NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL MEMORANDUM

No. 1104

THE INFLUENCE OF THE JET OF A PROPULSION UNIT
ON NEARBY WINGS

By H. Falk

Reprint

Der Einfluss eines Triebwerkstrahles auf einen
in Nahe befindlichen Flugel

Untersuchungen und Mitteilungen Nr. 3200

LIBRARY C1PY

JAN 14 1962

:lE MANNED SPACEERIFT CEN Elﬂ
HOUSTON, 1EXAS

Washington
September 1946




NATTIOHAL ADVISORY COMMITTZE FOR AEROWATUTICS

TECENICAL MTUOXANLTY WO, 1100

¢ A PROPUL3SION UNIT

JLT

-3
]

¥

IE INI'LUEYCE COF TIT

OF MEARBY WINCS

r H. Falk

16n Uuu L”tirdnd to

et of a oﬂﬁlsLou ualt
} disturbing
tha Jalues 1t reaches,

OUTLIHE ¢ I. Statement of the problen
IT. Test procedure

TIITZ. Results of measurement

b
@
3
[©)]
0
o
et
ot
{2

(“

IV. Approximate representation of th

V. Summéry

=
~
L |

. Bilblography

PROBLEM

Additional ferces sre prebably exerted upon a
supporting wing, for instance a tail unit, if it is
located behind a propulsion unit with an wmit ed jet.
These forces nmust be traced rack to the presence of the
jet. I'igure 1 represents tiecally such an arrange-
ment. Forces of this lkind may rb the stability of
flight. A basic test will help us to ascertain the
influential parameters &and Lo determine the megnitude of

*bb iO“Qena

- Mpey u“nfln' sine: zrlistrahles auf einen in
Nahe be indlichen Fligel," D~:L<cpa Luftfahrt forschung,
Taters ],1J§Lind Mitteilungen r. %200,

D
6]
=
=
e
(@)
D T




e NACA TM No. 110L

Essentlally, there are two effects of decisive
importance. The first effect is based on potentlial

theory and was already treated by P. Ruden (1) for the
cage of a plane wing in the proximity of a plane jet
(or of 2 reglon with slow flow), The pressure distri-

y :

i
bution on the wing is disturbed by the uneven distribution
of the total pressure; additlonal forceces result. Ther
fore, the thickneses of the wing will bs of foremost
importance in this effect. (COther guantitics of influence
will be discussed later.) An infinitely thin wing at

zero angle of attack will not experience any forces.

£ -

The second effect is Ionnd 2d on the intermixing of
the jet with the surroundi flow. nct bésed on potential

theory, The turbulent sﬁre‘r: - cauges the appearance

of & vkjoaxu" comronent directed toward the jet In certain
regions. These conditions were discussed in numerous
reports since W 2 secently they were also
treated numericall ol Lhe retaticonalilsy
symmetrical jet by 0. Pobst (3) and H. Szablewski (i).

The followilng ps
influential ones: the propuls: ch fer this
sumaed to be

gropeters are wrobhahly the most

11l be chearac=

investigation 1s ass y WL

terized by ite wveloclity sxit of the »nro-
pulsion unit., v, difr undisturbed oncoming
flow v,. Apart Ifrom the rat! Vu/Vo of the two

velocities the difference v, - v, will also play an
important part. (Compare (5).)

The position of the wing In relation to the jet will
z3 F e
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be most important for the interforence effeset upon the
wing; therefore, in our cése of the rotationally syumetrical
jet the coordinates x and 2z of for instence the
lecading edge in the coordinate system characterized in
figure 1 will be of main importdﬁec. The wing span and
_.t

the coordinate of the wing in ths directioun of the span
are not cor 15idered in our iavestigation since we assume
the svan in both directions to be 1l& ed with the
jet diameter. On the wing itself 1ts thickness d and
lts chord 1 will be of influence, the .rati

no less than the ratio 4/dg (thickness o .
jet diametser). The profile form, which will also be of
influence, was chongud hut .llzn ly in our experiments
since existing wings are to be used for the measurements;
we limited ourselves to symmetrical profiles. Both the




preopulsion unit and the wing may be inclined toward. the
direction of the oncoming flow and so form an sngle with
respsct to each other aleso. Investigations were made
only for conditions of symmetry so a5 to hold down the
tent the neaswrements; moreover, the wing was &always
Just in the direction of the undisbturbed oncoming

