplane correction factors (Plate3 83,

_14_ have a greater reliability than this, They were obtained

by comparing the data from 41 biplane tests and plottinvg smocth

curves. We consider them to be accurate within &l%.
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But although these final generalized results have this

degree of accuracy, 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 there should befall

all of the maximum errors estimated above. Such was the lot of

the U.S.A. 27 biplanes, G/O = 1.67, wtagger a 0, and of the upper

wing tested separately for the U.S.A. 27 biplane, G/O) 1.00,

stagger = 0.

Such individual discrepancies as these have not vitiated

the final results. By a comparison of the results as a whole

they have been detected and eliminated.
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Section I.

ATALYSIS OF 1MSU 3L

The U.S.A. 27 airfoil was thoroughly tested as a monoplane, and in

81 biplane combinations; while the 9'6ttingen 387 airfoil was $tested as

a monoplane, and in 12 biplne c ombinat ions. All of the biplane carbin-

ations te.sted are listed in the following table:

G/O

Stagger 0.50 0.75 1.00 1.33 1.67 2.00

-40% u Uu ug iU

-20% u Uu -33

0% u ug uug ug iiu u

2 ug u aa

40% u ug u

602 u ug ug ug u u

e GUttingen 387, u= U.S.A. 27, uu U.S.A. 27 tested both as a
biplane unit, and in addition each wing tested separately in the
presence of the other.

The original data for these tests are tabujlated in the order in which

originally made, in Appendix B.

It must be renabered that this original data rep-resents the

forces acting on the biplanes in the presence of the interfercnce of

the discoid case. As mentioned in SectionlV, p. jj, it was thourit

that the easiest way to correct for this interference would be to com-

pare the b iplane resul ts with the resul ts obtained from a monoplane

"s
tested in the same way (p.gi_). We mcde these co7,arisons at equal

angles of attack, because to have done so at equal Lc wauld have

necessitated plotting all the original data. Instead, we obtained

biplane correction factors at equal oc , for Lc, Dc' LA and Mi,



(Tables 1-33). We then multiplied the aerodynamical coefficients

for the U.S.A. 27 and G'ttingen 387 monoplanes tested in the routine

way (pp. fO,146) by these biplane correction factors, and so ob-

tained the true biplane values for the L' D0 , L/D, and M (Tables

34 - 55, 62 - 73); while the true b iplane values for C.P. (Tables

56 - 61, 73 - 76) were more easily obtained by aaing certain cx rect-

ions to the original biplane data. Having thus arrived at true values

of the biplane coefficients, we plotted than (Plates 3-12), and by

reading values from the curves were able to check the accuracy of 1unk's

formulae (pp.1z-7q) and to calculate biplane correction factors at equal

values of the L. (Tables 61-101 ).

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

we shall now analyze in detail the results obtained.

I. Biplane Correction Factors at Equal .

These factors (ables 1 - 33) were obtained more or less as a by-

prod.uct in the process by which we arrived at the true biplane values

for the L c' D L/D, and They are not of as much significance

as the correction factors obtained by making comparisons between the

biplane and monoplane results at equal values of the Lc, because lift

is really the primary datum in considering an airfoil, and the angle

of ttack at which the lift occurs is only a secondary consideration.

Levertheless, an analysis of these factors will doubtless repay the

effort involved, for they show -

(1) the values of all biplane coeff ic ients in terms of the correspond-

ing monoplane results at equal oc,

(2) how the biplane coeffieicnts at eaual Oc.- vary with stagger and

G/0, and

(3) how far a given biplane combination the effects of a given stagger
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and G/C vary with ol.

We shall analyze in turn the correction factors at equal

for Let D., L/D, and M.,

1. Lift Coefficient. - For a given biplane combination the correo-t-

ion factors are practically constant from CC- 00 to oL = 120 or

140. Thus for the U.S.A. 27 biplne, G/C = 1.00, stagger 0, the

values are-

0C 0 2 4 6 8 10 12 14
Correction
Factor *85-2 .8 .87 .86-; .85-1 .86i .86} .87i

The average value is *86- * .01, while the corresponding average for

the G3t. 387 is .85iA= .01, thus malding the average for the t-io,0.86.

The constancy of the correction factors from 00 to 120 - 140 for a

given biplane combination, and the g'ood agreement between the U.S.A.

27 and GUt. 387 results, are shown to better advantage by plotting

the factors for each combination, but we consider it unnecessary to

ind~lude the chart so obtained here. In the way illustrated above we

have found the average factors for all the biplane combinations tested

and tabulate them below.
Table 75

Biplane Correction Factors for L., of- 00 to 13 .
U.S.A. 27, and *Gbt. 387 Airfoils.

Gap/Chord
Stagger 0.50 0.75 1 .33 1 2.00

60% .89 .921 .9& .89 .95 .96

*l.1 *95 *.90i
40% .90 .90 .94

*.90
20% .84A- .88i .94

*.854
o% .7&61 .82 .8v2 .89j .8j .94

*82 *.&& *89:
.78 .88 .89

-49-. .77 .82A .87 *88 .91'
*78 ".84J *.85
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The data of Table 75 are platted in our f inal Chart, Plate /, and

givex a series of smooth curves which vie believe are accurate within

+-%, and from which we take the following values as a comparienn to

Table 75.

Table 76

Biplane Correction Factor For L , 0 - 130
Applicable to Airfoils having a I'ax. Camber 10 to 164.

Gap/Chord

Stagper 0.50 0.75. 1.00 1.033 11.67 2.00

6o% .89 .92 .94 .95 *95 .96
40% .89 .911 .93
20% .94 .88 .91
0& .82 .86- .89} .91i .94
-20% .80 .84t .88

-40% 6 77 .83 .86 .89 .91)

We sliall now consider whether the factors in Table 76 are alpli-

cable to any airfoil. From the standpoint of the vortex theory the

lift of an airfoil may be divided into two rarts, lift due tocur-

vature, and lift die to angle of attack.

For a monoplane,

Lift coefficiezit.*due to curvature Zirsin/3. ........ (1)
" angle of attack=2-rrsin(3......(2)

While f or a biplane,

Lift coefficient due to curvature = 2rsin ,<.Bo.......(3)
" angle of attack = 2-rrsing3 B**..... 0 )

df comparisons are then made at equal angles of attack (equal13 )

for monoplane and biplane, the biplane c orrection factor for the

lift coef. due to curvature is

2rr 'Sin/. 2
2 r- n/.

and for the lift coef. due to angle of attack is

Z7r- "rf3

C,. n 25 'o0rnemc/a. -Se,5 our Ab6. A.
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B and B0 are theoretically determined constants (ref. 9)

which depend only on the biplane eccibination, i.e., on the amoun t

of stagger and G/, so that these biplane correction factors for the

two individual components of the lift coefficient are independent

both of airfoil'profile and angle of attack. But the lift due to

angle of attack increases as the argle increases, while the lift

due to curvature remins constant for a riven airfoil. Therefore

the biplane correction factor for total 1 will be at least slightly

different for every airfoil and every angle of attack. Precjsely it

will be equal to -

sin/30 -BO + sin/3-B - B (B -B)- -inf +-(n)

sin/Io + sin in/3 s

The value of this is (-) when,/3 ./-, ain. gradually approaches B as

the angle of attack is increased. Thus far the U.S.A. 27 airfoil,

G/C = 1.00, stagger = 0: B,= .854, BO= .925, and the theoretical and

experimental values of the biplane correction factors are -

0 .2 46 8 10 .12 14

Theor. .91 .89* *88- .872 .87%1 .87 .87 .86

Exper. .8& .8&; .87 .86 .85. .861 .86i- 87}

The agreement here is good from 6 - 140 , but the predictionsof the

vortex theory are usually restricted to this range anyvay. It might

be inquired as to why the biplane lift ccuald not be determined directly

by us ing formulae (3) and (4), but that cannot be done, as sbov= by

a detailed computation, p.5, because these formulae represent a

solution of the two - dimensional problem only. Qut we' can compare

results obtained from (3) and (4) with those obtained from (1) and (2),

and thus get biplane correction factors, based on the asstmption

that the effect of the lateral dimensions (the 3rd dimension) is propor-
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tionately the same for both monoplane an1 biplane.

From formula (5) we see that for a given biplane combination the

value o f the biplnne correction factor depends on /, and /G .

/.( represents the curvature effect, while/s = 0 represents the anCle

of attack at which the moment about the center of the wing is zero.

Since both of these factors are~a function of camber, we should expect

airfoils of approximately equal canber to have approximately equal

biplane correction factors. Our experimental results show this to be

true for the U.S.A. 27 with maximum canber equal 10.98%, compared to

the GUt. 387 with maximum camber equal 15.14%. And a comparison of the

correction factors for these two airfoils with the limited data pre-

viously published for the thin Eiffel 13 bis, R.A.F. 6c, I.A.F. 15Z,

and Eiffel 36 airfoils, shows that the latter are always about- 5%

lower than the former.* From formula (5) we also see that as the

angle of attack (p3) is changed. the biplane correction factor must

change, but our experimental results show that the deviation from the

average taken between 0  120 is only about -t 1% for the U.S.A. 27

and GUt. 387 airfoils.

Sunining up, we can therefore say of the factors given in Table

76, that they are not of any especial significance, but afford a con-

venient means of comparing the lift of different biplane combinations

throughout the flying range (0 - 130), and are accurate within i15

for airfoil s having a rraimum camber of from 10 to 165.

For a detailed cornarison see Section VII.
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2. Drag Coefficient - The biplane correction factors at equal 4C

for D. (Tables 11 - 19) are invariably larger than 1.00 for minimum

drag, ani show a steady decrease from that point onwards as ox-

increases. However, they renain fairly constant from 60 to 160,

throu2hout which range an average value zan be taken from which the

deviations will not usually be greater than *21. The Gtt. 387 results

as a whole agree with the U.S.A. 27 results within about 35 from ol -

00 to 14 0 The rarge of variation of the factors from 60 - 160, as well

as the lack of -a closer agreement.between the results for the two

airfoils, does not justify a tabulation similar to that made for L

factors in Table 75. The effect of stagger is much more pronounced

than that of G/., wheret the biplshe correction factors for'D at

eqval LO, as we shall see on p._66 , are affected in Exactly the

opposite way.

3. Lift - drag Ratio. The correction factors at equal oe- (Tables

20-24) vary definitely for a given biplane combination as o. is

increased. They increase very little 'ith stagger between oL= 00

and 160, the variation being within t25 from the average, but they

increase rapidly as G/C is increased. The results for the U.S.A. 27

and Get. 387 airfoils agree within about 2% from oL= 00 to 140.

4. Moment Coefficient - The c orrection factors for Mc (Tables 25-7-

for a given biplane combination are fairly constant from about 40 to

140, sometimes over a larger raie, aid. sanetimes not at all. We

would expect constant factors from about 00 to 140, because within that

range . cc c , and the curves of 1 vs. L. are practically

straight lines radiating from a focus. As stagger is increased from

40% to O1 there is a slight decrease* in M, *Of from 1 to 5 ; whereas

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



from stagger = 0 to 60% there is a decided decrease, of from 15 to

25%. The effect of negative stagger is thus negligible; the effect

of positive stagger potent. The effect of increasing G/C is to de-

crease the M, but not to so great an Extent as does stagger. The

M correction factors f or the Not. 387 airfoil are effected to a
C

smaller extent by variations of stagger and G/0 than is the U..A. 27,

so that the latter has higher values at negative staggers ari lover

values at positive staggers.

S* * ** * * * **

This concludes the analysis (so-called) of the biplane correction

factors at equal c.-for L., Do, L/), and i&. They are not of mnuch

significance. They befell us as a by-product from the procedure by

which we tried to obtain true values of the b iplane aerodynamic

coefficients. 7ie hoped to correlate them in scte useful way. In the

care of the correction factors for L , from 00 to 130, we succeeded,

and consider the bother repaid.

We shall now proceed to consider the data on the upper ani

lower wings tested separately.
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II. Loading on Upner...and Lower Wings 4

The upper and lower wings were tested separately in the

presence of the intelferexme of the other for two U.S.A. 7 biplane

canbinations (stagger 0, and G/O = 1.00, 1.67). We consider this

data to be very reliable for' G/ = 1.67 but not so reliable for

G/b = 1.00, because during the test of the latter biplane the wings

vibrated rather violently, whereas c ompardtively little vibration

occurred in the case of the former. The Lo, Do, L/), 21 ,and C.P.

for each wing are tabulated with the Original Data, pp. lo -io,.

while the fractions of the total biplane lift and drag on each wing

are listed on Table 34. We shall examine the aerodynamic coeffi-

cients for each wing in reverse of the oider mentioned.

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

unstaggered biplanes.there should be little difference between the

0 .. on the upper and lowe r wings. Our 0 .P. Is f or G/O - 1.00

are in eaact agreement from & 00 to 180, but they differ by 4,

of the chord for G/b 1.67. There is nothing to indicate that

these latter values are in error, for a corbination of them in

such a may as to give the C.P. of the biplane as a whole (Table 34)

checks within 1- with the corresponding values obtained when the

biplane was tested as a unit (Table 58). The same holds true for

the C.P.'s at Gt = 1.00. Our data is therefore insufficient

either to gainsay or verify the theory, and we have not been able

to find any published data of this specific type.

2. Moment Coefficient. The 1I s for the upper wing are

.smiller than those for the lower wing at small angles of attack,

and larger at large angles of attack. This holds true both at
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G/0 = 1.00 and 1.67, and checks with the results for the

R.A.F. 6o biplane (ref. 2).

3. Lift coefficient. Distribution of lift between the upper

and lower wines. The most significant way to deal with the lift

on the upper and lower wings is to express the lift on each wing

as a fraction of the total lift of the biplane. This is done in

Table 34. The values there tabulated show that in general the

lift on the upper wing is greater than on the lower except possi-

bly at negative argles of attack. At G/O = 1.00 the load on the

upper wing, expressed as a fraction of the total biplane lift,

increases from 0.50 at 40 angle of attack to 0.54 at 200;

while at G/0 = 1.67 the corresponding loads are 0.53 and 0.55.

These figures show in a general way the distribution of lift

between the upper and lower wings, but the manifold advantages

to be gained from a more careful detailed design of wings

justifies a thorough analysis of the load distribution from both

theoretical and experimental standpoints.

From the standpoint of the vortex theory the lift on each

wing of a biplane is considered to be the sum of prd.mary and

secondary lifts (ref. 1). The primary lift is the sum of lift

and counterlift; it is that part of the entire lift of a wing

which is produced by the interaction of the uniform flow with the

circulation and counter-circulation flow around the winr. The

secacndary lift is a component of the mutual forces acting between

parts of the whole biplzie, consisting in this case of the re-

pulsion between the upper and lower wings, increasing the lift

of the upper and decreasing the lift of the lower by equal anwunts.



41

For a biplane without stagger.the u'pper and lower primary

lifts are equal, for the induction at the upper ari- lower wing

is almost equal, and therefore the changes of lift are equal.

But a secondary difference is induced between the primary lifts

due to the change of "effective stagger" as the angle of attack

is changed. The "effective stagger" is not measured parallel to

the wing chord, but more nearly parallel to the direction of

fliht. For the effects of aerodynamical* induction are deter-

mined by the position of the vortex layer behind the wings, and

the direction of this layer nearly coincides with the direction

of fli ht. The "effective stagger" must therefore alvays be con-

sidered whether the biplane is staggered or not. For an un-

staggered biplane it 4s directly proportional to the gap and to

the lift coefficient. Due to it the change of induced upper

and lower lift coefficient is

0r -- -- 6- l *

This qmantity must be added to the absolute lift coefficient of

the forward wing, ani subtracted from that of the rear wing.

It constitutes the only appreciable change of u'pper ani lower pri-

mary lift on an unstaggered biplane.

We shall now analyze the secondary lift, which is a repul-

sion between the two wings. This repulsive fozme is produced

both by the ciztulation flow ani the vertical flow around the

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

* Ref. 9, p. 24. For notation see our Appendix A.
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to the square of the angle of attack, and expressed as a

qtantity to be added to the upper and subtracted from the lower

absolute lift coefficient, it is

sin v (7)

On the other hand, the canponent due to the circulation flow is

proportional to- the square of the lift, and is

* 2

2 2
2 TT-r B

Adding (7) and (8) we get the total seccndary lift coefficient

which must be added to the lift coefficient of the upper wing and

subtracted from that of the lower:

2

0. sinU2 3- + . . . . (9)
L 2 2
2 T - B

The first term of this expression is proportional to the square of

the angle of attack, while the second is proportional to the square

of the lift. But lift arises both from curvature and from angle

of attack. So for a given biplane the lift due to angle involves

a double repulsive force, that arising from both (7) and the part

of (8) due to angle; whereas the lift due to curvature involves a

single repulsive force, that arising frcn the part of (8) due to

curvature. Thick wing biplanes therefore have small)repuls ive

forces than thin wing biplanes, and upper and lower lifts are more

equal for the former.

* Ref. 9, p. IS. For notation see our Appendix A.
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Calculations for a specific case, however, show that at equal

values of the lift coefficient this factor causes negligible

differences of loading for a thin wing as compared to/meditunly

thick wing. The theoretical curves, showing the fiction of

total biplane lift on the upper wing plo.tted against lift co-

efficient, c'oincide for the R.A.F.6, (max. camber 6.95%) and the

U.S.A. 27 (*iec. camber 10.98%), both biplanes being at G/C = 1.00,

and zero stagger. The corresponding experimental curves do not

so agree, but for the reasons previously stated the la tter results

are considered inaccurate. It seems safe to say that differemes

of curvature cause negligible differem es of seondary lifts.

By add Ing the secondary lift coefficient (9) to the chae of

primary lift coefficient (6), we obtain

2-

0L 1CL 3 G j sin 3 2 v +2 6B910)

This 'expresses the eqgal and opposite amounts by which the upper

and lower lift coefficients of an unstaggered biplane are changed.

The first term of formula (10) must be added to the upper wing and

subtracted from the lower at negative anCles of attack, ahd vice

versa at positive angles of attack. The second term is always added

to the -upper, and ambtracted from the lower. According to the method

of this formula we have calculated the lift on the upper wing of

the t1ree biplane c anbinations for vAich we have exp-,erimental data

to serve as a basis of comparison. For one of' these we rive the

detailed computations.
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R.A.F.Gg Biplane.*

Gap/Chord = 1.03, Stagger = 0, Aspect ratio = 8.

1.03
We calcul ate S/b 2 = 1/3, GA/b 0.172

-From curves of the original data we find that

: a 00 when d w 003.

From ref. 9, Tables I and III, we obtain the f ollowing values:

B 0.858, 0 = 1.88, V - 0.078,b(1 0.5)= 0.71

We calculate CL = 0.0143 CL9 0.078 sin + 0.130 C .

It is then easy to calculate the value of CLI and CL, for

each angle of attack. These are tabulated in Table 77.

Table 77.

Amount, (0 + * ), by which upper lift coef. (0L) is increased.

R.A.F.6c Biplane
Gap/chozd - 1.00, Stagker- 0 , Aspect ratio = 6.

a LCX10 5

-6.3
-4.3
-2.3
-0.3
1.7'
3.7
5.7
7.7
9.7

11.7
13.7
15.7
17*7
19.7

r67
-30
7

46
87

127
161
195
222
253
276
297
295
277

CL x10 3

OLx103 14.3-0 L

-260
-118

28
178
340.
498
630
650
868
990

1076
1160
1150
1080

1
0
0
0
-2
-4
-6
-8

-11

-17
-19
-19
-17

0L 103

78 sin 130 0L (OL . k )x103

1
0
0
0

0
0
1
2
3
4
5
6
7
9

9
2
0
4

15
32
51
75
98
127
151
174
171
151

11
2
0
4

13
28
48
69
90

118
139
161
159
143

* Original data taken from ref. 2, -Table 2.
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In the 2nd and 3rd coluns the lift coefficients of the biplane

as a whole are tabulated. 0Li and the two components of CL

are tabulated in sel-arate columns so that the relative inportarce

of each of these three factors can be gaugada1 It is evident

that the component of the secondary lift wibch arises from the

circulation flow, viz.,

2
0-0L 2

0.130 C -

2 rrB2

is by far the most important factor of the three involved. The

otlber two, listed in the 4th and 5th columns could be omitted

without causing an error of more than 1.l% in determining the

% of lift on the upper wing. That amount is too large to be

neglected, hovaver.

The fraction of total biplane lift on the upper wing is

equal to

0.50 t (CL + OLZ ) 1z.-CL, ................... (11)

where CL is the lift coefficient of the biplcane as a whole. The

values of this fraction were calculated for the R.A.F. 6c, and

also for the U.S.A. 27 at G/C -1.00 and 1.67, according to the

method of computation illustrated above. The experimental values

are listed next to the theoretical values in Table 78.
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Table 78

Theoretical and experimental values of the Lift -on

the Upper Wing, expressed as a fraction of the total biplane lift.*

Stagger = 0, Aspect ratio = 6.

U.S.A. 27 Biplane R.A.F.Go Biplane

G/0 1.67 G/C 1.00 G/C = 1.03

C Lx10 5  or. Eper. LxlO5 Theor. Mmper. L 5x1O Theor. Eper.

.; -22 .51 .61 -16 .50 .89 -67 .52 .40
-4 26 .50 .60 17 .50 .18 -30 .51 .32
-2 58 .51 .54 48 .51 .41 7 1 .50 .a3
0 91 .52 .54 77 .52 .46 46 .51 .62-
2 126 .52 .53 107 .53 .48 87 .52 5
4 162 .53 .53 143 .54 .50 127 .53
6 191 .53 .53 169 .54 .51 161 .53- .53
8 223 /54 .53 199 .54 .51 195 .54- .53

10 256 .54 *53 226 .55 .51 222 .55 .53}
12 284 .54 .53 255 .56 .52 253 .56 .54
14 314 .55 .54 282 .57 .52 276 . 54 .55
16 337 .55 .54 306 .57 .52 297 .57 .56
18 351 .55 .55 325 .57 .53 295 .57 .54

20 343 .55 .55 329 .58 .54 277 .56-}2 .49

LO = lift coef. of the biplane as a whole.

We shall consider each of the three biplanes in turn. U.S.A. 270

G0/ = 1.6Z. T7hen compared at equal values of L., the theoretical and

experimental values check within .01, from 10 = .00126 upwards, or

from about oc. 10 upwards. U.S.A. 27, G/C = 1.00. There is a ocn-

stant difference of about .04 between the theoretical and experi-

mental values, from L. = .00107 (o. - 20) upwards. It is evident

that the experimental values are too low. The fraction of lift

on the upper wing at oc- 00 should be at least .50, whereas the

experimental value is only .46. R.A.F.6c, G/C 1.03. EMperi-

mental and theoretical values check within an average of .01 from

Le = .00127 (40) to L. raxium.

* The lifts for the lower wing will of course be the complements

of these values.
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This, in general, the theoretical. values .check with the ex-

perimental values from LO .00125 (about 0.4 L. mar.) to L. max.,

or from about an angle of attack, of 40, to the burble point. The

exception is the U.S.A. 27 biplane, G/0 w- 1.00, the data for which

have previously been shovai to be unreliable. For all three biplanep,

however, there is a wide divergence between the theoretical and Wc-

perimental values above or below the limits of agreement just men-

tioned. But the theory is not sTpposed to make accurate prediutions

outside of that range anyhow. Within that razge it appears safe to

calculate the lift on the upper wing by making use of formula (10).

But in the form stated the use of this formula is rather tedious. We

therefore suggest the following simnlification. It is evident from

from (10) that for a given Sap and aspect ratio the fraction repcre-

senting the lift loading on the upper wing is directly proportional

2
to the lift, provided we neglect the term, sin/ 3 v. This term does

not usually amount to as much as -o of the total lift for angles

of attack below 160. We neglect it and reduce fonmulae (10) and (11)

the app roximate form;

(Frac. of lift on upper ) = 0.50 + .. 0.50 + IEL,
2- 0L

where K is a function only of gap/span and aspect ratios. This can

be expressed in the alternative form,

(Frac. of lift on upper) = 0.50 . .

This represents a straight line, having its origin at Lc 0, (Frac.

of lift) = 0.50; and of slope K1 ; and is only applicable for values

of the Lc > .000125. Values of X can be calculated for any gap/

span and aspect ratios. For aspect ratio equal 6.00 ,

1.00 23.5
1667 16.1

to
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By supplying these values of K1 in equation (12) we have obtained

the f ollowingt-

Table 79

Fraction of lift on upper wing.

L 10S
G/c

A comparison of

Table 78, shows

two.

1.00 1.67

125 .53 .52
150 .53i .52}
175 .54 .5a
200 54-1 53
225 .551Y .53i.
250 .56 .54
275 .56-1 54}
300 .57 .55
325 .57k .55
350 .58. 5}

these values with the laboriously attained values of

that Table 79 is If airthing the more accurate of the

In conclusion, therefore, we recommend equation (12) as a ready

method of calculating the lift on t.he sel;arate wings of an unstaggered

biplane. It is applicable fran L. .00125 to Le max., and gives

results as accurately as the experimental data justifes. Our analysis

has been restricted to biplanes without stagger. Phe vortex theory

indicates that stagger accentuates the load. on the upper wing, but

no experimental data are avilable. More' imental work is also

needed to -determine the distribution of lift at angles of attack below 40.

We shall now proceed to consider the distribution of the total

drag of the biplane between the upper and lower wings.



4. Distribution of Drag between upper and lower wings.

Our results for the U.S.A. 27 biplane are given in Table 34. For

the sake of ready comparison with the results for the R.A.F.6c, *

we here reproduce the percentage of total drag on the upper wing.

Table 80.

of Drag on Upper ving.

or 1) _(2) )

-6 94- 44 45-}
-4 56- 4&- 47
- 54 48 4q.
0 50 49- 4
2 48- 50 50
4 49 5-1 51
6 49 52 52-t
8 50- 54 54.

10 51 55 55.
12 5lL 56 56
14 54 56, 56
16 55 57 50'
18 57 57 48k
20 52 55 49

(1) U.S.A. 27, G/t 1.00, (2) U.S.A. V?, G/C - 1.67, (3) R.A.F. Go,

G/0 =- 1.03. Stagger = 0, and aspect ratio = 6, in each case. See

Table 78 for Le's.

One would ex-ect that for an unstaggered biplane the drag would

be equal on upper and lower wings at zero angle of attack, since the

mutually induced dovwnwash is then equal at both wings, and the

"effective stagger" is also zero. In our experimeital results this

equal distribution occurs at 00 (1), 20 (2), and 10 (3). StartinG

from this position of equal distribution, as the angle of attack is

decreased the effective stagger is increased, the induced downwash

becomes less for the upper wing, ard therefore the % of drag bn the

* Ref. 2, Table 2.
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upper wing would decrease; and vice versa for increased angle of attack.

Our data is in agreement with this reasoning. (2) and (3) show a uni-

form increase of the % on the upper wing from -60 to +16 0 , while (1)

shows a uniform increase for positive angles of attack, but does not

show a decrease for negative angles. This discrepancy is due to ex-

perimental error, for there are also irregularities in the lift readings

for the negative angles of attack.

After the uniform increase of the upper % of drag from -60 to

+160, there occurs a dec ided decrease, thus indicating that above

about 160 the interference of the front (lower) wing actually de-

creases the drag of the upper wing. The front wing seems to shield

the rear. All three of the tests show this effect. All thre-

Since we know of no facile theoretical means of calculating'

the drag on each wing, we shall now try to correlate the results

of these three tests so as to obtain a more generalized expression

for the % of drag on the upper wing. '7hen the values of Table 80

are platted, first with the lift coefficients and then with t'Ie

angles of attack as ordinates, it is seen that (1) i-s about 4) below

(3) at equal Lc, and about 3% below at eqtal Oc. , throughout the

range 00 - 140. It has previously been pointed out that the %

of lift on the upper wing was also too low for this same test,

viz., the U.S.A. 27 biplane at G/t = 1.00. It appears that in test-

ing the upper wing ofthe biplane combination, the wind speed was

tenpbrarily too low, or the angle of attack shifted through -0 or so.

This constituted 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.oc ., -lie on approximately the

same straight line,

%Drag on upper = 50 +_ .................. (13)

from ogK t 40 to . 140. While the curves of (2) and (3), versus

L., are parallel straight lines, from 1 c 0 to LC nx.

For G/ = 1.03, Frac. of drag on upper .48 + 33.3 L0
)...(14)

For G/t = 1.67, I " f i -. 46 * 33.3 L

None of the plotted points deviate from these strai iit lines by more

than * -. The average deviations are much less.

As an easy means of calculating the drag on each wing of a bi-

plane we therefore recommeni equations (4). They arpear applicable

to any biplane (aspect ratio equal 6) havini the gap chord ratios

indicated.

This concludes our analysis of the loading on the upper and lower

wings.

We shall now consider the aerodynamic coefficients of the bi-

plane as a unit. In connection with each coefficient we shall verify

the accuracy of predictions from the vortex theory (Lunk's formulae),

and derive biplane correction factors applicable at equal values of

the lift coefficient.
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III. Aerodynamical Coefficients. ofthe Biplane as a Unit.

These coefficients, obtained by the LMethod of Procedure out-

lined in Section IV, are listed in Appendix 0, Tables 34 to 76

inclusive. We shall consider them according to 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 JGt. 387), and are plo.tted against an &les

of attack as ordinates in Plates 5 - 7 , and 10, 12 respectively.

The plotted points are not shown on the plates, because they would

simply lead to confusion, with so many curves in close proximity.

The deviations do not exceed *0.00002 #/ft /mph. These c tves

show at a glande the effect of stagger and G/C variations on the

lift. They are useful as a means of determining

(1) the different an!les of attack at which the sar.,e lift is

produced by different >iplano combinations, and

(2) the different lifts which occur at the same anyle of attack.

They also constitute the best method of smoothing out or eliminating'

inaccurate data, and so improve the reliab ility of the results.

Thus by glancing at Pl&tes 5 and 7 one can immediately see that the

c urve s for the U.S.A. 27 bipl ae coir inat ion, G/c - 1.67, stagger - 0,

are out of place, and that the values of Lc and D. which they repre-

sent are evidently too small. A comarison of these values (Tables

39 , 46) with the results obtained when each wing of the b iplone

was tested separately (Table 34), shows that the two do not agree,

and that the latter are correct. Ve therefore discord the results ob-

tained when this specific biplane cornbination was tested as a unit,



although shifting the ar.gle o-f attack by 023 would probably account

for the discre-oancy.

No further mention of the plates need be made, except to call

attention to the male marked :ATIQ FATOR, which is erected on the

left hand side of Plates 5-7. This scale shows the ratio of the bi-

plane lift to the rrcimum lift of the monoplane having the same ;ving

area. It is a convenient means of ccqmaring monoplane ani. biplane

characteristics.

Por atstaggered biplane the primary lift, due to curvature an1i

angle of attack, is principally effected by interference, end change

of "effective gap" as the agle of attack is changed. The interference

effect is principally an increase of lift within the same limits for

either positive or negative stagger; while increase of effective 2ap

causes an increase of lift, and vice versa. T he effective gap is

measured practically perpendicnlar to the direction of flight; it

is increased for pos itive stagger with positive angle of attack, and

decreased for negative stagger with pos itive angle of attack. Thus

as a whole, the effects of interference and effective Cap have like

signs for positive stagger, and opposite sigEs for negative stagger.

The influence of positive stagger on lift should be much more

pronounced than that of negative stagger. The Lc curves for the GUt.

387 (Plate 10) aril U.S.A. 27 biplanes (Plate 6) demonstrate thi s

very strikingly. On the former plate the curves for the negative

stagger almost coincide, whereas those for positive stagger are

comparktively far apart.

Accordti to theory, at zero lift the angle of attack should

be the same for both monoplane and ell biplanes having the sme



wing section. Because the angle of attack for a specific L is com-

posed of

(1) the, original angle belonging to the wing section and1 the LO;

(2) the additional angle due to induction, and

(3) the additional angle due to interference, and

at zero lift (2) and (3) are equal to zero. A first glance at Plates

12, 5, and 10, would seem to indicate that our results check with this

theoretical prediction, for on these plates the L. curves certainly

converge to a narrow band at zero lift. 3ut a careful analysis shows

that the deviations are too large to attribute to experimental errors.

If we consider the error to be in the angle of attack, we find that

the deviations from the average value of the angles of attack at zero

lift are about as follows:

Averaze r= iun
deviations deviationn

Plate 5 *0 2 106
6 *024 2028
7 o2 *0?4

10 0 02 *024
12 *0 ?2 *0 23

Since the models, when set up in the wind tuanel, were accurately

aligned to within 01, it is hard to see how the max imum deviations

tabulated above can be attributed to ac-erimental error. On the

other hand, if we consider the errors to be in the measureront of

lift near its zero value, we find the following ai;roirate de-

viations in L
Average ;aximum
dOeviations deviations

Plate 5 *.00003 *.00008
6 *.00004 =.00012
7 *.00003 *.00009
10 *.00003 .00005
12 *.00003 *.00005
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For the b iplanes tested, +.00012 corresponds to 0.144f, and

+.00003 corresponds to 0.036#. It is difficult to see not only

how an error of 0.144# Could be made, or even how an error of O.036#

could have slipped in. We therefore believe that the dlfferent

angles of attack, which our results indicate occurred at zero lift,

cainot be attributed to experimental error, but can doubtless be

accounted for by some of the factors neglected in tho cloevelopnmant of

the the ory.

7e shall now make a few detailed c anarisons between the values

of lift aud. angle of attack obtained by us and those predicted by the

vortex theory. We can compare lifts at equal angles of attack, or

campare angles of attack at equal values of the lift. 7ut so far as we

,mow there are as yet no straightforvard formujle by which the lift

for a given angle of attack can be calculated. The formulae*-

Lift due to curvature = 2-rr-Sq. sin/v,-B 0
"? "t " anzle of attack - 2 7rSq. sin/3- B ) i'r(14)

apply only to the two-dimensional biplane, and so give lifts very

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

following table.
gable 31.

U.s.A. 27 Biplane, G/t-l.00, Stagger - 0.
Lift eadfficient due to curvature w 0-.00080

Z -30 50 62
0 17 97 84
2 65 145 118
4 112 192 150
6 160 240 181
8 208 288 208

10 255 335 237
12 302 082 266
14 348 428 293

(1) Lox0l due to angle of attack.
(2) Theoretical Lc106, calculated by equations (14).
(3) Experimental LcX105 ,

* Ref. 'I, p. 31.
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The lack of agreement is evidently th.e fault of the Z - dimensional

'values of the lift arising fran angle of attack. Due to aerodynomical

induction arising fran the lateral dimensions, the angle of attack

must be increased for equal values of Le. But such corrections to

the angle of attack involve very clumsy calculations.

It is much easier to start fran the lift as the primrary datum,

and compare angles of attack at eqgml values of the lift. In doing

this we can make use of a iormula ready developed by ;unk,

S el " + It *+,

b 2 2L

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

of o.. conpared to the experimental values in Tables 82 - 83.

Table 82

(1) Thecretical and (2) Experimental values of the
angle of attack expressed in deqrees.

Qut. 387 Biplane, Stager 0.
Gap IChord.

0,75 1.00 1.33
105 (1) (2) (1) (2) _ (1) (2)

0 0 -7.1 8.0 t7. -7.2 -711 -7.3
.2 51 -3.5 -3.9 -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 6.5 6.2 5.7 5.6 5.2
1.0 256 10.4 '9.7 9.5 8.8 81,8 8.3
1.2 307 13.9 13.7 12.8 12.1 11.9 11.4
1.4 358 18.1 19.1 16.9 16.5 15.8 15.4



Table 83

(1) Theretical and (2) !perimental Values of the igle of Ittack, Dupressed in Degreec.

