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INVESTIGATIONS ON TEX DOWNWASH BEEIND A
TAPERED WING WITE FUSBLAGE AND PROPELLER®

By H. ¥uttray
SUMMARY

The new downwash measurements behind a tapered wing
with parallel center section described in the present re-
port can be brought into good agreement with theoreticel
calculationg 1f made on the basls of not-rolled-up vortex
sheet and allowance is made for the lowering of the sheet.
The test values are about 1° higher than the "upper 1limit"
establigshed for 1t, as agalnst approximately 0.5° in the
earllier tests behind a rectangular and elliptical wing.
The measurements on lateral axes, especlally 1f lylng be-"
low the wing on a level with the vortex train, disclosed
1n accord with the 1ift distribution, a marked change in
angle over the span of the tall in contrast to the rectan-
gular and elliptical wing.

The downwagh meagurementg on the low-wing model with-
out propeller running indicate only a minor effect of fuse-
lage on the downwagh with "ideal" fuselage in comparison
to "wing alone." But for "angular" fuselage, the effect,
even thougzh 1t also extende only over a comparatively nar-
row width, ig qulte pronounced, that is, in the mense of
an improvement 1n static longitudinal stability,.

The downwash measurements on low-wing models with pro-
peller running disclose a very strongly exprensed slipstitreanm
twiegt in vicinity of the tall degpite the rectifying effeoct
of the wing, There are other dlsturbed downwash zZones to
both sldes of this twigt reglon, The prefix of the dis-
turbances ~ of different extent to left and right - 1s in
these zZones the opposite of that of the slipstream twlst.

*'"Untersuchungen Uber den Abwind hinter einem Trapesflfigel
mit BRumpf und Schraube." Luftfahrtforschung, vol, 15, no.
3, March 20, 1938, pp. 101-122,
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The downwasgh distribution over a lateral axlis approxi-
mately in tail vicinity - the same holds for the velocity
distribution in the slipstream also - becomes very unsym-
metrical with lncreasing angle of attack as a result of the
yaw of the propeller.

The magnltude of supplementary angle of downwash aver-
aged over a span of 0.3 of that of the wing, with propsel-
ler running (compared to model without 1t) amounts at the
most (at maximum angle of attack and maximum propeller
loading) to no more than about 1.5° at wing level, For
fixed angle of attack the angle of additional downwash
grows linearly with the propeller loading. It 1s greater
on the low-wing model with anglular fuselage than on that
with 1deal fuselage. It 1s - llke the mean angle of down-
wagh of the low-wing models without propeller - materially
influenced by the neight level of the tail,

In a stablllity comparlison of both models at equal full
throttle polar, the model with angular fuselage 1s superior,
the congideratlon concerning an airplane of conventional
design, that 1s, in our case, with body-Iixed horizontal
tail surface., Again this 18 primarily assocliated with the
dissimilar course of the mean angle of downwash on the
helght level of the tall.

With assumedly wind-fixed horizontal tail surface,
1.e., congtant levol ¢ at increasing a, the stablility
increases enormously. R further increase may be looked for
if, with changing o«, not only the tail but the "fuselage
with slipstream” as well remain wind-fixed (say by changing
the wing incidence relative to the fuselage).

A, INTRODUCTION

Barller studles on the downwash bshlind wings of rec-
tangular and- elliptic plan form (reference 1) .related to
the question of dependence of downwagh bohind a wlng on the
data of the wing alone, whereby temporarily, to be sure,
merely different plan forms were lncluded 1n the 1nvestiga-
tion. It was found that the downwash coefficlonts differed
considerably in correspondence with tho different 1ift dis-
tributions of the oxplored wings., The present investliga-
.tion was to treat other essentlal factors governing the
magnitude of the downwash, They are particularly: the fu-
selage and the propeller slipstream, As the present inves-
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tigation was to foliqﬁ as. closeli as posslible the previous
--studles, & wing of different plan form wi*hout twiet was
chosen purposely. e

r

B, MODEL DESORIPTION AND POLAES ox TEE
HODELS WITHOUT PRQPTLLEﬁ RUNNIHG
The three-plece taﬁered wiﬁg with rectangulaf center

- gaction and rounded tips is 1llustrated in figure 1, The
employed Gottingen airfoll section Ko. 747 is & pure

Joukowslky airfoll with % = 0.10 and % = 0.125. The
: %
taper ratio 1is ;E = 0,333, bthe ratlo of center-gection
1 1 )

span to total wing span is 1& = 0,17. The choice of thesge

partlicular ratios was prompted by the desire for an approx-
imately elliptic 1lift distribution (reforence 2)., - The span
of the model wag 1,0 m, . : )

The described wWing was succegsively fitted with dif-
ferent bodles in low-wing arrangeuwsnt, as 1lndicated 1n
flgure 1, The "angular body" resembles in its-design that
.comaonly weed 1in airplane construction, while the "ideal
body" evinces 4 progressive transition from maximum body
height to profile chord of the wing. 3Body and flllets
woere in ono pleco and on tho low wing wilth ideal body took
the ‘placo of the rectangular center section.

The axls of the angular body which coinclides with the
propeller axis has a 3° incldence relative to the profile
chord nf the wing, The cholce for thig ratiher large angle
wag prompted by the desire to bring ont the flow around
the wing and thus emphasize the downwash, The shape of the
so-called "ideal body" on the other hand was to avoid such
flows as muclk as possible, The lateral contour of the 1ldeal
body resulted, according to previously applied method (ref-
erence 3), from the streauline pattern of "wing alone,"
1.e., 1t was adapted to the flow around the wlng prescribed
for a certain angle of attack of the wing, ¥which amounted
to 3°, corresponding to a value of cg = 0.9. TFor "wing

alone" and for "low wing with ideal body" this angle of.
attack accordingly had to give approximately the same 1lift
Cy. 4And the polars (fig, 2) confirm thig'expectation gquite
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closely. But-on the "low wing with angular body" by reason
of form and incldence of the body relative to the wing an
equal c¢; value of "wing alone” and "wing with body" was

not to occur until at a higher angle of attack, Thils angle
lies at around g = 99 according to the polars of figure 2.

The comparatively large angle of setting of the "angu-
" lar body" necessitated on the low-wing model a small cut-
awvay; at the trailing edge which, however, could have had no
speclal effect on the polar and tne downwash conditions.
Inversely the wing area of the "low-wing model with 1deal )
body" is increased through the wing roosts. The differences
in the Ca 0 values of the polars are probably connected

with it,

The propeller is mounted approximately at 1/4 of half
the propeller diameter over the wing caord and at about 3/4
of the diameter ahead of the wing center. ! The inclination
of the propeller axis to the profile caord on botn low-wing
models 1s 39 in the sense of an alr flow of the pressure side
of the profile through the slipstream., The propéller diam-
eter is equal t9 0.2 b (b = span of model), the ratio of
swvept-dligk area t0o wing area is 1l:4.,5. The counter-clock-
wige rotatling propeller ig of the type 5, ¥, A1 P, from
N.A.C.A., Technical Report No. 141 (referemcs 4). The pitch
is H= 0,7 D (fig. 3). Nelther the perforuance coefficlents
nor the slipstream deflection or twist were measured on the
propeller running by ltgself., The characteristic curves
(fig. 4) of the propeller running alone were taken from
¥N.A.C.A. Report No. 141 (reference 4). The dashed curve
indicateg the k values based respectively on theo polar
of the "1ow-wingﬂ model with ideal fuselage and the ¢,

values of flgure 7.