TES

: Pro-
oncoming flow. Only
lsion unit was

onconting flow,

ZEr O In
pulsicn un
in a few ¢
inclined &

U3

Plgure
experimental
a bullt-in blower
H. Pasuerle (6) was

He
wind tunhel ITT
the customary manne
the pPDQElSLUQ Tl
only the 1ift was nes
propulsion unit ]
and shifting ths

s

!..J;

of the o; dii 8 1C

ln 1\.1.:.11 J S L A ( C’{ L L t
o b oot = l‘,‘ I o

propulsion unit = 77 &c

d..L I3 0 a:’.lce S
region 0%
ratios. v

0
and, 11,0 ionasd to saeh peint behind the pro-
pulsion unit irat value corresponds to the model
propulsicn est. Additional measurcments wsre
adlten for static conditions. Ths measureme does not
58X oI the welus VA/%O i the whole
wind-tunnel jet had been put into & sligl mntion.
Gencrally, the jet velocity v, we I stant &t
90

ngbriecgal profiles and
&0 our 4lsposael Tor
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ivu’vf I 300 2.0 10.16{0.69 | 1.3 i
jtng 33§ 175 | 34 0.10[0.25 | 2.5 |
Wing IIT | 125 .0 lﬂvu 0,16 1 1.5 ’

Wing I hed a meodified Joukowskil profile with increased
angle of the tra LJApx edge and straight sides; wings II

and III had the tOm ry NACA drop shape,

The engles of &attack of the nropulsion unit a = 30
and a = 607 on wing II were measurcd in the seme
arréngement. Since at a = 0 the flow is no longer
“;mm“t¢1cal to the axis of the opulsion unit, negative

z-valucs also had to bg measurcd sizmmltaneously. In

order to keep oulbt of the disturbsnce range of the suspenslon
of the propulsion unit the latter was ti ]tod in oppoesite
direction at tho same angle ol attack; thercfore, the wing
alweys remains in the reglon underneath the propulsion unlt

(“C“ 5

IIT. RESULTS OF MEASUREMENTS

The results are rcepresented graphically in the form
of a 1ift coefficient ¢, in dspondency on z/dA for
various x/d, and v,/v, in figures 5, A,and 5. The
1ift is referred to the stagnation pressure of the free

o

stream pv02/2 and to the arsa d, X

« The jet
diameter dy rather than the span was inserted as the

length in order to keep the result independent of the span,
Pigure 3 includes all the values for the wing I with an
angle of attack a = 0°. The course of the curve shows

a distinct maximum and consequently an asymptotic falling
off toward zero with increasing z-values The rlse from
Zgro toward the maximum values 1s steep compared with the
decline. The curves for negative values are to be

inverted with respect to thu zero point; this process

also inverts thc sign.
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The extreme value of cgz” 1lies for all x-values
HCPP the jet boundﬁry; with increasing. x 1t moves

1ichtly outwards., With Va/ Ve diminishing the maximum
v:lue ca* aldO decreases. The lateral force wnich is
directed toward the Jet for VA/VO>> 1 should have the
opposite direction for v~/v < 1 This elrcumstance 18

not always brought out clearly by the measurement, due
probebly to inaccur&cies in measuring.

o
(

Cenerally speaking, the same conditions prevail for
wings I7T il IIT as for wing I a@s shown in figures It
and 5. The course of the curve retains the same form;
nor does the loc&él nosition of the maximum change. The
maxima for the three wincs differ in size only.

Pigure 6 shows the resulbts of measurements for
4

static conditions. Fere the Llift coefficients cg*
are referred to pvfd/é. The zrephs show the course for
A

various x-valuss,

The meéasurements for the wing with the propulsion
unit at an inclination &re compiled in figures 7, O,
end 9. The curves are not symmetrical with regard
the zero noint. A range of direct influence must

distinguished ‘rcm & region of interference b
1s Doﬁnte at the wing

there »esulbs in our mrrurf
ative
arg pedrs for

£ 4N ¥ v e 3 3 o
wing. In tne main, the same

L

e ¢, values as indicated for

&
ci

: cg®™ values attein meximum values
which differ cons 1dfrub1y from the positive ones. The
slope toward zero is much greater for the ti

i he negative values
than it was in the positive section., With incressing x
the point of transition through the zero line approaches

higher z-values.

A mumber of corrections had to be introduced in
evaluating the resulta of measurement; these corrections
shall be trecated subsequently. Each wing showed a smell
1ift even without propulsion ; this 1ift is caused
by the one-sided suspension o he propulsion unit,
Another e¢ffect of disturbance is to be traced back to the
position of the propulsion unit with respect to the
opening of the nozzle. A ncrmal formation of the open-
Jet 1s increasingly impeded the more the propulsion unit
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is shifted from the center of the jet toward the
boundary. The grcatest disturbance is to be expected
for the values X/HA = 8 and rclatively high values

of Z/d because in this case the propulsion unit is
:'L’LSJ\‘C/udL d gquite near thc opening of the nozzle and
ceugen the marimum deflection of the jet. Waturally,
the deformaticn of the Jjet also depends upon the force
of the propulsion jet and the inciination of the pro-
pulsion unit.