U.s.A. 27 3iplane, Qtagger = 0.
, I

Gap/Chord

0.50 0.75 1.00 1.33
(1) (2) (1) _(.2) L:l (2) (1) ( )

~.5.0 -6.2 &5.00 45. 5 r5.*0 ~5.5 -5.0 -5.2
-1.5 -2.4 -1.7 -2.0 -1.9 -2.2 -1.9 -2.3
2.1 1.5 1.8 1.5 1.4 1.0 1.1 0.8
5.8 5.4 5.2 5.0 4.7 4.1 4.3 3.9
9.5 9.4 8.9 8.6 8.2 7.5 7.6 7.1

13.7 14.2 12.7 12.4 11.8 10.6 11.1 10.5
- 16.7 17.5 15.6 15.1 14.7 14.4

N. - - 17.9 18.8 16.9 17.2

1.67

-5.0 -5.0
-2.2 -2.1
0.9 1.1
3.9 4.2
7.2 7.5

10.5 10.9
14.0 14.3
16.2 17.7

2.00
(1) .LL(2)

-5.0
-2.2
0.8
3.8
7.0

10.3
13.8

-5.2
-2.7
0.3
3.3
6.5
9.8

13.4

L x106

0
.2
.4
16
.8

1.0
1.2
1.3

0
51

102
153
205
2.6
307
353
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An analysis of these two tables shows that the theoretical

curves of L. plotted against c. will be parallel to the experi-

rental curves, the constant difference between the two being

0?4. The average differences between the theoretical amd calculat-

ed values of the angle, from L- .00025 (CL = 0.1), to 0.9 Lo max.,

are as follows for each biplane combination.

Stagger = o

Ga/chord

0,50 0,75 1.00 1.33 1.67 2.00

U.S.A. 27 04 93 025 04 -03 025

Got. 387 a 094 024 004 -

The theoretical angles are in each case larger than the experimental

angles, with the exception of the values for the U.S.Al 27 biplane,

stagger = 0, GA = 1.67. But the experimental values for this bi-

plane combination have previously been shown to be in error, arnd

need not be considered further here. The average of the deviations

tabulated above is 024. We can therefore say that for unstaggered

biplanes, having any gap chord ratio, the angle of attack for a given

value of the lift, from 0.1 to 0.9 L max., can be calculated (by

formula (15) ) to within 0?4 . This deviation is always positive

for U.S.A. 27 and Gbt. 387 biplanes, so that for these biplanes the

0
exact angle can be obtained by subtracting 0,4 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



to produce a given lift. Referring back to formula (15) it is appar-

ent that for a given value of the lift coefficient (CL), on a biplane

of given aspect ratio (S/b2), the angle of attack ( oc) is a function

only of the induction factor tlkl" and the interference factor "I".

The induction factor "Ik" is the ratio of the span of a monoplane to

the span of the equivalent biplane having the same induced drag under

the same condit ions. The values of "Ik" 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 factor "I" is approximately a function of Gap/chord ratio

only. Munk states**that "It 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/chord ratio.

Since "Ik" 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 experimental results,

tabulated below for the G6t. 387, at Gt = 1.00, the differences

between the angles of attack for the several staggers are not

negligible.

* General Theory of Thk;i Wing Sections." N.A.C.A. Report 114.

** Ref. 9.
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Table 84

Got. 387 Biplane, G/C W 1.00 (3J1ate 10).

Comparison between experimental values f the angle
of attack (degrees) required to produce equal lifts
at various staggers.

L L~x 5  0 Stagger

0 0 -6.9 -7.5 -7.2 -6.8 -7.7 -7.4
.2 51 -3.7 -3.9 -3.8 -3.5 -4.0 -4.4
.4 102 -0.5 -0.8 -0.7 -0.4 -1.0 -1.4
.6 153 2.5 2.4 2.5 2.7 2.0 1.6
.8 205 5.7 5.5 5.7 5.9 5.2 4.6
1.0 256 8.9 8.7 8.8 9.0 8.2 7.5
1.2 307 12.4 12.2 12.1 12.1 11.2 10.6
1.4 558 19.1 17.1 16.5 15.9 14.8 13.9

These values are plotted in Plate 15, together with the ccrres-

ponding results for the U.S.A. 27 Biplanes at gap/chord ratio equal

0.75 and 1.00. An inspection of these curves shows that for the

GUt. 387 biplane, G/=1.00, the effect of negative stagger is entire-
is

ly negligible, while the effect of positive stagger/to cause an

appreciable decrease in the angle* For the U.S.A. 27, G/t = 1.00,

there is a uniform decrease in angle as the stagger increases from

-40% to +60%; there occurs a small decrease at negative stagger, and

a more rapid decrease at positive stagger. The exact amotmts are

tabulated below.
Table 85

Amounts (in degrees) by which the argle of attack corres-
ponding to eqval lifts is decreased when the stagger is
increased from -40% to +60%,
OL L XiOX

(1) __2)-- (3) (4) (5J
.2 51 0.7 0.6 0.8 1.7 1.6
.4 102 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 0.7 1.4 2.8 3.4

1.0 256 1.4 0.8 1.6 3.3 4.6
(1) Git. 387, G/C - 1.00 (2) U.S.A. 27, G/$=2.00 (3) G/0-.00
(4) G/t 00.75, (5) G/C = 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 above 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 sigus for negative stagger, as explained in

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

by the figures in columns (2.) and (5), the decrements of angle due to

stagger are about four times larger at G/ 0.50 than at G/C= 2.00.

But thi s influence of G/ on the potency of the stagger i s only

apparent. It is due to the fact that the stagger has been expressed

as a % of the chord. 60% stagger at G/b = 0.50 corresponds to an

angl e of stagger equal to 4923, while 60% stagger at G/0 = 2.00

coiresponds to an angle of only 1627, the ratio between the two

being about 41

It is apparent that the decrements of angle due to stagger

(Table 85) are too large to be neglected, even though the average

deviations would be only about half the size 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 curves of L

plotted against a' in Plates 6, 7 and 10. If the effects of

stagger on $ W. were negligible, the L. curves 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 bands1

and the curves in Plate 10 would practically coincide in one narrow

band. But smh is not the case; appreciable angles separate the

curves.
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Sumary. On this analysis of biplane lift coefficients we

have compared the theoretical and experimental values (1) of lift

coefficients at equal angles of attack, and (2) of angles of attack

at equal lift coefficients.

(1) Calculation of Lo' s for given oc' s was tried by means of the

2-dimensional formulae (14). These fonmulae give values of La very

much too high, unless the oc's are increased to correct for the aerody-

namical induction arising from the lateral dimensions. But suoh

corrections involve unnecessary labor.

(2) It is easier to calculate octs at equal Le's by means of form-

ula (15). This we did for ten unstaggered U.S.A. 27 and Gdt. 387

biplanes having gap/chord ratios from 0.50 to 2.00. The theoretical

c's so obtained were almost uniformly 0.04 too high.

Formula (15) applies only to unstaggered biplanes. Munk states

that stagger does not materially affect the oc, required for a given

L*. Our data show that the average amwunts by which oc was de-

creased when the stagger was changed fran -40% to +Mo% were 1!2

at Gt = 1.00, and 25 at G$ w 0.75. The average decrements were

directly proportional to the stagger expressed in degrees. The

effect of positive stagger was twice that of negative (averages),

so that in the spec if ic cases ment ioned above the decreases of co,

due to positive stagger were 029, and 1.9, respectively.

It is evident that induction factors "k", and interfereme

factors "I" should be calculated for stagger. Meantime we recommeni

our Lc correction factors at equal oz , 00-130, (Table 1-10 , and

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

* * * * * * * * * * * * * * * * *
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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 5 - 7, and

10, 12, respectively. To avoid confusion the plotted points are not

shown on tha plates, but the deviations do not exceed 3x10 6 #/sq.ft/

m.p.h. (=).0036# for the biplanes).

By meaes of these curves we have been able to make comparisons

between the experimental values of the drag, and the theoretical

values calculated by the method of Munk' s formula:

o2 
0

OD,2 = 03) L - ._ *......(

These conpargtive values are tabulated in Tables 86 and 87.

Table 86
(1) Theoretical and (2) Ekperrental values of
the Drag Coefficient (D. x 10 ).

Gdt, 387 Biplane, Stagger 0.

Ga /Chord

5 0,75 1,00 1,33
2 x 10 (1)L 12.1 (J1) ()L 1)J_ )_

.0 0 97 125 97 106 97 108

.2 51 70 74 69 72 69 72

.4 102 91 90 89 90 86 90

.6 153 134 127 128 123 121 123

.8 205 201 190 191 180 189 176
1.0 256 292 267 275 251 258 248
1.2 307 400 365 375 338 351 332
1.4 358 545 500 512 453 478 446

* Ref. 9, p. 26



Table 87

(1) Theoretical arni (2) Eperimental Values of
Drag Coefficient (D. x 106)

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

Gap/chord

0L Lo x 105

.0

.2

.4

.6

.8
1.0
1.2
1.3

0
51

102
153
205
256
307
333

0,50 0,75 1,00 1.33 1,67 2.00
L ~.2)_ _ 1) - _(2) -. (l jL (L_ _-(2) (1 -L_ _1 2 )

92 105
62 65
78 78

127 125
205 195
303 290

92 95
62 63
76 75

123 118
196 181
290 268
410 395

92 95
61 63
74 75

117 112
186 172
273 240
385 355
457 558

92 98
61 63
71 70

110 105
174 163
256 239
361 339
428 415

9V2 95 92 93
60 60 60 65
68 70 67 67

105 104 103 98
164 160 161 153
241 235 234 227
338 334 331 318
401 415 386 380



An inspeotion of these tables shows that -

(1) for the GSt. 387 biplanes the theoretical values of the drag

agree wi th the experirental values within*5%, from LW.00050 to

.00200 (-40 to 60) while,

(2) for the U.s.A. 27 the same agreement occurs from Lc = 0 to

.00200 (. 0 to 80).

In each case the theoretical values are too low for values of

at
Le < 0.00100, and too high values of Lo > 0.00100, whileALC=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

induction factor "b". This means that for equal lifts, the value of

the drag is not materially affected by stagger. On examining data

(Table 88) taken from curves f~r GUt. 387 staggered biplanes (Plate

10), we find that variation of drag with stagger is indeed immaterial,

being usually within 2% (the experimental error) from L0,0.00050

(or from minimum drag) to 0.9 Lc 0U. The agreement is thus good

throughout the whole useful range.

Table 88

Effect of stagger on drag (Dx1006 ) at equal lifts.

G6t, 387 Biplane. -/0 = 1,00
Stagger

05Leu105

.0 0 100 121 106 104 123 110

.2 51 76 73 72 73 73 80

.4 102 90 90 90 87 85 92

.6 153 123 124 123 120 123 125

.8 205 178 180 180 176 180 180
1.0 256 250 253 251 246 250 250

1.2 307 546 347 338 332 337 338
1.4 358 542 481 453 443 453 445
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As a further means of showing the negligible effect which

stagger has on drag, we have calculated the biplane correction

factors for D at equal L 't for both U.S.A. 27 and Gdt. 387 biplamos

at G/0 = 1.00, and stagger -40% to 60%. These factors are summarized

in Tables 89 and 90 (Appendix 03), respectively. They show at a

glame the variation of the biplane D in terms of the Do of the mono-

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. AA inspection of the factors will show that these

average values can be used from Lc = .00050 to 0.9 La max., and from

stagger equal -40% to 60%, without incurring an average error > 2*%,

f6r the Gt. 387, or ij% for the U.S.A. 27. The average values are

plotted in Plate 13, one curve being drawn.

We have also calculated the biplane correction factors at equal

L. for the U.S.A. 27 and GOt. 387 at zero stagger, ani several gap/

chord ratios (Tables 91 and 92, respectively). Since the effect of

stagger is negligible, those 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 serve both the U.S.A. 27 and Gbt. 387 at all

staggers. The correction factors differ somewhat for all airfoils

in general, depending on the profile drag of the sections. But we esti-.

mate that the curves in Plate 13 will give drags accurate to .-~go,

for all airfoils of nximum combination equal 10% to 16%. To avoid

canfusion the plotted points are not included on the plate. With

the erception of three points, no deviations exceeded 0.015, while

the average was not > 0.005. A separate curve (Plate 13) was



plotted for the D. min. correction factors (Table 93), since the

minimum drags occur at somerhat different lifts. There is a defin-

ite decrease of D min, as the gap/chord ratio is increased, amoumt-

ing to about 15% from G/ = 0.50 to 2.00. The effect of stagger

is negligible when G/f is > 0.75.

Summry. The effect of stagger on the drag at equal lifts is

neglible from 0.1 to 0.9 L mmr. Mtk' s formula therefore gives

values of the drag accurate within * 5% for all staggers and gap/

chord ratios, but this accuracy holds only from L 0.00050 to

0100200, or from about 0.1 to 0.5 Le maz. In Plate 13 we have

plotted curves, showing the biplane correction factors for D.,

which we believe will give results accurate within i lj% from about

0.1 to 0.9 Lo max. These curves cover the case of all staggers and

gap/ohord ratios, but are applicable only to airfoils in the same

general group as the UIS.A. 2? and Gdt. 387 so far as profile drag

is concerned.

3. Lift/Dra Ratios - These are tabulated in Tables 48 - 49

for the U.S.A. 27, and 68-70 for the GUt. 387 biplanes, and are

plotted against angles of attack as ordinates in Plates 8 - 9, and

11 - 12, respectively. The plotted points are not shown, but in no

case did the deviations exceed 0.1, expressed in terms of L/D.

We have calculated and plotted L/' s for only a relatively

smll range of biplane combinations, because these ratios are

secondary characteristics, and can always be computed from the

values of lift and drag to which we have given greater consideration.
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A direct comparison between theoretical and experimental values

of L/D are unnecessary, since we have previously made such comparisons

for lift and drag separately. Since at equal lifts, L/D is inversely

proportional to the drag, we can draw our conclusions as regards

L/D directly from our previous ones concerning drag.

The effects of stagger at equal lifts will be negligible. But

L/D max. occurs at unequal lifts for different biplane combinations,

so we have calculated the biplane correction factors for L/D max.

for both the U.S.A. 27 and Glt. 387 biplanes. These are tabulated in

Tables 94 and 95 (Appendix C), respectively. They show beyond per-

adventure that the effect of stagger on L/D max. is negligible. The

factors for the U.S.A. 27 and Got. 387 biplanes agree excellently.

Average values (Table 94) can be taken at each gap/chord 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 max. shows a 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 lifts (Tables 96-97) are

the reciprocals of the factors for D (Tables 91 - 92), and the same

curves on Plate 13 serve for both, reciptocal scales being erected

at the side. In general, the correction factors vary inversely as

the lift, and directly as the gap/chord ratio.

4. 14oment Coefficients - These are tabulated in Tables 50-55

for the U.S.A. 27, and 71-73 for the GBt. 387 biplanes, and are plotted



70

against Lots as ordinates in Plates 9,, and 11-12, respectively.

The plotted points are not included on the plates, but the deviations

in no case exceeded O.00OD=.bs. ft,/sq. ft/uph/ft. of chord. For

our biplane models tkis way equivalent to a moment of -O.OO3 lbs. ft.

about the leading edge.

A glance at the plates mentioned will show that the effect of

stagger on M is Vpuch more potent than that of the gap/chord ratio.

The effect of the latter, such as it is, is to increase Me, * while

the effect of positive stagger is just the opposite. The effect of

negative stagger is negligible.

A aimple theoretical formula for calculating the moment coefficient

seems hard to attain. Munk states that the moment coefficient with

respect to the center of the biplane (0m), is increased both from

induction and interference. Due to induction -

*Aom = 4 s2 - (& - 0.5) Oml (17)

hile due to interference -

** =C0, 0m .08 + 6 2) .16a (18)

In these formulae OM is the moment coefficient of the monoplane

about its center point.

By means of (17) and (18) we have calculated 0m for both the

U.S.A. 27 and Got. 387 biplanes at Gjb = 1.00, with positive stagger

from 0% to 60%. As aforementionedthe effect of negative stagger

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

** Ref. 9, p. 28.
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(1) Theoretioal, and. (2) Experimental Values
of the Moment Coeffioient with respeot to the
Center of the Biplane (Om x 103)e

TABLE 98

U.S.A. 27 Biplane

G19 Z lsQO

CL Lox 10b 0 20% 40%
L (1) (2) (1) (2) (1) (2) (2) (1)

.2 51 -40 -41 -~40 -27 -40 -17 .5 042

.4 102 17 14 19 26 21 44 65 24

.6 153 74 67 78 85 83 113 132 90

.8 205 135 122 140 147 148 174 208 159
1.0 256 186 171 193 192 203 236 260 219
1.2 307 243 216 251 244 264 293 317 279

TABLE 99

Got. 387 Biplane

GI) z 1100
STAGGER

OL Lox 100 0% 201 0w 60%
(1) (2) (1) (2) (1) (2) (1) (2)

-57 -42
-6
45
93

142
186
241

-4
51

104
147
195
232

-57 -34
-5 17
48 65
97 113

148 162
193 202
250 246

-58 -24 *60
-4 29 -2
51 88 57

104 133 113
157 177 170
204 237 220
264 277 284

.2

.4

.6

.8
1.0
1.2
1.4

51
102
153
205
256
307
358

+19
43

112
171
230
284
318
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appears negligible, and formulae (17) and (18) are not applicable

to negative stagger anyway. The theoretical and experimental values

of Cm are compared in Tables 98 and 99, -Apped- Values of Cm

rather than of M. were calculated and compared, because the theoretical

values of the former could not be converted into the latter without

assuming center of pressure values. An inspection of Tables 98-99 shows

that agreement between the theoretical and experimental values of 0.

is very poor. The former are almost invariably too low, the average

error being about -18%.

These large discrepanoies led us to examine formula (17) and (18)

with greater care. The only ready possibility for revision which

we could find was the fact that the deridion of (18) involved the

assumption that iOLC m = 1. For (18) is evidently derived from

the following equation on p. 23 (Ref. 9).

m T

S2 0.5) -(19)

Equation (18) reduces to

aL\m -, .b 1 -

when we substitute S/bT - 2, Which holds true far a biplane. Munk

here uses 01 and AP to designate the same thing, viz., them m

additional moment due to induction, thus involving the assumption

mentioned above. But for the U.S.A. 27 monoplane, the value of

0 L / am varies from -1.35 to 6.41, as shwqggy the following figures:
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OL 0.2 0.4 0.6 0.8 1.0 1.2

iC jm 4135 6.41 2.28 1.61 1.45 1.33

We therefore hoped that by applying corrections for this we could

obtain better theoretical values for 0M* But the increase of moment

due to induction constitutes only about 8% of the total increase,

so that the final values of Cm averaged only about 3% higher than

before, and were still quite inadequate.

Since the theoretical formulae are apparently not of much use

in finding the moment coefficients for a given biplane combination,

we have calculated the biplane correction factors for M at equal

Lc, for both the U.S.A. 27 and Got. 387 biplanes at G/ w 1.00,

all staggers, and at stagger = 0, all G/b's (Tables 100-103, Appen-

dix 0). These factors are practically constant for all lifts <

Le pax/ This can be seen from Plates 8-9, 11-12, by the fact that

the curves of M. vs. L are practically straight lines radiating

from a focus, which focus is approximately L. a 0, MO x 105 = -23 & 2,

for both U.S.A. 27 and GBt. 387 monoplanes and biplanes. We have

struck an average for each stagger and gap/chord ratio, and plotted

them (Plate 14). These averages for the U.S.A. 27 and Got. 387

agree just about well enough to justify drawing only one smooth curve.

Plotted points are not shown, but a comparison 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 M. about the leading edge can be reduced but not increased above

the monoplane values. We have therefore considered t1&t our 11, curve
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for G/b = 2.00, stagger = 0 (Plate 8), is notably in error. The

corresponding C.P. curve is also in error.

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-

ed to derive some useful approximations. The results are incorporated

in the two M. correction factor curves in Plate 14. These are

applicable from about Le = 0.00050 to L0 px. The curve showing varia-

tion with stagger at G1 t 1.00 can be taken as accurate to within

about *0.O1j, while the corresponding figure curve showing variation

'ith Gap/ohord ratio at zero stagger is about *.0.021. The difference

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

more uniform variation than did that for the latter.

5. 0XETER OF PRESSURE O0EFFI0IENTS.

These 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 0.P.'s (Appendix B) obtained for the

biplane subject to the interference of the discoid case.

* 0& -2 0 2 4 6 8 10 12 14 16 18 02N2

I.S.A.27 0 0 0 .01 .01 .02 .02 .02 .02 .02 .0* .01 .01 .01
Got. 387 0 0 0 .00 .01 .01 .01 .01 .01 .01 .01 .01 .01 .01

These corrections constitute the difference between the 0.P. curves for
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the monoplanes tested in the routine way, and the C.P. curves for the

corresponding monoplane tested in the presence of the interference of

the discoid case. (Plates 3-4). The assumption is made that the effect

pf the discoid case interference was to move the G.P.'s forward by

equal amounts on both monoplane and all biplanes incorporating the same

wing section.

The G.P.'S (Tables 56-61, 73-76) were plotted against Lots as

ordinates (Plates 8-9, 11-12). The plotted points are not included,

but they did not deviate from their respective curves by a fraction of

the chord >.005, when Lo > *00050. A glance at the curves shows that

in general the G.P. moves forward as the stagger is increased from -40%

to 60%, and backward as G/ is increased from 0.50 to 2.00. The effect

of positive stagger is much larger than that of G/. The effect of neg-

ative stagger is negligible. Theory indicates that the biplane 0.a. is

never farther back from the leading edge than the monoplane 0.1. for the

same L.0 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 consider to be in error.

We shall now consider the theoretical calculation of the 0...

The problem may be divided into two parts, (1) the variation with G/01

at stagger = 0, and (2) the variation with stagger, at G/O = 1.00.

In order to calculate the C.P.'s for unstaggered biplanes at

various G/G's, we first made use of the method indicated by Munk, Part

1 of the Appendix (ref.9). The procedure is to calculate separately

the lifts due to curvature and angle of attack, multiphy each by its

0.1., add, and then divide by the sum of the two lifts. This gives the
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0.P. for the total lift of the biplane. The formulae given by Munt

applby to two-dimensional flow only, but the results obtained can be

corrected to take account of the aerodynamical induction arising from

the lateral dimensions. We calculated these corrections first, making

use of the formula -

A T a T ( -0.5) b )T

where A T is the additional arm of moment about the center of the

biplane produced by stagger and induction. Expressed as a fraction of

the chord abaft the leading edge, and substituting 8/bT=2 (for a biplane)

this becomes -

This e"pression involves the stagger (s). For an unstaggered biplane

the value of the "effective stagger" is substituted, and (17) becomes .

AO.P. 2 -i ( () -0,5) . . . . . . . . . . .(18)

0C (life coefficient), G (gqp), and b (span), are known, while

the values of B and [(-0.5) can be obtained from Tables I and III,

ref. 9. The corrections to take account of the lateral dimensions, oal-

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

TABLE 104
A.0.P.(fraction of chord abaft L.B.) due to lateral dimensions.
Qg M 1.00. Apnlicable to all wing sections.
0 L Lax 10 STAQQE

9% 201 40% 60?
,2 51 .000 -. 002 -. 006 -. 014
.4 102 .000 -. 002 -. 006 -. 014
.6 153 -.001 -.002 -.007 -.014
.8 205 -.001 -.002 v.007  -.015

1.0 256 -. 001 4-.003 -. 007 -,015
1.2 307 -.002 -.003 -.008 -.016
1.4 358 -. 003 -. 004 -. 008 -. 016
Average. -. 001 -. 003 -. 007 -. 015

*Ref. 9, p. 32 Derived on p.23
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It is seen that the corrections for sero stagger are entirely

negligible. For biplanes without stagger, therefc-e, we can calculate

the 0.1. by the two-dimensional procedure previously mentioned (ref.9,

p.35l),

The 0.P.'s calculated in this way averaged 4j% of the chord too

low. But the theoretical v/alues of lift, which this method involves,

have previously been shown to be very much too high. The lift due to

curvature (2Trsin13.B) seems to be about right, the discrepancy being

in the Values of lift due k the angle of attack (2-Trsin/3B%). it

therefore seemed apparent that the theoretical values of the lift due

to ourvature should be used, but that the differences between these val-

ues and the experimentally determined walues of the total lift should be

substituted for the theoretical lifts due to angle. This we did, at the

same time incorporating the procedure in the following formulea -
*

0.P. = 0. 5 0 -9 + 2rsincBp , * * (19)
036

in which 0.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 curvature, 2w-sin/3.B0 is the

lift coefficient due to curvature, Bo is a constant, and OL is the total

lift coefficient determined experimentally. Values of x and B. were

obtained from Table I, Ref. 9.

A compaeiston between the theoretical C.P.'s, calculated by equa-

tion (19), and the corresponding experimentally determined values, aOe is

given in Tables 105-106. Agreement is comparatively excellent, the

average deviations of the theoretical from the experimental 0.P.'s

*Variation of Munk's formula, ref. 9, p. 14.



TABLR 105

Theoretioal (Equation (19) and experimental values of the oenter
of presiure ooeffioient (0.P.)

STAGG a 0,
P CORD

L Lxz 105 9,.50 0.75 1.00 1.53 1.67 2.00 Konolane
- ." _ THERETI0A

02 51 .62 .64 .65 .J6 *66 *61 *67
.4 102 *42 .43 .44 . .45 .4 .46
.6 153 .35j *3&6 .37 .3 .38 .3 .39
.8 205 .32 .33 .3 .34 .35 .3

1.0 256 .30 .31 :51 .32 . 33 3.
1.2 307 0 .291 .30 .301 .31 .31j .32

EXERIEETAL

.2 51 .60j .62 .69 .65 .67 .71 .68

.4 .02 .38 .401 .46 .42k .45 .4 0

.6 .53 .31 .33 .39 .35 .37& .4 .3
1.0 256 .27 .27 .33. . .3 .32
1. 25 .2 .29 .5 .2j .3 . *31
1.2 307 .. .26 .32 .2 .30 ,33 .31

7GC.



TABLE 106

(1) Theoretical, and (2) Experimental values of
the center of pressure ooeffioient (O.P.)

Got. 387 Biplane

STA 0*s -q
GAP 10=2

0L Lax 105 p.75 1.00 1.33 MOnODlane
(1) (2) (1) (2) (1) (2) (1) (2)

e2 51 .65 .7 .6 9761 *6 *78 .76
.4 102 .45j * 14 .50 .4 .75 .76

*6 153 .40 .39 .44 .41 .41 .41 .44 .43
.8 205 . 35* .j5 .36 .37 .37 .37 e38 .39

1.O 256 .33 .34 .32 .35 .34 .35 .35j .3
1.2 307 .3 .31 .32 .33 .32ij .33 .34 .3
1.4 358 .30 *311 .30 *32 .31 .32 .34 .3
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being as follows -

GAP0 I .o 0.75 - 0 l. ..1L33 2.00 . MMQLM

UOSAV 27 '0' .03 -. 02 -. 02 -. 00 -.02.
(OLE .2 to 13

T

Got. 387
(OL 34 to - .00 -.01 -.00 -- - =S

From Tables 105-106 It is seen that the theoretical effect of G/0

variation amotmts to just about one half the experimental effect

(apparent), and all of the theoretical biplane 0.P.'s are <

the monoplane 0.P., which is not true of the experimental values.

The range of variation between the 0.P. curves for G/O a 0.50 and

G/O a 2.00, amounts to .03 for the theoretical as compared to .07*

for the experimental curves. But we have no reason to doubt the ex-

perimental values as a w.hole, although the two curves for G/0 z 1.00

and 2.00, Plate 8, seem to represent values about .02 too high. For

the ordinary run of GAP/HORD ratios -(0.75-1,33), it is considered

that equation (19) will give results accurate within + 0.01*, while

a correlation of experimental results (Plate 14) will give values

accurate within . 0.01.

The foregoing applies only to unstaggered. biplanes, equation (19)

being applicable only to such. We performed similar calculations how-

ever, on .a staggered biplane using the method indicated In Part II of

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

The lift due to angle of attack was again taken as the difference

between the lift due to curvature, and the total lift determined ex-

perimentally. In addition, we took into account the fact that the
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center of iressure of the component of force parallel to the wing

chord is slmewhat above the mean chord of the biplane. Corrections

(4equa. (17) ) were also applied to take into account the aerodynam-

ical induction due to the lateral dimensions. 0.p.'s for only one

staggered biplane (U.S.A.27f, G/0 3 0.75, stagger * 40%) were caloull--

ated, because that was the only one for which the required constants

could be obtained from Mwkt's table. * The results are given here.

-TABL 107.

(1) Theoretical, and (2) Experimental values of O.P.

U.S.A. 27 Biplane
m 0075 , Staer 2 40%_

Lg 1 0  33 96 127 189 246 300 333

(1) .78* .40j 4r M .2I j *2 .22j .23
(2) .72 .38 .31 .28 .2j .26 .26

Deviat-
ions .06* .02 .02 .00 -. 01 -. 02 -. 03

The agreement shown between these values is not discouraging,

but is not so good as wis that for the unstaggered biplanes.

The variation of omr experimental Q.*Ps with stagger is very

regular, and in addition covers a larger ralge than was the case for

G/ variation (See Plates 11 and 9). We have calculated biplane cor-

rections for C.., showing the effect of stagger variation at G/C X

1.00, and the effect ct G/C variation at stagger m 0. These correc-

tions, expressed as fractions of the chord by which the C.P. is die-
app Iicabt

placed towards the leading edge, from 0.1 Lo maz. to Lc maz., are

tabulated in Tables 108-109, Appendix 0. Averages are taken of the

Get. 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.

SBanAAB.

In this analysis of 0.P.'s we have found that equation (19) can

be used to calculate the 0.1. for unstaggered biplanes, the accuracy

being about *:0.01 from G/t) = 0.75 to 1.33. The same method applied

to staggered biplanes can be used with a lesser degree of accuracy.

In each of these theoretical methods, accurate results require the

assumption that -

(Lift due to angle)
(Total lift, experimental)-(Curvature lift, theoretical).

The accuracy of the results thereby obtained indicatesthat the theoret-

ioal lift due to curvature is about right.

In plate 14 we have plotted our experimental results in the form

of corrections to be subtracted from the monoplane 0.1. Values taken

from the curves are accurate within about . 0.01.

THIS CONCLUDES THE AMyIS OF RESULTS. In connection with each

part of the analysis a brief summary has been given. After we have

made a REVIPN OF PREVIOUS EXPRIEN3TAL WORK, SB2TICH VII, WE SHAI IN

SECTION VIII GIVE A COC0ISE GENERAL SUIMARY AND CWOLUSIONS.
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SEOTION VII.

REVIZV OF PREVIOUS E2:ERIMENTAL WORK,

We are making this review to see if previous results check

with ours for the variation with Stagger and G/C of the biplane oor-

rection factors for:

Lo max.
La at equal values of oL, 00 - 130
Do at equal Lo
Do min.
L/D at equal Lo
L/D max.
No at equal L*
O.P. at equal La*

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 consideration in column (1)..

1. 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 of Models 30"x 5".
Wind Velocity: 19,m.p.h.
Where Tested: N.P.L. 4 foot tunnel$.
Number of Tests: 6, 4 without stagger at G/0 * 0.4, 0.8, 1.2,

1.6; and 2 at GIG = 1.00 ancyitagger 3 44%
and -38%.

RESULTS: A table of La and- L/D correction factors at equal o.

for 60, 80 , and 100; and small curves for La, Do and L/D from -90 to

120, from which results the following comparisons of correction factors

is derived.

Can only be computed from curves, and published curves
are seldom accurate enough.



STAGGER =0.

G/G (1) (2) (1) (2)

0.4 .62 .72* .75 .67
0.8 .77 .83 .79 .7
1.0 .82 .86 .81 .78j
1.2 .86 .88* .84 .ej
1.6 .89 .91 .8* .81}

2. J. R. PannellTech. Report A.O.A., 1915-16, pp. 99-110.

Name of Section:
Sise of Model:
Wind Velocity:
Where Tested:
Number of Tests:

A 6a, maximum camber = 6.95%
1 8 "t x 3"
27.3 m.p.h.
N.P.L. 3 foot tunvnel.
8, 6 without Stagger at G/ n 0.67, 1.00,
1,33, 1,67, 2.00, and 2 at G/ = 0.9, with
Stagger a 52% and -50%

BESULTS: Tables and curves showing the variation with G/ of
La, Do, L/D, Mo, and O.P., from -60 to 200; and
showing the variations with Stagger of Lo, Do, and
L/D; and also loading of upper and lower planes for
G/ a 1.03, Stagger = 0. From these we have derived
corrections factors so as to make the following
comparison. We have made as many comparisons as
the author's data would permit.

ARIATION OF OOMTION FACTORS WIT1 G/.. AT STAGGER = 0

G/ )olaz Do Min. L/D Ma,
UL. 2)(- (2) (1) (2)L

.67 .8 .801. .98 I.15 .77- .75

.90 .91 .9 - - .8j .78
1.00 .93 .95 .99 1.12* .84 e7
1.33 .94 .9 .98 1.12 .88 .84
1.67 .99 .9 .9 1.11 .88* 82
2.00 .98q . . .999 1.05 .92 .88
STA&L GAP/CHORD 0.9

0
-50%

.09 .al

.84 .85

.81*

.82

.82

.78

.78

.78

L /D MAX.



Correction factor for LO
at ,eaual O a 00 - 100
/0 (2)

1.00 .81 *86
1.33 .84 .89k.
1.67 .84 .92
2.00 .90 .94

The correction factors for LO at equal a- show the same

amount of variation, viz. 9% and 8% respectively, but (2) is always

about 5% higher than (1). That this difference is considerable is

shown by the fact that even at -40% stagger (2) does not become as

low as (1). However, it is significant that the only two airfoils

tested in the same tunnel at the same time by the same personnel and

with conditions similar in every way, even though their camber dif-

fered by 4.16%, check within j% for Lo correction factors at equal

between 00 - 130.

Do, L/D, Mo, and 0.P. correction factors at equal value of Lo

cannot be obtained from the author's data.

D and L loading factors for upper and lower wings fit in very

well with our values.

A comparison is made in Section VI.

3. L. W. Bryant, Tech. Report A.0.A., 1917-18, Vol. 1, pp.
184-187.

Name of Section: RAF 15, maxlmum camber w 6.38%
Size of Models 33"6 x 6", Rake a 211*3
Wind Velocity: 35.7 m.p.h. 50 foot section
Where Tested: N.P.L. 7 foot tunnel No. 1
Number of Tests: 1, at G/0 = .884, Stagger = 23.03 = 43%



RESULTS: Lo, Do, L/D,and O.P. at 40 intervals, 00 - 160.

From these we have deduced the following correction factors:

La MaZ. (1) .97- (2) .95L.
L0 at equal oe, 40-120 (1) .85 (2) *87J
Do Min. (1) .98 (2) 1.13

4, T. L. Cowley, Tech. Report A.C.A., 1917-18, Vol. 1, p. 194

Name of Sections
Size of Models
Wind Velocitys
Where Tested:
Number of Tests:

RAO 15.
18" x 3".
27.3 m.p.h. n 40 f..t.-Aeo.tk=.
N.B.L. 4 foot tunnel No. 1
1 at G/0 Z 0.75, Stagger Z 0

RESULTS: The following comparison is made with
factors deduced from Cowley's data:

La Max. .Saj

La at equal o'.., 00-120

Do at equal Lc,

Do Min.

(.00121
La = (.00227

.77k
1.32
l.46*

1.12

.68L/D at equal La a (.00227)

L/D Min. . 711

correction

i2A

0901

.82
1.29k
1.40

l.13j

. 71j

.76

5. J. 0. Hunsaker, Engineering, January 7, 1916, as reported
by Alexander Klemin, Aviation , November 15, 1916.

Name of Sections
Size of Model:
Wind Velocity:
Where Tested:
Number of Tests:

RAY 6, Maximum camber a 6.82%
18" x 13"
30 m.p.h.
M.I.T.
1 at G/G = 1.2, Stagger =0.