The forces with propeller runnlng were measured at
seven anglesof attack., Lift, drag, and pitching moment
were meagured at increasing r.p.m., including the r.p.m.
range between zero thruet and stopped propeller (once ver-
tical, once horizontal),

C. TEST PROCEDURE AND EVALUATION

In cortrast with the earlier measurements (referernce
1), which were carried out in tunnel I of 2,25 m dilameter
at the AVA Gottingen, the present measurements were made
in "gmall tunnel” (tunnel II) of the AVA, Having enlarged
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the open Jet with an elliptic nozszle of 1,5 m width and
_1 05 m depth 1t vas possible to retain the same model span:
P ="1,0 m; - ~ F -
Becauge of the small jet sectlon of 1.2 mPas compared
to the 4,0 m® of tunnel I with 2.25 m diameter, the correc-
tlons, necessary for reducing the data from the "gmall tun-
nel" to infinitely great stream soction were of course sub-
stantlally greater. Tneso were computed on the basis of
tae report by I. Lotz ‘on the correctlions of downwash lan the
opon jet of elliptic soction (reference 5), whereby the lift
coefficient of the "wing alone”’. gerved as a basis for equal
angle of attack of the models "wing alone," "wing with fu-
selage" and "wing with fuselage and propeller running"

The downwash factors are pregented in a nondimensional
gsystem of coordinates, with i1te sero point imn the serodynam-
i¢ conter of the mean line of the wing., In the senarate
graphs of the angles of downwash for "wing alone" these an-
gles are, as in the earlier invostigations (rcference 1) al-
80 given nondimensionally, 1iIt 1s

[ l1g distance of the test polnt from the bound vor-
tex in direction of the longitudinal axis down-
strean

q, distance of teast polnt from thes plane of symmetry
of the wing in lateral axis direction (+ q =
starboard wing)

h, distance of test point in veriical axig direction
(+ h = suction side, - h = pressure side)

1 q h
£, = ===t €n = ———um!? €, = , dlstance factors
‘1%z T %z BT 3z

a
-!, coefflclent of downwasgh
ai

The reason for plotting the angleg of downwasgh on the
low-wing models in radians was due to the fact ~ as the
test data wlll prove - that in the downwash the twist of
the slipstroam is very promounced, whereas there ik no rea-
son to refer the same additional downwagh duo to twlast at
varlable 1ift and equal coefflciont 6f advance to the varl-
able, i1nduced angle of attack,

\
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The first downwvarh meagurements behind the models
without propeller running were made with smaell silk threads
_ because the dual tube downwash recorder used in the earlior
" studies (reference 1) was not available, though it did ar-
riveo in time for the tests on models with propeller running.
To afford a better comparison of the test data "with" and
"without propeller running," a great portion of the down-
wash meagurements behind the moédels "without propeller run-
ning" were repeated with the dual tube downwasin recorder,.*
At this place only a very few of the comparative curves
plotted by the two methods willl be shown, while for the
rest the more exact results achieved with the dual tube in-
gtrument will be given,

Figure 5 illustrates - nondimenslonally -~ for "wing
alone" the results obtained on three lateral axes at dis-
tance ¢3-= 1.0 from the wing., The agreement is, ln general,
good, except for the lateral axig in the pressure-side posi-
tion €, =-0,2,where greater discrepancies exist,

The cause of this ieg that thisg lateral axis lies exactly

at the helght of the maxinum downwash values, as seen from
figure 6, It includes, for instance, the comparison between
thread meapurement and duval tube record for a vertical axis
located at distanco ¢€; = 1.0 for €q = 0.12, It 1s sgeen

that the points of the thread measurements in proximity of
the maximum values were figured as one-sided scattering
points, resulting in the lashed curve, (The pcak in the
vertical-axls curves was not expectred after the results of
the earlier measurements on the elliptical and rectangular
wing (reference 1), (Cf. fig. 15.)) The air speaed for these
downwash measurements was v = 21,0 m/a,

D, RE3ULTS

I. FORCE MEASUREUENTS

-~

The results of the force measurements are shown non-
dimensionally in figures 7 to 9 for the "low wing with ideal
fuselago” and in figures 10 to 12 for "low wing with angular
fuselage" plotted against the reciprocal value of the coef-

ficlent of advance 1 = 2. The graphs for cg and cy
v

*Some speclal experiences galned with thls ingtrument are
to be publighed in "Luftfahrtforschung."
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againast % (figs. 7, 8, 10, and 1ll1l) also contain pleces
of curves extending only over -a -limited % range. These

pleces indicate the values at-which the downwagh was re-

corded: The graphs for cy agalnst % (fige. 7 and 10)

contalin, moreover, ag dashed lines the coefficients of the
"roference measurements,¥ i,e., in this case of the meagure-
ments with propeller removed, The intersection of these
stralght lines with the curves glves the coefficlent of ad-
vance for thrust equal zero. To the left of this intersec-
tion the propsller operates as (decelerated) windmill, Tha
maximum additional drag i1n thlis range is therefore not cre-
ated with stopped propeller but at a value of u/v 1located
much closer to the point for zero thrust, more exactly, at

the point for maximum torgque output. A4t point % = 0 the

smaller ¢, values are on the whole applicable to the pro-
peller blades in vertical position,

The polars, figures 13 and 14, are developed froém fig-
ures 7 to 12, They indicate that the 1ift coefficient at
equal angle of attack corregponding to the low-wing arrange-
ment lncreases with decreasglng coefficlent of advance, al-
though this rise 18 not very important. As the coefficlent
of advance decreases, the c, value increases again,

v

II. DOYNWASHE MEASUREMENTS

1. Scope of Measurements

For %wing alone” these measurements extended over an
angle-of-attack range from g = -4° to o = +15°; for %"low
wing with 1deal fuselage" and propeller running, they in-
cluded q .= 3.,15°, @ = 6.8°, and g = 10,69, and for "low
wing with angular fuselage" over g = -0.6°, +3.16°, 6.859,
and 10.6°, On the model with 1deal fusélage, the meagure-
ments were made at g = 3.16° for five different r.p.m. -
one-at zero thruut and one in the windmill range of r.p.m, -
and at o = 6. 85° and 10,6° at one r.p.m. each for approxi-
mately horisontal flight (cy = O), - On the "low wing with
angular fuselage"! the measurements were made at every angle
of attack for three r.p.m., which likewise ranged around
Cy = 0. . .
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Thus the measurement was not extended very much into
the climbing range (high propeller loading). Nevertheless,
it will be seén that extrapolatlon affords some safe pre-
dictions concerning the climbing range (figs. 48, 49, 64,
and 65)., For the tiume being the principal aim was to cre-
ate a general plcture of the flow phenomnena around the tall
with propeller running and different fuselage forms, This
.also explaing our preferenrnce for tne point-by-pcint meagure-
ment with the dual tube lngtrument which at the game time
allows accurate averaglng., It was also the reason for the
gsearching veloclty distributlon measurement - although only
on the low-wing model with angular fuselage and only at one
angle of attack and one coeffliclent of advance in vicinity
of the tail (51 = 1,0).

The downwash measurements were largely effected in a
transverse plane at €3 = 1.0 distance from the wing, ex-

tending over three to six lateral axes and three vartical
axes, On the low-wing models they were supplemented by
meagsurements on two horizontal sxes above or below the fu-
selage 1n the plane of symmetry of the model and to the
right and left of the fuselage at helght ¢, = O, although

the measuremente did not lnclude differeat r,p.m, for all
axes. Individual reference wmeapurenents, moreover, must be
obtained by interpolation., On the "wing alone" 1t further
included the longltudinal axis at wing height and in the
plane of symmetry,

2. Aspect of Downwash .Curves

a, Wing Alomne

Yertical axeg,~- Flgure 6 shows for oa = 6.8° the
nondimensional anzles of downwash on a vertical axls at
distance el = 1,0 and approximately in the plane of sym-

metry of the wing at €q = 0,12. These valuses may be

equated to those of the plane of symmetry, because the
downwash flgures do not change within a certalin range in
the transverse dlrection., Except for the peak, the curve
regsembles that of the rectangular and elliptical wing (ref-
erence 1) (fig..18). A wide range of maximum values 1is
distinctly noticeable in the pressure side flow, i,e,, at
negative ¢ values, but not however - as would be expect-

ed on the bagis of the calculation with a simple trailing
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vortex (reference. 1l)* - at approximately wing helght and
the drop of the downwash values toward both sides of the
peak -1s,-contrary- to- the theoretical:- curve for the simple
trailing vortex, unsymmetrical and greater, The peak of

. the curve 1in figure 6 lies (dual-tube record) in vicinity
of the stagnation point streamline as shown by a relative
evaluation of the normal axig curves of the earller meas-
ured elliptical wing (reference 1), which at the game time
included a measurement of the positlon of the rear stagna-
tion point streamline,

To establigh the effect of finite wing chord on the
dowvnwagh curves of the vertical axis (the same usged in the
earlier tests) (reference 1) the streamline pattern for ailr-
foil No. 387 1n two-dimensional flow was plotted according

to the Karman-Trefftz method (reference 6 The 1ift co-
efficlent was ¢4z = 1,156, corresponding to the circulation
at wing center with a mean ¢, value of ¢, = 1.0 for a

rectangular wing of 1:5 agpect ratio. The angles of down-
wash were taken from the gtreamline pattern, We also com-
puted these for the same circulatlon

for the case of the 1lifting line, Referring the €, and
€, valuee to a fictitious span of b = 5 t the expression
then reads:

€, 57.3

l

10

€. 8 4¢.2
cﬂ(h*_'l).