RESUIMS: LcMaximum (1) .951 (2) .96
Do and L/D correction factors for G/ a 1.00, Stagger a 0 -



84

Btplane Correction Factors
La : 10 L/D

(1 ()UL1 (2)

40 1.10 - .90 -
60 1.07 .9 .93 1.06 )
80 .99 .8 1.01 1.15k ) Very poor

120 .85 .80 1.15 1.25 ) Agreement
160 ,85 .77 1.15 1.2 1
200 .75 .76 1.25 1.31 ) Good
240 .73 .75 1.27 1.33 ) Agreement

These results attributed to Hunsafter by Klemin show very

poor agreement with ours, (except for La 2 .00200 to .00240),

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

from G/0 O 50, to ZOO, and Stagger u -40% to 60%, did we get an

L/D correction factor greater than 1.00, or a Do correction factor

less than 1.00,at equal values of La. At the same time it is evi-

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

will be the reciprocals of the Do correction factors; whereas the

inaccuracy of these results attribute& to Hunsaker is shown by the

fact that they do not even meet this simple test.

Alexander Kiemin (ref. above) deduced from N.P.L. results the

following correction factor for La, 40 - B0; to which we compare

our owns-

La Correction Factors, 40 - 80.

-G/dHomQ
.80 1.00 1.20 1.60

(1) .76 .81 .86 .89
(2) .83 .86 .881 .91



6. .E. P. Warner, A. Kiemin, G. 0. Denkinger,
N.A.C.A. Report, 1917, pp. 289-292.

Name of Section: Eiffel 36, maximum camber = 6.88%
Size of Models Complete model of JN2 Bijilane

18" x 2165 wings.
Wind Velocity: 30 m.p.h.
Where Testeds M.I.T. 4 foot tunnel.
Number of Tests: 1 at G/O a 1.00, Stagger n 20%, Rake = about 200.

BESULTS: LO max. (1) .93J (2) .96&
.Lc for practical range of flight, average (1) .88,

(2) .88*

7. Lt. Col. Robert, International Air Congress, London, 1923,
p. 357-367.

Name of Sections 80 56a (upper), S0 56a (lower). Jodcowski
profiles.

Size of Models 706 x 118 mm. -27'J80 x 41465
Wind Velocitys 40 m/s = 89 5 m.p.h.
Where Testeds Institute Aerodynamique St. Cyr, wind tunnel

No. 1 (2 metres).
Number of Biplane Combinations Testeds 4, stagger = 0, G/ = 0.51,

0.74, 1.14, 1.59.
The upper and lower wings were separately tested.

RESULTS: L and D only were measured, and no data published on

these, except small curves showing a fairly good agreement between

the experimental and theoretical curves (from Prandtlts formulae)

for L and D. This means that at equal values of L the theoretical

values of D and ot. were in fair agreement with the experimental

values.



Section VIII.

GENERAL SUMIARY AND COTILUSIONS.

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-

mulae from the vortex theory showed good possibilities, but insuffi-

cient data, especially for staggered biplanes, existed to verify them.

We therefore proceeded to make a 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/0 equal 0.50

to 2.00, and stagger + 60% to -40%; while two Gottingen 387 airfoil

models were tested in 12 combinations, from G/t equal 0.75 to 1.33,

and stagger equal 60% to -40%. Each of the four airfoil models

utilized was of course first tested thoroughly as a monoplane. The

material of each was aluminum; the size 18f x 3t, and all tests were

conducted in the 4200 M.I.T. wind tunnel at 40 m.p.h.

The following is an outline of the specific results obtained from

the original data. In each case we refer the reader to specific

tables or charts.

(1). Tabulated values of L., Dc, L/D, 1Ac, and 0..P. at equal values

of o0- for all tests. Tables 35 - 76- Curves for Lc, Dc, and

L/D plotted against oc , and for 1c, and 0.P., plotted against L.,

for 63% of all tests. Plates 3-4, 5-12.

(2) Tabulated values of Lc, Dc, L/D, Mc, and C.P'. for upper and

lower wings tested separately, U.S.A. 27 biplane at G/c = 1.00 and

1.67, and stagger = 0. Fraction of total lift and drag on each

wing. Table 34 cf . /6
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(3) Comparison at equal values of the La between the experimentally

determined values and the values calculated by Munk's formulae, for

theAL 9 Do, L/D, Me, 0.P., and o'- Tables 77- , q1'-17 /04-107-

(4) Biplane correction factors at equal values of c , for L ,

De, L/Dand Malfor all tests. Tables 1-33.

(5) Biplane correction factors for L. max., D. min. and L/D

max.; and for D 0, L/D, 11, and C.P., at equal values of the Le.

Plates 13-14, Tables$Y- ?7, Ioo-/03, /06-/0I7.

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

those for L. at equal o'- (00 - 130), have been plotted in Plates 13-

14, in a form directly available for practical use. Correction factors

taken from these curves have the following approximate degrees of

accuracy:

. .0l for Le YX.,p L0,at equal ot, (0 0 -13 0 ), L/D max., and C.P.;

*.01} for DO, D. min., L/D, and *Me; and

*.021 for **Me'

A comparison with previously published data for the Eiffel 13 bis,

Eiffel 36, R.A.F. 6, R.A.F. 6e, and R.A.F. 15, (Section VII), indicates

that correction factors read from the our curves can be applied to

this whole range of airfoils without incurring errors materially

larger (*.Oj) than those cited above. Agreement in specific cases

did not usually come within this range of error, but the previous re-

sults, taken as a whole, bracket our correction factors. That is the

significant fact, because these previous tests were performed at

* Gt = 1.00, stagger . .40% to 60%
** Stagger = 0, GO = 0.50 to 2.00.
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several different wind tunnels, wind speeds, and model sizes.

All of our results outlined in (.) to (5) above have been

thoroughly analyzed in Section VI. The correction factors at equalcy.

(4) were found to be of little significance, with the exception

of those for L., which had practically the same values (i.01)

from 00 to 130 for both the U.S.A. 27 and Got. 387. These have been

incorporated in Plate 13.

The lift loading can be found within *.01 by the empirical equa-

tion (13): -

(Fraoc. of lift on upper wing) = 0.50 + K1 LO,

where K1 = 23.5 for G/O = 1.00, and 16.1 for G$) = 1.67 . This applies

only to unstaggered biplanes from L. = .00125 to Le max, 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 oc-<4 0 Drag loading can be found to *.Ol

by the empirical equation-: -

(Frac. of drag on upper wing) K2 + 
3 3. 3 Lct (14)

where K2 = 0.48 for G/O=1.00, and .46 for G/b = 1.67. This applies

only to unstaggered biplanes, from L. = 0 to Lc max. A relationship

wh&ch gave just as good agreement so far as our results were concerned,

was:-

(% Drag on upper) = 50 + 0 0 (13)
2

The comparison of theoretical and experimental values of

D0, L/e), M 0 , and 0.?., at equal Lc (3), showed that: -

(a) L. cannot be theoretically calculated for a given cv, , but that

oC for a given Le can be calculated for unstaggered biplanes by Munk's

equ4tion:-



cx2 = + I) - (2 + 12) (15)

This gives results accurate within 0.4 (average) from 0.1 to 0.9

Le mat. Munk dismisses stagger as negligible. We found that the

average amount by miich ocv was decreased, when the stagger was in-

creased from 0% to 60%, was 1i? at G/ = 1.00, and 2?5 at G/ = 0.75.

The effect of positive stagger was twice that of negative.

(b) Do and L/ for a given L. can be calculated by means of Munk's

formula -

0 (2 S 116
OD:CD F i - (16)

2 1 r,2

This gives results accurate within *5% from 0.1 to 0.5 Le max., for

biplanes both with and without stagger. The effect of stagger at

equal lifts is negligible from 0.1 to 0.9 Le max.

(c) The values of M. calculated by Munk's formulae (17) and (18),

were hoplessly too low, averaging -18%.

(d) C.P. can be calculated within +.01 for unstaggered biplanes,

G/C 0.75 to 1.33, by Munk's formula -

C.P. =0.50 - x- + 2 rr sin3. -.- Bo (19)
CL

Accurate results require the assumption that

(Lift due to of ) = (Tbtal lift, experimental) - (Curvature lift,

theoretical). The accuracy of the results thereby obtained indicates

that the theoretical lift due to curvature is about correct. The

theoretical lift due to c. is entirely too high. If the assumption

made above had been incorporated into the method for calculating M ,

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) equalizes the load on upper and lower wings,

(2) increases L0 max, and L/D for a given Lo,

(3) decreases Do min., and oc. and Do for a given Lo, and

(4) increases M. ani C.P. by small amounts.

While an increase in stagger -

(1) increases the.los4 on the upper wing,

(2) decreases Lc MM.,

(3) decreases oC for a given Lc,

(4) increases M. and C.P. by material amounts, and

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

Plates 13 and 14 present a concise quantitative estimate of

these various effects due to stagger and gap/chord variation; while

Munk's formulae, specified above, can predict loading, mr. , D, L/D,

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

ROTATION AND XETHOD OF gAIWULATIOQS,

Symbol Unit of Measure- Meaning of Symbol

Lo Lbs. Zero reading of lift arm on wind tunnel
balance.

Ll Lbs. Reading in lbs. on lift arm with wind
at 40 m.p.h.

L Lbs. Apparent lift due to spindle, or to
spindle and balance crosshead combined.
This only appeared when one airfoil was
tested in the presence of another or
when balance crosshead was not protected
by the discoid case.

L Lbs. Equal to L, - lo or Ll - LO - Ls, gives
the actual lift on the airfoil, except in
the case of the test made with spindle
3V00 larger than standard where L
(Li - L)/(.923).

DO Lbs. Zero reading of balance drag arm.

Lbs. Reading of balance drag arm with wind
velocity 40 m.p.h.

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

D Lbs. Equal to Dl - Do or Di - Do - D. as the
case may be, gives the drag on the airfoil.

LO (Lbs./ft!/mph) The lift coefficient of the airfoil.

D " drag " "

" lift/drag ratio

Me Revolutions of
moment wheel. Zero position of moment wheel

M" I Position of moment wheel, after pitching
moment on the airfoil with wind velicity
at 40 uph, has been counterbalanced by
rotating the moment wheel, which operates
a torsion wire.



Symbol Unit of Measure

Revolutions of
moment wheel,

In. Lbs.

In. Lbs.

Me (Lbs. ft./Sq.ft/ M.P.
ft. of Chord)

Lbs.

Lbs.

Degrees

M

Gap.

Chord.

Distance from the axis of rotation ( = mean
of upper and lower centers of rotation) to
the leading edge, measured parallel to the
X - axis. 4. a 1.00 - d-(G/2-p) tan'
(Fig. 1). 2

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

Equal to (Ml - Mo)/ 5.78 or (Mi-Mo-Ms)/
3.78 as the case may be, represents the
pitching moment on the airfoil about the
balance axis prolonged. 3.78 = torsion
wire constant.

For monoplane:- pitching moment of the air-
foil about its leading edge, and equal to
M - Za - Xh. For biplane:- pitching moment
about leading edge of mean geometrical
chord, and equal to M-Za a*d Xh, where H is
taken as positive (+), whether measured
above or below the M.G.0.

H./
For monoplane: moment coefficient of the
airfoil about its leading edge, equal to

. ./(12 o S 2 ), where 0 = chord in ft;,
S area in sq. ft., V = velbcity of wind
in m/p/h. For biplane: -ivment coefficient
about leading edge of geogetrical mean
chord, equal to Ml,,/12 a SY2 .

Force parallel to the Z - axis. Equal to
L caso t - D sin oe. .

Force parallel to the I - axis. Equal to
D cos ot- - L sin c,. .

Angle of attack, where c--- 0 means that
the chord coinsides with the direction of
the airflow.

Center of pressure coefficient expressed as
a fraction of the Chord abaft the leading
edge.

9,10.

z

x

OL.

C .P.

G

C

Ins.

Ins.

Ins.

Meaning of Symbol



LyMbol Unit of Measure

Ins.

Ins.

Ins.

Degrees.

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. (Fig. 1.).

Distance from chord of lower wing (at upper
end of biplane as mounted in wind tunnel) to
upper center of rotation, measured parallel
to Z - axis.(Fig. 1).

Distance from upper center of rotation to
center line of strut, measured 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).

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

Dynamic pressure, equal to j V2

Angle of attack, where /3 = 0 means that
the moment aroundthe center of the wing is
zero.

h

p

d

q c.g.s.

Radians
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Svmbol Unit of Measure Meaning of Symbol

C

/9 Radians The effect due to curvature,-L being the
lift a oeffic i ent for /S =0. 27

CL c.g.s. Absolute lift coefficient = L/qS.

b o0 Qs. Span.

T 0%17,. Chord.

a o.a s. Stagger

* . . . . Center of pressure of airfoil withbut curva-
ture effect, expressed as frac. of chord.

B,, . Constants for a given biplane combination.

B0  - . . Equal VF~

I . . . Interference factor.

k -...-.-.- .Induction factor (empirical).



Appendix B.

PRIGINAL DATA.

4k

N.B. In all tabulations of da a, negative sign$ (-) are inserted,
but all positive signs (1) are omitted. The absenoe of a
sign means that the value.is positive (4).
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U.S.A. -27 Monoplane #1

1st Test

a = OV98 h = OTIO

.368 .252

.366 .51-5

.366 .746

.366 .945

.366 L196

.364 1A27

.364 L628

.364 1845
.364 2041
.363 2.232
.362 2383
.362 2.456
.361 2434

L, L#

-.116
.149
.380
.579
.830

1.063
1.264
1.481
1.677
1.869
2*021
2.094
2.073

D1 D1 -D0 -DS mo

..0727
.0728
.0729
.0730
.0730
.0730
.0730
.0730
.0730
*0730
.0730
.0730
.0728

.1920

.1586

.1514

.1550

.1643
.1811
.2001
.2241
.2494
.2762
.3063
.3380
.4068

.0743

.0408

.0335

.0370

.0463

.0631

.0821

.1061

.1314

.1582

.1883

.2200

.2809

12.47
12.47
12.47
12.47
12.47

Mi M9, -M

10.93
11*13
11.35
11*63
11.83

12.47 12.36

12.47 12.80

12.47 13.18

12.47 12.94

= .0450

O L L1 -LO

.164

.428

.651

.853
1.102
1.320
1.528
1*733
1.927
2.122
2.276
2.359
2.330
2.267
2.166

-. 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

Ind Test

a = 1100

1O

.1445

.1446

.1447

.1447

.1447

.1447

.1447

.1447

.1447

.1448

.1448
.1148
.1448
.1448
.1448

.2691

.2324

.2238

.2251

.2351

.2507

.2695

.2932

.3181

.3449

.3766
.4066
.4658
.5264
.5799

h - 0011

D, -Do "D3

.0796

.0429

.0341

.0364

.0454

.0610

.0798

.1035

.1284

.1551

.1868

.2168
.2760
.3366
.3901

m i -MO1o42

14.28
14*28
14.28
14.28
14.28
14.28
14.28

14.28

14.28
14.28
14.28

12.73
12*91
13.18
13.45
13.68
13.91
14.17

14.71

15.17
15.31
15.01

14.28 14.45

-1*55
-1.37
-1.20
- .83
- .60
- .37
- .11

.43

.89
1.03
.76

.17

Do = .0450

:06
-6
-4
-2
0
2
4
6
8

10
12
14
16
18

-1.54
-1.34
-1*12
- .84
- .64

- .11

.33

.71

.47

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22

.290

.291

.291

.290

. 290

.289
.289
.288
.288
.287
.287
.286
.285
.285
.285
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U.S.A.-27 Monoplane #1

Mean Values of Two Tests

a = 0099 1 = 0!11

e AcD 1 -Do -DS

.0770

.0419

.0338

.0367

.0459

.0620

.0810

.1048

.1299

.1567
.1876
.2184
.2785
.3366
.3901

z

- .129
.140
.369
.571
. 820

1.048
1*251
1.461
1.654
1*838
1.989
2.061
2.042
1.977
1.890

L/D

-1.57
3.42

10.93
15.58
17.90
16.89
15.46
13.98
12.78
11.80
10.70
9.55
7.39
5o89
4*82

- .128
.139
.365
566

.811
1*037
1.240
1.447
1 639
1.819
1.969
2.040
2.021
1*957
1 * 871

L-No -.----.- 3.78

-. 00020
.00024
.00062
.00095
.00137
.00175
.00209
.00244
.00276
.00308
.00334
.00347
.00343
.00330
.00314

.0070

.0056
.0052
.0042
.0020

-. 0012
-. 0055
-. 0110
-*0176
-. 0254
-. 0333
-. 0400
-. 0407
-. 0396
-. 0378

.000128

.000070

.000056

.000061

.000077

.000103

.000135

.000175

.000217

.000261

.000313
.000364
9000464
.000561
.000650

- .275
- .493
- .667
- .784
- .973
-1.139
-1.275

-1.555

-1.790

-1.898

-1.865

-1.55
-1.36
-1*16
- .84
- .62
- .38
- .11

.37

.80

.62

.17

- 71.1
-117.2
- 60.3

45.7
- 39.5

36.3
33.9

-. 410
-. 360
-. 307
-. 222
-. 164
-. 101
- .029

.098

.212

.164

.045

me

-. 00015
-. 00027
-. 00037
-. 00044
-. 00054
-. 00063
-. 00071

31.4 -. 00086

30.0 -. 00099

30.9 -. 00105

32.9 -. 00104

OcL1 -L0.3.. 1-10

-6
'4
-2

0
2
4
6
8

10
12
14
16
18
20
22

- .121
.143
.370
.571
* 821

1.047
1.251
1.463
1.658
1 *.847
2.005
2.084
2.059
1*982
1*881

OL

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20
22

.064

.051

.047

.038

.018

.011
050

.100

.160
.231
.303
.364
.3 70
.360
.344

go



/01

U.S.A.-27 Monoplane #2

1st Test

Ds =.0450, a = 0197 h = 0014

LO L1 -L

.288

.288
,287
.286
* 286
.285
.285
,284
.284
.284
.283
* 283
.282
.282
.281

- .142
.159
.359
.577
.819

1.042
1.243
1.451
1.648
1.838
1.999
2.102
2.089
2.005
1.905

Do = .0450

o -Do-Ds 1

.2596

.2342

.2241

.2255

.2354

.2500

.2694

.2903

.3166

.3450
.3730
.4044
.4603
.5264
.5874

.1439

.1439

.1440
,1440
.1440
.1440
.1439
.1438
.1437
.1436
.1435
.1434
.1432
.1430
.1428

2nd Test

a = 099

.0707 14.48

.0453 14.58

.0351 14.79

.0365 15,02

.0464 15.28

.0610 15.53
.0805 15.?7
.1115
.1279 16.23
.1564
.1845 16.69
.2160 16.72
.2721.16.65
.3384
.3994 15.97

.0

16.00
16.00
16.00
16.00
16*00
16.00
16.00

16.00

16.00
16.00
16.00

16*00

h = 0019

Of. LO L1 L4-Lo

.3650 .239

.3653 .503

.3648 .738

.3643 .962

.3638 L199

.3631 2.419
.36241.628
.36281.830
.3613 2.024
.3614 2,225
.3606 2378
.3601 2.477
.3597 2.439

-.127
,138
.373
.598
.835

1,055
1.266
1.468
1.663
1.864
29017
2.116
2.079

Do

.0716

.0719

.0719

.0719

.0719
,0719
,0718
.0718
.0716
.0714
.0712
.0711
.0710

Dl Dl-DO-DS Vo

.1964

.1585

.1510

.1540

.1630

.1795

.1990

.2200

.2463

.2750

.3055

.3355

.3934

.0798 11.97
.0416 11.97
.0341 11.97
.0371 11.97
.0461 11.97
.0626 11.97
.0822 11.97
.1032 11.97
.1297 11.97
.1586 11,97
.1893 11.97
.2194 11.97
.2774 11.97

I1  Mi-Mo

10.41 -1,56
10.52 -1,45
10.77 -1.20
10.92 -1.05
11,27 - .70
11.47 - .50
11.75 - .22
12.02 - .05
12.28 ,31
12.46 .49
12.71 .74
12.92 .95
12.56 .59

a?
041 -.

-.6
-4
- 2

0
2
4
6
8

10
12
14
16
18
20
22

.146

.447
*646
,863

1.105
1.327
1.528
1*735
1*932
2.122
2.282
2.385
2.371
2.287
2.186

1 -0

-1.52
-1.42
-1.21
- .98
- .72
- .47
- .23

.23

.. , .69
.72
.65

-. 03

-6
-4

-2
0
2
4
6
8

10
12
14
16
18



/02

U.S.A.-27 Monoplane #2

Mean Values of Two Tests

a = 0!98 h = 0!16

L

-1 78
3.42

10.59
15.98
17.86
16.98
15*43
13.58
12.88
11.77
10.75
9.70
7.48
5093
4.77

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20
22

M1-M

3.78

- .407
- .381
- .320
- .270
- .188
- .130

.061

.071

.190

.222

.164

- .008

-. 134
.149
.366
.587
.827

1.049
1 * 254
1.459
1.656
1.851
2.008
2.109
2.084
2.005
1.905

.0753
.0435
.0346
.0368
.0463
.0618
.0813
.1074
.1288
.1575
.1869
.2177
.2748
.3384
.3994

-1.54
-1.44
-1.21
-1.02
- .71
- .49
- .23

.27

.72

.84

.62

- .03

-.00022
.00025
.00061
.00098
.00138
.00175
.00209
.00243
.00276
.00309
.00335
.00352
.00347
.00334
.00318

Xh

.0096

.0085

.0077

.0059

.0029
-. 0019
-. 0080
-. 0155
-.0256
-. 0371
-. 0485
-. 0596
-. 0611
-,0594
-. 0550 + 33.7 -.00108

-. 00015
-.00028
-. 00038
-.00046
-. 00055
-.00064
-.00072

- 6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22

+ 31.8 -. 00087

.060

.053
.048
.037
.018
-.012
-.050
-.097
-.160
-.232
- .303
-. 373
;.382
-. 371
-.344

30.2
30.1
30.9

.140

.146
.364
* 587
.828

1.050
1.254
1.458
1.651
1.840
10991
2.085
2.064
1.997
1.914

-. 00100
-. 00105
-. 00106

Za

- .137
.143
.357
.575
.811

1.029
1.229
1.429
1.619
1.802
1.950
2.044
2.022
1.956
1.875

C. P01f
62.0

117.6
6102
47.7
40.3
36.9
34.4

*000126
.000073
.000058
O 000061
.000077
.000103
.000136
.000179
.000215
.000263
.000312
.000363
.000458
.000564
.000666

Ue
- . 60
- .515
- .669
- .839
- .996
-1.161
-1.298

-1.574

-1.809
-1.882
-1.919

-1.938

4'

4'
4'
4.

4'

+

+

OL L1-L0 3),-3)o-Ds Lo



U.S.A. -27 Monoplane

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

To be used as the standard
correction

to which
factors.

to apply biplane

DO L/3) C... M.

- 1.68 -66.6
3.42 *117.4

10.76 +60.8
15.71 +46.7
17.85 +39.9
16.92 +36.6
15.45 +34.2
13.76
12.70 +31.6
11078
10.71 +30.1
9.60
7.49 +30.9
5091
4.80 +33.3

/03

L1 - LO LO

- 6
- 4
-2
0
2
4
6
8

10
12
14
16
18
20
22

- .128
.146
.368
.579
.824

1.048
1.253
1.461
1.651
1*849
2.007
2.097
2.072
1.994
1*893

.0762

.0427

.0342
.0368
.0461
.0619
.0812
.1061
.1294
.1571
.1873
.2181
.2767
.3375
.3948

.00021

.00024

.00061

.00097

.00137

.00175

.00209
.00244
.00276
.00309
.00335
.00350
.00345
.00332
.00316

.000127
.000071
.000057
.000061
.000077
.000103
.000135
.000177
.000216
.000262
.000312
.000364
.000461
.000563
.000658

-. 00015
-. 00028
-.00038
-. 00045
-. 00055
-. 00064
-. 00072

-. 00087

-. 00100

-. 00105

-.00106

3)1-DO-)s



/0L

U.S.A.-27 As Upper

Plane of Bi-Plane Combination

G/C = 1.00, Stagger = 0

L L

.155
.371
.573
.759
.943
1 * 191
1.358
1.543
1*718
1,905
2.075
2.246
2.401
2.469
2.409

.002

.002
.002
.002
.002
* 002
.002
.002
.002
.002
*002
,001
.001
.001

0

- .175
.037
.239
.427
.611
.859

1.027
1*212
1.387'
1.575
1.745
1*918
2.073
2.142
2.086

D 3D

.0687

.0687

.0687

.0687

.0687

.0685

.0685

.0685

.0684
,0683
.0682
.0680
.0678
.0683
.0683

.1880

.1569

.1471

.1443

.1503

.1665

.1852

.2079

.2357

.2688
.3088
.3464
.3878
.4094
.4805

a0365
.0366
.0368
.0370
.0372
.0375
.0378
.0380
.0382
,0382
,0382
.0382
.0302
,0382
.0382

.0828

.0516

.0416

.0386

.0444

.0605

.0789

.1014

.1291

.1623

.2024

.2402

.2918

.3029

.3740

M-Moe
- ---- 3.78

O. L/D)

.000138

.000086

.000069

.000064

.000074

.000101

.000132

.000169

.000215

.000291

.000337

.000400

11.56
11.56
11.56
11.56
11.56
11.56
11*56
11*56
11.56
11.56
11.56
11.56

.000486 11.56

.000505

.000623

10.12
10.19
10*43
10*63
10.79

-1.44
-1.37
-1.13
- .93
- .77

11.31 - .25

11.68

12.23

12.91

.12

.67

1.35

CL L

-6
-4
-2
.0
2
4
6
8

10
12
14
16
,18
20
22

.332

.332

.331

.330

.330

.330

.329

.329

.329

.328

.328
.27

.327

.326

.323

6
4
2
0
2
4
6
8

10
12
14
16
18
20
22

-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

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

- .381
- .363
- .299
- .246
-. 204

- .006

.032

.177

.357



/05

U.S.A.-27 As Upper Plane

of Biplane Combination

G/C = 1.00, Stagger = 0

- Continued -

a = 0:99
a

- .184
.032
.237
o429
,612
.860

1.028
1*213
1.387
1.572
1.740
1.907
2.060

- .182
.0317
.235
.425
606

.851
1.018
1.202
1.372
1.556
1.721
1.888
2.040

h = 0019

Th

.012

.010

. 009

.007
-004

0
-.007
-.013
-.022
-.032
-.043
-.057
-.069

- .187
- .385
- .524
- .664
- .806

-1.091

-1.362

-1.587

-1.752

- .339
4.010

.736

.515
.439

-. 00010
-. 00021
- .V0029
-.00037
-. 00045

.356 -. 00061

.328 -.000?6

.304 -.00088

.283 -.00097

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

G/C = 1.00, Stagger = 0

.002

.002

.002
.002
*002
.002
.002
.002
.002
.002
.002
.001
.001
.001
.001

L

.022

.165

.338

.501

.678

.859
1.005
1.174
1.338
1.488
1*635
1.754
1o843
1.804
1.786

a

.9712

.0712

.0712

.0712

.0712

.0712

.0710

.0709
.0708
.0707
.0705
.0704
.0703
.0700
.0699

.1785

.1482

.1418
.1468
.1556
.1701
.1890
.2083
.2308
.2558
.2791
.3023
.3297
.3850
.4538

Oc

-6
- 4
-2
0
2
4
6
8

10
12
14
16
18

*064
.053
.050
.039

023
0

-. ;039
-.068
-.113
-.170
-.225
-.299
-. 363

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22

.332

.332

.332

.331'

.330

.330

.329

.329

.328.

.327

.327

.327

.327

.326

.325

.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

.0699

.0396

.0332

.0382

.04?1
.0616
.0808
.1002
.1229
.1481
.1717
.1951
.2227
.2784
.3574

.0374

.0374

.0374

.0374

.0373
.0373
.0372
.0372
.0371
.0370
.0369
.0368
.0367
.0366
.0365

cx. LO
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U.S.A.-27 As Lower

Plane of Bi-Plane Combination

G/C = 1.00, Stagger = 0

Continued

M, I0
Le. 3D0 110 EI MMO-Md --- .

- - -3.78

-. 00004
.00028
.00056
.00084
.00113
.00143
.00168
.00195
.00223
.00248
.00273
.00292
.00307
.00301
.00298

.000116

.000066

. 000055

.000064

.000079

.000103

.000135
.000167
.000205
.000247
.000286
.000325
.000371
.000464
.000596

14.45
14.45
14.45
14.45
14.45
14.45
14.45
14.45
14.45
14.45
14.45
14.45
14.45
14.45
14.45

12.67
12.81
13.06
13.32
13.45

-1.78
-1064
-1.39
-1.13
-1.00

13.82 - .63

14.20

14.69

15003
14.78
14.51

- .25

.24

.58
.33
.06

- .471
- .434
- .368
- .299
- .264

- .169

- .066

.064

. 153

.087
* 016

a = 0093 h = 0.14

-1.496
1.196

.669

.506
. 440

-.00024
-.00032
-.00038
-.00042
-.00050

.368 -.00062

.330 -.00074

.304 -.00082

.291
.303
.315

-. 00088
-. 00091
-. 00094

6
4
2
0
2
4
6
8

10
12
14
16
18
20
22

* .31
4.16
10.18
13.12
14.39
13.91
12.45
11,70
10,89
10.01

9053
9.00
.8.29
6.49
5.00

Of. Xli

-6
'4
-2
0
2
4
6
8

10
12
14
16
18
20
22

.068
o050
.044
.038
.024
.001

-.024
-.064
-.111
-.165
-.229
-.297
-.358
-.355
-.340

-.029
*161
.337
. 501
.679
.860

1.007
1.176
1.338
1.486
1.626
1.738
1.820
10790
1.790

-.028
.150
.313
.466
.630
o800
.937

1.092
1.241
1.381
1.511
1.614
1.692
1.665
1.665

.010

.007

.006

.005

.003

.000
-.003
-.009
- . 16
-. 023
-.032
-.042
-.050
-.050
-.048

MIA,

- .434
- .577
- .675
- .760
- .895

-1.109

-1.323

-1.479

-10589
-1.628
-1s697
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U.S.A. -27 As Upper Plane

of Biplane Combination

G/C = 1.67

.178

.520

.714

.921
1.140
1.357
1.550
1*751
1.969
1.140
2.351
2.498
2.626
2.589

- .157
.185
.380
.587
.808

1.025
1.218
1.420
1*638
1.809
2.022
2.168
2.298
2.262

.000106
,000065
.000059
O000065

.000083

.000112
.000149
,000194
.000249
.000314
.000380
.000450
.000516
O000611

Stagger = 0

.0373

.0375

.0377

.0379

.0381

.0382

.0383

.0383
.0383
.0383
.0383
.0383
.0383
.0383

12.51
12.51
12.51
12.51
12.51
12,51
12.51
12.51
12.51
12.51
12.51
12.51
12.51
12.51

.0687

.0687

.0687
.0687

.0687

.0687

.0687

.0687

.0687

.0682
.0682
.0680
.0675
.0675

10.90
11.10
11.31
11.58
11.80

12,28

12.81

13.40

13.69

.1694
.1450
.1417
.1453
.1564
.1739
.1964
.2236
.92565
.2947
.3347

.. 3761
.4153
.4724

-1.61
-1.41
-1.20
- .93
- .71

- .23
.30

.89

1.18

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

.002

.002

.001

.001

.001

.001

.001
.001
.001
.001
.001
.1000
.000
.000

.333

.333

.333
*332
.331
.331
.331
.330
.330
.330
.329
.329
.328
.327

Lc

D

.0634

.0388
.0353
.0387
.0496
.0676
.0894
.1166
.1495
.1882
.2282
.3698
.3095
.3666

I[1 -11 0
- -- -

3.78
- .426
- .373
- .318
- .246
- .188

-. 061

0079

,236

.313

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

-2.47
4.78

10.76
15.19
16.28
15.30
13.61
12.22
10.95

9.61
8.86
8.05
7.42
6.18

-. 00026
.00031
.00063-
.00098
.00135
.00171
.00203
.o00237
.00273
.00302
.00337
.00361
*00383
.00377

Ll D13



/06~

U.S.A.-27 As Upper Plane

of Biplane Combination

G/C = 1.67 Stagger = 0

- Continued -
a 0199 h = 0119

. 009

.010

.009

.007

.004

.001

.007
-. 015
-. 026
f 0037
-.051
-. 065
-.079
-. 082

- .254
- .542
- .683
- .820
- .984

-1.276

-1.569

-1.809

-1.997

-. 514
.999
.601
.470
.406

.348

.319

-.00014
-,.00030
-. 00038
-. 00046
-. 00055

-. 00071

-.00087

.047

.050

.048

.039
*022
-.004
-.038
-081
-.136
-.192
-.267
-. 339
-. 416
-.430

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

G/C 1.67 Stagger = 0

- .102
.123
* .318

4,506
*706
0910

1.077
1.257
1.430
1.604
1.748
1.872
1.908
1.956

D

.0358

.0358

.0358

.0358
.0358
.0358
.0358
.0359
.0359
.0360
.0360
.0361
.0361
.0362

.0707
.0707
.0707
.0707
.0706
.0706
.0705
.0705
.0704
.0701
.0700
*0700
.0698
.0696

3)l

.1877
.1517
.1448
.1465
.1560
*1702
.1885
.2055
.2288
.2540
.2813
.3069
.3405
.4057

DR

.0812
.0452
.0383
.0400
.0496
.0638
.0822
.0991
.1225
.1479
.1753
.2008
.2346
.2999

.299 -.00100

.296 -. 00111

. 6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

- .165
.181
.378
587

.808
1.025
1.220
10*421
1*638
1*807
2*014
2.156
2#279
2.250

- .163
.178
.374
*581
* 800

1*015
1.208
1.407
1#622
1 * 789
1.994
2.135
2.256
2.228

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

a
-.002
-.002
-.002
-.002
d.002

-.002
-.002
-.002
-. 002
-.001
-.001
-.001
-. 001
-.001

L

.338

.337

.336

.336
.336
.336
.335
.335
.334
.334
.333
.333
.332
.332

Ll

.234

.458
,.653
.840

1.040
1* 244
1.411
1.590
1.762
1*936
2.080
2.204
2.239
2.188

Xh



/OCT*

U.S.A.-27 As Lower Plane

of Biplane

G/C = 1.67, Stagger = 0

- Continued -

3.78

.000135

.000075

.000064

.000067

.000083

.000106

.000137

.000165

.000204

.000246
,000292
.000335
.000391
.000500

a = 0*99

12.48 10.83
12,48 10.85
12.48 11.13
12.48 11.36
12.48 11.58
12.48
12.48 11.97
12.48
12.48
12.48
12.48
12.48
12.48
12.48

12.37

12.54

12.97
12.60

h = 0f19

OL.

m.95
1.470

.698
*520
.440

me

-. 00017
-. 00030
-. 00037
-. 00044
-. 00052

.390 -.00070

.342 -. 00081

.336 -. 00095

.319 -. 00100
.337 -. 00104

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

- 1.25
2.73
8.32

12.68
14*22
14.28
13.12
12.69
11.71
10.85

9.*98
9.32
8.13
6.19

-. 00017
.00021
.00053
.00084
.00118
.00152
.00180
.00210
.00238
.00267
*00291
.00312
.00318
.00309

-1.65
-1*63
-1.35
-1.12
- .90

- .51

- .11

.06

.49
.12

.436
.431
.357
. 296
.238

.135

.029

. 016

.130
.032

-'6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

.070
*,053
.049
,040
.025
.000

-. 031
-. 078
-. 128
-. 189
-. 242
-. 322
-. 366
-. 352

- .110
.121
.316
.506
.708
.911

1.079
1.257
1.428
1.599
1.694
1.853
1.885
1*845

Xli

.013

.010

.009

.008

.005

.000
-. 006
-. 015
-. 024
-. 036
-. 046
-. 061
-. 070
-. 067

.109
.112
.313
.501
.700
.902

1.068
1,244
1*412
1.581
1.678
1*835
1.867
1.827

Ill. e.

- .314
- .533
- .661
- .789
- .933

-1.262

-1.465

-1.708

-1.806
-1.862

Le



/ /0

U.S.A.*s27 Monoplane #1

Mounted on Balance Croeshead

kL-o-LR

.2725

.2335
.2240
.2273
.2359
.2516
.2741
.2959
.3216
.3498
.3826
.4169
.4732

.0672

.0665

.0657

.0647

.0639

.0631
.0619
.0607
.0595
.0586
.0575
.0562
.0554

.0826

.0447

.0360

.0403

.0487

.0650

.0885

.1089

.1364

.1653

.1992

.2331

.2954

- .158
.119
.462
.696
. 826

10058
10279
1.483
1.688
1.883
2.044
2.145
2.119

- 1.9
2.8

10.2
1406
17.0
1603
14.4
13.6
12.4
1104
10.3
9.2
7.2

Drag (DO) Lift (Ls), of 5-7/80 spindle
head on which spindle was mounted 3/40

-6
-4
-2
0
2
4
6
8

10
12
14
16
18

.0451
.0451
.0449
.0449
.0447
.0445
.0443
.0442
.0442
.0440
.0440
.0440
.0440

.1678
.1674
.1672
.1672
.1680
.1680
.1680
.1705
.1699
.1699
.1699
.1706
.1704

.1227

.1223

.1223

.1223

.1233

.1235
.1237
.1263
.1257
.1259
.1259
.1266
.1264

.304

.304

.303

.302

.302

.301

.300

.299

.299

.299

.298

.296

. 295

.300

.300

.299
.299
.299
.300
.299
.299
.299
.300
.300
.300
.300

and balance cross-
from balance axis.

.004
.004
,004
.003
.003
.001
.001

0
0

-. 001
.002

- .004
-.005

CA

-6
-4
-2
0
2
4
6
8

10
12
14
16
18

.118

.394

.637

.865
1.099
1.328
1.549
1.751
1.956
2.149
2.309
2.408
2.380

.272

.271

.271
*270
* 270
*269
.269
* 268
*268
.267,
.267
.267
*266

e.~ - El -D

04. IDI



I(.

U.S.A.-27 Monoplane #1

Crosshead mounting protected by discoid case

1st Test

Ds = .0327

O(. Li

- 6 .170
- 4 .447
- 2 .688
0 .907
2 1.159
4 1.379
6 1.601
8 1.824

10 2.033
12 2.241
14 2.400
16 2.469
18 2.446
20 2.364
22 2.238

.270
*270

270
,269
.w268
.268
*267
.267
.266
.266
* 265
.265
.265
.o264
.264

k,-Lo

- .100
.177
.418
.638
891

1.111
1.334
1.557
1.767
1.975
2.135
2.204
2.181
2.100
1.974

a = 0?79

Di D

.1762 .0719

.1432 ,0715

.1364 .0708

.1378 .0698

.1484 .0683

.1634 s0671
.1821 .0661
.2067 .0649
.2343 .0635
.2600 .0621
.2940 .0613
.3358 .0598
.3979 .0590
.4672 .0575
.5300 .0562

2nd Test

DS = .0327

h = 0!83

.0716

.0390
.0329
.0353
.04?4
.0636
.0833
.1091
.1381
.1652
.2000
.2383
.3062
.3770
44411

9.18 10.80
9.02 10.80
9.04 10.80
9.10 10.80
9.15 10.81
9.21 10.81
9.38 10.81
9.55 10.81
9.75 10.81

10.00 10.81
10.33 10.82
10.51 10.82
10.38 10.82
10.08 10.82
9.83 10.82

- 6 .139
- 4 .406
- 2 .650
0 .879
2 1.115
4 1.351
6 1.558
8 1.799

10 2.009
12 2.194
14 2.352
16 2.447
18 2.418

E,
* 270
o269
.268
.268
.267
.267
*266
.266
.266
.266
.265
*264
.264

- .131
.137
.382
.611
.848

1.084
1..292
1*533
1*743
1.928
2.087
2.183
2.154

.1775
*1407
.1314
.1334
.1426
.1574
.1761
.2000
.2258
.2530
.2864
.3215
.3878

.0677

.0664

.0655
.0648
.0630
.0622
.0613
.0598
#0592
.0579
.0563
.0553
.0541

D1 3)-D a

.0771
.0416
.0332
.0359
.0452
.0625
.0921
.1075
.1339
.1624
.1974
.2435
.3010

.3311

-1.53
-1.69
-1.67
-1.62
-1.56
-1.48
-1.35
-1.18
- .98
- .73
- .41
- .23
- .35
- .65
- .90

-.09
o.09
-.09
-.08
-.08
-.08
-.08
-.08
- .08
-.08
-. 08
-.08
-.09
-.09
-.09



U.S.A.- 27 Monoplane #2

Crosshead mounting, protected by discoid case.

1st Test

a = 0!75 h = 0?87

-6 .106
-4 .384
-2 .634
0 .858
2 1.093
4 1.337
6 1.560
8 1.777

10 1.972
12 2.150
14 2.341
16 2.447
18 2.431
20 2.357
22 2.234

L

.254
*253
.252
* 251
.250
.250
.249
.249
.248
.247
.246
.246
.245
.245
.244

1k-Lo

- .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

.1934

.1556

.1460

.1482

.1559

.1728

.1913

.2144

.2400

.2676

.3008

.3358

.3975
.4706
.5300

.0839

.0879

.0818

.0808

.0797

.0786

.0775

.0763

.0751

.0738
.0725
.0712
.0699
.0687
.0674

.0794 9.65 1131-.09

.0436 9.49 131 -.09

.0341 9.53 1.31-.09

.0373 9.5813.30-.08

.0461 9.62 1.30 -. 08

.0641 9.69 230-.08

.0837 9.86 130 -. 08

.1080 3.04 1130 -.08

.1348 10.22 2130 -. 08

.1637 10.46 21.29 -. 08

.1982 1476 1LL29 -. 08

.2345 1Q95 21.29-.08

.2975 10.85 2129-.09

.3718 1044 1L29-.09

.4325 10.19 11.29 -. 09

2nd Test

Ps = .0327

- .130
.148
.401
.628
.871

1.098
1.309
1.515
1.712
1.902
2.058
2.145
2.126
2.063
1.948

Dl

.1830

.1446

.1331

.1392
,1475
.1658
.1870
.2101
.2376
.2661
.2981
.3306
.2851
.4702
.5395

//2

DS = .0301

-1.57
-1.*73
-1 69
-1.64
-1.60
-1.53
-1.36
-1.18
-1.00
- .75
- .45
- .26
-. 45
- .76
-1.01

-6

-4
-2
0
2
4
6
8

10
12
14
16
18
20
22

.201
1.479
.727
.958

1.194
10427
10637
1.843
2.039
2.229
2.384
2.470
2.451
2.387
2.271

.331
.331
.330
.330
.330
.329
.328
.328
.327
.327
.326
.325
.325
.324
.323

.0617

.0633

.0641

.0659
.0666
.0677
.0686
.0691
.0698
.0705
.0716
.0723
.0736
.0746
.0758

.0886

.0486

.0375

.0406

.0502

.0654

.0857

.1083

.1351
.1629
.1938
.2246
.2788
.3629
.4310



U.S.A.-27 Monoplane

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

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

DC

.000132
*000072
.000057
.000062
*000079
.000106
.000140
.000180
*000226
.000273
.000329
.000388
*000493
.000618
.000725

LID

-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

2-L 2_D 2IC

- .254 .1582 - .500
.296 .0864 -1.038
.792 .0686 -1.416

1,244 .0746 -1.758
1.726 .0946 -2.136
2.190 .1278 -2.510
2.622 .1676 -2.830
3.066 .2164 -3.166
3.474 .2710 -3.486
3.854 .3272 -3.754
4.182 .3952 -3.960
4.366 .4658 -4.096
4.324 .5916 -4.172
4.184 .7414 -4.218
3.942 .8700 -4.142

a = 00 77

-.410 &066
-.452 .053
-.445 .048
-.431 .037
-.418 .018
-. 399-.013
-0360-.053
-.312-.105
-. 262-.168
-. 196-.241
-. 114-.313
-.066-.370
-. 106-.385
-. 188-.366
-. 254-.335

x
.135
.145
.394
.622
*864

1.097
1.312
1 * 535
1*734
1,911
2.075
2.162
2.146
2.092
1.990

Za

- .104
.112
.304
.479
.665
.845

1.011
1'182
1.338
1.476
1*600
1.667
1.654
1.610
1*532

h = 085

Xh

.056
*045
.041
.031
.015
-.011
-.045
-.089
-.143
-.205
-. 266
-.315
-.328
-.311
-.285

M ILF 1

- .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

-. 00014
-. 00029
-. 00039
-. 00049
-. 00059
-. 00070
-. 00079
-. 00088
-. 00097
-. 00104
-. 00110
-. 00114
- .00116
-. 00117
-. 00115

- .62
1.19
.60
.47
.41
.38
.36
.34 1/2
*33 1/2
.32 1/2
.32
.31 1/2
.32 1/2
.33 1/2
.34 1/2

113

S6
.4
.2
0
2
4
6
8

10
12
14
16
18
20
22

-. 127
.148
.396
.622
*863

1.095
1.311
1.533
1.*737
1.927
2.091
2 *183
2.162
2.092

.1.971

.0791

.0432
*0343
.0373
.0473
.0639
.0838
.1082
.1355
.1636
.1976
.2329
.2958
.3707
.4350

-. 00021
.00025
.00066
.00104
.00144
.00183
.00219
.00256
.00289
.00321
.00349
.00364
.00360
.00349
000320

-6
-4
-2
0
2
4.
6
8

10
12
14
16
18
20
22



U.S.A. -27 Monoplane #1

Crosshead mounting protected by discoid case.
Length of spindle = 8:00, i.e., 3"00 longer than standard

length.

DO = .0547

1st Test

.328

.327
.327
.326
.326
.326
.325
.325
.324
.324.
.323
.322
.321

.148

.445

.717

. 968
1.205
1.462
1.706
1*925
2.158
2.352
2.503
2.645
2.625

k3-L0

- .180
.128
.391
.642
* 883

1.136
1.381
1.600
1*834
2.028
2.180
2.323
2.304

Di D1 -DO-D)8

.0570
.0583
.0598
.0606
.0617
.0626
.0637
.0651
.0661
.0670
.0680
.0690
.0702

.2130

.1652

.1563

.1595

.1690
.1866
.2088
.2372
.2682
.2971
.3282
.3679
.4221

.1013

.0522

.0418

.0442

.0526
.0693
.0904
.1174
.1474
.1754
.2055
.2442
.2972

2nd Test

Dl Dl-Do -Ds

.2041 .0799

.1684 .0444
.1598 .0361
.1-95
.1632 .040?
.1742 .0630
.1914 .0812
.2129 .0938
.2383 .1206
.2657 .1490
.2983 .1826
.3343 .2196
.3741 .2604
.4418 .3295

- 6
-4
-2
0
2
4
6
8

10
12
14
16
18

-6
-4
- 2
0
2
4
6
8

10
12
14
16
18

L

.267

. 266

.265

.265

.265

.264

.263
*263
.262
.262
.262
.261
.261

.155

. 446
.704o8
.946

1 * 217
1.459
1.703
1*932
2.139
2.362
2.544
2.604
2.513

.118
.180
o443

. 681
.944

1.195
1.440
1.669
1*877
2.100
2.282
2.343
2.312

DO

.0695
.0693
* 0690

.0678

.0665

.0655

.0644

.0630
.0620
.0610
.0600
.0590
.0576

0C. LO



U.S.A. -27 Monoplane #2

Crosahead mounting protected by discoid case.
Length of spindle = 8!00, i.e., 3100 longer than standard.

Do = .0547

1st Test

kx LA~ D_ 3), )-3 0 -3D9

- 6 .266 .188 - .078 .0706 .1980 .0727
- 4 .266 .473 .207 .0695 .1670 .0428
- 2 .265 .733 .468 .0680 .1600 .0373
0 .264 .973 .709 .0665* .1652 .0440
2 .264 1.244 *980 .0654 .1770 .0569
4 .263 1.491 1.228 10642 .1945 .0756
6 .262 1.729 1.467 .0632 .2155 .0976
8 .261 1.955 1.694 .0622 .2405 .1236

10 .261 2.185 1.924 .0613 .2720 ,1560
12 .261 2.404 2.143 .0603 .3048 ,1898
14 .261 2.555 2.294 .0594 .33568 2215
16 .260 2.616 2.356 .0584 .3749 ,2618
18 .260 2.600 2.340 .0569 .4495 .3379

2nd Test
_4 L D Dl-D -Ds

- 6 .268 .213 - .055 .0703 .1923 .0673
- 4 .267 .497 .230 .0695 .1656 .0514
- 2 .266 .754 .488 .0688 .1606-. .0371

0 .265 1.006 .741 .0675 .1663 .0441
2 .265 1.273 1.008 .0668 .1783 .0568

4 .264 1.509 1.245 .0660 .1957 .0750
6 .264 1.737 1.473 .0650 .2184 .0987
8 .263 1.960 1.697 .0640 .2442 .1255

10 .263 2.200 1.937 .0627 .2744 .1570
12 .262 2.386 2.124 .0615 .3044 .1882
14 .262 2.538 2.276 .0603 .3396 .2246
16 .262 2.595 2.334 .0592 .38"64 .2735

.3054-
18 .261 2.553 2.292 .0578 .4514 .0578



U.S.A.-27 Monoplane

Length of Spindle = 8"00, i.e., ROO lon er than standard
Average of 2 tests on #1 and 2 tests on 2.

-6
4

-2
0
2
4
6
8

10
12
14
16
18

L - LO

-. 106
*186
.448
.694
.954

1.201
1*440
1.665
1*893
2.099
2.258
2.339
2.312

l- Do - Ds

.0803

.0477

.0381

.0433

.0573

.0752

.0951

.1218

.1524
*1840
.2178-
.2600
.3259

L/D

6.00016
.00029
.00069
.00107
.00147
.00185
.00222
.00256
.00292
.00323
.00347
.00360
.00356

.000125

.000073

.000059

.000067

.000088

.000116

.000146

.000187

.000235

.000283

.000335

.000400

.000502

- 1.3
3.9
11.8
16.0
16.7
16.0
15.1
13* 7
12.4
1104
10.4
9.0
7.1

1/6

Le



1/7

U.S.A. -27 Biplane

G/C - .50 Stagger =-40f

DO = .0556, a = 0085, h =' 0 Short Strut,/s= 38*?

d.. L

.051

.442

.797
1*126
1.455
1.798
2.102
2.423
2727
3 *,021
3.302
3.521
3.579
3.475

.0056
.0054
.0052
.0050
.0047
*0045
.0043
*0041
.0039
.0037
.0035
.0032
.0030
.0028

- .245
.148
0505
*836

1.167
1.,512
10817
2*140
2.446
2.742
3.025
30247
30307
3.205

.0969

.0976

.0982

.0988

.0994

.0995

.0996

.0999

.1002

.1005

.1007

.1006

.1005

.1004

.3431

.2733

.2508

.2480

.2595
*2809
.3108
.3499
.3928
.4445
.4945
.5577
.6296
.7038

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

-6
-4
- B
0
2
4
6
8

10
12
14
16
18
20

.296
*294
*292
*290
.288
.286
*285
*283
.281
O 279
.277
.274
*272
*270

10

9,869.86
9.86
9* 86
9.86
9.86
9.86

9.86
9*869 * 86
9.86
9.86
9086,
9.86,

.1950

.1147
00918
00886
.0998
*1213
.1513
.1903
.2331
.2847
.3347
.3983
.4705
.5450

- .598
.992

-1.245
-1.460
-1.689
-1.917
-2.122
-2.326
-2.530
-2.756
-2.926
-3.158
-3.342
-3.186

M1 Za

LLD

-1.3
1.3
505
9.4

1107
12.5
12.0
11 2
10.,5
9.6
9.0
8.2
7.0
5.9

- .74 1/2
2.32
.83
.58
.48
.42
.39
.36
.34 1/2
.34/2
.32 1/2
.32 1/2
.34
.33

6074
6057
6*76
7003
7.23
7049
7.70
7095
8.17
8.25
8.42
8.30
7082
8.09

-0825
-.870
-.820
-.749
-.695
-0627
-.572
-.505
-. 447
-.426
-.354
-. 413
-0540
-.468

.165
.120
.110
,089
*060
.015

6.039
-.110
-.183
-. 290
-.407
-.510

-.5583

- .267
.143
.500
.836

1.169
10.517
1.822
2.143
2.450
2.740
3.014
30230
3.296
3.196

- .227
.122
.425
*711
.994

10290
1.550
1 * 821
.2.083
2.330
2.572
2.745
2.802
2.718



U.S.A.-27

G/C = .50

Biplane

Stagger = 0

De = .0571 a = 0!85 h 0012 Short Strut,,"= 00

.0837
*0843
.0843
.0842
.0840
.0839
.0838
.0834
.0831
.0829
.0827
o0822
.0820
.0818
.0816

.2635
.2364
.2283
.2333
*2535
.2854
.3204
.3579
.4058
.4531
.5086
,5607
.6130
.6731
,7980

.1144

.0865
* 0781
.0831
.1036
.1358
.1711
* 2092
.2576
.3054
.3613
.4141
*4668
o5273
.6526

.2
4.3
8.6

11.9
12.8
12.5
11*7
11.5
10.2

9.6
8.8
8.2
7.6
7.0
5.5

oL

-6
.4
-2

0
2
4
6
8

10
12
14
16
18
20
22

*296
*296
*294
.293'
.291
.290
. 295
.299
9298
*297
*296
*295
*294
.293
.292

0320
*665
*968

10287
1617
1,986
2.304
2.607
2.923
3.217
3.470
3*,689
3 * 836
3.956
3.859

/Ir

.024
.369
0674
.994

1.326
1.696
2.009
2.308
2.625
2.920
3.174
3.394
3.542
3*663
3*567

-.770
-.716
-604
-.505
-. 418
-.352
-. 273
-.188
-. 124
-.021

*042
.146
.320
.279
.244

-. 014 - "766
-.013 -1.010
-.012 -1.156
-.010 -1.339
-.007 -1.540
-. 002 -1.795

.005 -1990

.014 -2.170
.024 -2.383
.037 -2.541
.049 -2.662
.065 -2.789
.078 -2.741
.091 w2.888
.088 -2.859

.012, .010

.361 .307

.664 .564

.994 .844
1.328 1.129
1.700 1.445
2.015 1.712
2.313 1.968
20628 2.235
2.920 20483
3.125 2.655
3 374 2.870
3.508 2.983
30620 3.076
3.548 3.015

.0083
.0085
.0088
.0089
.0088
.0086
.0084
.0082
.0080
.0077
.0075
.0073
.0071
.0069
.0067

Of- xdvmm 0 z Za X ~

6
4
2
0
2
4
6
8

10
12
14
16
18
20
22

9*98
9.98
9.98
9098
9.98
9.98
9.98
9*98
9.97
9*97
9.97
9.97
9.96
9.96
9.95

7.07
7*27
7.70
8.07
8.40
8.61
8095
9.27
9.50
9*89

10.13
10.52
11.17
11.01
10.87

.115
.112
.100
.083
.057
.017
*040

-. 114
-. 200
-.305
-. 406
-.540
-.650
-. 756
-.732

-21,77
.93
.58
.45
.38
.35
.33
.31
.30
.29
.29
.27
.26
.26
.27



//,

U.S.A.-27 Biplane

G/C = .50 Stagger a 60%

Do = .0556, a = 0189, h = 0016, Short StrutA3= 5002

L/DL

*2271
,1941
.1895
.2017
.2289
.2644
.3111
.3693
.4293
.4980
.5747
.6937
.8506

1*0230
1.2764

.1200

.0858
*0799
.0904
.1158
.1506
.1966
.2534
.3121
.3796
.4549
.5728
.7284
.8998

1.1512

Za Xh ML

- .450
- .180

.069

.312

.535
*746

.120

.112

.107

.090

.063

.016

.003

.383
. 770

1.147
1.541
1.930

.931-.046 2.317
1.120 ,124 2.712
1.289,225 3.080
1.429 b342 3.428
1.503 ,455 3.745
1.369-.550 3.996
1.040 -580 4.140
.630-.564 4.190
.312 -.428 4.134

.003

.343
o685

1021
1.372
1.720
9.062
9*412
2.741
3.052

'3.335
3,557
3,680
3.722
3.676

.0192 -. 472
.0179 -. 541
.0171 -.633
.0144 -. 723
.0101 -.847
.0026 -.977
-.0074-1.123
-.0199 -1.272
-.0360-1.416
-. 0546 -1,568
-.0728 -1.759
-. 0870 -2.101
-.0929-2.647
-.0902-3.002
-.0685 -. 295

52.50
.47
.27 1/2
.21
.18 1/2
.17
.16
.15 1/2
.15 1/4
.15
.15 1/2
.17 1/2
.21 1/2
.24
.26 1/2

.6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22

.305
.305
.304
.304
.304
.303
.303
.303
.302
.302
.301
.301
.301
.300
.300

.016

.392
*.774

1.147
1639
1.925
2.310
2.703
3.074
3.428
3 *745
3.996
4.119
4.133
3.989

.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

X,

.0023
.0025
.0028

,.0030
.0032
.0035
.0037
.0040
.0042
.0044
.0047
.0049
.0052
.0054
.0056

.0492

.0502

.0512

.0527

.0543

.0547

.0552

.0563

.0574

.0584

.0595

.0604

.0614

.0622

.0630

.1
4.6
9.7

12.7
13.3
12.7
11*8
10.7
9.8
9.0
8.2
7.0
5.7
4.6
3.5

C. PsCV o

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22

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

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

CL Lo



U.S.A.-27

G/C = .?5

Biplane

Stagger = -40%

Do = .0556, a = 0186, h = O02, Short Strut, t= 2801

*062
.482
*857

1*221
1.577
1.928
2.282
2.648
3.000
3.311
3.578
3.791
3.878
3.859

- .232
.190
.566
.931

1*288
1*641
1.998
2.366
2.719
3*032
3.300
3" 515
3.604
3.587

.0067
.0065
*0063
.0061
.0059
.0056
.0054
.0052
.0050
.0048
.0046
.0044
.0042
.0040

.0926
.0935
.0943
.0947
.0950
.0957
.0963
.0967
.0971
.0972
.0976
.0977
.0978
.0978

,3189
.,520
.235?
.2376
.2509
.2795
.3136
.3573
.4073
.4632
.5232
.5874
.6755
.7579

.1640
.0964
.0795
.0812
.0944
.1226
.1563
.1998
.2496
.3056
.3654
.4297
.5179
.6005

- 1.4
1.9
7.1

11.5
13*7
13.4
12.8
11*8
10.9
9.9
9.3
8.2
7.0
6.0

Oc o

-6 11.80
-4 11.80
-2 11.80
0 11.80
2 11.80
4 11.80
6 11.80
8 11.80

10 11.80
12 11.80
14 11.80
16 11.80
18 .11.80
20 11.80

Z a Xl-

8.79
8.82
8.85
9*20
9*41
9.60
9.78
9.75

10.02
10.20
10*29

9*99
9.02
8.41

-. 795
-.788
-.780
-.687
-.632
-.582
-.534
-.542
-.470
-.423
-.400
-.479
-. 735
-. 896

.138
.108
.099
0081
.048
.008

-.054
-.132
-.228
-.330
-.442
-.558
-. 620
-.660

.250
.182
.561
.931

1.289
1.645
2.002
2.370
2.720
3.028
3.286
3.496
3*584
3*575

- .215
.156
.483
.801

1.109
1.415
1.721
2.040
2.340
2.605
2.815
3.005
3.082
3.075

.0028

.0022

.0020

.0016

.0010

.0002
-. 0011
-. 0027
-. 0046
-. 0066
-. 0088
--.0112
-. 0124
-. 0132

/20

0-1 'Lo

-6
-4
".2
0
2
4
6
8

10
12
14
16
18
20

*294
.292
*291
* 290
.289
*287
.284
282

.281
.279
.278
*276
.274
.272

19le

- .583
- .946
-1.165
-1.490
-1.742
-1.997
-2.254
-2.5?9
-2.805
-3.021
-3 204
-3.472
-3.805
-3.958

- .775
18735

.695

.535

.45
,405
.375
.36
.345
.335
.325
.33
.355
.37



U.S.A.-27 Biplane

G/C = .75, Stagger = -20%

a = 0!87, h =

.131
.51-8
.876

1.230
1.581
1.959
2.361
2.668
2.986
3.320
3.636
3.852
4.017
4.044
3 * 878

-.167
e222
.581
.937

1*289
1.669
2.072
2.381
2.700
3*036
3.354
30"'571
3.737
3.762
3.601

.0078

.0076

.0074

.0072
.0070
.0068
.0066
*0064
.0062
.0060
.0058
.0056
.0053
.0051

O2! Io 11

11.50
11.5-0
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

8.50
8.53
8.73
8.88
9.10
9.10
9.14
9.36
9*53

10.04
9091
9.90
9.67
9.14
8.18

-.794
-.785
-.732
-.693
-.635
-.635
-.625
-.566
-.521
- .386
-.420
-.423
-.484
-.624
-.878

.130

.108

.096
.081
.048
.005
-.055
-.130
-.220
-.330
-.456
-.580
-.690
-.774
-.698

D = * .0556, Short Strut, /5= 14?9

-2
0
2
4
6
8

10
12
14
16
18
20
22

*296
.295
* 292.293
.292
.290
*289
0287
.286
.284
*282
*281
.280
.278
.277

02

.0870

.0880

..0888

.0889

.0900
,0905
.0909
.0915
.0920
.0923
.0925
.0928
.0931
*0936
.0940

z

-.180
.215
.578
.937

1.290
1.672
2.077
2.384
2.700
3*032
3.340
3.544
3.700
3.726
3.601

Za Xh_ Mie CP .

-.157
.187
*503
.815

1.122
1.455
1,805
2.074
2.348
2.638
2.905
3,084
3.220
3*240
3*132

.0091
.0076
.0067
.0057
,0034
.0004

-. 0039
-. 0091
-. 0154
-. 0231
-"0319
-. 0406
-. 0483
-. 0541
-. 0489

- .646
- .980
-1.242
-1.514
-1.760
-2.090
-2.426
-2.631
-2.854
-3.001
-3.293
-3*466
-3.656
-3.840
-3.961

-1.37
-1.52

.715

.54

.455
.415
.39
.365
.35
.33
.33
.35
.33
.345
.365

*3010
.2436
.2283
.2325
.2477
.2744
.3155
.3571
.4060
.4600
.5200
.5746
.6419
.7302
.8513

.1504
,0922
.0763
.0806
.0949
.1213
.1622
.2034
.2520
.3059

*.3659
.4204
.4876
.5757
.6966

-1. * 1
2.4
7.6

11.6
13.6
13.7
12.8
11.?
10.7
9.9
9.2
8.5
7.7
6.5
5.2

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22



/2Z

U.S.A. -27 Biplane

G/C = .75 Stagger = 0

Do .0571 a = 0"87 = 0008 Short Strut,/p= 0*

O' Lo L,

-6 .313 .219
-4 .313 .598
-2 .312 .956

0 .311 1.327
2 .310 1.673
4 .309 2.142
6 .308 2.454
8 .3307 2.768

10 .306 3.107
12 .306 3.438
14 .305 3.701
16 .303 4.007
18 .301 4.180
20 .300 4.285
22 .299 4.213

OL: mo

-6 9.82
-4 9.82
-2 9.82

0 9.82
2 9.82
4 9.82
6 9.82
8 9.82

10 9.82
12 9.82
14 9.82
16 9.81
18 9.81
20 9.81

6.75
7*13
7*46
7*92
8.20
8.44
8.85
9.18
9.*48
9.88

10.15
10.31
10.34
10* 21

I x

-,812
-. 711
-. 624
-. 502
-. 428
-,365
-. 257
-. 169
-. 090

.016
*087
.132
.0140
.106

.126

.110

.101

.085

.054

.008
- .053
-. 132
-. 222
-. 334
-. 455
-. 586
-. 704
-. 800

z
- .108

.279

.640
1.116
1.366
1*836
2.151
2.466
2.800
3 * 129
3.386
3.682
3.844
3.943

Za Xi )[ COP*

.094

.243

.556

.971
1.189
1.598
1.870
2.148
2*436
2.722
2.945
3.203
3.344
3*432

.010
.009
.008
.007
*.004
. 000

-. 004
-. 031
-. 017
-. 027
-. 036
-. 047
-. 056
-. 064

- .728
- .963
-1.188
-16480
-16621
-1 * 963
-2.123
-2.306
-2.509
-2.679
-2.822
-3 * 024
-3.148
-3.262

-2.24
1,15

.62

.44
.395
.355
.33
.31
.30
*285
.28
.275
.275
. 275

- .094
.285
.644

1.116
1.363
1*832
2.146
2.461
2.801
3.132
3.396
3.704
3.879
3 * 985
3.909

3

.0808

.0819

.0825

.0832
*0839
.0846
.0853
.0858
.0862
.0866
.0870
.0875
.0880
.0880
.0880

.0083

.0085

.0088

.0089

.0088

.0086

.0084

.0082

.0080

.0077
*0075
,0073
.0071
.0069
.0067

:D

.2829

.2372

.2272

.2339
.2518
.2872
.3219
.3637
.4155
.4720
.5301
*6037
.6695
.7494
.8891

.1367
.0897
.0788
.0847
.1020
.1369
.1Y12.
.2126
.2642
.3206
.3785
.4498
.5173
.5974
.7373

-. .7
3.2
8.2

13 * 2
13 .e
13,40
12.5
11.6
10.6
9.8
9.0
8.2
7.5
6.7
5.3



* " 0556,

.300

.299

.298
*297
*296
.295
. 294
*293
.292
.291
e290
.289
.287
.285
.284

.282
,664

1.024
1.387
10818
2.176
2.545
2.867
3.182
3.495
3.799
4.057
4.278
4,345
4.276

U.S.A. -27 Biplane

G/C - .75, Stagger = 20%

a = 0!86, h = 0009, Short Strut,/3-14?9

L

- .018
.365
.726

1.090
1.522
1.881
2.251
2.574
2.890
3.204
30509
3.768
3.991
4.060
3.992

.0065

.0068

.0070

.0072

.0075

.0077

.0080

.0082

.0084

.0087

.0089

.0084
.0087
.0085
.0083

.0747
.0757
.0766
.0771
.0777
.0784
.0791
s0797
#0803
.0811
.0818
.0827
.0835
.0838
.0840

.2542

.2210

.2145

.2204

.2461

.2791

.3218

.3644

.4197
.4750
.5409
.6025
.6711
.7628
.8869

.1174
.0829
.0753
.0805
*1053
.1374
.1791
.2209
.2754
.3296
.3946
.4553
.5233
.6149
.7390

ILD

.15
4* 41
9.65

13*53
14 43
13.70
12.57
11,62
10.54
9*74
8.90
8.27
7*64
6.61
5.40

..$.. No 1i

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22

11051
11.51
11.51
11.51
11.51
11.51
11.51
11.51
11.51
11.51
11.51
11.51
11.51
11051
11.51

8.53
9002
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

I E
-.788
-. 659
-.571
-.490
-.415
-.376
.-.299
-.241
-.177
-.135
-.114
-.061
-.048
-.050
-.172

.114

.107

.100

.081

.,53

.005
-.046
-.138
-.210
-.324
-.560
-.600
-.736
-. 810
-.814

- .029
.360
.723

1.090
1.524
1.893
2.257
2.580
2.886
30240
3.470
3.742
30952
4.220
3.970

Ma I.

- .025
.310
.621
.937

1.311
1.629
1.940
2.220
2.482
2.787
2.985
30220
3.400
30630
3,415

.0103

.0096

.0090

.0073

.0048

.0005
-. 0041
-. 0124
-. 0189
-. 0292
-,0504
-. 0540
-. 0662
-. 0729
-.0733

M1 e .CP

- .773
- .979
-1.200
-10434
-1.731
-2.006
-2.235
-2.449
-20640
-2.893
-3.049
-3.227
-3.382
-30607
-3.514

-8.88
*905
. 555
.44
.38
.355
.33
.315
.305
. 295
.29
*285
.285
.285
.295

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22



U.S.A.-27

G/C =

Ds= 0556, a =

*.75 Stagger = 40 %

0".91, h = 0."12, Short strut,/S= -28.01

l D- 4_ Ds-

.380

.747
1.130
1.519
1.905
2.288
2.673
3.004
3.379
3.706
4.059
4.326
4.458
4.483
4.353

.079

.447

.831
13221
1.608
1.992
2.378
2.710
3.086
3.414
3.768
4.035
4.168
4.195
4.067

x

9.15
9.74

10.25
10.75
11.20
11.48
11.83
12.20
12.39
12.65
12.81
12.97
12.54
11.06

11,78 .118
t .108
,i .106
of .089
to .059
of -. 023

11.78-.057
a -. 108
u -. 223
i. -. 356
A -. 484
" -. 620
" -. 715

11.78-.760

-6
-4
-2
0

2
4
6
8

10
12
14
16
18
20
22

.0686

.0700

.0707
.0714
.0721
.0731
.0740
.0747
.0753
.0760
.0766
.0771
.0776
.0782
.0788

.0049

.0052

.0054

.0057

.0059

.0061

.0064

.0066

.0069

.0071

.0073
.0076
.0078
.0081
.0083

.1091

.0792

.0769

.0887

.1159

.1508
.1940
.2472
.3040
.3633
.4389
.5122
.6037
.7191
.8406

* 301
.300
.299
.298
.297
.296
.295
.294
.203
.292
.291
.291
.290
.288
.286

.2382

.2100

.2086

.2214.,

.2495
.2856
.3300
.3841.
.4418
.5021
.5784
.6525
.7447
.8610
.9833

z

.067

. 440

.826
1.221
1.611
1.996
2.384
2.720
3.050
3.410
3.758
4.013
4.145
4.182

.014

.013

.013

.011

.007
-. 003
-. 007
-. 013
-. 027
-. 043
-. 058
-. 074
-. 086
-. 091

- .770
- .953
-1.170
-1.386
-1.628
-1.893
-2.137
-2.351
42.587
-2.829
-3.089
-3.269
-3.483
-3.524

.72
5.65

10.81
13.78
13.89
13.21
12.26
10.97
10.16
9.40
8.60
7.88
6.92
5.84
4,84

C.P.

3.83
.72
.47
.38
.33
.31
.30
.29
.28
.27
.27
.27
.28
.27

1/2
1/2

1/2
1/2

1/2

/-4

Biplane

* LO

Za.

.061
.400
.752

1.102
1.468
1.817
2.170
2.475
2.775
3.102
3.420
3.658
3.770
3.805

o.

.6
-4
-2

0
2
4
6
8

10
12
14
16
18
20



U.S.A.-27

G/C = .75

DS =.0556, a = 0."90, h = 0."