The result is shown in figure 15, where the angles of
downwash for finite wing chord and the "1ifting line" are
plotted agalnst €pnt The curves for the former are not as

flat as those for the "lifting line'" and drop &a symetrical-
ly. They therefore resemble the experimental curves better

*The formula on page 32 of reference 1l omite the factor 0.5
in the second term of the denominator, which condlitions ver-
tical axls asymmetry, But it does not affect the result.
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especlally in the proximity of the wing., 3But since they

do not disclogse a distinet range of maximum values on the
pressure side, the asymmetrical course of the downwasgh
values for greater wing distaances stlll remains unexplained.
So, if the simple tralling vortex substituted for the free
vortex sheet and the finite wing chord fail to give the ex-
perimentally obtalned varlation of the downwash values, the
only thing left le to revert to the vortex sheet. Any
eventual rolling-up processes are provigionally considered
subordinate. By "rolling-up" is meant 1n accord with
earlier reports (references 7, 8, and 9) primarily the
movsasuwent, assoclated with the rolling up of the vortex shest,
of the 1inside lying free vortices away from tne plane of
syaaetry of tae wing toward the outside and of the ianward
motion of the vortices lylng at the edge of the shest up to
tone final concentration into two plain separate marginal
vortices or vortex tralns. Tais omlsslion 1s made on the
bagls of the chenge ln dovnwagh magnltudo by irregularitics
in 1ift distributions consisteatly observed 1in the present
downwvagh studles evern at greater dlstarnce bchilnd the wing,
This 18 perticularly plain on the lateral axls curvos of-
fizure 5 (dual-tube reccord), Tue churnze in downwash value
1s especially promounced for ey = -0,2, The curve itgelf

1s uneymactrical and uwnduletory., Tac fluctuations carnot -
be ascribed to the predectermined flow bocause 1t manifests
no directional changes accordiag to figureo 16.* It can

be laid only to the glven 1ift distributior, #hich in turn,
owing to lmaccuracleg in nodel fabricatlon, 1tself becomes
unsymnetrical, The inference that the rolliag-up process
or tke lateral motlon of the free vortices 1s subordinate
wag furtner concluded from the tests with proveller running
as tikey manifested very distl.ctly, evea at greater dis-
tance from the wing (near the taill) aside froia the twigit of
the glipstreain a range or nonuniforaly clLanging downwash
values extending to the right and left boyond the slipstream
ag compared to "wing alone.”

Applying these facts to the downwash curves of the ver-
tical axes (filg. &) the rfollowing arguunents may be advanced:
slnce the outward motlon of the free vortices in proximity
of the nlane of syaaetr;, of the wWing 1s negliglible they can,
by sufficlent strength, becavse of thelr suall distance froa
the plane of symietry, develop a very pronounced effect upoa

*Tne smoothor parallelism of the Jet 1s probadly due to the
eaploynent of the elliptical cone, Tho use nf the earlier
circular cone was accompanied by pronounced directional
fluctuatlons.
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the course of the downwash on the vertical axis lying in
the"plane of symmetry (argument advanced by H, Multhopp).
These vortices near the plane of gymmetry, moreover, Iie,
as a result of the sinking of the vortex sheet with the
downwash, below the €; axis and so produce the afore-~
mentloned one-glded range of high downwash coefficilents.

Further, it may be stated that the marginal portions
of the vortex sheet do not diminigh in the same meagure
ag the inside portions. The marginal vortices rather lie -
ag the earlier elliptical wing study (reforence 1) algo 1in-
dicated - approximately af wing helght, The maximum value
of the downwagh component due to the marginal vortices
therefore lies about on the €; axis (cf, reference 18).

The superposlition of two assumedly separate theoretl-
cal downwagh curves for marginal and inlgde vortices gives
the actually unsymmetrical course of the curveg, which, de-
pendlng upon the strength of the marginal and inglde vor-
tices - affected by the 1lift distribution - 1s varylngly
diastinct,

According to the foregoing, a falrly good agreement
obtaing between the theoretical and exporimental values
] when plotting a theoretical curve for a nonrolled-up vortex
sheet and then shifting it approximately by the amount of
the slnking of the vortex sheet,

Starting with 8 glven 1ift dlstribution known from
reference 10, 1ll, or-12 we obtain with

T

and k = =
V+u To

Ay =

the following expression for the vertical axis in the plane
of symnmetry
P

-

1l ) 1l
""f ——
§ € +L W\ﬁh +§a ) } 3 g

w T - ' s L
. . ; ca ) '{1! ( . .- EI PR . Po' _d !
' k 2m b° (e +e, ) VER +qﬁ+eha>'a ¢
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where

) q
is current coordlinate
¢ s v/2

I'v ecirculation at point ¢
circulation at wing center

r, mean circulation

w, vertical interference velocity

u, horizontal lnterference veloclty

Vv, wind velocity
The wing 1s agsumed as 1lifting line.

The 1ift distribution of the given tapered wing was
interpolated from the collected data of Fuchs and Hopf (ref-
erence 1l1) (fig. 17). The drop in 1ift distridbution at the
wing tip was approximated with

T 1/2a
— = 15256 (1 - €,)
Ty 4

within the limite €, = 0.956 to 1,0, and the ghare of thlg
range on the downwagll computed by siunle approximation
(square terms dlsregarded). JFor the range of €q = 0 to
0.20 tho 1lift distribution was approximated with

L 1. o0.875 ¢, and tho integral within €g = 0 to 0,96
)

wag graphlically definod. In view of the chosen high-dis-
tance factor €3 = 1,0 the denominator term was put as

before (reference 1) equal to 1.

The theoretical curve for nonrolled-up vortex ghoet ig
ghown in figure 6, with the computed curve shifted by the
amount €y = -0.2, The result is approximately the same as

that obtained with the dual tube recorder at a = 6.8°,
while the nondisplaced curve* computed for the trailling

*There 19 no cause for a displacement as the marginal vor-
tices lle - as stated - at wing height. 3But shifting the
downwash curve computed for the trailing vortex aleso by €, =
-0.2, affords, of course, a better agroement with the meas-
ured values, as the peaks of the curves then are at the same

height,
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vortex 1s not even approximately in accord with the experi-
mental, Thls then explalns the peak of the curves in fig-
are 6. i Bl

Filgure 18 shows the game for the previously measured
elliptical wing (roference 1) at g = 8.6°. Since "the po-
sltion of its rear stagnation point gstreamline in the plane
of symmetry had also been defined (wake measurement), the
amount Aeh of the reduction was thus known. It ils A¢y =

-0.24 according to figure 19 of reference 1. The peak or
maximum value of the recorded downwash curve of the normal
axias lies at €p = ~-0.24, thus affording almost perfect

agreement between peak position and height of vortex shect.
If the peak of tho theoretical curve for noarolled-up sheot
l1s made to coincide with the peak of recorded downwash
curve, then the shanks of tho curvee also coincide again
approximetely, Theo remaining dlascrepancles between the
thooretical and experimental values of figures 6 and 18 are
probably due to other than the different heights of marginal
and inside vortices, to the necessary but still not quite
exactly known correction factors for finite slipstream gsec-
tlon for normal axes, Besides, the experimental value is
higher as a result of the finite chord effect (fig., 16).

From the foregoing 1t is seoen that comparatively good
agree.anent obtalng betweoen theoreticel and experimental val-
ues if the lateral dieplacements of the free vortices are
neglected, The vertical displacements (sinking of vortex
sheet), on the contrary, may not be disregarded, (Thig
statement corrects the opposite assumption of the earlier
report (reference 1)). To be sure, this applies only to
the reglon of flow behind the inner part of a wing. that
is, in the range of the taill.