Stagger = 60 %

07, Short strut, Poe -38.o7

L Di D0 Ds1

.053
.462
.850

1.247
1.652
2,039
2.447
2.855
3.209
3.556
3.902
4.143
4.293
4.306
4.231

.2489

.2166

.2141
.2276
.2564
.2944
.3470
.4038
.4649
.5380
.6164
.7177
.8410
.9777

1.1906

.0725
90743
,0743
.0752
.0761
.0770
.0779
.0787
.0795
.0799
.0803
.0810
.0817
.0827
.0838

.0037
.0039
.0042
.0044
.0046
*0049
.0051
.0053
.0056
.0058
.0061
.0063
.0065
.0068
.0070

M1 M X Z za9 Xh M 1Z

.009 - .560
.008 - .754
.007 - .917
.006 -1.099
.004 -1.290
.011 -1.497

-,003 -1.811
-. 010 -1.978
-. 016 -2.289
-. 025 -2.434
-. 034 -2.632
-. 041 -2.965
-. 046 -3.289
-. 048 -3.499

/25

Biplane

D

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22

.357
.764

1152
1.549
1.953
2340
2.747
3.155
3.508
3.854
4.199
4.439
4.588
4.601
4.525

.304
.302
.302
.302
.301
.301
.300
.300
.299
.298
.297
.296
.295
.295
.294

.1171

.0828
.0700
.0924
.1201
.1569
.2084
.2642
.3242
.3967
.4744
,5748
.6972
.8326

1.0442

.5
5.6

12.2
13.5
13.7
13.0
11.7
10.8

9.9
9.0
8.2
7.2
6.2
5.2
4.1

C.P.

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

9.74
10.41
11.11
11.77
12.42
12.94
13.44
13.82
14.25
14,48
14.86
14.38
13.69
12.98

11.68
11.68
11.67
11.66
11.65
11.64
11.64
11.64
11.65
11,66
11.67
11.68
11.69
11.69

.122
.115
.100
.092
.062
.018

-. 049
-. 140
-. 235
-. 350
-. 484
-. 592
-.663
-. 685

.039
.456
.847

1.247
1.656
2.044
2.544
2.860
3.215
3.560
3.900
4.133
4.293
4.320

.035
,410
.762,

1.122
1.490
1.840
2.290
2.574
2.993
3.204
3.510
3.720
3.864
3.888

-4.79
.55
.36
.29
.26
.24
.23
.23
.23
.23
.22
.23
.25
.27

1/2

1/2
1/2

1/2

1/2

1/2



U.S.A.-27 Biplane

G/C = 1.00, Stagger = -40 %
Ds= .0556, a = 0."92, h = 0."05, Short strut, .?= 21.08

L Di DO

-. 272'
.190
,616
.998

1.381
1.784
2.183
2.516
2.912
3.215
3.548
3.806
3.940
3.926

.3156
.2452
.2268
.2299',
.2493
.2786
.3200
.3690
.4238
.4852
.5505
.6218
.7111
.8014

.0873
*0892
.0890
.0893
.0905
.0910
.0915
.0920
.0926
.0929
.0931
.0933
.0935
.0937

Ds1 D I/D

.0073

.0071
.0069
.0067
.0065
.0063
.0061
.0059
.0057
.0055
.0052
.0050
.0048
.0046

.1654
.0933
.0753
.0783
.0967
.1257
.1668
.2155
.2699
.3312
.3966
.4679
.5572
.6475

Mo X Z Za Xh M- , C.P.

.132

.106

.097

.078

.048

.000
-. 062
-.138
-. 238
-. 345
-. 474
-. 600
-. 685
-. 543

.289

.182
.. 613
.998

1.383
1.785
2.187
2.515
2.913
3.210
3.535
3.780
3.918
3.974

.266

.167
.564
.918

1.272
1.641
2.013
2.313
2.680
2.962
3.252
3.478
3.601
3.656

.007

.005
.005
.004
.002
.000

-. 003
-. 007
-. 012
-. 017
-. 024
-. 030
-. 034
-.027

-.526
-. 987

-1.352
-1.633
-1.928
-2.250
-2.610
-2,o843
-3.136
-3,381
-3,648
-3.929
-4,313
-4.644

-6
-4
-2
0
2
4
6
8
10
12
14
16
18
20

.030

.491

.916
1.296
1.677
2.078
2.476
2.807
3*202
3.503
3.835
4.091
4.223
4.207

.302

.301
.300
,298
.296
.294
.293
.291
.290
.288
.287
.285
.283
.281

-1.6
2.0
8.2

12.7
14.3
14.2
13.1
11.7
10.8
9.7
9.0
8.2
7.1
6.1

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

4.59
4.48
4.60
4.87
5.09
5.26
5.29
5.53.
5.79
5.95
5.97
5.74
4.74
3.72

7.56

#a

7.56
to

so

75

a'

a'

7.56

-.61
1.80
.73
.54
.46
.42
.40
.38
.36
.35
.34
.34
.37
.39

1/2
1/2
1/2

1/2
1/2

64 Ll

m



U.S.A.-27

GfC = 1.00, Stagger = -20 %

D =.0571, a =0."89j h = 0 "21, Short strut, /,B= 11.03

L L Di

.3123

.2562
.2438
.2512
.2695
.3035
.3466
.3921
.4473
.5090
.5733
.6395
.7269
.8235

D 0 D S

.0966

.0979

.0983

.0989

.0994

.1000

.1005

.1011

.1016

.1021

.1025

.1027

.1028

.1030

.0085
.0082
.0080
.0078
.0076
.0074
.0072
.0070
.0068
.0066
.0064
.0061
.0059
.0057

D L/D

.1501

.0930

.0804

.Q874

.1054

.1390
.1818
.2269
.2818
.3432
.4073
.4736
.5611
.6577

-.9
3.1
8.5

12.5
13.9
13.6
12.6
11.7
10.6
9.8
9.0
8.3
7.2
6.2

Z ZX X h ME C.P.

-.160
.277
.679

1.088
1.471
1.902
2.288
2.647
2.996
3.341
3.655
3.900
4.032
4*448

-,142
.247
.*604
,969

1.310
1.693
2.038
2,358
2.663
2.974
3.252
3.471
3.585
3.959

.031

.024

.022

.018

.011

.001
-.012
-.030
-.050
-. 076
-.104
-. 132
-. 155
-.193

-. 664
-1.076
-1.404
-1.707
-1.998
-2.376
-2.681
-2.947
-3.193
-.3.443
-3.661
-3.844
-4.090
-4.645

-1.38
1.29
.69
.52
.45
.41
.39
.37
.35

.. 34
,.33

.33

.34

.35

1/2
1/2
1/2

/Z7

Biplane

.6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

.171

.597
.995

1.398
1.778
2.206
2.589
2.949
3.297
3.649
3.975
4,226
4.369
4.345

.315

.313

.312
.310
. 309
.307
.306
,304
.303
.302
.300
.299
.298
.296

-.144
.284
.683

1.088
1.469
1.899
2.283
2.645
2.994
3.347
3.675
3.927
4.071
4.049

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

4*41
4.29
4.38
4.59
4.75
4.72
4*82
4.96
5.12
5.25
5.38
5*42
4.83
4.02

7.34
7.33
7.32
7.31
7.31
7.30
7.30
7.30
7.31
7.31
7.32
7.33
7.33
7,34

* 146
.115
. 107
.087
.053
.006

-,059
-4145
-. 239
-.360
-. 493
-,629
-.740
-. 920

C. L 1



U.S.A.-27 Biplane

G/C = 1.00

D,=.0571, a=0."18 8 , h = 0"

Stagger = 0

08, Short strut, ,.= 00

L0 L

.186
.604

1.011
1.382
1.805
2.214
2.586
2.932
3.293
3.637
3.966
4.238
4.471
4.459

.320

.319

.318

.516
.314
.313
.311
.310
.309
.307
.505
.303
.302
.300

-.134
.285
.793

1.066
1.491
1.901
2.275
2.622
2.984
3.330
3.661
3.935'
4.169
4.159

D Do Da

.2998

.2495

.2381

.2457

.2651

.3012

.3431

.3900
.4456
.5060
.5750
.6419
.7161
.8091

.0934
.0941
.0949
.0956
.0964
.0972
.0975
.0983
.0990
.0995
.1000
.1004
.1007
.1008

m 0 z Za.

4.64
4*45
4.77
4.99
5.10
5.02
5*21
5.28
5.41
5.51
5.52
5.56
5.61
5.11

7.63
-

7.64
'I

'a

7.65
7.65
7.65

*127
.107
.106
.084
.051
.004

-.058
-.140
- 240
-.360
-. 485
-. 624
-. 763
-,815

-. 148
.279
.790

1.066
1.492
1.901
2.278
2.622
2.984
3.,323
3.647
3.900
4.123
4.122

-.130
.246
.695
* 939

1.313
1.673
2.004
2.307
2.626
2.925
3.210
3.432
3.628
3.628

.0083

.0085

.0088
.0089
.0088
.0086
.0084
.0082
.0080
.0077
*0075
.0073
.0071
.0069

D

.1406
.08918
.0773
.0841
.1028
.1383
.1801
.2264
.2815
.3417
.4104
.4771
.5512
.6443

Xh MLE

v010 -.671
.009 -1.058
.008 -1.459
.007 -1.644
.004 -1.986
.000 -2.366

-,005 -2.642
-.011 -2.918
-. 019 -3.197
-.029 -3.460
-.039 -3.731
-.050 -3.935
-.061 -4.107
-.065 -4.235

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

W. Li

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

L/D

-1.0
3.2

10.3
12.7
14*5
13.8
12.6
11.6
10.6
9.7
8.9
8.2
7.6
6.5

C.P.

-1.51
1.26

.61

.51

.44

.41
- .38
.37
.35
,34
.34
.33
.33
.34

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

1/2
1/2

1/2



U.S.A.-27

G/C = 1.00 Stagger = 20%

Ds=.0571, a = 0."87, h=0."06, Short strut, 13= -11.03

L L L D1 D Da1 D L/D

-. 096
.317
.720

1.099
1.540
1.958
2.325
2.694
3.044
3.378
3.748
4.054
4.260
4.263
4,116

.2865

.2385

.2290
.2337
.2568
.2945
.3391
.3897
.4454
.5043
.5714
.6482
.7163
.8215
.9680

.0856

.0863

.0872

.0879

.0890

.897

.0902

.0910

.0919
.0925
.0931
.0936
.0944
.0949
.0959

.0070
.0072
.0074
.0077
.0079
.0082
.0084
.0086
.0088
.0089
.0087
.0085
.0083
.0081
40079

.1368

.0879

.0773
.0810
.1028
.1395
.1834
.2330
.2867
.3458
.4225
.4890
.5565
.6614
.8071

- .7
3.6
9.3

13.6
15.0
14.0
12.7
11.5
10.6
9.8
8.9
8.3
7.7
6.5
5.1

--6
-. 4
-2
0
2
4
6
8

.10
12
14
16
18
20
22

.227

. 638
1:040
1.418
1.858
2.275
2.640
3.008
3.357
3.690
4.058
4.362
4.567
4.568
4.420

4.15
4,44
4,79
5,00
5.19
5043
5065
5.82
5.94
6.09
6019
6.27
6.38
3.04

-.108
.311
.716

1.099
1.542
1.958
2.330
2,700
3.042
3.373
3.738
4,028
4.220
4.223

-. 094,
.271
.624
* 955

1.342
1.702
2.027
2,368
2.648
2.935
3.250
3.504
3.675
3.677

.008
0006
.006
.005
.003
1.000

~.004
-,009
-.015
-.022
-.030
-. 039
-.047
-.050

- .879
-1.015
-1.275
-1.550
-1.885
-2.181
-2.443
-2.735
-2,977
-3.217
-3.498
-3.721
-3.855
-3944

-2.71
1.09

.59

.47
.41
.37
,35
.33
.32
.31
.31
.30
.30
.31

/2i

Biplane

.127
*105
.102
* 081
.049
.002

-. 060
M.0144
-. 244
-. 364
-. 495
-,647
-. 785
-.833

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

X z Za Xh ML C.P.

.323

.321

.320

.319

.318

.317

.315

.314

.313

.312
.310
.308
.307
.305
.304

0

7.23

7.24
I

'I

4

'72
7.24

1/2
1/2
1/2

1/2
1/2



U.S.A.-27 Biplane

G/C = 1.00,

Dx=.0556, a=0!86, b

Ll

*247
.673

1.068
1.454
1.887
2.230
2.658
3.028
3.406
3.759
4.098
4.379
4.588
4.569

IhO

.304

.302

.301

.300

.299

.298

.298

.297

.296

.295

.294

.293

.292

.290

L

-. 057
.371
.767

1.154
1.588
1.932
2.360
2.731
3.110
3.464
3.804
4.086
4.296
4.279

Stagger = 4070

= 0"091 ,Short strut,/3= -. 2108

D 1

.2577

.2173

.2110

.2216
.2468
.2837
.3256
.3754
.4362
.5024
.5736
.6441
.7256
.8339

.D 0

.0700
.0712
.0724
.0731
.0738
.0746
.0754
.0763
.0772
.0778
.0783
.0787
.0791
.0795

ID

.0057

.0060

.0062

.0064

.0066

.0069

.0071

.0074

.0076

.0079

.0081

.0083
.0086
.0088

.1264
.0845
.0768
.0865
.1108
.1466
.1875
.2361
.2958
.3611
.4317
.5015
.5823
.6900

L/D

-. 5
4.5

10.0
13.3
14.3
13.2
12.6
11.5
10.5

9.6
8.8
8.1
7.4
6.2

aL m IL

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

6.71
7.21
7.69
8.15
8.57
8.84
9.21
9.54
9.82

10.05
10.26
10.42
10.54
9.99

9.74
9*74
9.74
9.74
9.74
9.74
9.74
9.74
9.74
9.74
9.74
9074
9o74
9.74

.119

.110

.104

.087

.055

.012
-. 061
0.148
-. 246
-. 358
-. 500
-. 630
-. 774
-. 814

Z La Xh

-. 070
.364
.763

1.154,
1.590
1.937
2.366
2.736
3.112
3.464
3.794
4.066,
4.260
4.254

-. 060
.313
.655
.993

1.369
1.664
2.034
2.350
2.675
2.980
3.260
3.500
3.670
3.660

.011
.011
.010
.008
.005
.001

-. 006
-. 014
-. 023
-. 034
-. 048
-. 060
-. 074
-. 077

kile 0.P.

.753
M.994

-1.207
-1.413
-1.683
-1.903
-2.219
-2.389
-2.631
-2.864
-3.074
-3.260
-3.384
-3.517

-3.585
.91
.525
.41
.355
.325
.31
.29
.28
.275
.2?
* 265
.265
.275

C4

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20



U.S.A.-27 Biplane

G/C = 1.00, Stagger = 60%

Ds = .0571, a = 0."81, h = 0."105, Short strut,,/3= -31.00

C4. L0 Ll L

.276

.672
1.106
1.518
1.927
2.362
2.759
3,160
3.542
3.927
4.238
4.558
4.725
4.706

-. 052
.345
.781

1.194
1.604
2.040
2* 438
2.840
3.223
3.609
5,921
4.241
4.410
4.393

D D D

.2660

.2246

.2150
.2295
.2550
.2955
.3433
.4000
.4623
.5288
.5979
.6861
.7900
.9130

.0771

.0783

.0795
.0803
.0810
.0821
.0832
.0840
.0847
.0856
.0865
.0875
.0882
.0892

.0046

.0048

.0051

.0053

.0056

.0058

.0060
.0063
.0065
,0068
,0070
.0072
.0075
.0077

.1272

.0844
.0733
.0868
.1113
.1505
.1970
.2526
.3140
.3793
.4473
.5343
.6372
.7590

-. 4
4.1

10.7
13.7
14,4
13.6
12.4
11.2
10.3
9.3
8.8
7.9
6.9
5.8

X Z Za X h ME C.P.

-6 8.49
-4 9.20
-2 9.85

0 10.4a
2 11.06

4 11.38
6 11.81
8 12.16

10 12.44
12 12.68
14 12.85
16 12.78
18 12.38
20 11.97

-6
-4
-.2

0
2
4
6
8

10
12
14
16
18
20

.328

.327

.325

.324

.323

.322
.321
320

.319

.318

.317

.317

.315

.313

11.59
a
is

i

5,
5,

"

5'

11.60

s.

11.61

,110
.108
* 100
.087
.057
.011

-. 060
-. 126
-9250
.382

-. 515
-. 659
-. 755
-. 788

-. 064
.338
.778

1.194
1.601
2.008
2.443
2.886
3.224
3.602
3.908
4.220
4.380
4.380

-. 052
.274
.630
.968

1.299
1.628
1.980
2.336
2.612
2.918
3.166
3.420
3.548
3.548

.006
.005
.005
.004
.003
.001

-. 003
-. 006
-. 013
-. 019
-. 026
-. 033
- .038
-,039

- .774
- .910
-1.095
-1.279
-1.442
-1.685
-1.919
-2.179
-2.377
-2.613
-2.809
-3.076
-3.304
-3.408

1/2

1/2

-4.96
.90
.47
.35
.30
.28
.26
.25
.24
.24
.24
.24
.25
.26



U.S.A.-27

G/C = 1.33, Stagger = .40 %/

Da= .0556, a = 0."92, h = O."06, Medium strut, 13= 16.07

Lo L Di D De

.301
,300
.299
.298
.297
.295
.294
.292
.290
.289
.287
*285
* 283
,281

-.225
.234
.665

1.061
1.481
1.902
2.298
2.704
3.076
3.410
3.678
3.,972
4.094
4.090

.3249

.2595
.2435
.2490
.2695
.3001
.3420
.3935
.4500
.5095
.5723
.6497
.7466
.8495

.0983

.0990
.0997
.1004
.1010
.1016
.1022
.1028
.1034
.1040
.1046
.1046
.1045
.1046

.0089

.0087

.0085

.0082

.0080

.0077

.0075

.0073

.0070

.0068

.0065

.0063

.0060

.0058

D L/1

.1621

.0962

.0797

.0848

.1049

.1352

.1767

.2278

.2940

.3431

.4056
.4832
.5805
.6835

-1.4
2.4
8.3

12.5
14.14
14.D7
13.0
11.9
10.5
10.0
8.9
8.2
7.0
6.0

X Z Za Xh

.136 -. 238 -. 219 .008 -. 505

.110 .227 .209 .007 - .935

.103 .661 .609 .006 -1.305

.085 1.061 .977 .005 -1,614

.054 1.482 1.364 .003 -1.938
,002 1,906 1.753 .000 -2.303

".065 2.302 2.119 -. 004 -2.635
-. 150' 2.766 2.490 -. 009 -2.986
-,239 3.076 2.830 -. 014 -3.213
-. 371 3.402 3.130 -. 022 -3.502
-,494 3.661 3.368 &.030 -3.729
-.630 3.946 3.631 -.038 -4.072
~.710 4.068 3.745 -.043 -4.654
-.755 4.072 a.748 -.045 -4.975

C.P.

-. 77
1.37

.66

.50 1/2
.43 1/2
.40
.38
.35 1/2
.34 1/2
.34 1/2
.34
.34 1/2
.38
.40 1/2

/3.

Biplane

oc. i

M6
-4
M2
0
2
4
6
8

10
12
14
16
18
20

.078

.534

.964
1.359
1.778
2.197
2.592
2.996
3,366
3,699
3,975
4.257
4.377
4.371

.6
.4
-2
0
2
4
6
8
10
12
14
16
18
20

11.59
11.58
11.70
11.92
12.16
12.24
12.35
12.41
12.82
12.83
12.84
12.51
10.73
9.51

14.30
14.30
14.31
14.31
14.32
14.32
14.32
14.32
14,32
14.32
14.32
14.32
14.33
14.33



/35

U.S.A.-27 Biplane

G/C = 1.33, Stagger = -20%

Ds a .0556, a = 0092,

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

.3O2

.301

.300

.299

.298
*296
*294
.292
.291
.290
*288
o286
.286
* 284

-6 11.70
-4 11.70
-2 11.70

0 11.70
2 11.70
4 11.70
6 11.70
8 11.70

10 11.70
12 11.70
14 11.70
16 11.70
18 11.70
20 11.70

Ll

.144

. 592
1.002
1.410
1*822
2.277
2.656
3.024
3.369
3*734
4.062
4.298
4.475
4.458

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 -

- .158
.293
.722

1.111
1.524
1.981
2.362
2.732
3.078
3.444
3.774
4.012
4*189
4.174

.0099
.0097
.0095
,0092
.0090
.0087
.0085
.0082
.0080
.0077
.0075
*40073
.0070
.0068

Ii = 0?04, medium strutf3= 805

DO

.0957

.4967

.0976

.0983
.0990
,0996
.0999
.1002
.1004
.1006
.1011
,1016
41018
.1018

.3092
.2526
.2404
.2459
.2678
.3045
.3464
.3955
.4548
.5159
.5788
.6535
.7384
.8519

Za

. 844
.822
.778
* 710
.672
.677
.616
.555
.529
.497
.460
.479
.677
.942

.128

.111

.105

.083

.051

.003
-. 06 7
-. 149
-. 251
-,3 77
-. 509
-. 637
-. 750
-. 780

-.173
.285
.718

1.111
1.526
1*985
2,367
2.734
3.080
3*438
3.770
3.986
4.158
4.152

- .159
.262
.660

1.022
1.403
1.827
2.180
2.515
2.835
3.160
3.468
3.668
3.824
3*820

.1480
.0906
.0777
.0828
.1042
.1406
.1824
*2315
.2908
.3502
.4146
.4890
.5740
.6877

Xli Mle

.005 - .690
*004 -1.088
.004 -1.442
.003 -1.035
.002 -2.077
.000 -2.504

-. 003 -2.799
-. 006 -3,064
-. 010 -3.354
-. 015 -3.642
-. 020 -3.908
-. 026 -4.121
-. 030 -4.471
-. 031 -4.731

LD

- 1.1
3.2
9.2

134
14.6
14.1
13*0
11.8
10.6

9.8
9.1
8.2
7.3
6.1

C * P.

-1.33
1.27

.67
.52
.455
.42
o39
.375
.365
*355
.345
.345
.36
.38



U.S.A. 27 Biplane

G/c = 1.33

D= .0571, a m 0088,

.311
.311
.310
.309
.308
.308
.306
.302
.303
.302
.301
.300
.300
.299

9.97
9.97
9.97
9.97
9.97
9*97
9.o97
9*97
9*97
9.97
9.97
9*96
9.96
9*96

.134

. 587
1.000
1.387
1.829
2.272
20651
3.025
3.369
3.706
4.079
4*328
4.529
4.478

IMI

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

- .177
* 276
.690

1.078
1o521
1.964
2.345
2.723
3.066
3.404
3.?78
4.028
4.229
4.179

Stagger = 0

h = 0!06, Medium Strut,(3= 00

.0094

.0097

.0099

.0100

.0099

.0097

.0095

.0093
.0090
.0088
.0085
.0083
.0081
,0078

.0826

.0835
.0847
.0849
.0855
.0861
*0863
*0873
.0873
.0873
.0878
.0878
.0885
.0880

.3012
.2408
.2277
.2329
.2526
.2897
.3295
.3791
.4299
.4957
.5650
.6510
. 7577
.8246

.1515
.0905
.0760
.0809
.1001
.1368
.1766
.2254
.2865
.3425
.4116
.4978
.6040
.6717

z zo Xh

-. 847
-. 780
-. 690
-. 571
-. 466
-. 405
-. 302
-. 204
-. 122
-. 045

.011
.050
.069
.042

.130

.110

.100

.081

.047
-. 001
-. 069
-. 150
-. 249
-. 374
-. 512
-. 632
-. 732
-. 794

- .194
.268
.686

1.078
1.522
1.968
2.349
2.726
3.064
3*400
3,760
4.004
4.202
4.150

- .171
.236
.604
.948

1.340
1.731
2.06?
2.400
2.696
2.992
3.308
3.523
3.700
3.652

.008
* 007
.006
.005
,003
*000

-,004
-,009
-. 015
-,022
-. ,031
-,038
-. 044
-. 048

- L.Z
3.1
9.1

13.o3
15.2
14.4
13.3
12.1
10.7
9.9
9.2
8.1
7.0
6.2

- .688
-1.023
-1.300
-1.524
-1.809
-2,136
-2.366
-2.595
-2.803
-3, 015
-3.266
-3.485
-3.604
-3.562

OL. Lo

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

oL Mo Mle .

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

-1.18
1.27

.63
.47
.395
.36
.335
.315
.305
*295
.29
.29
.285
.285

D



15

U.S.A.-27 Biplane

G/C = 1.33 Stagger = 20%

Db .0556, a = 0088, h = 0006, Medium Strut,,/3= -8!5

OL L

.304

.303

.302

.300

.299
0298
.297
* 295
,294
.293
.292
.291

.. 290
.288

MO

12.10
12.10
12.10
12.10

*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

11

B.95
9.31
9*56
9*91

-6
-4
-2

0
2
4-
6
8

10
12
14
16
18
20

-6
44

-2
0
2
4
6
8

10
12
14
16
18
20

-. 046
.400
.811

1*219
1.648
2,070
2.457
2.841
3.226
3.614
3*922
4*216
4.312
4.259

-. 833
-. 738
-. 672
-. 580
-. 531
-. 481 -
-. 424 -
-. 365 w
-. 290 -
-. 290 -
-. 246 -
-. 217 -
-. 201 -
-. 415 -

.0083

.0085

.0088

.0091
.0093
.0096
.0098
.0100
.0100
.0098
.0096
.0093
.0091
.0088

.123

.112
,106
.088
.054
.000
.069
.155
*261
.392
.461
.680
.775
.780

,m.o(
*3
.8

10* 23
1.6
2.0
2.4
2.8
3.2
3o6
3*91
4.1
4.2
4*2

.0894

.0898
.0903
.0911
.0918
.0926
.0933
.0940
,0947
.0951
.0955
.0958
.0961
.0962

.2824

.2377

.2322

.2435
.2685
.3026
.0933
.0940
.0947
.0951
.0955
.0958
.0961
.0962

.1291
.0838
.0775
.0877
.1118
*.1448
.1898
.2416
.3037
,3691
.4358
.5033
.5842
.7174

-

3
3
3
3
3
3
3

Z Za lb Me

0.- .053 .007 - .787
92 .345 .007 -1.090
)7 .710 .006 -1.388
9 1.071 .005 -1.626

50 1.451 .003 -1.985
74 1.824 .000 -2.305
52 2.167 -. 004 -2.587
44 2.503 -. 009 -2.859
a8 2.840 -. 016 -3.149
)8 3.175 -. 024 -3.441
6 3.442 -. 028 -3.660

38 3.880 -. 041 -3.856
76 3.760 -. 047 -3.914
13 3.730 -. 047 -4.098

12.10 10.09
12.10 10.28
12.10 10.50
12.10 10.7o2
12.10 11.01
12.10 11.01
12.10 11.17
12.10 11.28
12.10 11.34,
12.10 10.53

* .4
4.8
0.5
3.9
4.7
4.2
3.0
1.8
0.6
9.8
9.0
8.4
7.4
6.0

-4.37
.93
.575
.445
.40
.37
.35
.335
.325
.315
.31
.305
.305
.31

3)



/Is

U.S.A.-27 Biplane

G/C = 1.33 Stagger = + 40%

Do = .0556, a =' 0190, h = 0008, Medium Strut.= -16?

o' Lo

m6 .305
-4 .304
-2 .363
0 .301
2 .300
4 ..300
6 .299
8 .297

10 .296
12
14
16
18
20

.295
.294
.293
.291
.290

cc R0

-6 12.11
-4 12.11
-2 12.11

0 12.11
2 12.11
4 12.11
6 12.11
8 12.11

10 12.10
12 12.10
14 12.10
16 12.10
18 12.10
20 12.10

Li

.161
.600

1.025
1.432
1.861
2.293
2.706
3.071
3.462
3*843
4.198
4* 4?6
4.621
4.598

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

- .144
.296
.722

1.131
1*561
1.993
2.407
2.774
3.166
3.548
3.904
4.183
4.330
4.308

V,

.0072

.0075

.0077

.0080

.0082

.0085

.0087
.0090
.0093
.0096
.0098
.0100
.0100
.0098

Do

.0853

.0863

.0872

.0880

.0888

.0896
.0904
.0911
.0917
.0924
.0930
.0938
.0946
.0946

Dl

.2918

.2389

.2278
.2346
.2566
o2926
.3364
.3858
.4439
.5093
.5786
.6518
.7269
.8462

D

143?
.0895
.0773
.0830
.1040
.1389
.1817
.2301
.2873
.3517
.4202
.4924
.5667
.6862

x Za Xli

-.846
-.754
-.664
-.569
-.442
-,392
-. 281
-.227
-.127
-.093
-.021
+.005

-.07?

.127

.110

.103

.083

.049
000

-.072
-.157
-. 280
-.394
-.536
-,680
-.798
-.828

- .158
.290
.718

1.131
1.564
1.993
2.412
2.776
3*163
3,541
3.886
4.152
4*290
4.280

- .142
.261
.646

1*018
1.508
1.794
2.171
2.598
2.847
3.187
3.497
3*737
3 * 861
3.852

.010

.009
.008
0007
.004
.000
-.006
-. 013
-.022
-.032
-.043
-.055
-. 064
-.066

L/D

- 1.0
3.3
9.3

13*6
15.0
14.4
13*2
12.0
11.0
10.1
9.3
8.5
7.6
6.3

-1.51
1.18
.61
.47
.395
.365
.34
.34
.31
.305
.30
* 295
.29
.29

- .714
-1*024
-1.318
-1.594
-1.854
-2.186
-2.446
-2.812
-2.952
-3*248
-3.475
-3.6 77
-3.157
-3.709



U.S.A.-27 Biplane

G/C - 1.33

D= .0571, a = 0086,

-6 .320
-4 .320
-2 .319

0 .318
2 .31?
4 .315
6 .314
8 .312

10 .311
12 .3111
14 .310
16 .309
18 .308
20 ,306

0c

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

1344
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

: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
11008
11.52
12.06
12*29
12.64
13.02
13.25
13*37
13.49
13.71
13.55
13.33

.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

Stagger = 60%

h = 0017, Medium Strut, /3=-242

.0062
.0065
.0067
.0070'
.0073
.0075
.0078
.0080
.0083
.0086
.0089
.0091
. 0094
.0096

0

.0802
,0814
.0826
.0835
.0844
.0852
.0860
,0869
.0877
.0883
.0888
.0897
.0906
.0912

.3000

.2393
.2250
.2297
.2520
* 2880
.3267
.3813
.4402
.5083
.5821
.6495
.7307
,8474

x
-. 811
-. 750
-. 624
-. 508
-. 365
-. 304
-. 209
-. 108
-. 048
-. 002
+.011
+.074

.032
.026

.132

.110

.104

.082

.051

.001
-. 068
'-.151
-. 244
-. 382
-. 524
-. 675
-. 808
-. 844

.1565
.0943
.0796
.0821
.1032
.1382
.1758
.2293
.2971
.3543
.4273
.4936
,5736
,6895

1.4

2.4
8.5

1362
14.7
14.2
13*2
12.0
10.5
9.9
9.1
8.5
7.2
6.3

Xli lLie.

.022

.019

.018

.014

.009

.000
-. 012
-. 026
-. 042
-. 065
-. 089
-. 115
-. 137
-. 143

- .630
- o960
-1*220
-1.452
-1.677
-1 * 993
-2.201
-2.447
-2.678
-2.938
-3.232
-3.366
-3.566
-3.661

- .89
1*44

.605

.45
.38
.34
.315
.295
.285
.28
.275
.27
.275
.28

- .236
. 222
.672

1.080
1*516
1.o961
2,329
2.748
3.106
3.492
3.875
4.140
4.346
4.340

- .203
.191
.578
.930

1.303
1,689
2.004
2.365
2.672
3.001
3*332
3.555
3o735.
3*730



/ 39

U.S.A.-27 Biplane

0= 0556,

G/C = 1.67

a 0191,

Stagger = -40%

i = 0!06, Medium Strut,(3= 1305

ID1

.2973
.2331
.2215
.2270
.2490
.2811
.3243
.3758
.4339
.4909
.5607
,6358
.7100
.8261

.1512 -1.3

.0862 3.1

.0738 9.5

.0785 14.1

.0998 15.1

.1318 14.6

.1748 13.4

.2258 12.0

.2833 10.9
.. 3402 10.1
.4099 9.2
.4835 8.3
.5593 7.4
.6754 6.1

Za Xl Mie 02 !

.008

.006
.006
.005
.003

-. 000
-. 004
-. 009
-. 015
-. 023
-. 031
-. 038
-. 044
-. 046

- .608
-1.060
-1.373
-1.684
-1.961
-2.306
-2.604
-2.866
-3.173
-3.436
-3.705
-3.985
-4.321
-4.679

- .95
1.34

.655

.51

.43
.40
.37
.355
.345
.335
.33
.335
.355
.38

CL

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
90

L 0

.302
.301
.3 0
*298
.297
.295
*294
*293
.291
.290
.289
.288
#286
. 285

.103
. 572

1.003
1.401
1.807
2.223
2.630
2.996
3,379
3*714
4.056
4.280
4.406
4.398

-. 199
*271
.704

1.103
1*510
1 * 928
2.336
2.703
3.088
3.424
3.767
3.992
4.120
4.113

.0093
.0091

.0088

.0086
.0084
.0081
.0079
.0076
.0074
.0071
.0069
.0067
.0064
.0062

0

.0812
.0822
.0833
.0843
.0852
.0855
.0860
.0868
.0876
.0880
.0883
.0885
.0887
.0889

M

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

7.54
7.54
7054
7.54
7.54
7.54
7054
7.54
7.54
7.54
7054
7.54
7054
7.54

4.53
4*46
4.78
5.08
5.35
5.45
5.75
5.99
6.12
6.23
6.32
5.98
5.08
3074

-. 795
-. 815
-. 730
-. 650
-. 580
-. 553
-. 473
-. 410
-. 376
-. 347
-. 323
-. 413
-. 650

-1.005

.128

.105

.100

.079
.047

-. 003
-. 071
-. 150
-. 257
--. 378
-. 514
-. 638
-. 740
-. ?770

- .214
.263
.700

1.103
1,512
1.928
2.342
2.708
3.090
3.420
3.752
3.968
4.089
4.093

- .195
.239
.637

1.029
1.378
1.753
2.135
2.465
2.812
3.112
3*413
3.610
3.715
3.720

C... Mo M,



Is'?

U.S.A.-27 Biplane

G/C - 1.67 Stagger = -33%

a = 0093 h w 004 Medium Strutj a= 1123

L ID

- .147 .0096
.333 *0093
.764 .0091

1.181 .0089
1.614 .0086
2*038 .0084
2.440 .0081
2.831 .0079
3.207 .0077
3.554 .0074
3.906 .0072
4.141 .0069
4.189 .0067
4.105 .0065

-6 7.54
-4 7.54
-2 7.54

0 7.54
2 7.54
4 7.54
6 7.54
8 7.54

10 7.54
12 7.54
14 7.54
16 7.54
18 7.54
20 7.54

Ml

4.45
4.49
4.52
5,05
5,41
5.66
5.99
6.37
6.73
7*11
7.39
7.43
6.31
5.31

I A 2Za Xh

-. 817
-. 806
-. 799
-. 659
-. 564
-. 497
-,410
-. 310
-. 214
-. 114
-. 040
-. 029
-. 325
-. 590

.128

.109

.102
* 085
.052
.002

-. 069
-. 152
-. 270
-. 380
-. 528
-. 664
-. 754
-. 740

- .161
.326
.760

1*181
1.616
2.043
2.445
2*836
3.206
3.550
3.892
4.113
4.152
4.094

- .150
.303
*707

1.100
1.502
10900
2.374
2.636
2.981
3.301
3.612
3 * 830
3*861
3*808

.005

.004

.004
*003
.002
.000

-. 003
-. 006
-. 011
-. 015
-. 021
-. 027
-. 030
-. 030

D6 = 00571

OL

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

1 .

.129
.608

1.9038
1*453
1.885
2.308
2,709
3.099
3.474
3.820
4.171
4.405
4.452
4.376

L 0

.276
.275
.274
.272
*271
.270
.269
*268
* 267
.266
o265
.264
..263
.261

D6-0

,0895
.0892
.0890
.0889
.0886
.0884
.0881
.0079
.0077
.0074
.00?2
.0069
.0067
.0065

D

.3000
*2440
.2319
.2395
.2622
.2966
.3387
.3905
.4432
.5104
.5751
.6395
*7301
.8495

LAD

-- 1.0
3.8

10.1
13*8
14.8.
14.1
13*0
11.8
10.9

9.6
9.1
8.4
7.1
5.8

3

.1438

.08?4

.0757
.0854
.1091

31445
.1875
.2404
*2932
.3686
.4283
.4940
.5867
.7065

Il1e

- ,672
-1.*113
-1*510
-1.762
-2.068
-2.397
-2,781
-2.940
-3.184
-3.400
-3*621
--3.832
-4,156
-4.368

- 1.49
1*14
.. 665
*495
* 425
.39
.38
.345
.33
.32
.31
.31
.335
.355



U.S.A.-27

G/C = 1.67 Stagger = 0

B = .0556, a = 0."90, h = 0."06, Medium strut,/3= 00

L * D D B D L/D
__o__1 o

.049
.509
* 946

1.350
1.740
2.198
2.557
2.948
3.328
3.651
3.998
4,295
4.479
4.459

.303
.302
.301
.300
.299
.298
.297
.295
.293
.291
.290
.289
.288
.287

-.254
* 207
.645

1.050
1.441
1.900
2.260
2.653
3.035
3.360
3.708
4.006
4.191
4.172

.3040

.2334

.2165

.2205

.2398

.2716

.3100

.3590

.4150
.4750
.5403
.6098
*6833
.7985

.0770

.0779
.0787
.0793
.0798
.0806
.0813
.0821
.0828
.0834
.0837
.0840
.0843
.0847

.0094

.0097

.0099

.0100
.0099
.0097
.0095
.0093
,0090
.0088
.0085
.0083
.0081
.0078

oc -mI X Z Za Xh MLE C.?.

-0.71
1.60
.68
.51

.39. /2

.39 1/2
.36 1/2
.34 1/2
.33 1/2
.32 1/2
.32
.31 1/2
.3. 1/2
.33 1/2

/40

Biplane

oc. L

.6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

.1620
.0902
.0723
.0756
.0945
.1257
.1636
.2120
.2676
.3272
.3925
.4619
.5353
.6504

-1.57
2.29
8.92

13.89
15.25
15.12
13.82
12.50
11.34
10.3
9.2
898
7.8
6.3

-6
-4
-2

0
2
4
6
8
10
12
14
16
18
20

4.95
4.87
5.06
5.32
5.63
54*77
6.09

6.57
6.75
6.86
6.99
6.78
5.99

7.79
7.79
7,79
7.79
7.79
7.79
7.79
7.79
7.79
7.79
7.79
7.79
7.79
7.79

.134

.106

.096

.076

.045
-. 007
-. 074
-. 176
-.262
-. 378
-.515
-. 660
-.790
-. 812

-. 270
.199
.642

1.050
1.443
1,903
2.264
2.655
3,032
3.353
3.690
3.977
4.146
4.140

-. 243
.179
.578'
.945

1.299
1.713
2.038
2.389
2.729
3.018
3.321
3.579
3.731
3.726

.008
.006
.006
.005
* 003
.000

-.004
-.01.
-. 016
-.023
-.031
-. 040
-,047
'.1049

.516
- .957
-1.306
-1.604
-1.873
-2.247
-2.484
-2.767
-3.036
-3,270
-3.536
-3.751
-3.951
-4.153



U.S.A.-27 Biplane

Ds = .0571,

'o

o 285
.283
*282
* 280
*279
.277
.276
. 274
.273
.272
*271
.270
.268
.266

I L

*616
1*036
1.425
1*865
2.294
2.676
3*069
3.426
3s812
4*137
4.428
4.521
4.353

G/C= 1.67

a = 081,

6135
.333
.858

1.145
1.585
2.017
2.400
2.795
3.153
3 *530
3.866
4.158
4.253
4.087

Stagger = 33%

h = 0!07, Medium Strut~3= -1163

s0079
.0082
.0084
40087
.0090
.0092
.0095
.0098
.0100
.0100
40099
.0096
.0094
,0091

13 0
.0981
.0976
.0972
.0968
.0965
.0960
.0955
.0948
.0942
.0937
.0933
.0923
.0914
.0907

D1

.2495
.2431
.2443
a2693
.3006
.3424
.3922
.4441
.5072
.5745
,6488
.7229
,8446

D

.1402
.0866
.0804
.0817
,1067
.1383
.1803
.2305
.2827
.3464
.4142
.4898
.5650
.6877

LL.

- 1.0
+ 3.8
10,7
14.0
14,9
14.6
13.3
12.1
11.1
10.2
9.3
8.5
7.5
5.9

Xh .le

.009 - .723

.008 -1,126

.008 -1.458

.006 -1.638
.004 -2.021
.000 -2.247
-.005 -2.468
-.011 -2.764
-.019 -2.986
-.028 -3.240
-.037 -3.454
-.048 -3.587
-.054 -3.606
-.052 -3,628

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

-- -
X,

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

10.40
10.38
10.37
10.36
10.34
10.32
10.30
10.31
10.32
10.33
10.34
10.35
10.35
10.35

7* 24
7.15
7.50
7.70
7.95
8.02
8.32
8.38
8.61
8.77
8.93
9*24
9*44
8.91

-,836
-.855
-. 759
-.704
-.632
-.609
-. 524
-.510
-.453
-.413
-. 373
-. 294
-. 241
-.o381

.126
.109
.109
.082
.050

-. 002
-.073
-.158
-.270
-.398
-.531
-.678
-.775
-.750

- .150
.325
*854

1.145
1.588
2.021
2.406
2.798
3.152
3.521
3.848
4*130
4.214
4.072

- .122
.263
.691
*928

1.385
1*638
10949
2.265
2.552
2.855
3.118
3.341
3.419
3.300

-4

1.15
.57
.475
.425
.37
.34
.33
.315
.305
.30
.29
.285
,29



1-4:2-

U.S.A.-27 Biplane

G/C = 1.67 Stagger,= 60%

a = 0192, h = O!06, Medium Strut, O 0-19?8

OL:. Lo

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

,315
.313
.312
.311
.310
.309
.308
.307
.306
.305
.303
.302
.301
.299

0(. No0

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

11.091
11.91
11*91
11.91
11.91
11.91
11.91
11.91
11.91
11.91
11*92
11.92
11*92
11.92

.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
9o83

10,21
10.58
10.88
11.11
11*28
11.53
11.83
11.76
11.04

L 3)t

- .083 .0068
.385 .0070
.815 .0073

1.225 .0076
1.679 .0078
2.090 .0081
2.471 .0083
2.862 .0086
3.242 *0089
3.605 .0092
3.961 .0094
4.224 .0097
4.304 .0099
4.198 .0100

.0812

.0822

.0832
.0840
.0847
.0854
.0861
.0867
.0872
.0879
*0886
.0892
.0898
.0900

.2802
.2317
.2255
.2340
.0847
.0854
.0861
.0867
.0872
.0879
.0886
,0892
.0898
.0900

Z Za Th IL
~

-.940
-.851
-. 743
-.610
-.550
-.450
-.352
-4272
-.212
-.167
- .103
-.024
-,042
-.233

.126

.112

.110
*085
.052
$001

-,.080
-. 155
-.268
-.395
-.536
-.688
-.780
-.762

- .096
.378
.811

1.225
1.681
2.096
2.478

- 2.870
3*242
3.600
3.945
4*193
4* 268
4*186

- .088
.348
,746

1.128
1.549
1*928
2.280
2.640
2.983
3.312
3.630
3.855
3.930
3*848

Ds =.0571,

.1351

.0854

.0779

.0853

.1118
.1478
.1895
.2413
.2978
.3628
.4349
.4985
.5769
.7129

- 0.6
4.5

10*5
14.4
15.0
14.2
13,1
11,8
10.9
10.0
9.1
8.5
7.4
5.9

.008

.007
o007
.005
.003
.000

-.005
- .09
-. 016
-, 024
-.032
-.041
-.047
-.046

- .860
-1.206
-1.496
-1.743
-2,102
-2.378
-2.627
-2.903
-3.179
-3.455
-3.701
-3*838
-3*925
-4.035

-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 Stagger = - 40%

DO a ,0556,

LO

.300
. ?98
*296
.295
* 294
*293
*291
*290
.289
.288
.286
,s284
.282
.281

Ll

.138
.607

1.046
1.458
1.878
2.301
2.700
3 * 093
3.467
3#836
4.145
4.383
4.456
4.317

a = 0:92,

- .162
.309
.750

1.163
1.584
2.0'Q8
2.409
2. 803'
3.178
3.548
3.859
4.099
4.174
4*036

#0134
.0133
*012E
.0124
.0123
,0118
#0114
.0113
.010f
.0101
.0103
.009f
.009!
.0091

h = 0*04

D

.0966
.0975
.0984
.0989
*.0994
.0999
.1003
*.1005
.1006
.1011
* .1015

.1018
*.1020

, Long Strut,13= 1123

ID 1

.3144
.2505
.2391
.2462
.2682
.3005
.3442
.3932
.4513
.5119
.5756
.6454
.7271
.8591

D 

.1458
.0843
.0723
.0793
.1011
.1332
.1769
.2260
.2843
.3447
.4084
.4783
.5602
.6924

- 1.1
3.7
10.4
14*7
15.7
15.1
13.6
12,4
11,2
10.3
9.5
8.6
7.5
.8

Mi

11.30
11.33
11*51
11,83
12*03
12.10
12.38
12,53
12.74
12.84
12.94
12.65
11.43

-.801
-.794
-.746
-.661
-.608
-. 590
-.518
-,455
-.423
-.397
-.370
-. 447
-.770

10.48 -..020

.128
.106
.099
.079'
.045

-. 007
-.075
-.164
-.270
-.400
-.537
-. 670
-.756
-.725

z
* .176 -

.302

.746
1.163
1*586
2,012
2.412
2.806
3.178
3.542
3.837
4.065
4.140
4.030

4

4
1.
14
1.
2.

2.

343
3
3
34

Za Xh Mi

162 -.005 - .634
278 -. 004 -1.068
686 -. 004 -1.428
070 -.003 -1.728
459 -.002 -2.065
850 .000 -2.440
220 .003 .2.741
582 .007 -3.044
.922 .011 -3.356
2;606 .016 -3.673
.528 "022 -3.920
.740 :027 -4.214
.800 .030 -4.600
.705 .029 -4.754

CL

-6
-4
-2

0
2
4
6
8
10
'12
14
16
18
20

OL

--6
04
-2
0
2
4
6
8

10
12
14
16
18
20

14
14.33
14.33
14.33
14.33
14.33
14.34
14.34
14.34
14.34
14.34
14.34
14.34
14.34

-1.20
1*18

.635

.495

.435

.405

.38

.36

.35
.345
.34
.345
.37
.395



U.S.A.-27

G/C = 2.00 Stagger = 0

D8 = .0571, a = 0'95, h = 0, Long strut, :3 = 0

oL..

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

L 0

o323
.322
* 320
.319
.318
.318
.315
.313
.312
.311
.310
.309
.307
.305

me

-6 9.17
-4 9.17
-2 9,17
0
2
4
6
8

10
12

9.17
9.17
9.17
9.17
9*17
9.17
9.17

L 1

.190

.670
1.106
1.518
1.932
2.418
2.775
3.167
3*548
3.876
4.230
4.489
4.555
4.439
m

6*25
6.09
6.37
6.61
6.77
6.94
7.12
7.29
7.38
7.54

L D3

-. 233 .0132
.348 .0136
.786 .0140

1.199 .0141
1.614 .0140
2.100 .0136
2.460 .0133
2.854 .0130
3,236 .0127
3.565 .0123
3.920 .0120
4.180 .0116
4.248 .0113
4,134 .0110

h=0 Xhi -0

-. 772
-V815
-. 741
-. 678
-. 635
-. 590
-. 542
-. 497
-. 474
-. 431

.117

.110

.o098
.081
. 044

-. 008
- .078
-. 166
-. 280
-. 400

-.

DO

.0892

.0902

.0911

.0T19

.0930

.0938

.0941

.0950

.0958
*0964
.0969
.0971
.0978
.0979

z

247 -. 235
340 .323
783 .744

1.199
1.616
2,103
2.466
2.858
3.235
3.556

144

Biplane

DI

.3028

.2452

.2357

.2437

.2639
.3037
.3450
.3971
.4501
.5146
.5805
.6504
.7313
.8641

.1433
.0843
.0735
.080E
.099E
.1392
.1805
.2320
.284,9
.3479
.4145
.484C
.5651
.6981

L/D

-1.6
4.1

10.7
14.9
16,2
15.1
13.6
12.3
11.4
10.2
9.5
8.6
7.5
5.9

c.P.

-. 725
1.21

.63
* 505
.45
.41
.39
.375
,365
.355

Za le

-. 537
-1.238
-1.485
-l.817
-2.171
-2.588
-2,884
-3.210
-3.547
-3.807

1.139
1.536
1*998
2.392
2.713
3.073
3,376



U.S.A.-27

G/C = 2.00 Stagger = 60 %

D= .0571, a = 0V93, h = -. 0"01, Long strut, = -160.7

Ot. L0 Li

.316
.757
.313
.312
.311
.310
.309
.308
.306
.304
.303
.302
.301
.300

.293

.757
1.183
1.579
2.032
2.460
2.838
3.221
3.609
3.974
4.283
4.509
4.605
4.550

U lit 1

11.87
11.87
11.88
11.88
11.89
11.89
11.90
11.89
11.89
11.88
11.87
11.86
11.85
11.85

8.93
9.35
9o70
10.04
10.42
10.61
10.88
11.07
11.27
11.35
11.43
11.75
11.50
10.90

.6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

a 0L

-. 023
.443
.870

1.267
1.721
2.160
2.529
2.913
3.303
3,670
3.980
4.207
4.304
4.250

-. 778
-. 666
-. 576
-. 486
-. 389
-. 338
-,270
-4217
-. 164
i.140
-. 116
-. 029
-9093
-. 251

.,0099
.0103
.0107
.0111
.0115
.0119
.0122
.0126
.0130
.0134
.0138
.0141
.0141
.0138

x
.125
.112
.100
.081
.045

-.008
-. 080
-. 174
-.284
-. 414
-. 553
-. 692
-. 780
-. 771

Dl D D

,0810
.0824
.0839
.0849
.0859
.0866
.0874
.0882
.0890
.0897
.0904
.0909
.0914
.0924

z

-. 036
.436-
.867

1.267
1.723
2.153
2,533
2.916
3.300
3.660
3.960
4,173
4.268
4.236

.1260
.0797
.0713
.0813
.1051
.1419
.1843
.2348
.2929
.3557
.4213
.4875
.5770
.7262

-. 2
5.5

12.2
15.6
16.4
15.2
13.7
12.4
11,3
10.3
9.4
8.6
7.5
5.9

.2740

.2295
.2230
.2344
.2596
.2975
.3410
.3927
.4520
.5159
.5826
,6496
.7396
.8895

Z7a

-. 034
.406
.806

1.178
1.603
2.002
2.355
2.714
3.070
3.405
3,684
3.880
3.975
3.932

-.001
-. 001
-. 001
- .001

.000
.000
.001
,002
.003
.004
.006
.007
.008
.008

- . 743
-1.071
-1,381
-1,663
-1.992
-2.340
-2,626
-2.933
-3.237
-3.549
-3.806
-3.916
-4.076
-4.191

-. 69
.82
.53
.44
.385
.365
.345
.335
.325
.325
.32
.315
.32
.33

/45

Biplane

Xh Mie C.P.CV

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20



Gottingen 38? Monoplane 

Test made by Aeronautical Department, ll.I.T.,Nov.8,1922. 
To be used as standard to which to apply biplane correction factors 

oL L D L/D ~ l>c llc C,P. - . - - - -
- 8 - ~c~l .0860 -1 •. oa -.00016 .000143 -,000~9 - i.os 
- 6 .12 .0457 2,65 •00020 .000076 -.ooo l 1.60 
- 5 .229 .0412 5 •. 56 •00038 •. 000069 -,00036 .95 
- 4 .340 •039'1 8,56 •0005'7 ,000066 -.00040 .'72 
- 3 .452 .0411 ll,00 •. 000'15 .000068 - •. 00045 •60 
- 2 ,565 ,0432 13 •. 10 .00094 ,000072 -,00050 '.53 

0 ,'196 ,0522 15.24 ,00133 ,00008'1 -,00060 ,45 
.2 1.028 ,0648 15,86 ,00171 .000108 -,00069 .40 

4 1,258 ,0832 15.13 .00209 .000139 -,00079 .3'1 
6 l,,4'77 .1068 13 •. 82 • ,00246 .0001'18 -,00088 .36 
8 1.699 .133'1 12.72 ,00283 .000223 -,00097 .34 

10 1.920 ,1645 11,6'1 •. 00320 ,000274 -.00107 '.33 12 2,097 ,1961 10.70 ,00349 ,00032'1 -.00114 .33 
14 2.235 ,2282 9,79 ,00372 • 0003 80 - • 00118 .32 
16 2.312 .2630 8,'19 .003a5 .000438 -.00121 .32 
18 2.363 .3060 7.72 .00394 •. 000501 •• 00124 .32 
20 2.368 .3582 6.62 .00395 .000597 -,00126 .31 
22 2,314 ,4284 5.40 .00386 .000714. 



14-7 

" Gottingen 387 'Monoplane #1 

Crosshead Mounting Protected By Discoid Case 

D6=.0301, a = 0~74, h = 0~92 

0(. L}. ~ L D1 

-8 .188 .. 251 - .. 063 .1880 
-6 •401 ,.250 .151 .1525 
-4 .614 .249 .365 ,1465 
-2 .816 .247 .. 669 .1490 

0 1.076 .24'7 .829 .156? 
2 1.310 .246 1.064 .1?03 
4 l.550 .245 1.305 .1895 
6 1.779 .• 244 l.5Z>5 .2146 
8 2.001 .243 l.?58 .2402 

10 2.205 .242 1.965 .2701 
12 2.405 .242 2.163 .3031 
14 2.519 .241 2.278 .3364 
16 2.606 .241 2.365 .. 3?4? 
18 2.610 .240 2.,370 .4203 
20 2.605 .240 2.365 .4?5'7 

OC.. Do D' x z 
-

-8 .0793 .0786 .070 -.073 
-6 .0776 .0448 ,.060 .14? 
-4 .0768 .0397 .065 .361 
-2 .0760 .0429 .063 .56? 

0 .0750 .0516 .052 .829 
·2 .0740 ,0662 .029 1.066 
4 .0726 .0868 -.oo.s 1.307 
6 .0712 .1133 -.049 1.538 
8 .0698 .1403 - .105 1.760 

10 .0685 .1?15 -.170 1.962 
12 .06?0 .2060 -.249 2.15? 
14 .0665 .2408 -.317 2.268 
16 .0639 .2807 -.380 2.340 
18 .0622 .3280 -.422 2 .. 353 
20 ,0608 .3848 -.448 2.353 



" Gottingen 387 Monoplane #l(Cont.) 

OL Ml Mo M 6 M 

-8 8.84 10.72 -.09 -.474 
-6 8.62 10.72 -.09 -.532 
-4 8.60 10.72 -.09 -.537 
-2 8.56 10.72 -.09 -.548 

0 8.58 10.72 -.08 -.545 
2 8.56 10,72 -.08 -.550 
4 8,64 10.72 -.08 -.529 
6 8.77 10.71 -.08 -.492 
8 8.87 10.71 -.08 -.465 

10 9.05 10.71 -.08 -.418 
12 9.28 10.71 -.08 -.357 
14 9,57 10.71 -,08 -,.281 
16 9.74 10.71 -.08 -,235 
18 9,82 10.71 -.09 -.2l2 
20 9.75 10.71 -.09 -.233 

Ol. Za Xh Mle C.P. 

-8 -.055 .064 -+355 -1.62 
-6 .109 r055 -.686 1,56 
-4 .267 .060 -.744 .685 
-2 .420 ,058 -.910 .535 

0 .613 ,048 -1.110 .. 445 
2 .789 .027 -1.312 .41 
4 .967 -.003 -1.499 ,385 
6 1,139 -.045 -1.676 ,365 
8 1.302 -.097 -1.864 ,355 

10 1.452 .- .156 -2.026 ,345 
12 1•597 -.229 -2.183 ,335 
14 1,680 -,292 -2•253 .33 
16 1.731 -.350 -2.316 .33 
18 1,.740 -.388 -2.340 .33 
20 1.740 -.412 •2.385 .335 



Ggttingen 387 Monoplane #2 

Crosshe~d Mounting Protected By Discoid Case 

Ds = .0301, a; 0~8'7, h = 0~82 

°'- Ll Lo L D1 

-8 ,.217 .255 - .038 .1637 
-6 ,434 .254 .180 .1441 
-4 .653 .253 ,400 .1395 
-2 .881 .252 .629 .1435 

0 1.118 .251 .867 .1524 
2 1.345 .250 1.095 .1662 
4 1.588 .250 1.338 .1863 
6 1.807 .250 1.55'7 .2000 
8 2.020 .249 1.771 .2369 

10 2.225 .249 1.9?6 .2680 
12 2.419 .248 2.171 .3011 
14 2.524 .248 2.276 .3341 
16 2.605 .. 247 2.356 .3?55 
18 2,622 .246 2.376 .4177 
20 2.,617 .246 2.371 .4796 

o(. Do .D x z 
-8 .0715 .0621 .067 -.047 
-6 .0707 .04~3 .062 .174 
-4 .0699 ,.0395 .067 .395 
-2 ,0690 .0444 .068 .62? 

0 ,0681 .0540 .054 .867 
2 .0667 .0694 .031 1.097 
4 .0649 .0913 -.003 1.340 
6 .0639 .. 1060 -.058 1.558 
8 .0629 .1439 -.103 1.?74 

10 ,.0619 .1760 -.170 1,9?6 
12 .0609 .2101 -.246 2.166 
14 .0598 .2442 -.313 2.267 
16 ,.0583 .2871 -.373 2.Z>4a 
18 ,0568 .3308 -.442 2.353 
2GU .0555 .3940 -.442 2 .. 363 



/So 

" Gottingen 38?· Monoplane 62(Cont.) 

ol- i Mo M.s M 

-8 8.?l 10.69 -.09 -.500 
-6 8.?4 10.69 -.09 -.492 
-4 8.80 10.69 -.09 -.4?6 
-2 8.8? 10.69 -.09 -.458 

0 9 .OOl 10.69 -.08 -.426 
2 9.12 10.69 -.08 -.394 
4 9.28 10.69 -.08 -.352 
6 9.4? 10.69 -.08 -.302 
8 9.'72 10.68 -.08 -.233 

10 9.96 10.68 .:. .08 -.169 
12 10.23 10.68 -.08 -.098 
14 10.56 10.68 -.08 -.011 
16 10.7'3 10.,68 - .. 08 .034 
18 10.81 10.,68 -.09 .058 
20 10.'72 10.68 -.09 .034 

o(. Za Xh Mle C .P. 

-8 -.041 .047 -.412 -2.92 
-6 .151 .051 -.592 1.13 
-4 .344 .055 -.'765 .645 
-2 .545 .056 - .947 .505 

0 .754 .044 -1.136 .435 
2 .954 .025 -1.323 .405 
4 1.167 -.002 -1.521 .38 
6 1.356 -.048 -1.706 .365 
8 1.543 -.085 -1.861 .35 

10 1.719 -.139 -2.027 .34 
12 1.884 -.202 -2.184 .335 
14 1.972 - .257 -2.240 .33 
16 2.039 -.306 -2.311 ,,33 
18 2 .. 047 -.363 -2.352 .335 
20 2.057 -.363 12.386 .335 



GOTTINGEN 387 Monoplane 

Crosshead Mounting Protected by Discoid Case 
Mean ot 1 Test on #1 and 1 Test on #2. 

15'/ 

To be used as standard of comparison in.obtaining biplane cor­
rection factors. 

a. L ~ L/D Lo Do ~ •c - --a - .051 .0703 - o.73 -.00009 .000111 - .384 -.00021 
-6 .166 .0441 3.76 .00028 .000074 - .639 -.00035 
-4 .383 .0396 9.69 .00064 .000066 - .755 -.00042 
-2 .599 .0437 13.71 .00100 .000073 - ~929 -.00052 

0 .848 .0528 16.07 .00141 .000088 -1.123 -.00063 
2 1.082 .0678 15.98 .00180 .000113 -1.318 -. 00073 
4 1.322 .0891 14.81 .00220 .000149 -1.510 -.00084 
6 1.546 .1097 14.10 .00258 .000183 -1.691 -.00094 a l.'765 .1421 12.41 .00294 .00023'1 -1.863 -.00104 

10 1.970 .1738 11.34 .00328 .000290 -2.097 -.00113 
12 2.167 .2081 10.40 .00361 .000347 -2.184 -.00121 
14 2.27'1 .2425 9.39 .00380 .000404 -2.247 -.00125 
16 2~361 .2839 a.33 .00394 .000473 -2.314 -.00129 
18 2.373 .3294 7.20 .00396 .000549 -2.346 -.00130 
20 2.368 .3894 6.09 .00395 .000649 -2.386 -.00133 

°" ~ z ~ 2D · 211.e C,P. -
-a .064 - .oso - .102 .1406 - .768 - 2.13 
-6 .061 .061 .332 .oas1 - 1.278 1.32 
-4 .066 .3'78 .?67 .0792 -1.510 .665 
-2 .065 .597 1.198 .0874 -1.858 .52 

0 .053 .818 l.696 .1056 -2.246 .44 
2 .030 1.082 2.164 .1356 -2.636 ,405 
4 -.003 1.324 2.644 .1?82 -3.020 .38 
6 -.054 1.548 3.092 .2194 '-3.382 .365 
8 -.104 1,?67 3.530 .2842 -3. ?26 .35 

10 -.170 1.969 3.940 .3476 -4.054 .345 
12 -.248 2.162 4~334 .4162 -4.368 .335 
14 -.315 2.268 4.554 ,4850 -4.494 .33 
16 -.377 2,341 4.'722 .5678 -4.~28 .33 
18 -.432 2.353 4.'?46 ,6588 -4.692 .335 
20 -.445 2.358 4. ?36 .7788 -4.?'72 .34 



l>z.. 

lt 
Gottingen 38'7 Biplane 

G/C = • 75, Stagger = -40 % 

D5 = .0556 1 a= 0':90, h = -0~05, Short strutJ13= 28.~l 

ot, Lo Ll L D' 6 Do D1 -
-8 .286 .155 -.131 .0069 .0896 .3169 
... 4 .283 .862 .5'79 .0065 .0908 .2487 

0 .;280 1.595 1.315 .0061 .0918 .2'709 
2 .279 2.008 1.729 .0059 .0921 .3001 
6 .276 2.693 2,417 .0054 .0926 .3708 

10 .273 3.362 3,089 .0050 .0929 .4'736 
14 .270 3.990 3.720 .0046 .0928 .6038 
18 .268 4.309 4.041 .0042 .0927 ,749'7 
20 .267 3.950 3.68:1 .0040 .0925 .8943 

o<.. D L/D Mo Ml M 

.. s .1648 -0.80 10.61 6.85 -.995 
-4 .0958 6.05 10.61 7.35 -.863 

0 .1174 11.20 10.61 7.96 -.'700 
2 .1465 11.80 10.61 8,24 -.626 
6 .2172 11.12 10.60 9.00 - .423 

10 .3201 9.65 10.60 9.62 - .259 
14 .4508 a.25 10.,60 10.10 -.132 
18 • 5972 6.76 10.60 9.75 -.225 
20 .7422 4.97 

o(,. x z Za Xh ML .. E. C.P. 

-8 .182 -.107 -.096 -.009 -.890 -2,.?7 
-4 ,.135 .570 .513 -.007 -1.369 .80 

0 .117 1.315 1.183 - .. 006 -1.877 .475 
2 .087 1.732 1.558 -.004 -2.180 .. 42 
6 - .. 037 2.426 2.283 .002 -2. 708 .37 

10 -.219 3.096 2.786 .011 -3.056 .35 
14 -.464 3.714 3.343 .023 -3.498 .315 
18 - .. 681 4.020 3.618 .034 -3.877 .32 



/!T3. 

Biplane 

• G/C = .75, Stagger = 0 

D6 = .0556, a = 0~90; h = 0~08, Short strut,/?-'= O 

°'- Lo L1 L D' D D1 B 0 

-8 .304 .31? .013 .0081 .0829 .2687 
-4 .301 .996 .695 .0085 .0855 .2382 

0 .299 1.706 1.407 .0089 .0873 .2682 
2 .299 2.059 1.760 .0088 .0887 .2953 
6 .296 2.809 2.513 .0084 .0902 .3823 

10 .293 3.500 3.207 .0080 .0916 .4950 
14 .290 4.116 . 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 .0067 .0955 .9463 
24 .283 4.400 4.117 .0065 .0959 1.0700 

o<- D L/D ll1 Mo M 
--

-8 .1221 .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 5.56 9.66 10.86 -.317 
24 .9120 4.51 

0(.. x z Za Xh Mle c .'P. 

-8 .122 -.005 -.004 .010 - .862 -71.78 
-4 .13? .686 .61? .011 -1.3'66 .665 

0 .116 1.407 1.266 .009 -1.907 .45 
2 ,.080 1.762 1.576 .006 -2.155 .405 
6 -.035 2.521 2.269 -.003 -2.753 .365 

10 -.220 3.216 2.894 -.018 -3.284 .34 
14 -.466 3.824 :s. 442. -.037 -3.71? .325 
18 -.732 4.242 3.818 -.058 -4.001 .315 
22 -.915 4.356 3.920 -.0?3 -4.164 .32 



154-

" Gottingen 387 Biplane 

G/C = .75, Stagger = 60 % 

D
8 

= .0556, a = 0~86, h = 0~04, Short strut, f3 = -38~7 

oi.. Lo Ll L D~ Do D1 

·8 .001 .387 .086 .0037 .0695 .2433 
-4 .299 1.107 .sos· .0039 .0710 .2203 

0 .29? 1.873 1.576 .0044 .0727 .2585 
2 .297 2.279 1.982 .0046 .0742 .2934 
6 .295 3.049 2.754 .0051 .0757 .3984 

10 .294 3.871 3.577 .. 0056 .0769 .5338 
14 .. 292 4.568 4.276 .0061 .0790 .6982 
18 .290 5.100 4.810 .0065 .0805 .9200 
20 .289 5.150 4.861 .0068 .0808 1,0800 
~2 .288 4.900 4.612 .0072 .0810 1.3500 

o'- D L/D M 0 Ml M -
-8 .1135 .76 10.55 8.05 -.661 
-4 .0898 9.00 10.55 9.32 -.325 

0 .1258 12.52 10.55 10.52 -.008 
2 .1590 12.48 10.55 11.12 .151. 
6 .2620 10.50 10.55 11.97 .376 

10 .3957 9.05 10.56 12.69 .563 
14 .5575 7.67 10.56 12.85 .605 
18 .7?74 6.20 10.56 12.24 .445 
20 .9368 5.19 10.56 11.42 .228 
22 1.2062 3.84 

. 
cX. x. z Za Xh Mle C.P. 

-
.. 8 .125 -.070 -.060 .005 -.606 -2.88 
-4 .146 .BOO .688 .006 1.019 .425 

0 .126 1.576 1.355 .005 1.368 .29 
2 .089 1.985 1.700 .004 l.552 .26 
6 -.028 2.762 2.376 - .. 001 1.999 .24 

10 -.230 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 -.786 4.883 f4.200 -.032 3.940 .2,? 



/!>S 

" Gottingen 38? Biplane 

G/C = i.oo, Stagger = - 40 % 
D ·0556 a--' 0'.'94, a = • ' h = 0~04. Short strut_., (3 = 21~8 

0(.. Lo Ll L Do Dl 
D , 

5 -
-8 .313 .216 -.09'1 .0921 .3117 .0055 
-4 .311 .95? .646 .0948 .24'78 .0060 

0 .308 1.758 l.450 .0965 .2788 .0064 
2 .306 2.130 1.824 .0975 .3074 .0066 
6 .302 2.934 2.632 .0990 .3959 .00'71 

10 .299 3.665 3.366 .1001 .5177 .0076 
14 .296 4.309 4.01:3 .1005 .6592 .0081 
18 .293 4.615 4.322 .1009 .8155 .0086 
20 .291 4.600 4.309 .1014 .9333 .0088 

0( D L/.D Ml Mo M 
-

-8 .1585 .:.:0.61 7.19 10.79 -.953 
-4 .0914 7.07 ?.50 10.79 -.870 

0 .1203 12.04 7.97 10.79 -.746 
2 .1477 12.36 8.17 10.79 -.693 
6 .2342 11.22 8.69 10.79 -.565 

10 .3544 9.50 9.07 10.79 -.455 
14 .4950 s.11 9.37 10.79 -.376 
18 .6482 6.67 8.35 10.79 -.645 
20 .7675 5.62 s.11 10.79 -.709 

of. x z Za. Xh Mle C.P. 

-8 .144 -.118 -.111 .006 - .848 -2 .. 39 
-4 .136 .638 .600 .oo5 1.475 .?? 

0 .120 1.450 1.361 .. oo5 2.112 .485 
2 .083 1.828 1,.718 .003 2.414 .44 
6 -.042 2.641 2.482 -.002 3.035 .385 

10 -.235 3.3?8 3 .. 175 -.009 3.621 .355 
14 -.490 4.008 3.?6? -.020 4.12:31 .345 
18 - • 718 4.304 4.046 -.029 4.662 .36 
20 -.750 4.305 4.047 -.030 4.726 .~65 



/SG 

• Gottingen 587 Biplane 

G/C = i.oo, Stagger = -20 % 

Ds = .0556, a= 0~92, h = O' 05 , Short a tru t , (3 = 11~3 

°' Lo Ll L Ds 
, 

Do D1 --8 .:310 .28? -.023 .• 0086 .0864 .2875 
-4 .30? i.oos .701 .0082 .0896 .2412· 

0 .:304 l.'789 1.485 .00?8 .0908 .275? 
2 .305 2.177 l.874 .0076 .0916 .3044 
6 .:soo 2.9?3 2.673 .0072 .0932 .3987 

10 .298 3.'70'7 3.409 .0068 .0944 .5195 
14 .295 4.328 4.033 .0064 .0957 .6610 
18 .292 4.694 4.402 .0059 .0970 .8074 
20 .290 4.724 4.434 .005'7 .0972 .908? 
22 .288 4.200 3.912 .0055 .0974 1.1200 

<X D L/D Ml Mo M 

-8 .1369 -0.17 7.20 10.85 -.965 
-4 .08'78 7.99 '1.65 10.85 -.846 

0 .1215 12.21 8.22 10.85 -.695 
2 .1496 12.53 8.38 10.85 --654 
6 .2427 11.00 8.82 10.85 .... 537 

10 .3627 9.40 9.21 10.85 -.434 
14 .5053 8.02 9.51 10.85 -.355 
18 .6489 6.80 9.48 10.85 -.362 
20 .?502 5.91 8.96 10.85 -.500 
22 .9615 4~·11 

C>l. x z Za Xh M l.e. C.P. 