Longitudinal axeg,~ This brings us to the digcussion
of the downwasgh factors measured on the longitudinal axes.
Figure 19 presents the curves measured on longitudinal
axes through the coordinate origin in plane of symmetry
(dual- tube 1nstrument) at different o, ‘along with -the-
oretical curves for the substitute trailing vortex (k =
0.74) and an "upper" and "lower" limlt eimilar to the,
original report (reference 1). 0f course, the "upper" lim-
1t 18 not meant to be interpreted as inm ‘that report, There
the "upper" 1limit in accord with Helmbold's report (refer-
ence Bg presonted the values obtalned with’ nonrolled-up
vortox sheet and elliptical 1ift distridbution, But now
the "upper" 1limit applies to those values which are obtained
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fcr nonrolled-up vortex sheet with the 1ift distridbution
b:longing to predetermined wing, This step was taken since
1t secame manifest that the "upper limit" of potential 1ift
digtributions on tapered wings can be conslderably more re-
mote from the tralling vortex curve than when distributed
elliptically and fits the experimental values detter,

How essential thie difference ls may be seen from fig-
ure 20, vhich progents the "upper limits" for the different
l1ift distributions over the various wings., Tho expression
for these curves reads:

r
Oy h1 5 \°T,
—=§./‘_(]_+ ]_+_g_§.) Odg
a m 3 € D ¢
0

The integral for ¢; =0 to 0,96 was obtainod
graphically, that for €q = 0.96 to 1,0 mathematically.

Figure 19 1s very much like that obtalned previously for
the elliptical wing, Due to the fact that the nonrolled-
up sheet affords the best actual values, provided the sink-
ing of the vortex trailn is allowed for, & tolerable agree-
ment of the meagured curves with the "upper" limilt muset
follow 1f, instead of the values at ¢ = O against €,

we plot the maximum values of these measured on the verti-
cal axes. Plotting in figure 21 the maximum valuss of
the normal axis downwasih curves of all recorded angles of
attack, 1t 1s seen that, as in figure 5, they lie in prox-
imity of the upper limit curve,.

Figure 22 presents the corresponding data for all an-
glee of attack of the earlier elliptical wing study (ref-
erence ‘1), Tho greater the angle 'of attack 1s the closer,
in both cases, the maximum experlimental values with dual-
ttbe recorder approach the™upper" limit, On the tapered
wing, the difference 1s only about 1°, on the elliptical
wing only about 0.5°., On the rectangular wing, it should
bo even legs and on the wing with tapered 1lift distribution
corregpondingly higher,

Lateral aze$.- As example of the .measgurements .on the
lateral axes of "wing alone" at o = 5.8°9, see figure 5.
The marked change in downwash in relatlon to eq in con-

trast to the earlier measurements on the elliptical and
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rectangular wing has already been pointed out. The lateral
axis ¢, = =0.2 at- a.= 6,80, lies, as seen from figure 5,
exactly at height of the iaximum downwagh values. Thusg -
this lateral axis ocurve 1s comparable with a theoretical
curve for nomrolled-up vortex sheet, because the lateral
axls lies in the vortex sheet, The mathematical exprosslion
for 1t reads

E';.=f.[l’{‘f(z"q)a+€ﬁ+
"4

a1 el(g — eq)
5 L
-] . a
L2t S+ ) + ¢y } 24y
t2 - ¢g® e, (¢ + eq) 3 ¢

Thio expression also was evaluated graphically,

Figure 5 shows - apart from the parallel displacement -
the good agreoement, thus proving anew that the lateral vor-
tex -motion during the rolling-up process playa-no-esgsential
part, .

- b) Low-Wing Model with Ideal Fugelage

Firet we dliscuss the dowuwash on the "low wing with
ldeal fuselage," because the ideal fuselage influences the
flow of the “wing alone" very littlo only, whence this ar-
rangement with propeller running uway, within a restricted
angle of attack range, equally be termed "wing with propel-
ler running," expecially if reflecting that the propeller
axig lies abova the wing,

Q= E.Iﬁq.- rigure 23 ghows the results of _eight lat-
eral axes at disgtance €3 = 1,0 for a = 3. 159 This an-
gle a = 3.15°9 1g distinguished by the fact that the pro-
pellér axip.and the - andisturbed flow direction are exactly
coincident, that 1s, subject to a certain yaw only as a re-
sult of the upflow before the wing, The -coefficient of ad-
vance 1s A= 0.2, It algo-is : : . . .

. = 0.34
2]
5 ¥ Tprop




16 N.A.C.A, Technical Memorandum No, 876

1f 8§ 1s the drag difference of the reference polar and
of the polar with A ='0,2, The 1lift coefficient 1s cg =

0.915., (The c, +values in text and dlagrams refer to
"wing alone" at the same q.,)

Takfng the "reference measurements”,wing alone', and
"wing with fuselage" by themselves, it is seen that the
ideal fuselage has caused only on the lateral axis at pros-
suro-side helght €, = -0.1 a perceptible disturbance in
downvash of "wing alone" while in the middle at this very
height the fuselage produces no change in downwasgh,

The reason for the little influencs of the 1deal fu-
selage is that the 1lift distribution at g = 3.15° has
been very little affected by the added fuselage,

The effect of propeller running 1s best presented by
the lateral axis measurement at height ¢, = 0,0, The slip-

stream twigt in the downwash 1s plainly noticeable. The

differences due to the twlst are of about the game magnl.-
tude of *4%., The same is approximately true for the lat-
eral axls curve at helgiat €n =-0,1, 1f 1t 1a agsumed that

the slipstream has removed the hole in the downwash distri-
bution of the reference measurement "wing with fuselage"

of this lateral axis (dashed part of the curve). On con-
necting (fig. 24) the centers of the zones of maximum and
minirum downwagh, the connecting line meets the plane of
symmetry of the model about in point €y = -0.,03, Thlsg

point should coincide with the slipstream center because
there is scarcely a lateral movement of slipstream (cf,
fig. 25).

From the accord of the qp polnts of the "reference
model" and of the "model with propeller running" at €q = 0

(fig. 23) 1t may further be inferred that. the slipstream
center line at o = 3.15° and A = 0.2 adapts itself to
the flow prescribed by the model without propeller., It is
therefore neither sideways, upward,nor downward deflected.
The answer to the question of validity for any other A
values or propeller loads 1s found in figure 25, According
to it an increasing r.p.m.-1ls followed by a slight lateral
slipstream deflection to the left and - conformadbly to the
rising circulation - downward. The opposlte tendency 1s
shown by the slipstream if the propeller windmills,
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. As to the course of the downwash on the lateral axis
at height ¢y = 0,0, that is, - at height of slipstream axis,
figure 23 further Hanifestas:. aslde from the already men-
tioned zone in which - though roduced by the wide fuselage
and the wing acting as guide apparatuls - the twist of the
glipstream occurs two other zones may be distinguished,
They lie to the right and left of the slipstream approxi-
_mately between *eq = 0.14 to, O,45." In these transition

zoneg there 1s a marked rise of downwash over the right
half of the wing and a somewhat lesser downwash decrease
over the left half, These deviations have therefore the .
opposite signs of those on the same half due to the twist,
As the senge of rotation of the slipstream changes the de-
viations in the transition sones themselves change signs.
The counter-rotating downwash changes to both gides of the
slipstream are thnerefore directly related to the slipstream
rotation (fig. 25)

The total downwash zone of the lateral axes diaturbed
by the propeller - that 1s, into which the disturbances
enter as a result of the axial gupplementary velocities in
the slipestream -~ is on the average about twice as great as
the propeller diameter, while according to XKoning (reference
13) thigs zone should amount to about four times the propel-
ler diameter, Strictly speaking the disturbed curve ap-
proacheg the undisturbed curve asymptotically, although the
limit can be fairly well gaged by the eye,

Mention should also be made of the attempt at simple
qualitative derivation of this downwash diatrlibution from
the 11ft digtridbutior modified by slipstream twist and sup-
Plementary axial aslipstream velocity. But it was impossl-
ble .to obtain an agreement between the theoretical and tkLe
experimental downwash digtribution,

Figures 26 and’ 27 (vertical axes) complement figure
23, They indicate that the downwash changes relative to
the reference curves on the pressure side are curlously
stl1ll traceable at great distance from the  wing, but dis-
appear at snorter distancs on the guction side. The same
1s seen in figure 28, which 1llustrates the angle of down-
waph at height €y = 0.2 on two longitudinal axes in the

plane of symmetry. : )

g =_0,80.~- Figure 29 pregsents the results of downwash
measurements oni-the .lateral axeg at distance’ € = 1.0 for
a = 6,82, Hereby A = 0.183 and a correspondingly higher
thrust coefficlient than at o = 3.156°. It is Cg = 0.436
and cg = 1.18,
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On comparing figure 28 with figure 29 1t will be found
that the curves, both the reference curves and those taken
with propeller running are reumarkably allke for the same
height position, with exception of €p = -0,2, for which

the statement scarcely holds,

The latter might bes agsociated with the fact that the
height of ¢p = -0.2 at digtance €, = 1,0 1s exactly the

height of the free vortex sheet (figs. 30 and 31; also fig.
6). The reference curve of "wing with fupelage" at height
€p = -0.2 1in figure 29 indicates jags within €q = -0.25

to +0.25, which probably are traceable to a nonuniform
1lift distribution over the wing roots or to the lateral
keels of the fuselage-wing fillets, On thig unstable curve
the downwagh changes, due to the sllipstream effect, are
built up. The last cited changes resemble those of the
corresponding lateral axis curve at o = 3.15°, although at
a = 3,159 the lateral axis for ¢ = -0.2 already lies
below the free vortex sheet.

The similarity of the downwash curves of flgures 23
and 29 is further restriced by the fact that at increasing .
a the slipstream becomes smaller, as exemplified especially
by the lateral axls curves for ¢y, = O in figures 23 and 29,

The reduction was a2t the exponse of the right half of the
superposition due to the twist, Figure 32 (lateral axis
curves at g = 10,6°) manifests the same phenomenon, It is
probably associated with the increasing yaw of the propeller
as a 1is raised. TWith approximately horizontal propeller
petting the right-side blade angle 1s smaller than that of
the left-slde blade, as a regult of which the centroldal
thrust distribution shifts toward the left (cf, fig. £5).

The downwash curves for the vertical axis 1n filigures30
and 31 do not confirm the statement made for g = 3.150,
namnely, that the sllpstream effect on the pregsure gide 1s
stl1ll traceable at great distance away from the wlng., HNow
it rather applies to the suctlon slde, especlally to the
right half of the wing outside of the slipstream,

g = 10,6%.- The lateral axis curves of figure 32 (g =
10,69, cg = 1.411, A = 0,1655, cg = 0.642) again dis-
close a certaln resemblance - as already indicated - with
the corresponding curves at g = 3.15° and q = 6.8°2, al-
though accompanied now by stronger deformations, in accord-
ance with the approach to camax and the pronounced yaw
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of the propeller axias. At €nh = 0.0 and €p =-0,1, that

18, relatively remote from the free vortex sheet, which 1t-
self lies at~ € ="-0.255, - the resemblance is still great-

est both as regards the reference curvesand the curveg for
the models with propeller running, But on approaching the
free vortex sheet the reference curves as well ag the down-
wagh curves for the models with propeller running change
quite conslderably. If the symmetrlcal variation of the
reference curve at €, = -0.2 1is finally explainable with

the markedly changed 1lift distribution due to the fuselage
at great o (reference 14) - a 1lift increase over the
width of the fuselage may be deduced -'an analysis of the

"downwash curve of the model with propeller running is

scargely possible yet for ¢, = -0.255 (free vortex sheet).

The vertical axis curves of figure 33 largely resemble
those.of figure 30, so that furdamentally they offer nothing
new,

c) Low-Wing Model with Angular Fuselage

"Figures 34 to 37 present the downwash curves for the
lateral axis of the low-wing model with angular fuselage at
a=-0,6% 3,15% 6.8° and 10,6°, Comparing these first
with than for the model with i1deal fuselage we find: that
the reference measurements of the low-wing models without
propeller running differ conslderably, as soon as they are
not too far away from the free vortex sheet, even while ¢
1g still low, While on the low-wing model with ideal fuse-
lage - apart from the greatest angle of attack a = 10,6°,
where the downwash increases over & small region - the down-
wash 1s eubetantially the same as on "wing alone” - the fu-
solage of the low-wling model wlth angular body manifegts a
marked decrease in downwasgh ovdr a comparatively great width,
At the same time a vory emall but marticularly .deep Zone -
for example at o = 3,159, 6,8°, and 10.8° for ¢€p.= 0,0 -

"1s repeatedly noted next to the usually comparatively wide

and deep upwind zone (as against "wing alone™).

Figure 38 presents the downwash values of all reference
measurements for the plane of symmetry and €¢p = 0, At this
heiﬁht only a = 10.6° 41ig without abnormal change relative

wing alone” because at g = 10,6° €p = 0 1s very re-

- mote from the vortex sheet.

Examining the reference measurements of the higher a
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in figures 36 and 37, lying approximately at ¢y = -0.256
(level of vortex sheet) - at g = 6,80 it lles at €} =
-0.,2, at o = 10,69 at € = -0.26 - the change in down-

wash approximates 7° to 8° as compared to "wing alone® while
these discrepancles are surprisingly uniformly distridbuted
over a range from €q = -0,175 +to €q = 40,175, ZFarther

away from the vortex sheet thls dlstribution 1s not so sharp,
but rather more equalized. '

The portrayed downwash distribution of the reference
curves 1s agaln subject to the efifects caused by the pro-
peller running, The differences between "reference meas-
urements"” and those with "propeller running" are gquite sim-
1lar on both models for lateral axes not too close to the
vortex train, A4lthough this resemblance is not general,
it can be observed repeatedly, for example, at o = 3,150
with €, = 0,0 or -0.1, at q = 6.8% with €, =0 or
0.1 and at o = 10.6° with €y — O or -0.1, If, however,

the lateral axes are on a level with the vortex surface,
there 1g neither simllarity of the course of dliscrepancies
nor of the downwasgh curves with propeller running, Thils
might be assoclated with a filling up -of a vortex sink
through the running propeller caueed by the angular fuse-
lage in the 1lift distridbution of the low-wing model, This
might algo account for the greater average supplementary
downwagh values on the model with propeller running (gec-
tion D, II, 3).

The measurements on lateral axes with €& = 0 at dif-
ferent revolutions (figs. 39 to 42) discloge in contrast
to figure 25 (low-wing model with ideal fuselage, q =
3.15°), that the changes to right next to the sone of
twigt are surprisingly small, At the left they disappear
altogether, while in figure 25 at least a slight change
could be detected.

The vertical axis measuremeats at o = 5.8° 1in fig-
ures 43 and 44 manifest slmilarity with the corresponding
meagurement only on the left-hand side (t¢y = -0,12) o the

model with ideal fuselage (fig. 30).

Tae plot of the "lines of equal angle of downwash" of
the low-wing model with angular fuselage at g = 6.8° (fig,
45) resembles that of the model with ideal fuselage (fig.
24, g = 3,159), Trom the plot, flgure 45, together with
figure 1 (side vlew of low-wing model) it 1s again observed
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that the slipstream adapts itself in some fashion to the
flow pattern prescribed by the wing.

The longitudinal axls meapgurements at o = 6.8°9 (figs.
46 and 47) resemble those of the model with ideal fuselage
(f1g. 28) at o = 3.156°.

3. Magnitude of HMean Supplementary Downwash .
Due to Propeller Slipstream

S0 far the argument did not include the resultant mean
values of the downwash, whereas the supplementary downwash
valuos.especially thoge cauged by propeller running.are of
special significance. .