-8 .133 - .. 042 -.039 .007 -.933 -7.40 
-4 .146 .693 .638 .oo? -1.491 .'72 

0 .122 1.485 l.36'7 .006 -2.068 .465 
2 .083 1.878 1.728 .004 -2.386 .425 
6 -.070 2.981 2.843 -.004 -3,.2?8 .365 

10 ... 234 3.419 3.141 ... 012 -3.563 .345 
14 -.488 4.032 3.710 -.024 -4.041 .335 
18 -.?45 4.380 4.029 -.03'7 -4.354 .33 
20 -.811 4.418 4.066 -.041 -4.520 .34 



tt 
Gottingen 387 Biplane 

G/C = l.OO Stagger = 0 

D = .0556, a = o~go. h = o, Short strut, (3 = 0 
B 

, 
()(. Lo ~ L Ds Do D1 -
-8 .295 .247 -.048 .0081 .0853- .2889 
-4 .293 .972 • 679 .0085 .08'74 .2397 

0 .290 1.746 1.456 .0089 .0886 .2'706 
2 .290 2.129 1.839 .0088 .0896 .2989 
6 .28'7 2.93? 2.650 .0084 .0906 .3920 

10 .284 3.700 3.416 .0080 .0914 ~5113 
14 .281 4.350 4.,069 .00'75 .0922 .6458 
18 .2?8 4.759 4.481 .OO?l ~0931 ~7900 
20 .276 4.852 4.5?6 .0069 .0933 .8836 
22 .2'75 4.830 4.555 .0067 .0935 1.0036 

°' D L/D Ml Mo M 

-8 .1399 -0.35 7.35 10.94 -.950 
-4 .0882 7.?0 7.75 10.94 -.844 

0 .1175 12.40 8.20 10,94 -.725 
2 .1449 12.70 8.43 10.94 -.664 
6 .23?6 11.17 8.84 10.94 -.555 

10 .3563 9.59 9.22 10.94 -.455 
14 .4905 8.30 9.56 10.94 -.365 
18 .6342 ?.07 9.90 10.94 -.275 
20 .7278 6.30 9.75 10.94 -.315 
22 .8478 5.38 9.29 10.94 -.436 

h = o, Xh = 0 
0(.. x z Za M 

1 1 e 1 , 
C.P. 

-8 .131 -.136 -.122 -.828 -2.03 
-4 ,.135 .670 .603 -1.447 .72 

0 .118 1.456 l.3i0 ... 2.035 .465 
2 .oao 1.841 1.657 -2.321 .42 
6 -.041 2.659 2.393 -2.948 .s? 

10 -.242 3.424 3.082 -3.53'7 .,345 
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 



Ggttingen 387 Biplane 

G/C ::: l. 00 1 Stagger = 20 % 

Da = .0556, a = 0~92, h ::::: Q~08, Short strut,~= -ll<l3 

, 
CJt{. L . 

0 Ll L Ds Do D1 

-8 .306 .200 -.106 .006? .0774 .3000 
-4 .303 .921 .618 .0072 .0800 .2302 

0 .301 1.701 1.400 .0077 .0816 .2576 
2 .300 2.114 1.814 ~0079 .0824 .2870 
6 .298 2.912 2.614 .0084 .0842 ,3758 

10 .296 3.692 3,396 .0088 .0868 ~4971 
14 ~293 4.377 4.084 .0087 .0880 .6432 
18 .290 4.905 4.615 .0083 .0895 .8019 
20 .289 4.992 4.703 .0081 .0902 .8800 
22 .288 5.046 4.758 .0079 .0905 .9895 
24 .287 4.941 4.654 .0077 ~0910 1.1518 

"" 
D L,ID Ml Mo M 

-
-8 .1603 -0.66 ?.64 10.87 -.855 
-4 .0874 'l.08 8.05 10.8"/ -.745 

0 .1127 12.42 8.71 10.87 -.571 
2 .1411 12.86 8.98 10.87 -.500 
6 .22?6 11.50 9.45 10.87 -.376 

10 .3459 9.82 9.87 10.88 -.26? 
14 .4909 8.32 10.18 10.88 -.185 
18 .6485 ?,13 10.51 10.88 -.098 
20 • ?261· 6.49 10.47 10.88 -.108 
22 .8355 5.?0 10.25 10.88 -.16? 
24 .99?5 4.67 9.85 10.88 -.273 

°"' x z Za Xh M i 1 e. C.P. 

-8 .144 -.129 -.119 .012 -.?48 -1.93 
-4 .129 .610 .561 .010 -1.316 .72 

0 .113 1.400 l.289 .009 -1.869 .445 
2 .0?8 1.817 l.671 .006 -2.177 .40 
6 -.046 2.620 2.410 -.004 -2.'782 .355 

10 -.247 3,,401 3.128 -.020 -3.375 .33 
14 -.510 4.078 3,752 -.941 -3.896 .32 
18 -.810 4.584 4.210 -.065 -4.243 .31 
20 -.926 4.664 4.296 -.074 -4.340 .31 
22 -1.012 4.'718 4.345 -.079 -4.433 .315 
24 .983 4.654 4.281 -.081 -4.473 .32 



.. 
Gottingen 387 :Si plane 

G/C = 1.00 Stagger = 40 % 
D -s - .0556, a = 0~91, fl = 0~08, Short strut, (3 = -2l<i8 

of.. Lo L1 L Do D1 D' s 

-8 .31? .soo -.017 .074? .2692 .0075 
-4 .315 1.042 .727 .0766 .2254 .0071 

0 .313 l.848 l.535 .0788 .2602 .0067 
2 .312 2.250 1.938 .0800 .2959 .0065 
6 .311 3.079 2.?68 .0818 .3961 .0061 

lO .309 3.859 3.550 .0836 .5238 .005? 
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 

ol D L/D Ml Mo M. -
-8 .1314 -0.13 '7.66 10.94 -.86'7 
-4 .0861 a.44 8.51 10.94 -.643 

0 .1191 12.89 9.34 10.94 -.424 
2 .1538 12.60 9.?8 10.94 -.307 
6 .2526 10.96 10.43 10.94 -.135 

10 .3789 9.37 10.84 10.94 -.026 
14 .5351 7.97 11.11 10.94 .045 
18 .?029 6. '7? 11.21 10.94 .O?l 
20 .7977 6.05 11.06 10.94 .. 032 
22 .9139 5.35 10.?0 10.94 -.063 
24 1.2005 3.?8 

of.. x z Za Xh Mle C.P. 

... 9 .127 - • 03? -.034 .010 -.843 -7.59 
-4 .136 .?20 .655 .011 1.309 ,.605 

0 .119 1.535 1.398 .010 1.832 .40 
2 .086 1.941 1.768 .007 2.082 .355 
6 -.036 2.77'6 2.523 -.003 2.655 .325 

10 -.245 s.560 3.240 -.020 S.246 .305 
14 -.510 4.270 3.88'1 -~041 3.801 .295 
18 - .BOO 4.?32 4.300 -,.{064 4.165 .295 
20 -.900 4.800 1.362 -.072 . 4.258 .295 
22 -.986 4.868 4.436 -.079 4.420 .305 



160 

It 

Got ting.en 387 Biplane 

G/c = i.oo, Stagger = 60 % 

D = B 
,0556, a = 0~86, h = 0~1 06, Short stru t.1 (!> = -31~0 

Lo Ll 
·J 

d- L D' Do Dl s 

-8 .300 .365 -.065 .004i .0?25 .2553 
-4 ,299 1.130 .831 .0048 ,0"/49 .2284 

0 .297 1.954 1.657 .0053 .0?72 .2702 
2 .296 2,369 2.073 .• 0055 ,0779 .3041 
6 .294 3.186 2.892 .0060 .0796 .4103 

10 .292 3,.982 3.690 .0065 .0815 .5490 
14 .290 4.708 4.418 .oo?o .0826 ,'7li4 
18 .288 5.169 4.881 .00'75 ,0841 .9005 
20 .287 5.281 4.994 .0077 .0845 1,0500 
22 .286 5,142 4,856 .0080 .0849 1.1600 

C>l 
D L/D Ml :Mo M 

-8 .1229 -0.53 7.82 10,83 -.796 
-4 .0931 6.77 a.so 10.83 -.537 

0 .1321 12,52 9.80 10.83 -,273 
2 .1651 12.55 10 •. 36 10.83 -.124 
6 .2691 11.75 11-.12 10.83 .077 

10 .4054 9,10 11,62 10.83 - .209 
14 .5662 7.80 11.87 10.83 .275 
18 .7533 6.48 11.69 10.83 .228 
20 .8822 5.66 11.29 10.83 .122 
22 1.0115 4.80 10.48 10 .. 83 ... 093 

cX.. 
x z Za Xh Mle C.P. 

-8 ,.114 -.081 -.O?O .007 -.733 -3.02 
.... 4 .149 .822 .?07 .009 -1.353 .55 

0 .. 132 1.,657 1.425 ,008 -1.706 .345 
2 .094 2.077 1.786 ,006 -1.916 .305 
6 -.035 2.901 2,498 -.002· -2 .. 419 .2'75 

10 -.257 3,798 3.,265 .... 015 -3.041 .. 265 
14 -.518 4.420 3.804 -.031 -3.498 .265 
18 -.790 4.870 4.191 -.017 -3.916 .2? 
20 -.878 4.990 4.290 - .. 053 -4.115 .275 
22. -.883 4.880 4.200 -.053 -4.240 .29 



" Gottingen 387 Biplane 

G/C = 1.33 Stagger = -40 % 

D = .0556, a = 0~95• h = o, Medium strut, (b= 16~7 s 

o'- Lo Ll L D' s Do D1 

-8 .300 .. 118 -.182 .0092 .0860 .32.71 
-4 .298 .877 .581 .0087 .0874 .2406 

0 ,296 1.680 1.384 .0082 ,.0886 .2660 
2 .294 2.086 1.792 .ooao .0891 .2939 
6 .. 291 2.909 2.618 .0075 .0900 .3843 

10 .289 3.726 3.435 .0070 .0905 .5079 
14 .286 4.366 4.080 .0065 .0915 .6440 
18 .283 4.?79 4.496 .0060 .0917 .8002 
20 .282 4 .. 799 4.517 .0058 .0919 .8932 
22 .281 4.460 4.179 .0055 .0921 l.0980 

oL D L/D Mo _3._ M 

-8 .1763 -1.03 10,.59 7.99 -.688 
-4 .0889 6.55 10.59 7.45 -.850 

0 ,.113.6 12.20 10.59 8.19 -.635 
2 .1412 12.70 10.58 8.34 -,592 
6 .2312 11.$1 10.58 8,.84 -.460 

10 .3548 9.68 10.58 9.34 - .328 
14 .4904 8.31 10 .. 57 9.67 -.238 
18 .6469 6.95 10.57 9.25 -.349 
20 .7399 6.11 10.57 8.71 -.492 
22 .944& 4.43 

h==O, ltti = 0 
0(. x z Za K1e C .P. -

-8 .200 -.155 -.147 -.541 -l.16 
-4 .130 .573 .545 1.375 .BO 

0 .114 l.384 1.315 1.950 .. 47 
2 .078 1.795 1.705 2.297 .425 
6 .001 2.624 2.494 2.954 .375 

10 - .. 247 3.440 3.268 3.596 .35 
14 -.510 4.074 3,872 4 .. 110 .345 
18 -.776 4.472 4.250 4.599 .345 
20 -.850 4.494 4.270 4. 762 .355 



It 
Gottingen 387 Biplane 

G/C : 1.33 Stagger = 0 

D6 = .0556, a• OV93, h • 0~04, medium strut, 13- o 

0(.. Lo .2.1. L DA Do -2.l -
-8 .299 .260 -.039 .0095 .0815 .2754 
-4 .296 1.009 .713 .0097 .0829 .2359 

0 .294 1.829 1.535 .0100 .0844 .2708 
a .293 2.233 1.940 .0099 .0856 .3024 
6 .290 3.047 2.757 •. 0095 .0870 ,3967 

10 •288 3;828 3~1540 .·ooso .oas4 ~-5251 
14 .285 44'503 4.218 .ooas .0898 .6683 
18 ;2a2 4.:891 4.609 .ooa1 .os10 .a180 
20 ~281 4.929 4.'648 •0078 .0908 ,9100 
22 .2ao 4.872 4.592 .0075 .0916 1.0260 

ol. D L/D Mo _!J.. M - -
~8 ~1288 -0.30 10.58 7.05 -.934 
-4 .0877 8.13 10.58 7.65 -.775 

0 .1208 12.70 10,58 s.10 -,656 
2 .1513 12.81 10.59 8.44 -.569 
6 .2446 11.28 10.59 8.94 -.436 

10 ~3721 9.51 10.59 9.37 -.323 
14 .5144 8.21 10.59 9.73 -.227 
18 ~6633 6.95 10.60 9,87 -.196 
20 .7558 6.14 10.60 9.;57 -.275 
22 .8713 5.15 10.60 9.02 -.418 

o/.. I z Za Xh ML.E, C.P. -· 
-8 .132 -.020 -.019 .-005 _;920 -15.32 
-4 .137 .705 ,656 .oos -1.436 .68 

0 ~121 1~535 1•429 ,005 -2~090 .455 
a .oa3 1,942 1~808 _;003 -.2.380 ,41 
6 -~041 2~766 2~573 -.002 ..;3.007 .36 

10 -.;249 3;548 3~301 ~~010 ...;3,614 •34 
14 -..sao 4~212 3~925 -:~·021 ~ 131 ~'325 

• • 
18 ..;;·792 4;584 4~262 -;,032 -4e426 · •'32 
20 -;879 4~619 4~300 ..;,035 -4.540 ,325 .. /, 

22 -.916 4.578 4~257 .-.·037 -4.638 .335 



Gottingen 387 Biplane

G/0 a 1.*33

Ds = .0556,

Stagger = 60 %

a 092, h 0-10, Medium Strut, /3 -- 2402

Lo Li L DI D

.305
, 303
.301
,300
*299
4297

0293
.291
.290'

D

.1470

.0885
e1186
,478
.2433
.3710
.5253
*6896
o7888
*9286

.221
, 996

1.826
2.245
3.074
3.879
4.809
5.075
5,182
5.092

L/D

-. 57
7.83

12.86
13,17
11940

9*66
8t22
6.94
6.o"20
5.-18

-. 084
.693

1.523
1.945
2.775
3.582
4,314
4.782
4.891
4.802

MO

10.63
10.63
10.63
10,63
10.63
10064
10*64
10.64
10064
10.64

.0059
.0065
*0070
,0072
0078
'0083

.0089
*0094
.9096
.0099

7.31
8.14
9.02
9455

10,35
10,98
11i38
11,49
11.35
10.94

.0728
.0744
q0768
,0780
.0800
.0816
*0834
.0848
,0854
i0859

-878
-. 659
-. 426
-,286
-. 071

.090
*196
.225
.188
.079

Dl

.2813

.2250
,2580
,2886
* 3867
.3165
.6742
.8394
.9394

1.0800

x z z X Ml.e 0_.P.
OOW -- -- N

157
0136
.119
.,078

-042
-. 274
-,530
-. 822
-. 932
-. 945

-. 062
.686

1,523
14945
20782
3.588
4,308
4.756
4.860
4.796

-057
.631

1. 401
1,790
2.560
3,300
3,960
40378
4.475
4.410

.016
,014
*Q12

-. 004
-,027
-*053
-. ,082
-6093
-. 095

-. 837
-1,304
-1.839
-2.084
-2 *627

3.183
-3,711
-4,071
-4.194
-4.236

-4.50
.635
.*40
#355
.315
.295
*285
.285
.285
.295

-8
-4

0
2
6

10
14
18
20
22

-8
-4

0
2
6

10
14
18
20
22

-8
-4

0
2
6

10
14
18
20
22



APPElDIX 0 .

TBULATED RESULTS

Tables

1. Biplane Correction Factors at Equal oL for
Lo, D, L/Dand M. . 1-33

II. Loading vn Upper and Lower Wings. 34

III. Aerodynamic Coefficients (L., De, L/D, M,,, and C.P.)
for the Biplane as a Unit.

1. UhS*Ao 27 biplanes. 35-61
2. Gbt. 387 biplanes- 62-76

IV. Biplane Correction Factors for Do, L/D, Me, and C.P.
at Equal L.; and for L. max., Do min., and L/b max. 89-97

100-103
108-109

N.. In all tabulations of data, negative signs (-) are inserted,

but positive signs (-+) are omitted. The absence of a sign means

that the value is positive (f).



BIPLAIT6 0 ORRM TION FAC TORZ FOR L AT EQUAL o'..
C

Table 1
U.5,A. 27 Biplane

Stagger = 0

G1 C
.al00. .i._5. 1.00. .3.

.588

.990
1.016

.855

.864

.870

.866

.857

.864

.867

.876

.899

.965
.996

Table
U.s.A. 27

.776

.959

.885

.872

.880

.899

.892

.890

.887

.887
.904
.922
.978
.999

. 67

1.113
. 718
.826
.842
.835
.870
.859
.866
.878
.876
.887
.916
.970
.998

2.00

1.021
1.208
1.010

.961

.933

.962

.936

.933

.936

.929

.938

.956

.981

.989

2.
Bi lae

G/C = 0.50
a S-ta-9e-.

..0.fa

-. 105
1.280

.864

.786

.766

.775

.764

.775

.759

.760

.759
.776
.820
.876
.905

.072
1.362

.992

.918
.890
.880
.879
.892
.887
.893
.694
. 915
.952
.985

1.011

0(0

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22

-. 105
1.280

.864

.786
,766
.775
.754
.755
.759
. 760
.759
.776
.820
.876
.905

.412
.990
.825
.895
.789
.835
.817
.805
.810
.815
.812
.848
.896
.953
.992

ca0

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20
22

-1.074
.514
.648
.669
.675
.692
.691
.700
.708
.715
.723
.744
.765
.766



BIPLAIZ CORRECTIOT FAOTOR FOR Le AT EQUAL cx-.

Table 3
U.iS.A. 27 Biplane

G/C =0.75

o' -40%

~.732
.77).
.745
.708
.746
.763
.788
*778
.781
.790
.801
.818
.864
.900
.913

0z -40

1.3
.7
.7
.7
.7
.7
.8
.68
.7

0 20%

.412

.990

.825
.895
.789
.835
.817
.805
.810
.815
.812
.848
.896
.953
.992

--. 079
1.268

.930

.873

.882

.860

.856

.841

.836

.787

.838

.863

.923

.971
1.011

Table 4.
Got. 387 Biplane

G/C =0.75
Set.per-.

0

64 -.135
10 .851
66 .820
96 .811
83 .815
78 .808
14 .836
45 .893
76 .913

.946

40%

.346
1.551
1.065
* 979
.930
*912
.904
.885
*893
.889
.900
.923
.964

1.002
1.031

60j

.232
1.602
1.089

.999
*856
.932
.932
.933
.928
.926
.908
.949
.991

1.029
1.071

60%

16.896
.990
.919
.914
.892
.900
.935

1.007
1.027

.997

--6
-4
0-2
0
2
4
6
8
10
12
14
16
18
20
22

-1.018
. 660

.726

.704
.745
.751
.760
.773
.786
.789
.788
.805
.834
.858

-8
-4
0
2
6

10
14
18
20
22



BIPIAIE 001E0 TI01 FACTOES 02 Lo AT EQUAL oC

Table 5
U.S.A. 27 Biplane

G/C 1.00

Stagger

.__ .203

.588

.990
1.016

.855

.864

.870
.866
.857
.864
.867
.876
.899
.965
.995

.421
1.101

.924

.881

.890
.894
.877

. 881
.880
.879
.896
.928
.985

1.020
1.045

Table 6
Got?. 387 Bipland

G/C = 1.00

Stagger

0 10

.477

.831

.849

.846

.860

.860

.890

.938

.966

.983

1.104
* 758
.816
.836
.849
.855

.894

.967

.993
1.028

C,/ .40

1.191
.660
.790
.800
.800
.817
.81Gm
.822
.842
.837
.849
.871
.910
.939

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20
22

.631

.986

.875

.872

.848
.869
.860
.864
.866
.872
.879
.899
.941
.968

.250
1.289

.984

.925

. 917

.664

.888

.892

.899

.902

.910

.934
.993

1.023

.228
1.199
1.002

.958
.928
.933
.928
.927
.932
.939
.938
.970

1.020
1.050

60

.077
1.019

.965

.955

.934

.933

.967
1.021
1.053
1.050

1.010
.792
.845
.840
.854
.848

.879

.905

.910

.8
-4

0
2
6

10
14
18
20
22

.243

.859

.866
.864
.866
.859

.882

.921
.935

.178

.891

.895

.892

.894

.896

.934

.995
1.019
1.054



/67

BIPLAIE COBRE TIOI PACTORS FOR LO AT EQUAL o

Table 7
U.S.A. 27 Biplane

G/O - 1.33

Stagger

0C -4OT~ -.20~

-.693
1.017

.925

.891

.883

.906

.899

.893

.890

.897

.902

.919

.968

.997

0

.407

.874

.895

.894

.894
.891
.923
.965
.981
.991

.776

.959

.885

.872

.880
.899
.892
.890
.887
.887
.904
.922
.978
.999

20g

-. 496
1.380
1.040

.976

.953
*947
.934
.929
.934
.,941

. 937
.965
.998

1.018

40a

-. 632
1.027

.925

.907

.905

.912

.917

.906

.916

.924

.933
.957

1.001
1.030

-.969
.795
.867
.865
.877
.897
.885
.898
.900
.911
.929
.954

1.015
1.045

Table 8
Got. 387 Bipland

G/C = 1.33

Stagger

60ia

.875

.849
.889
.896
.900
.902
.944

1.000
1.030
1.037

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

-a8
-4
0
2
6
10
14
18
20
22

.978

.813

.852

.850

.858
* 869
.874
.884
.890
.888
.878
.910
.945
.97&:

1.898
.712
.807
.826
.849
.865
.892
.941
.954
.902

4040 - 1_0 .10



BIPLAIE 0 IdE. TION FAC TORS FOR Le AT EQUAL c

Table 9
U.S.A. 27 Biplane

G/b = 1.67

Stagger

oc-40' -33%

-.645
1.156

*979
.866
*935
.940
.928
.925
.6926
.926
.*933
*948
.969
.981

0

1.113
.718
.826
.842
.835
.870
.859
.866
1878
.876
.887
.916
.970
.998

33fo

-.592
1.156
1.100

.915

.918

.922
.913
.913
.913,
.919
. 924
.954
.977
.978

803

-.364
1.336
1.045

.981

.971

. 956

.940

.936

.938

.939
.947
.968

1.002
.997

Table 10
U.S.A. 27 Biplane

G/b 2.00

.711
1.072

.932

.977

.919

.917

.917

.919

.924

.922

.938

.966
.964

Stagger

1.021
1.208
1.010

.961

.933

.962
.936
.933
.936
.929
.938
.956
.981
.989

60%

-. 101
1*540
1.115
1.015
1.003

.922
.963
.952
956

.956

.950

.964
.995
.985

-6
-4
-2
0
2
4
6
8
10
12
14
16
18
20
22

-.873
.941
.902
.885
.874
.882
.888
.884
.894
.893
.900
.913
.953
.933

ce" -40%

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22



/4 ' 1

BIPLANE 00=RETION FACTORS FOR Do AT EQUAL oC.

Table 11
U.S.A. 27 Biplane

G/C = 0.50

Stagger

Table 12
Gbt. 387
G/C = 0.7 5

Stagger

0 01- a 0 W01

-8
v4
0
2
6

10
14
18
20
22

1.17 .871
1.21 1.11
1.10 1.08
1.07 1.04

.957 1.01

.924 .979
.940 .982
.915 .935
.951 .889

.846

Table 13
U.S.A. 27 Biplane

G/O -0.75

Stagger

20fa

.741
.972

1.100
1.100
1.127
1.090
1.068
1.018
1.020
1.006
1.014

.976

.889

.843

.846

.690

.930
1.121
1.211
1.238
1.197
1.153
1.138
1.127
1.109
1.129
1.097
1.027

.985

.964

-6
-4
-2
0
2
4
6
8
10
12
14
16
18
20
22

1.230
10346
1.341
1 210
1.065

*963
.901
.876
.894
.869
.861
.854
.800
.747

.722
1.015
1.141
1.137
1.107
1.077
1.019

.963
.954
0931
o929

.886

.795

.723

.747

.758
1.006
1.168
10233
1.236
1.195
1.170
1.166
1.156
1.159
1.170
1.228
1.239
1.232
1.320

.809
1.13
1.18
1.16
1.16
1.14
1.16
1019
1.20
1.29

0 60%oL0

-6
-4
-2
0
2
4
6
8
10
12
14
16
18
20
22

1.035
1.130
1.161
1.109
1.007
.972
.930
.919
.924
1933
.940
.920
.880
.823

.950
1.081
1.114
1.101
1.012

.963

.965

.936

.933

.934

.941
.901
.830
.790
.799

.862
1.052
1.151
1.157
1.090
1.085
1.019

.979

.979

.979

.974
.964
.880
.819
.845

.740

.971
1.023
1.260
1.283
1.243
1.240
1.218
1.200
1.211
1..220
1.230
1.185
1.141
1.198

oc 0 Gof ,
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BIPIAdE C0RREDTIOW FACTORS POR Do AT EQUIL aL

Table 14
U.S.A. 27 - Biplane

G/ - 1.00

Stagger

O .-40

1.044
1.093
1.100
1.069
1.032
I1.997

.992

.992
1.000
1.010
1.020
1.001

.948

.888

0 20'

948
1.091
1.174
1.191
1.128
1.102
1.080
1.044
1.043
1.048
1.049
1.013

O 955
.901

.887
1.052
1.129
1.150
1.098
1.099
1.071
10041
1.042
10042
1.057
1.022
O940

.883

.864
1.031
1.129
1.107
1.098
1.107
1.091
1.071
1.061
1.056
1.088
1.048

.947

. 908
.925

.401

.798

.992
1.121
1.181
1.182
1.161
1.116
1.089
1.095
1.101
1.110
1.074

.990

.946

.804
.991
1.071
1.184
1.190
1.193
1.171
1.161
1.161
1.158
1.150
1.143
1.082
1.040

Table 15
Got. 387
G/0 -1.00

Stagger

.975
1.11
1.14
1.09
1.07
1.05
1.05

.994
.962

0

.997
1.11
1.10
1.06
1005
1.03
1.02

.920

.933

.910

20

1014
1010
1.05
1003
1.00

.997
1.02

.993

.931

.897

40.

.937
1.09
1.02
1012
1011
1.09
1012
1.08
1.02

.980

.876
1018
1024
1.21
1.19
1119

1.18
1.15
1.07
1.09

-6
-4
-2
0
2
4
6
8
10
122
14
16
18
20
22

-8
-4
0
2
6

10
14
18
20
22

1013
1.15
1.13
1008
1003
1.02
1.03

.993

.984

OL



BIPLAIE CORPLMDTIOf FACTORS FOR D0 AT LQUAL

Table 16
U.S.A. 27 Biplane

G/G - 1.33

Stagger

e'4

-6
-4
-2

0
2
4
6
a

10
12
14
16
18
20

1.021013
1.13
1.17
1.16
1.12
1.07
1.05
1.05
1.09
1.05
1.04
1.03

. 988
* 935

0 2 0 -

.935
1.06
1.14
1.13
1.12
1.12
1.09
1.07
1.08
1.07
1.07
1.07

.975

. 941

.956
1.06
1.11
1.10
1.07
1.08
1.05
1.04
1.06
1.05
1.06
1.06
1003

.920

.816
.984

1.13
1*20
1.19
1015
1.13
1.11
1.12
1.13
1*12
1.07

.992

.984

Table 17
Gut. 387 Biplane

G/' - 1.33

1.26
1.12
1.06
1.03
1.02
1.02
1.02

0991
. 941

1.01

Qtagger
0

.917
1.11
1.13
1.11
1.08
1.07
1.07
1.02

.969
0935

60of

.906
1.05
1.13
1.13
1.11
1010
1.07
1.06
1.06
1.07
1.08
1.05

.965

.940

.989
1.11
1.16
1.12
1.10
1.10
1.05
1.06

11.10
1.08

.925
1.06

.975
.944

0.

-8
-4

0
2
6

10
14

18
20
22

60

1.05
1.12
1.11
1.08
1.07
1.07
1.10
1.06
1.01

.996
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BIPIA12 00RRETIO.iT PACTORS FOR Dc AT EQULAL o,

Table 18
U.S.L. 27 Biplane

G/ - 1.67

Stagger

0 331

.955
1.01
1.08
1.07
1.07
1.05.
1.04
1.04
1.05
1.04
1.10
1.03

.950

.921

.908
1.03
1.11
1.17
1.17
1.*15
1.12
1.11
1.09
1.13
1.05
1.06

.999

.969

1.02
1.06
1.06
1.03
1.01

.996

.974
.976
.990

1.00
1.01

.990
0.910
.891

.886
1.02
1.17
1.12
1.14

.910
1.07
.1.06
1.05
1.06
1.06
1.05

.960

.941

.854
1.00
1.14
1.17
1.19
1.17
1.13
1.11
1.10
1.11
1.12
1.07

.981
* 976

Table 19
U.S.A. 27 Biplane

G/ - 2.00

Stagger

_-g Io 0f_

-6
-4

0
2
4
6
8

10
12
14
16
18
20

.920

.990
1.06
1.08
1.08
1.06
1.05
1.04
1.05
1.05
1.05
1.02

.954

.949

.905

.990
1*07
1.10
1007
1.11
1.07
1.07
1.05
1.06
1.07
1.04

.961

.955

60?%

.796
0936

1.04
1011
1.12
1.12
1.10
1.08
1.08
1.09
1.08
1.04

.980

.995

-6
-4
-2

0

12

4
6
8

10
12
14
16
18
20



BIPLMNE 0 ORRM TION FAC TORS FOR L/D at EQUAL o.

Table 20
U.S.A. 27 Biplane

G/0 -0

Stagger

.75

.*440
.819
* 704
.789
.720
.765
.809
.843
.831
.828
.830
.871

1.*02
1.*17
1117

1.00

.589

.819

.901

.763

.777
*791
.809
.839
.829
.824
.826
.870

1.02
1.12

1.33

1033
.751
.796
.815
.827
.824
.848
.873
.839
.837
.850
.858
O 950

1.09

1.67

1.67
.585
.775
.837
.820
.764
.884
.904
.882
.868
.874
.918

1.06
1.12

2.00

2.00
1.11
.976
.880
.825
.852
.855
.882
.867
.847
.860
.908
.995

1.00

Table 21
U.S.A. 27 Biplane

G/ - 1.00

Stagger

.0

. 649

.787

.735
.740
.747
.790
.797
.844
.834
.825
.837
.877
O.984

1.08

.589

.819

. 901

.763
.777
.791
.804
.839
.829
.824
.826
.870

1.02
1.12

*440
. 921
.814
.804
.804
.810
.805
.841
.832
.825
.821
.877

1.04
1.12
1.13

.298
1.13

.872

.804

.775

.759

.797
.845
.820
.811
.815
.859

1.01
1.08

86.0

.238
1.04

. 930

.830
.774
.780
.795
.814
.804
.803
.812
.837
.935

1.01

C__ 450

-6
-4
-2
0
2
4

8
10
12
14
16
18
20
22

.131
1.10

.757

.709

.692

.718

.756

.796

.799

.809

.812

.868
1.03

1.22
1.21

-6
-4
-2
0
2
4
6
8
10
12
14
16
18
20
22

1.04
.524
.709
.763
.770
.816
.825
.846
.845
.820
.831
1861
.956

1.06

04 -4 ,



BIPLANE C 03U- T IOu )I, TOX3 FOR L/D AT EQUAL oL

,,Table 23
Got. 387 Biplane

G/ - 1.00

Stagger

- -4-20% 20 _40l

-ft
-4

0
2
6

10
14
18
20
22

*916
.691
.743
*776
.825
.830
.852
.921
.924

.324

.785

.755

.790

.806

.819

.843

.936

.960

.518

.754

.793

.795

.820

.836

.871

.979
1.03
1.08

.629

.690
.770
.805
.847
.860
.872
.987

1.07
1.15

.204

.828

.799

.792

.803
.821
.834
.936
.997

1.08

Table 22
sot. 387 Biplane

G/t - .75

Tab1e 24
Got. 387 Biplane

G/C - 1.33

Stagger

1.60
.597
.690
.739
.818
.845
.842
.934
.815

Stager

-. 148
.774
.754
.782
.807
.825~
.853
.966

1.03
1.12

-1.12
.874
.770
.782
.768
.793
.805
.856
.855
.774

-8
-4

0
2
6

10
14
18
20
22

1.55
.646
.756
.794
.832
.849
.873
.963

1001
.965

.491

.800

.790

.799

.828

.831

.861

.961

.997

.981

/74.

&Q(

*814
.880
.779.
. 785
.784
. 799
.820
.896
.930
.965

-8
-4

0
2
6

10
14
18
20
22

.860

.758
.766
.824
.837
.841
.860
.959

1.02
1.04
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B iplane Correction Pactors for MC at Equal oL.

TAWS 25 TABL 26

U.S.A. 27 Biplane

CAD/CH0RD = .50
STAGGER

O- -40f 0% 60%

1.19
.955
.880
.831
.790
.764
.750
.735
.725
.734
.739
.770
.801
.754

1.53
.975
.816
.761
.721
.715
.704
.685
.683
.677
.673
.681
.681
.684
.690

Gt. 387 Biplane

.-75
STAGGER

i g 04- 04

-8
-4

0
2
6

10
14
18
20

.945

.523

.447

.411

.396

.389

.397
.402
.406
.417
.444
.514
.635
.711
.795

1.16
,905
.836
.827
.800
.754
.778
.825

1.12
.904
.850
.818
.813
.810
.826
.853
.873

TABLE 27

U.S.A. 27
GAP/CBBD =

-a7 -40% -20% 04 20% 40% 604

1.29
.945
.879
.862
.824",
.833
.858
.830
.817
.800
.831
.846
.875
.909
.957

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22

.790

.788

.609

.589

.589

.620

.680

.781

.825

Biplane
.75

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22

1.17
.913
.823
.848
.816
.795
.797
.814
.805
.805
.810
.848
.911
.936

14045
.929
.839
.843
.760
.783
.750
.728
.720
.714
.713
.739
.755
.772

1.54
.944
.848
.816
.811
.800
.790
.774
.757
.770
.770
.788
.810
.854
.849

1.54
.919
.826
.789
.758
.755
.755
.741
.742
.754
.780
.798
.835
.835

1.12
.726
.648
.625
.604
.596
.641
.625
.656
.649
.664
.724
.789
.828



/74'

Biplane orrection Factors for Me at Zqual oL

TAXJ 28

U.S.A. 27 Biplane

G/C = 1.00
STAGGE-

oL -40% -.20% 0% 20% 40% 60%

-6 1.05 1.33 1.34 1.76 1.51 1.55
-4 .951 1.04 1.02 .979 .958 .878
-1 .956 .992 1.03 .900 .852 .774

0 .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 .925 .942 .883 .776 .710
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

GLt. 387 Biplane

G/C - 1.00
STAGGER

oL -40t -20% o% 20% 40% 60%

-8
-4

0
2
6

10
14
18
20

1.103
.977
.941
.915
.895
.893
.917
.974
.990

1.215
1.01

.922

.905

.968

.879

.898

.928

.948

1.07
.958
.905
.880
.870
.871
.895
.911
.923

.975

.871

.834
.825
.821
.832
.866
.904
.908

1.10
.866
.816
.790
.784
.800
.846
.889
.893

.955

.896

.760

.726

.714

.750

.778
.834
.863



/77

Biplane Correction Factors for Me at Equal oL-

TAMIE 30

U.S.A. 27 Biplane

GIC = 1.33
STAGGER

0 --2 20 40C 60j

1.01
.902
.921
.920
.906
.919
.931
.944
.921
.934
.941
.994

1.12
1.18

1.38
1.05
1.02

.988

.972

.998
.989
.968
.961
.970
.987

1.01
1.07
1.12

1.37
.987
.918
.868
.845
.851
.836
.820
.804
.804
.800
.851
.864
.843

1.57
1.05

.980

.925

.929
.919
.915
.903
.903
.918
.924
.940
.938
.970

1.43
.988
.930
.908
.868
.871
.865
.888
.846
.865
.878
.897
.899
.878

1.26
.925
.862
.827
.785
.795
.778
.773
.767
.780
.816
.822
.855
.867

MA3LE 31

Gat. 387 Biplane

GI0 = 1.33
STAGGER

.706

.911

.809

.871

.871

.886

.915
.980

1.20
.950
.931
.903
.888
.891
.919
.943

.998 .950

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

-8
-4

0
2
6

10
14
18
20

1.09
.864
.818
.790
.775
.785
.847
.867
.879



/77

Biplane Correction Factors for Mc at Equal

Oc- -40% -33

1.34
1.07
1.07
1.00

.969

.955

.984

.929

.913

.906
.916
.935
.996

1.03

TABLE 32
U.S.A. 27 Biplane

G/E = 1.67
STAGGE

4 0% 33% 604

1.03
.924
.922
.914
.878
.895
.879
.875
.870
.871
.893
.915
.947
.983

1.44
1.08
1.03

.932

.946

.895

.873

.874

.855

.864
.871
.876
.864
.859

1.72
1.16
1.06

.994
.985
.948-
.930
.917
.911
.920
.935
.936
.940
.955

TABLE 33
U.S.A.27 Biplane

G0 = 2.00
STAGGER

Ot - 60%

1.26
1.03
1.01

.984

.966

.973

.970

.961

.961

.979

.990
1.03
1.10
1.13

1.07
1.19
1.05
1.03
1.02
1.03
1.02
1.02
1.02
1.01

1.48
1.03

.976

.947

.934

.933

.929

.926

.927

.946
.961
.956
.976
.993

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

1.22
1.02

.970

.959

.919

.919

.920

.905

.910

.915
.936
.973

1.03
1.11

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

CC-IQ%



TABLB 34
(2 pages)

U.S.A. 27 Biplane

Gombination of resilts obtained by testing eaoh plane
separately in the presence of the other.