€g = ~0.3 to €q = +0.3.- figure 48 presents for the

"low-wing model with 1deal fuselage" the planimetrically
obtained mean downwash values Gy ©f the lateral axis

curves with ¢p = 0.0 for the range of €4 = -0.3 to +0,3

plotted against A, cg, and cg, with the parameters q,
a, and ). T

Beginning with curve A gy = £(A) and paramster o =

.3.,15°, +the 5 test points - 1 at zero thruet, another with
decelerated propeller - lie except for minor scattering on
a stralght line, The latter i1s drawn so as to give at A =
0.296 - the A value for zero thrust according to the drag
meagurements of figure 7 - zero supplementary downwash,
Hence the one-gided scatter of the points at zero thrust and
in the decelerated zone, The cholce of location of the
straight line is.perhaps not altogheter correct, as it also
is concelvable that with zero outward thrust the propeller
actually produces thrust, bdbut which 1s absorbed by the in-
creased drag induced by the slipstream, Aglde from the
point "szero thrust" that for "torque equal to zero" ig also
essentlial, The curve must apparently lie between the two
points. But as the scatter - at least within the ramge of

Aow = O - remaing within measuring accuracy, we proceeded

" in the described manner. The straight lineg were drawn.
throuzh the same point with the coordinates Raw = 0 and

A= 0,396 for “Ady = £(A) with the parameters a = 6.8°

and 10,69, These straight lines allow a convenlent and ad-
misslble extrapolation in the climbing flight range, or at
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around A = 0,14 with the prescribed propeller, Then, as
ig seen, at g = 6.8° - approximately resembling the angle
of attack for climb - the supplementary downwasgh amounts

to only about 0,80°, Here cg = 0.8, This 0,800 corre-
sponds to 10 percent of the prescribed average for the ref-
erence model "wing with fuselage."

The supplementary mean angle of downwash EE;‘ was
also plotted for A= 0.15 and A = 0.2 as parameter
agalnst the 1ift ¢, of the model "wing with fuselage and
propeller running." The relation observed in the explored
cg range 1s again approximately linear. The sgharp rise of

T ay With increasing c¢cg 1is probably associated with the
slammltaneously increaslng tilt of the propeller axis.

The curves Aaw = £(cg) are elightly parabolic,

Figure 49 pregsents the same pictures as figure 47 for
the low-wing model with angular fuselage. On the latter
model the supplementary Aoy valuee are materially in-

creagsed through the ruaning propeller, even though it is
gtill far from the order of nagnitude arrived at by another
source (reference 15), With A = 0.14 the asupplementary
angle of downwash ls A Gy = 1.5° at maximum ¢q. As to fig-

ure 49, 1t should be noted that at small o the departure
from the plotted curves 1s especially zreat. The measure-
monts are not extensive enough to permit of more accurate
predictions for small q.

Figures 5C and 51 indicate the mannmer 1n which the
supplementary downwagh created by the slipstroam is governed
oy the helght tevel of the tall, The peak of the curves
lies approximately on a level with the free vortex sghest,

4, Total Mean Angle of Downwash

Supplementary to flgures 50 and 51, flgures 52 and 53
show the mean angle of dowuwash of the reference models
plotted against the heilght level of the tall, It will be
noted that in stability studles the height level of the
tail is apparently of prime importance (cf. section F).

. Figure 54 shows the mean angle of downwash for all refa.
erence measuremnents, averaged for €54 = -0.3 to +0.3
agalngt g, and thus illustrates. the body effect, the tail
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being always at level €3 = 0.0 (wind-axis system)., It

particularly reveals -that the 1deal fuselage within the
stidied o range creatss a small additional downwash as”
compared to "wing alone" and the angular fupelage a falrly
strong upwind.

Figures 55 and 56 show the total mean angle of down-
wash for both low-wing models plotted against a with the
parameters A = 0,156 and 0,2,

Figures 57 and 68 bring the same presentations of q
with the parameters cy = O and "full throttle." 4n.
lientical "full throttle polar" as cghown by dotted curve
in figures 13 and 14 was assumed.* The curves for cy = 0
and full throttle are not materially different. :

5. Comparigon of the Mean Downwagh as Obtained by
Detector and Point-by-Point Measurement

FPor the case of downwash dlstribution as exemplified
by the low-wing model with angular fuselage (without pro-
peller running at o = 10,5° and €y = -0.2 (fig. 37

the -mean angle of downwash as would be obtalned with a rec-
t
tangular deteetor vane of aspect ratio —E = 1:3 (1l:4) and
b
H
span by = O, 3 b (0. 4 b), was determined mathematically,
The"calculation followed Multhopp's method of 1ift diptri-
butlion calculud .-under the assumption that the change 1iun
wlnd directlion can ‘'be equated to a twist of the detector:
vane and that the ailr spaed is constant. Tho ‘reaults were
as follows: . .

Planimetrically defined mean . Mean downwash as -com-
© -value of the prescribed .-|PE |®H | puted with detector
(measured) downwash distri-| <% o' | vane: -
dutlon H :
6.83° . 10.3{1:3| - " 6.16°
7.68° 0.4]1:4 7.810

The full throttls polars 1n figures 13 and 14 present only
approximate values, .. c.
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Measurement with detector vane accordingly gives a
lower figure than wlth polin${-by-point measurement, 1In a
comparlison of angles of downwash defined according to dif-
ferent test method thlg fact ghould be borne in mind,

E. VELOCITY DISTRIBUTION IN THE SLIPSTREAM

Figures 59 to 61 ghow the veloclty distribution in
the slipstream of the low-wing model with angular fuselage
at o = 6.89 and the coefficient of advarce A = 00,1865
at €; = 1.0, Agaln the lateral axls measurement indicates

a stronger thrust on the left than on the right-hand side.
The slipstream center lies approximately at € = 0,03,

Figure 62 illustrates the velocity distribution averaged
over the range of €q = ~-0.83 -to +0.3 agalnst €,. The

horizontal tall surfaces of an airplane on passing through
the slipstream are, if the angle of attack 1s changed, on
the average in a wind of constant mean dynamlc pressure,
unless they reach the Jjet boundary or emerge from it.

In the velocity distribution test, the static pres-’
sure was measured separately from the total head, For the
latter, a pltot-venturl was used of directlonal insgsensi-
tivity within a range of %459, The static tube was turned
into the previously measured flow direction,

Our veloclty distribution measurements iIn the slip-
stream were confined to the low-wing model with angular -
fuselage and q = 6,8° and A = 0,1865, although for
stability studies (section F), the knowledge of the wuddi-
tional velocity in the slipstream - whose mean value re-

" ferred to lateral taill axig is according to figure 62,
approximately unaffected by the height level of the tall -
of both models and at several g and A 1s necessary.
These additionally needed values were mathematically approx-
imated on the baslis 0f an agsgsumed dependence of A but not
of a or the model form,

The additional axial veloclity in the slipstream far
downstream from the propeller 1s .

.ka(li + 2N

1 1 :
2#[;;— 1n<1 +;‘-a-)]

<4}
|
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for a "propeller.with minimum energy loss" (roferences 16).
This formula . ls indicated by the curve (L) 1in figure 63.
The dependence of X 'and k,; being agsumed as shown in
figure 4 on the basis of the polar measurement (dotted

gL,
curve), Through the moan value of —EL obtalned for the
. 9% . )
low-wing model with angular fuselage at o = 6.8° and
A= 0,1865 we then drew a curve which results from affine
variation of curve (1). The ensulng curve. (Z) presents
approximately the dependence of -qHL/qo on AN for the in-

vegtigated low-wing models,
¥. APPLICATION OF THE RESULTS TO STABILITY INVESTIGATIONS

In a statlically longitudinally stable alrplane, the
horizontal tail surfaces must, i1f the angle of attack of
the airplane 1s changed, produce a restoring moment, that

aM
lg, == must be positive. The moment is
da
q
HEL = UL —EE const,
%0

with

Cgr, = ‘ Caer aw + B)

ag the angle of attack of tha.horlszontal taill gurface, if
Qg r represents the angle of attack of the wing referred

to zero lift direction and the zero lift direction of the
horizontal tail surfaces relative to -the zero lift .direc-
tion of the wing has B &as angle of aetting. The orite=
rion for the stability then reads as |

d ¥ - (i- 4 awy\ 931,
v Q ia 40

L .
provided - = const.
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Q .
Thig factor EL ls constant 1f A 18 a constant, for ex-
to gy,
ample, for the "reference measurement" at which -=— may be
: o

put = 1.