Iz/0 - 10 STAGGER m A

OL L/D Lox 105 Dox 10 5

-6
-4
-2

0
2
4
6
8

12
14
16
18
20

-1.26
2.24
7.74

12.02
13.90
14,01
12.61
11.83
10.77
9.85
9 04
8.44
7.58
6.78

.016

.017
.048
.077
.107
.143
.169
.199
.226
.255
.282
.306
,325
.329

.127

.076

.062

.064

.077

.102

.134

.168

.210

.259

.312

.363

.429

.485

0.'.

-. 496
1.662
.708
.510
.440

.361

.304

.287

Mox 10 5

-.017
-.027
-.034
-. 040
-. 048

-.062

4-.075

Loading on Upper and
Lower Planes

Lut Drag
Unnor Lower UD-er Lower

-. 888
,183
.414
.460
.475
.500
.505
.508
.510
.515
.516
.523
.529
.542

-,085

-112
.817
.586
.540
.525
.500
.495
.492
.490
.485
.484
.477
.471
.458

.543

.566

.557

.500

.424

.495

.495

.503

.512

.514

.541

.552

.568

.522

.457

.434

.443
.500
.516
.505
.505
.497
.488
.486
.459
.448
.432
.478

-oontinued on next page -

.A .n



TABLE 34
(conaluded from previous page)

U..A. 27 Biplane

Oombination of results obtained by testing eaoh plane

separately

a .a 1 -rA

in the presenoe of the other.

STA(naRR 0 0

-e. E& Lx 105 Da 105

-.022
.026
.058
.091
.126
.162
.191
.223
.256
.284
.314
.337
.351
,343

.121

.070

.062

.066
.083
.109
.143
.180
.227
.280
.336
.393
.454
.556

O" .P. Ma 02 ~

-.776
1.188

.645

.493
.422

.368

.330

.315

-.016
-.030
-.038
--.045
-. 054

--.071

-.084

-.098

-.108

Loading on Upper and
Lower Planes

Lift Drag
lpinor Lowe U . -Ower

-. 607
.602
.6544
.536
.533
.530
.530
.530
.534
.530
.536
.537
.546
.550

-.393
.398
.456
.464
.467
.470
.470
.470
.466
.470
.464
.463
.454
.450

.440
.465
.480
.493
.500
.514
.521
* 540
.550
.560
.566
.573
.570
.550

.560

.535

.520

.507

.500

.486

.479

.460

.450

.440

.434

.427

.430

.450

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

-1.82
3.71
9.36

13.79
15418
14.86
13.36
12.40
11.29
10.15
9.35
8.57
7.74
6.16



/9/

Lift Qoeff oients (Lax 10 5) for U.S.A. 27 Biplanes

TALE 35
Mga 0,50
S-TAa ix

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22

.-40%

24
11
40
65
93

120
145
170
195.
219
241
260
264
252
.a"

2
27
53
77

105
134
160
183
209
233
253
272
283
293
286

1
29
61
90

122
152
184
216
244
274
298
320
328
327
320

TABLE 36
G/ a 0,75

d -4Q%4 -20- 20% Id 01

- 19.
14
44
69

102
130
159
188
216
242
263
281
287
285
--

-14
16
45
69

102
132
165
189
215
242
267
286
298
299
289

21
50
88

108
144
171
196
223
250
271
297
509
318
314

-2
27
57
86

121
149
179
204
230
241
280
302
318
322
320

7
33
65
96

127
158
189
215
246
273
300
323
332
333
326

4
34
67
98

117
161
195
227
255
284
303
332
342
341
339

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22



Lift oefficients (LO x 105) for U.S.A. 27 Biplane

TABLE 37
G/0 a 1.00

= -4- 2 2g% 4H

-6 -23 -12 -11 -8 -5 -4
-4 14 21 21 23 27 25
-2 48 53 62 56 60 61

0 78 85 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
8 200 219 208 214 217 225

10 232 238 237 242 247 256
12 257 268 266 270 277 288
14 284 294 293 299 304 313
16 305 314 314 325 327 339
18 314 325 333 340 345 351
20 312 322 -- 339 340 349

MABLE 38
G/ O 1.33

~ -SO- STIGER
-401 -201 20% 401 601

-6
-4
-a
0
2
4
6
8

10
12
14
16
18
20

-19
17
52
83

118
150
183
215
245
272
293
318
326
325

-13
21
56
87

121
157
188
217
245
275
301
321
334
331

-15
20
54
85

121
155
186
216
244
273
302
323
337
333

-4
29
63
96

130
164
195
225
257
289
313
337
344
338

-12
22.
56
89

124
158
192
220
252
283
311
334
345
342

-18
17
53
85

120
155
185
218
247
279
310
333
351
347



/ c?3

Lift Coefficients (LO x 10 ) for U.S.A. 27 Biplane

TABLE 39

G/ = 1,67
STAG=E0

". 49 -33 e 334 0

-17
20
~55
87

120
153
186
215
246
274
300
319
329
309

-12
24

2-60
85

128
163
194
224
255
284
311
331
334
326

-21
15
50
83

114
151
179
210
241
269
296
321
335
333

-11
24
67
90

126
159
191
222
251
282
308
333
337
324

-7
28
64
96

133
165
196
227
258
288
316
338
346
331

TABLE 40

GI& - 2.00
STAGGE6

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

-14
23
59
91

126
159
197
223
252
274
308
328
333
320

-19
25
62
94

128
166
196
227
258
285
313
335
338
331

-2
32
68
99

138
160
201
231
263
293
317
337
343
327

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20



1/'

Lift Coefficients (La x 105) for U.S.A. 27 Biplane

TABLE 41

ST4!L% = 0-
0g fRBD

o .50 .75 1.00 1.33 1.67 2.00

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

2
27
53
77

105
134
160
183
209
233
253
272
283
293

-8
21
50
88

108
144
171
196
223
250
271
297
309
318

-11
21
62
84

118
150
181
208
237
266
293
314
333
330

-15
20
54
85

121
155
186
216
244
273
302
323
337
333

-21
15
50
83

114
151
179
210
240
269
296
321
335
333

-19
25
62
94

128
166
196
227
258
285
313
335
338
331
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Drag 0oefficients (Do z 106) for U.S.A. 27 Biplane

TABLE 42

GI/c S O.O50

STAGGER
- G0 04 0

155
96
76
74
82
98

122
152
187
228
270
314
370
420

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22

91
72
65
69
85

110
137
167
206
245
291
326
368
406
492

96
71
67
75
95

122
158
202
250
305
367
451
572
693
870

TABLE 43

iIL = ,75
. -40 -2 20 40% 01

-6
-4
-2
0
2
4
6
8

10
12
14
16
.18
20
22

130
80
66
68
78
99

126
159
199
246
294
339
407
462

119
77
64
67
78
98

130
162
202
246
295
332
384
444
526

108
75
66
71
84

111
137
169
211
257
305
355
407
460
557

93
69
63
.67
87

111
144
176
220
265
318
359
411
474
557

87
66
64
74
95

122
156
197
243
292
353
404
475
554
635

93
69
58
77
99
127
167
211
259
319
382
453
548
641
789

.

4 -
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Drag C oeff iient s (Do i 10

TABLE 44

Q& X 1,00

for U.S.A. 27 Biplane

STAGGE
o -4 -2 2 60

-6 132 119 111 108 100 100
-4 78 78 75 73 70 70
-2 63 67 64 64 64 61

0 65 73 70 68 72 72.
2 80 87 85 85 91 92
4 102 112 112 113 119 122
6 -134 146 145 147 151 158
8 172 181 180 185 188 201

10 216 225 225 229 237 251
12 266 276 274 278 290 305
14 319 328 331 340 348 360
16 369 373 376 386 396 421
18 438 491 435 438 458 501
20 499 506 496 510 532 584

TABIE 45

G/G - 1,33

cx .40% -20 291 40% 0%

129
80
66
71
86

109
142
182
235
275
327
380
456
525

118
76
65
69
86

114
147
184
233
281
334
385'
451
529

120
75
63
67
82

111
142
180
229
277
332
392
474
517

103
70
65
73
92

117
152
192
243
296
351
396
459
551

114
75
65
69
86

112
146
183
230
282
338

388
445
529

124
79
66
69
85

112
141
183
238
285
344
389
450
530

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20



Drag Coeffiolents (Do z 100) for U.S.A. 27 Biplane

TABLE 46

Qs n 1. 7
STAGGEa

40-4 -330 0 33

120
72
62
65
82

107
140
180
227
273
330
381
439
520

114
73
63
71
90

117
151
192
234
296
345
389
461
544

129
75
60
63
78

102
131
169
214
263
316
364
421
503

112
72
-67
68
88

112
145
184
226
278
333
386
444
529

107
71
65
71
92

119
152
192
238
291
350
393
454
549

TABLE 47

P0 = 2.00
STAGGER

4 40%

-6
-4
-2
0
.2
4
6
8

10
12
14
16
18
20

116
70
60
66
83

108
142
180
228
277
329
377
440
533

114
70
61
67
82

113
145
185
228
279
334
382
444
537

100
66
59
68
87

115
148
187
234
286
340
384
454
559

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
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Lift Drag Ratios for U.S.A. 27 Biplane

TABIE 48

STAQQG=BR0

o- .50 .75 .00 1.33 1.67 2.00

-6 .22 m.4 -. 99 -1.25 -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 *.34 10.50
0 11.15 12.40 12.00 12.70 13.17 13.81
2 12.35 12.85 13.89 14.76 14.61 14.71
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 11.59 11.53 12.00 12.41 12.13

10 10.14 10.56 10.52 10.65 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 8.34 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 6.90 6.65 6.44 6.62 5.93
22 5.81 5.64

TABLE 49

o. -4% -2 0_20r 4 6

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22

-1.74
1.79
7.62

12.00
13.74
13.81
12.76
11.62
10.72
9.65
8.90
8.26
7.16
6.26

-1.09
2.69
7.91

11.64
13.32
13.39
12.31
11.60
10.59
9.71
8.96
8o42
7.36
6.36

-. 99
2.80
9*70

12.00
13.89
13.40
12.49
11.53
10.52
9.70
8.85
8.35
7.65
6.65

-. 74
3.15
8.75

12.63
14.35
13.71
12.43
11.57
10.57
9.71
8.80
8.41
7.76
6.65
5.42

-. 50
3.86
9.38

12.63
13.84
12.85
12.31
11.51
10.41
9.55
8.74
8.25
7.53
6.39

-. 40
3.57

10.00
13*04
13.80
13.20
12.28
11.20
10.20
9.45
8.70
8.04
7.00
5.98
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Moment Coefficients (M; X 105) for U.S.AIBiplanes

All of the following values denote diving
moments, and should be prefixed by a minus

sign.

TABLE 50

Gig =0,50
8W GGER

c( .4 0% 6

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20
22

18
27
33
37
43
49
54
59
63,
69
74
79
84
80

23
27
31
34
40
46
51
55
59
64
67
70
72
73
73

TABLE 51

Oc -40'0 -269

17
26
31
38
45
51
57
65
70
76
81
87
96
99

19
26
33
39
45
53
62
66
71
75
83
87
92
96

101

201

22
26
32
38
42
50
54
57
63
67
71
76
79
82

23
26
32
37
45
51
57
62
66
72
77
81
85
91
90

14
15
17
19
22
25
29
32
35
39
44
53
67
75
84

4O%

23
26
31
35
42
48
54
59
65
71
78
82
88
89

17
20
25
28
33
38
46
50
57
61
66
75
83
88

-6
-4
42

0
2
4
6
8

10
12
14
16
18
20
22

14

4001

GJQ=Q,.7

-604
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Moment Coefficients (Ma z 105) for U.S.A. 27 Biplane

All of the following values denote diving
moments, and should be prefixed by a minus

sign.

TABLE 52

cc -20% 0% 20% 40 60

-6 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 50 51 51 49 43 37
4 57 61 60 56 49 43
6 66 68 67 62 66 49
8 72 75 74 69 60 55

10 78 80 80 74 56 59
12 85 86 87 80 72 65
14 92 93 94 88 78 71
16 99 97 99 94 82 78
18 109 103 103 97 85 83
20 117 117 106 99 88 86

TABLE 53

G& W 1.33

O- -4% -2 2Q% 4W 60

-6
-4
-2

0
2
4
6
8

10
12
14
16
18
20

15
25
35
41
50
59
67
75-
80
88
94
99

117
125

21
29
39
44
53
64
71
77
84
91
99

104
112
119

21
28
35
39
47
54
60
66
70
76
80
88
91
89

24
29
37
42
51
59
66
72
79
86
92
97
98

103

21
28
35
41
48
56
62
71
74
81
88
93
94
93

19
26
33
37
43
51
56
62
67
73
82
85
90
92

Q/& a 1,00
SqTArr.R.
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Moment Qoefficients (Mo X 105) for U.S.A. 27 Biplane

All of the following values denote diving
moment s, and should be pref ixed by a minus

sign.

TABLE 54

G/0L1,67
STPAWR

cc -4- -33W 339 6o .

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

18
29
37
43
51
59
66
72
79
86
94

100
109
117

20
30
40
45
53
61
71
74
79
85
92
96

105
110

15
26
35
41
48
57
63
70
76
82
89
94

100
104

22
30
39
42
52
57
63
70
74
81
87
90
91
91

26
33
40
45
54
61
67
73
79
87
94
97
99

101

TABLE 55

0 4N 04 60f

-6
-4
-2
0
2
4
6
8

10
12
14
16
18
20

19
29
38
44
53
62
70
77
84
92
99

106
116
119

16
33
40
47
56
66
73
81
89
95

22
29
37
43
51
60
67
74
81
89
96
99

102
105

.0 M 2/0 =M2.00
ISTAGEIR



Genter of Pressure Coeffioients for U.S.A. 27 Biplanes

TABLE 56

GIC = 2,50
STAGGER

O- -4" O 601

.4
W2
0
2
4
6
8

10
12
14
16
18
20

2.32
.83
.58
.47
.40j
.37
,34

.34

.31

.3

.31

.58

.45

.3

.,31
-,29
.28
.27
.27
.26
.24fr
.25

.47

.27}

.21
01
.11
.14

.15

.20

.22k

TABLE 57

GI/ - 0,75

04 -4 20 4 6

.-4
-2
0
2
4
6
8

10
12
14
16
18
20

1.7

.44

.39

.34e34
.31

.33

.34

.35k

1.52
*711
.54
.441r
.40
.37j-
.35
.34
.32
.32
.31f
.32
.331

1.15
.62
.44
.381
.34
.31j
.2
.21
.27
.26j
.26
.26
.26

.94

.44

.37

.34

.31j

.30

.29

.28

.271
.27
.27
.27

.72

.47

.38

.30

.2

.2

.26

.26

.26

.55

.36

.29*

.25
J.2

.22

.22*

.22

.21j

.22
.24
.25i
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Genter of Pressure Ooeffiaients foor U.S.A. 27 Biplane

TABR 58

1/1 x 1600

0C -4% -2 2 4R 609

-4 1.80 1.291 1.25 1.09 .91 .90
-2 7 69 .6 .59* .521 .47
0 5 52+ .5 .47 .41 351
2 4 44 .4 .40 .34 .29
4 40 .40 .35j .3 .27
6 38 37 .36J .33 *2 .241
8 36 35 .35 .32 .27J .24
10 34 34 .331 .31 .2 .231
12 331 33 .33 .30 .26 .23
14 33 32 *321 .29* .25L .23
16 33 31j- .32 .29 .25 .23
18 35 3 .31 .29 .25 .24
20 37 33 .321 .291 .26 .241

TABLE 59

aGIG 1,33

--2p 0% 20 40 60

-4
-2
0
2
4
6
8

10
12
14
16
18
20

1.37
.66

.4

.35

.36

.321

.32+

.36

.389

1.27
.67
.52
.441
.401
,37

.3
.3

.34

.36

1.27
.63
.47
.38X2
.35
.32
*30
.29
.28

.27

.27

.93

.5
*:

.39

.36

.33

.32

.31

.30

.291

.29

.2

.24

1.18
.61
.47

.32

.32

.291

.29

.281
:4S
.2121
.OR

1.44
.601
.45
.37
,33
.29*
.28
.27
.261
.26
.251
.26
.261
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Center of Pressure Goeffioients for U.S.A. 27 Biplane

TABL3 60

G& a 1.67
STAGGER

L -40 -3 33 6N' 0%-.15 " 0

1.34
.65k
,51
.42

.35

.34

.33

.32

.32

.34

1,14
.6
.43
.4
.34
*36
.33

.03

.2

.24

.32

1*60
.68
.51
.421
.38
.34k
033
.32
.1
.301
.30
.30

1.15
.57
.4
.3, t
.36

.1
,30
.29

.27

1.06
*61
.47j
.4

.3 2

.31.30

.30

.29

.29

TABLE 61

G& - 2,00
S %AGG09

CL -0 Q 0

-4
W2
0
2
4
6
8
10
12
14
16
18

1.18
.6
.4
.34
.39
.36
.34

.33

.35

1.21
.63
.50k
.44
039*
.37

.34

.33k

.34

.36

.82

.53
.44

.357

.35

.32

.31

.31

.30*

.30

.30*

-4
-2
0
2
4
6
8

10
12
14
16
18



Lift Coeffiaients (LO z 105) for Gt. 387 Biplane

TABLE 62 TABLE 64

Got. 387 Biplane
G/b : .75

06 -40 4 64

-29
41

101
136
192
249
302
333
306

2
49

108
139
200
258
311
352
361
365

14
56

121
156
219
288
348
397
406
385

Gt. 387 Biplane
G/ 3 1.33 .

eo( -4 0 0

-8
-4

0
2
6

10
14
18
20
22

-30
41

106
141
208
277
332
371
377
348

-7
50

118
152
220
285
343
380
387
383

TABLE 63

Got. 387 Biplane
G/C = JsOQ

oL 400 - 2 - 401 60-

-4
0
2
6

10
14
18
20
22

-16
45

111
144
210
271
327
356
359

-4,
49

114
148
213
274
328
363
365

-8
47

116
145
211
275
331
370
381
379

-17
43

108
143
208
274
332
381
392
397

-3
51

118
152
220
287
347
392
403
407

-8
-4

2
6

10
14
18
20
22

-14
48

112
153
221
288
351
394
407
400

-11
58

127
163
229
298
359
403
416
405
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Drag Goeffiolents (Do x 106) for Gt. 387 Biplanes.

TABLE 65 TABLE 67

90 z -75

0 =2 9

-8
-4

0
2
6

10
14
18
20
22

168
80
96

116
170
253
367
461
566

am

124
74
94

112
179
268
373
471
530
604

G/ = 1.33

o- -0% -a 0 - -691

116
75

103
126
206
312
442
600
716
921

-8
-4
0
2
6

10
14
18
20
22

180
74
92

112
181
280
389
499
565
668

131
73
98

120
192
294
407
512
577
724

TABLE 66

S/0 ,90

OC -40 2 20 40%'

162
76
98

117
184
280
392
500
586

139
73
99

118
191
287
398
501
574

143
73
96

115
186
282
388
489
556
650

163
73
97

112
178
273
389
500
555
640

134
72
89

121
198
300
425
542
610
700

150
74
96

117
191
294
417
532
603
711

-8
-4
0
2
6

10
14
18
20
22

125
78

107
131
211
320
448
581
675
778

I" ,
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Lift Drag Ratios for G't. 387 Biplanes

TABLE 69

Gh a 1,00

Q% 04 -2 260%

-. 99
5,92

11.31
12.30
11.40
9,69
8.34
7.11
6.12

-m

-. 35
6.71

11.50
12.53
11.16
9.55
8.25
7.24
6.36

-. 56
6.45

12.09
12*61
11.33

9.75
8.53
7.56
6.85
5.83

-. 68
5.90

11.74
12.77
11.70
10.02
8.54
7.62
7.06
6,20

TABLE 68

- .22
7.09

13.27
12.57
11.10
9.57
8.16
7.24
6.60
5.81

- .88
7.53

11.88
12.43
10.84
9.31
8.02
6.93
6.16
5.21

TABLE 70

G/b = 1.33

0'- -40* A 101

-1.73
5.11

10.51
11.71
11.30
9.85
8.24
7.21
5.40

-m

.16
6.62

11.49
12.40
11.18
9.63
8.35
7.46
6.81
6.05

1.21
7.47

11.72
12.39
10.61
9.24
7.88
6.61
5.67
4.18

-8
-4
0
2
6

10
14
18
20
22

-1.67
5.54

11.52
12.59
11.50
9.90
8.54
7.44
6.68
5.21

-. 53
6.85

12.03
12.68
11.45
9.70
8.43
7.42
6.60
5.30

- .93
6.49

11.69
13.08
11.58
9.80
8.41
7.40
6.76
5.62

--8
-4

0
2
6

10
14
18
20
22

-8
-4
0
2
6

10
14
18
20
22

S..60T

ab a .m75
s~sAMM

-499 -



Moment Coefficients (M, x 105) for dot. 387 Biplanes.

All the following values denote diving moments
and should be prefixed by a minus sign.

TABLE 72

G, 2 1. P0

Oc .4% -24 , 20% 4Q% Q

21
39
57
63
79
96

108
121
125

23
40
55
62
85
94

106
115
119

20
38
54
61
77
93

106
113
116

19
35
50
57
72
89

102
112
114

TABLE 71

21
35
49
55
69
86

100
110
113

TABLE 73

GI- a ,75
STAGGER

-A0
22-
36
50
57
70
81
92

102
-- W

21
36
51
56
71
87
98

106
110

G/O w 1.5
STAGGER

15
52
37
41
52
66
80
97

104

-8
-4
0
2
6

10
14
18
20

-409
14
36
52
60
77
95

108
121
126

25
38
56
62
78
95

108
117
120

-8
w4
0
2
6

10
14
18
20

18
36
96
50
63
80
92

105
108

-8
-4
0
2
6

10
14
18
20

609
21
35
49
55
68
89

100
107
ill
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Oenter of Pressure Goeffioients for Gt. 387 Biplanes.

TABIE 74 TABLE 76

G&/ . 0.75
STAGER

o . -4 6

.-8
-4

0
-2
6

10
14
18
20
22

-2.77
.80

.36

.32
,30t
.31

-71.78
.661
.45
.40

,33
,31
,301

.32

-2.88
.42}
.29
,251
.23
.22J
.23
,241
.26

w

-8
-4
0
2
6

10
14
18
20
22

STAG;RA
6. 40 4 60

-1.16
.80
.47
.42
.361
.34
.3
33

-15.32
.68

04*

.35

.33

.31j

.31
*3
.34

TABL3 75

Fq/'w,00

.. -2 20% 494 60%

-2,03 -1.93
.72 .72

.36 .32
.32* ,32
.32 .31
*31 .30
.3 .30

.3 .30*

-4.50
.631
.40
,35
.3
.2
.2
.2
.2
.21

-2.39
.77
.48

.3

.35

.351
-o

a-8
-4
0
2
6

10
14
18
20
22

-7.40
.72
.46*
.42

.3
.3
.32
.33

so

-7.59
.6012
.40
.35
.3
.2
.21
.29
.21
.291

-3.02
.55
.U4
.30
.2

.24

.28

.261

.28
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Biplant Oorreotion Pactors for D. at Equal La.

TABLZ 89

U.S.A.27 Biplane

G/G a 1,00

0 L Los 10" -40% -20% 0% 20% 40% 60% Average

q2 .051 1.07 1.12 1.12 1.12 1.15& 1.12 1.12
.4 .102 1.21 1.20 1.21 1.24 1.21 1.21 1.22
.6 .153 1.25 1.3 1.30j 1.27j 1.30 1.26 1.28
.8 .205 1.32 1.3 1.32 1.30 1.30 1.30 1.31

1.0 .256 1.37 1.3 1.31j 1.29 1.30k 1.301 1.32
1.2 .307 - 1.36 1.34 1.30 1.32 1.32 1.33
1.3 .3 - - 1.35j 1.31 1.32k 1,31 l1.32k

TABLE 90

GSt. 387 Biplane

G/G 2 1,09

SL 10R -40 -20 20% 40 60% Average

.2

.4

.6

.8
1.0
1.2
1.4

.051

.102

.153
.205
.256
.307
.358

1.31
1.50
1.43
1.35
1.33
1.311

-W

1.26
1.50
1.44
I.37
1.34k
1.32

w

1.24
1.50
1.43
1.37

1.45
1.45

1.26
1.45
1.40
1*34*
1.31

1.26
1.42
1.43
1.37
1.33
1.28
1.45

1.38
1.53
1.45
1.37
1.33
1.28*
1.42

1.2a

1.43
1.36J
1.33
1.29
1.43k
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Biplant Oorretion ?aotors for Do at Equal Lo.

TABIS 91

U.S.A. 27 Biplane

GAP&92H
0 ;6 Lgx IO .50 .75 1.00 1.33 1.67 2.00

0 0 1.14 1.0 1. 1.. 1.01
.2~ .051 1.12 l:.0 1.04 1.0 1.0*1
.4 .102 1.30 1.25 1.25 1.17 1.17 1.12
.6 .153 1.45j 1.37 1.30 1.22 1.21', 1.14
98 .205 1.49, 1.38 1.31 L.4 1.22 1.17

1.0 .256 1.54 1.41* 1.27j 1.27 1.25 1.21
1.2 .307 - 1.50 1.35 1.29 1.27 1.21
1.3 .383 - - 1.78 1,32J 1.34 1.21*

TABLI 92

't. 387 Biplane

0 L Lez 100 0.75 1.00 1.33

.2

.4

.6
*8

1.0
1.2
1.4

.051

.102

.153
,205
.256
.307.
.358

1.12
1.20
1.31
1.40
1.41
1.44
1.45

1.0
1.20
1.2
1.32
1.3
1.3
1.31

1.04
1.20
1.264
1.29
1.31
1.31*
1.30
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Biplane Oorreotion Factors for Do Xinimum

TAB5B 93

U.S.A. 27 Bip1ene

ssagr 0.50' 0.75 1.00 1.33 1.67 2.00

60% i.re 1.02 1.07 1.10 1.14 1.03
And 1,22 1022 1.14

20% 1.10* 1.12 1.14
0 1.14 1.16 3.,12 1.10* 1.605 1.07

4.2 1.12 1.1 1.14
-40 1.30 1016 1.13 1.16 1.09 1.05

Average
of Tables
93 and 94 1.20 1.12 1.12 1.13 1.11 1.05

TABLE 94

Go't. 387 Biplane

0.75

60%
40%
20%

0%
-20%
-40%

1.13j.

1,12

1.21

1.00 1.33

1,18 1.12
1.091,09
1.ioj 10
111.1
1.15 1.12
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Biplane Oorrection ?aotors for L/D max.

TABLE 94

U.S.A. 27 Biplane

GA IQM.
jjaM0.50 0.75 1.00 . 1.33 1.67 2.00

60% .72* .75 .78* .80 .82 .89k
40% *76 .78 .82
20% .79 .82 .so* .8-1
0.70 .72j .79. *83 .8 $as*

...20 75 ,78 .80 .81
-40 .68* .75 *78 *77* .6j .86

Average for
U74 .A. 27 &
Got. 387 .70k- .76 .784 .80 .82 .88

!ABLI 95

GSt. 387 Biplane

0.75 1.00 1.33

60% .78 o78 .82
460% .80
20% ,80

.77 .79 .80
-2D .78
-40% .73J .77 .79
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Table 95a

Biplane Correction Faotors for L max.

Gap/thord

Stagger 0,50 0,75 1,00 1,53 1,67 2,00
USA, 27 Biplane

60% .94 .98 1.00 1.00 .99 .98
40% .95 .98 .9
2 .92 .97 .9

0 *83} *91 .95 .9 .96 .97}
-2 .854 .93 .9
-4 ,1 .'15 ,82 ,894 .93- .94 .95

28t, 387 Biplanes

60% 1.03 1.05} 1.03
40% 1.03
20%1.0
% .92} .9 .98

.40%
-40% .84} .91 .95*
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Biplane Correction Faotors for L/D at Equal Lo.

TABLE 96

U.S.A. 27 Biplane

STAgE= 2
21 0 /0H1D

0L Iex 106 0.50 0.75 1.00 1.33 1.67 2.00

51
102
153
205
256
307
333

.92

.77

.69

.67

.65

.93*

.79

.73

.74}

.70

.66k

.95

.81

.77

.76

.74J

.74

.95

.82

.80k

.7

.7

.71

.96k

.88

.83

.82

.80

.79

.75J

.8*

.8

.85
*83
.825
.82

TABLE 97

GSt. 387 Biplane

STSR= 0
GCHORD

0 L Lox 10 0 0.75 1.00 1.33

.2

.4

.6

.8
1.0
1.2
1.4

51
102
153
205
256
307
358

.89k

.83

.71*

.71

.69*
.69

.92

.83k

.79

.7

.73

.75

.76

.92

.84k

.79

.76

.76

.77

*2
.4
.6
.8

1.0
1.2
1.3
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Biplane Correction Factors for M. at Equal L .

TABLE 100

U.S.A.27 Biplane
G/- a 1,00

0 t Lec 105  0% 20%. 40% 60%

,2 51 1.02- .9 .83 *78
.4 102 1.00 .9 .84 .74
*6 153 1.003 ,95 .83 *69*
.8 205 1.03 .94j .83 .72

1.0 256 1.003 .94 .83 .72
1.2 307 1.04 *96 .83 .70k

Average i,02j .94+ .83 .73

TABLE 101

Gd't. 387 Biplane
i 100

Stager
0L L0X 100 0% 20% 40% 60T

.2 51 1.00 .95 .90 .87

.4 102 .98 .94j .8 8

.6 153 .97 .91 :7

.8 205 .97j .91 . .
1.0 256 .97 .92j .84- .76
1.2 307 .98 .93 .881 .79
1.4 358 .95 .92* .88 .7

Average .91 .93 .85- 7

Correction Factors for negative stagger: For
practically coincide with the values for zero
Gt. 387, they are practically equal to 1.00.

U.S.A. 27, these
stagger; for

TABLE 101a
(1) Average for U.S.A. 27 & G4t. 387, combined.
(2) Oorresronding values taken from a smooth curve (Plate 141
staggec -40 _ -20 _ _ 20'- 40% 60%
(1) 1000 1UO0 1.00 093 .84 .76
(2) .1.00 1.00 e9 .93* *84 *76
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Biplane Oorreotion Factors for M0 at Equal LO.

TABLE 102

U.S.A. 27 Biplane
-G& a 1,00

0L Lax 1000 4/HORD
.50 .75 1.00 1.33 1.67 2.00

.2 51 .86 .90 1.02k .921 1.00 1.07

.4 102 .85 .89 1.00 .9 .98 1.00Q

.6 153 *8 .88 1.03 .9 .97 1.0
.8 205 ,8 .84h 1.03 .90 .97j 10

1.0 256 .81j *83 1.03k .88 .96 1.0j
1.2 307 - .84 1.04 .88} .97} -

Average .84 .861 1.04 *91* .98 1.07

TABLE 103

Got. 387, Biplane
GIG = 1,09

CL Lax 100 gAP/CHORD
.75 1.00 1.33

.2 51 .96 1.00 .98

.4 102 .951 .98 1.00

.6 153 .91 .97 .96

.8 205 .93 .97} .95
1.0 256 .95k .97 .97
1.2 307 .94 .98 .98
1.4 358 .94j .95 .96

Average .94 .97} .97

TABLE 103a

(1) Averages for U.S.A. 27 & G1t. 387
(2) Corresponding Values taken from a

combined.
smooth curve(Plate 14)

G1/ 0.50 0.75 1.00 __1.33 1.67 2.00
(1) .84 .90k 1.00 *9 .98 1.07
(2) .87 .93 .97* .94 .99 1.00
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- Biplane corrections for O.P., expressed as fractions
of chord by which C.P. is displaced towards leading
edge, applicable from 0.1 La max. to LO mAx.

TABLE 108

G/IG 1.00

(1) Average of Got. 387 and U.S.A. 27.
(2) AxerageCtakcen from ourve (Plate 14).

Stagger GAt. 387 U.S.A. 27 (1) (2)

M40% .00 -.0l -.00 .00
-20% *.} -.01 -.00 *01
0% .02 ..0O .001 .02

20 .0 .4 .03 0.
4 .0 .0 *06J .0
6 .10 .10 .10 .10

TABLE 109

STAGGER a 0.

(1) Average of Get. 367 and U.S.A. 27.
(2) Average from ourve (Plate 14).

G/O Kot. 387 U.S.A.27 (11 (2)

0.50 - ..000 .061
0.75 .00 . .01 .04
1.00 .02 -.00 .0I .02
1.33 .02 .* .04 .01
1.67 - .03 .01 .001
2.00 - -.02W -.02 .00
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Appendix D.

CURVES

Plate 5. L ,and D. vs. OL f or 6 U.S.A. 27 biplanes,
stagger 0; G/O =- 0.50 to 0.75

Plate 6. L and D. vs. a( for 16 U.S.A. 27 biplanes,
stagger w '40% to 60%, G/C = 0.50 to 1.00.

Plate 7. L. and D. vs. cL f or 8 U.S.A. 27 biplanes,
stagger = -40% to 60%, G) = 1.67 and 2.00.

Plate 8. L/D v4.a , M and C.P. v. L, for & U.S.A. 27
biplanes. Stigger = 0, G/C = 0.50 to 2.00.

Plate 9. L/D v1. a.,M and C.P. va.Le, for 6 U.S.A. 27
biplanes. G2C w 1.00. Stagger = -40% to 60.

Plate 10.

Plate 11.

Plate 12.

L0 and D0 vs. for 6 Got. 387 biplanes. a/b 1.00,
Stagger = -40% to 60%.

L/D vs. cc , Me and 0.P. vs. L, for 6 Got. 387
biplanes. G/] 1.00. Stagger .-40% to 60%.

(; , D , L/D) vs. cw. , (Me, C.?.) vs. L , for 3
Go%. 387 biplanes. Stagger =0, alt = 0.75 to 1.33.
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