Congildering, on the contrary, polars with the paraum-
eters "cy = O'" and "full throttle" then

q
_EE > 1 and equally dependent on . The procedure in thesge

do gL
cages was to put :;— = 1 and use a smaller argle of down-
)

wash aw* which in a way produces the actually greater re-

turning moment, The expression for ag* reads:

9pyL,

Qp* = Oger -~ Ogr,
q,

or
gL

Ow* = Gger - (Gger - Ow + B) :;r = (ay - B) TQT

Now the stabllity criterlon reads as

[N

M d *
d o

a

It should be obgerved that the height level of the
tail 1s different at the differeant angles of attack, In
the followlng example, 1t 18 assumed at €n = +0.1 for

a = 00, Bvery angle of attack has a different €h fixed

in wind direction, ZFigures 50 to 53, which show eq by
dot and dash can be used to estabiish the relation of

Aa, to A (and ¢ ) (figs. 64 and 65) from which the re-
lated values of Oy and a for body~-fixoed horizontal tail
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surfaces with paraaeters A\ = counst,, ¢, = 0 and full

throttle may be read. The related A _value of any other
pair of values was obtained from the polar diagramg or

from figures 7 and 10. 1In both tall arrangements, the hor-
izontal tall surface doem not move out of the slipstream
ag & cloger examination of the lateral axls downwagh curves
disclosed (figs. 23, 29, 32, 34 to 37), so that at last

q

with the e values of figure 62 the graphs of the rela-
e .

tionship between oy* and o could be developed.,

Filgure 66 pregents such a graph for the low-wing model"
with angular fuselage and body-fixed tall, -

R A" :
Pigure 67 ghows ——= f(a). For comparison the stabil-
a .

d M
1ty values —— were plotted also for constant €, = 0 (fig,
d a
- .
68). Thig arrangement is termed "windi-fixed" as agalnst the
normal "body-fixed" system, The graphs disclose the follow-
1ng:
i ¥
a) On a wind-fixed horizontal tail surface, the E__

o
values are usually higher than on one that is body-fixed.
This result can be explained with the fact that with wind-
fixed arrangement the horizontal tall surface is far removed
from the vortex sheet and this Aigtance increasgses with the
angle of attack.

b) For wind-fixed horizontal tail surface, all curves -
8o long as anax 18 not-approached - lle above the refer-

ence curve; or in other words, there i1s in every case a sta-
bllity galn relative to the reference model. On approaching
Qmaxy the curve for "full throttle® drops below the reference

curve, but then very consgideradly.,. On the body~-fixed hori-
zontal tall gurface on the other hand, the likewlige very
steep, full-throttle curve meets the refersncc curve at a
much lower angle of attack (a = 6.8°); then the stadbllity
l1s deficient in the climbing range.

rrom this it becomes apparent that tne atability of an
airplane can be improved if, in order to change the angle of
attack, thc wing is rotated\with respoct to' the body rather
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than the whole alrplane.* It 1g pogsidle that on account

of the unchanged position of fugelage and slipstream a fur-
ther improvement in gtabllity can be effected, because with
running propeller a portion of the addltlonal downwash is
probably due to the turning of the glipstream and the 1lift
distribution at groater wing incidence relative to the fugme-
lage actg with increasing o 1n the sense of a downwash re-
duction - through the created sink in the 1lift distribution.,

Figure 69 presents the change 1n pltching moment of the
low-wing model with ideal fuselage for the case of body-fixed
horigzontal tall surface,

This presentation affords a comparlison of the two low-
wing models as regards stabllity (figs. 67 and 69). The ref-
erence measurements glve an apprecladly higher stadility to
the modol with angular fusolage. The curves with the param-
eters "c_ = O" and "N = const. = 0,1865" mnanifest no rad-

icel departure, Thus the drawback of the 1deal fugselage in -~
the comparigon of the reference measurements ls approximately
neutralized again. But for t he full- throttle polar the model
with angular fuselage is distinctly superior, especlally at
large anglesg of attack, Tais finding which 1s in accord

with oxperience in actual practice (reference 17) ig partic-
larly remarkable in viow of the fact that the additional an-
gle of downwash E'E; due to the slivstrecam is greater on

the model with angular fuselage than on that with ideal fu-
selage, It is also worthy of note that an ldentical palr of
values of ¢, and ¢y on the different low-wing models had

a different A and kg, value, In other words: the greater

stability of the model wlth angular fuselage 1ls obtained at
the expense of power loss, The same holdg true for the mod-
els without propeller running, as seen from the polars of
figures 2, 13, and 14,

Tranglation by J. Vanler,
National Advisory Committee
for Aeronautics.

*The effect of angle-~of-attack change could also be produced
by slots and flaps on wings moved about the gpar axis instead
of with respect to the fuselage, Perhaps a slotted wing
might be developed whose slots would be merely turmned 1in
place of an elevator deflectlon.
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Figure 1.~ Investigated forms of wings and fuselages.
Figure 2.- Polars of the figure 1 models without propeller;

Flgure 3.~ The employed 2-blade propeller,

Figure 4,.- Propeller performance characteristics,

Figure 5.- Downwash on superposed lateral axes in tall
f proximity (theory and different test methods),.

Figure 6.- Downwasn on a vertical axls in proximity of the
tall (theory and various test methods).

k Figure 7.- Drag coefficlents of low-wing model with ideal
fuselage and propeller running,

Figure B,~ Lift coeffilcients of model with ideal fusclage
and propellesr running.

; Figure 9.- Pitching moment coefflecient of model with idoal
fuselage and propeller running,

Figure 10,- Drag coofficlients of model with angular fusolage
and propeller running,

Figure 1ll.-~ Lift-coefficiants of aodel with ‘ans~ular fuselage
and propeller runninag,

Figure 12.- Pltching-moment coefficients of model with angu-
: lar 'fuselage and propeller running..

Flgure 13.,- Polars for model with ideal fuselage and propel-
‘ler running.

Figure 14.- Polars of low-wing modeél with angular fuselage
ani. propseller runninag.

‘Figure 15,.,- Effect of fipite wing chord on downwash,

. iigura 16.- Directlonal changes wlthin the open Jet of the
. "gmall tunnél" of the AVA, G3ttingen (elliptical cone).

Figure 17.- Lift.digtnlbution,of the studied quasi~-taper wing,

Figure 18.- Downwash on a vertical axis of the elliptical
wing of earlier tests (reference 1),
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Figure 19,.,- downwash on longitudinal axis near the plane
of symmetry (dual-tube record).

Figure 20,- Upper limit of downwash for different wing
contours.

FPigure 31l,.- Maximum downwash on tapered wing (dual-tube
record).

Figure 22.- daximum downwesh or elliptical wing in earlier
test (reference 1). (Dual-tube record.)

Figure 23.- Angle of downwash. on lateral axes at Aifferent
helght levels (low-wing model with ideal fuselazo and
gropoller running; a = 3.16°; ¢, = 0.915; €y = 1,0;

= 0.203).

Figure 24,.,- Lines of oqual angle of downwash (low-wing
wodel, ideal fuselagoe, propeller running; o = 3.15°;
cg = 0.915; €; = 1,0; A = 0.203).

figure 25.,~ 4Angle >f downwash on .the lateral axis at height
level of wing for d4ifferernt coefficionts of advance
(low-wing model, 1deal fuselago, propeller running;

a = 3.15%; ¢y = C.915; €7 =1.0; ¢ = 0). \
Figure 26.~ Angle of downwash on a vertical axig in-plane
of symmetry (wodel with ideal fuselage and propeller
running; q = 3.159; ¢, = 0.915; €7 = 1.0; eq = 0;

A = 0,203).

Figure 27.- Angle of downwagsh on two vertical axes through
the slipstream (model with 1deal fuselage and propeller
running; a = 3.15%; ¢, = 0.915; €, = 1.0; A= 0,203),

Pigure 28.- Anzle of downwash on two longitudinal axes in
plane of symmetry (model with ideal fupolage and propel-
ler running; a = 3.18%; c, = 0.915; ¢q = 0; A= 0.203),

Figure 29,~- Angle of downwash on lateoral axes at difforent
hoizght levels (model with ideal fusclaze and propeller
running; o = 6.8%; c, = 1.18; €, =1.0; A= 0.183).

Figure 30.,- Angle of down¥ash on t#o vertlical axes through
the slipstream (model with ideal fuselage and propeller
running; o = 6.8%; ¢4 = 1.18; €;=1.0; A= 0,183).

Figure 31l.,- Angle of downwash on two vertical axes through
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the disturbed downwash zZones left and right of slipstream
-~(model with ideal .fusolage .and propeller running; ¢ =
6.8%; ¢y = 1.18; €, = 1.0; A = 0.183).

igure 32.- Angle of downwagh on lateral axes at different
helight levels (model with ideal fuselage, propeller run-
ning; ‘o = 10.6°; c5 = 1,411; €y = 1.0; A = 0.1655),

Figure 33.- Angle of downwash on two vertical axes through
the slipstream (model with ideal fuselage and propellor:
running; a = 10,69; Cq = 1.411; € = 1.0 A = 0.{655).

\/'Figure 34.- Angle of downwash on lateral axes at different
hoight levels (model with ideal fuselage, propeller run-
ning; o = -0.6%; ¢, = 0.635; ¢; = 1.0; A = 0.222),

J/Figure 35.- Angle of downwash on lateral axocs at dlfferent
position levels (low-wing model with angular fuselage
and propeller running; a = 8.15%; cg = 0.915; ¢; = 1.0;
A = 0.208). : _

V/Figdre-SS.- Angle of downwagh on lateral axes at different
poeltion levels (low-wing model with angular fuselage
and propeller running; o = 6.89; cg = 1,18; € = 1.0;
A = 0,1885). '

\/Figure 37.~- Angle of downwagh on lateral axes at different
poesition levels (low-wing -model with angular fuselage and
propeller running; a = 10.6°%; ¢, = 1.411; €, = 1.0;

A = 0.1705), : .

Flgure 38.~- Amount of angle of downwash in a point of the
Plane of symmetry at wing level of the models wi thout
propeller running (e, = O (wind-fixed); €; = 1,0).

V4 Figure 39.~ Angle of downwagh on lateral axlig at wing level
for different coefficlents of advance (low-wing model,
angular fuselage and propeller running; g = -0.69;

c, = 0.685; €1 = 1.0; €3, = 0).

/ Flgure 40,- Angle of downwasgh on lateral axls at wing level
for different coefficients of advance (low-wing model,
angular fuselage and propeller running; o = 3.159;
cg = 0.915; € = 1.0; ¢p = 0).

s Tigure 41.- Angle of downwash on lateral axis at wing level
for different coefficients of advance (low-wing model,
angular fuselage and propeller running; a = 5.89;
cg = 1.18; €3 = 1.0; €p = 0),




34 N.A,.C.A, Technlcal Kemorandum No,., 876

Figure 42.- Angle of downwasgh on lateral axlsg at wing level
/ for different coefflclents of advancoe (low-wing model,
angular fusclage, and propeller rumning; a = 10,69;

Cy = 1.411; €1 = 1.0; ¢€p = 0).

Fizure 43.- Anzle of downwash on a vertical axis in the
plano of symmetry (low-wing model, angular fuselngo,
and propeller running; a = 6.8%; e, = 1.18; €qg = 0;
A = 0.1885).

Figure 44,.,- Angle of downwash on two vertical axes through
slipstrean (low-wing nodel, angular fusolage, and pro-
peller running; o = 6.,89; c4 = 1.18; €, = 1,0;

A = 0.1885). i

Pizure 45.- Lines of equal angle of dowrwash (low-wing
20del, angular fuseclage, and propeller runaing; ¢ =
5.89; 5 =1.18; ¢; =1.0; A = 0.1385).

Figure 46.- Curve of angle of downwash on two lorgitudinal
azes ir plane of symnotry (low-wingz 0del, angular fusge-
lage, and propeller running; a = 6.89; c, = 1,18;
€q = 0; A = 0,1885).

Figuro 47.- Angle of dowawagh on two longltudinal axes at
wing level through the propeller glipstream (low-wing
model, angular fuselagze, and propeller running; o =
6.80; cg = 1.18; €, = 0; AN = 0,1885),

’/Figure 43 .- Mean addlitional angle of dowawash created by
the slipstream (low-wing model, ideal fuselage, and pro-
peller running; €, = 0 (wind-fixed) €3 = 1.0; €q

from -0.3 to +0.3).

Figure 49,- uean addltional angle of downwash crested by
the slipstream (low-wing model, angular fuselage, and
propeller running; €, = O (wind-fixed); €, = 1.0;
€q ' from -0.3 to +0.3).

Flgure 50,- dean additlonal angle of downwash due to slip-
stream against tail level (low-wing model with ideal
fugelage and propeller running),

Figure 51,- dean additional anglo of downwash due to slip-
stroam against tail level (low-wing model with angular
fuselage and propeller running). .

Figure E2.- Mean angle of downwash of low-wing model with-
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out propeller against height level of tail (low-wing
model with 1deal fugelage; €;= 1.0} ¢gq from -0.3 to
“0.3%7 Feférence meanurement)

Flgure 53.- Hean angle of downwagsh of low-wing model with-
out propeller against height level of tail (low-wing
model wlith angular fugelage; = 1,03 €q from -0.3
to +0.3; reference measurementy -

Figure 54.- hean angle of downwash of low-wing model with-
out propeller against a (ep = O (Wind-fixed); e =

Figure 55.- lean angle of downwagh of low-wing modellwith
propeller running against o (low-wing model ideal fu-
selage ¢} = O, wind-fixed; €, = 1,0; €q from -0,3

to + 0.3).

Flgure 55.- ¥ean angle of downwash of low-wing model with
propeller running against o (low-wing model, angular
fuselage; €, = 0 (wind-fixed); €, = 1.0; ¢ from

q
-0.3 to + 0.3).

Fizure 57.- isean angle o2 downwagh of low-wing model with
propeller running against a (low-wing model, ideal
fuselage, ¢, = 0 (wind-fixed); € = 1.0; €q :from
-0.3 to 40 9

Flgure 58.-~ Mean angle of dowanwash of low-wing model with
propeller running against a (low-wing model, angular
fuselage; ¢, = 0 (wind-fixed); € = 1,0 €q from

—0.3 to +o.3)-

Figure 59.~ Veloclty distridbution in slipstream (low-wing
model, angular fuselage, propseller running; a = 6.80°;

Flgure 60.- Veloolty distribution in slipstroam (low-wing
model, angular fuselage, propeller rurning; o = 6.800;
Ca = 1.18; €= 1.,0; eq—o;}=01865)

Figure 61.- Lines of equal volocity slipstream (low-wing
model with angular fuselage and propeller running; o =
6.8%9; cgq = 1,18; €, =1.0; A=0. 1865).

Figuro 62,- Lean dynamic pressure distridbuted in slipstream
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(low-wing model, angular fuhalage, propeller running:.
o= 5.80; cg =1.18; ¢€; =1.0; A= 0.1865),

Figure 63.~ Supplementary axlal veloclty 1n slipstreanm,

Figure 64.- Mear additional angle of downwash due to elip-
streaa (low-wingz model, ideal fuselage, propeller run-
nirg; €p = body-filxed; e, = 1,0; ¢ froa -0.3 to

1l q
+0.3).

Figure 55.- dear adiitional angle of downwagh due to slip-
stream (low-winz mnodel, angular fusslage, propeller run-
ning;. e, = body-fixed; €, = 1,0; €q from -0.3 to

+0,3).

Figure 66.- Apparent angle of downwash againgt q (low-
Wing model WwWith angular fuselage and propeller running;
€, = body-fixed; €y = 1.0; €4 from -0.3 to +0.3).

Figure 67.- Stability coefficients (low-wing model; angular
fuselage, propeller runnlung; ¢, = body-fixed; €, =
1.0; €q from -0.3 to + 0.3).

Filgure 68.- Stabllity coefficients (low-wings model; angular
fuselage, propeller running; €y = O (wind-fixed);
€= 1.0; €, from -0.3 to +0.3).

Fizure 69,- Stability coefficients (low-wing model with
ideal fuselage and propeller running; €, = body-fixed;

€, = 1.0; €5 from -0.3 to +0.3).
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