The simplest method to el miLate the disturbances
indicated above is to S casurement to z/dy

ajues of such masnit antee the nonappear-

ance of the ue,cw‘bwi ;ffcct. Thue one determines the
asymptotes which can then b\.: used as zero line, This
mode of procedurc worked reliably in svery case.

The method was rendered more difflicult by measuring
the negetive 2z values (&8s indicated above) in a way
different from the one used in measuvring the positive
values; it was &aimed at reducing uLu disturbance caused

“*: D.;

3 ;
the suspension of the propulsion unit. It may be the
¢ thet the curves do not join.at 2z = 0. A mean
value was uzd in the evaluvation,

IV, APPROYIVATE REPRESLNTATION OF THE RESULTS

So far the results were discussed as tuey were
obtained for the special arreérx ents. HNow we shall try
to find relations which will make it ooahlola to draw
conclusicns &8s to any arrangement. To this end the
gpecific conditions have to be eliminated from the results
of the experiments.

The definition of the ¢, value given above contains
already certain generalizations. PFirst of all the diameter
of the jet d, was introduccd as & relercnce quantity;
hereby the span of the wing wes eliminated. The spen wés
for sach case tacitly sesumsd to be so large as Lo coni~
pletely cover the regilon of interference, As & sccond
step thie wing chord 1 was removid by sgelecting dp X g

e 3
as reference arsa, The thickness of the wing d and
IS 1 Xl . 2 e L Lo A S . g o
and t,L’l ($] I'BL 1.0 Vp\' / & L.v.]’?d, d)_if,\,ru_ﬂ_(,(; KTA - VO 5 rc U_DCC 'Dl\"@ly,

were rccognized as the most important remaining parameters,
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c % was assumed to be proporticnal to Vy = Vo OF
a

vk/\,O - 1 this proporticn is physically plausible for

mixing effect only, not for the potential flow. The
remainlz; quantity

will be a function of d and
first of all, based on i

a function of the ratioc d/L. hbr-
linesr dependoncy. Furthermore the

0

(thickness of the wing /dismcter of
anpear: :or iE 15 88 511T concelvanle
have less influence tnaa a jet of gr
to the tu,; ckness of the wing. We de ,«:;zm of
this dependency empirically, using the Cimum values

Cap ¢ 16 becomes obvious that d/d, also will appeer
in linesar je“cndeqn3 and that the maxima in &all measure-
ments cé&n be reproduced amazingly well by the relation

1=
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C am =

5]
ta

shown in fligure 10, Therefore, the valus of ¢, ¥

am
increases with v,/v, increases with 4/1 and decresses

with 4/d,. ¥We now tricd to rs
of curves over z/rA also by 2pproximate curves, and, Lo
this end, divided the msasured P C.

am
Lgnre lO shows that here also it 18 possible to draw
ough &ll the experimental points. The
g rstematic and the points

? ) 3 he average may be

to the two small values v,/v_ = 2,05 and

Vq/vo = 1.55, there the inaccuracies of measurement in

o
2
this graph are, gquite naturally, most noticeable. (These

AL
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values are given with crossed out signs. In this way we
obtain the approximate curves represented graphically in
figure ll.

These curves, together with the formula for c,

mey be used as a good approximétion in the general case.
1 of validity will be given by ebout

v
7Ly

1€ == <
g

d/a, £ 1

however, the limits of the region were not yet accurately
defined. In limiting the region of x/up it must be

pointed out that the approximation was set up mainly for
the case where the potential core is not yet completely

reduced so that still the full amount (v, - V,) appears

as velocity difference. For greater cldrwty the spreadin
of the jet is represented oruphJCullv in figure 12

The measurements for static conditions have to be
treated specially because of v_. = 0. In this case we
v

¢
divided the measured values by the expression

K7

Ca‘

1

! N x
-0 5 d- % Cl
i(d’dﬂ,zv) & 1.18(1_ v oy | :I: H

1t became obvious that the measurements on the three wings
approximately coincide again. The resulting approximate

curves are lndlcat“d in 13gurb 11, Deviations from the
course of the curve appear at x/"l.-.i = 8 where the
- S£

potential core has already becn reduced to zero (compare (5) ).

This evaluation does not include the case of yawed
flow since the relations there are not yet sufficlently
clarified because of the unknown course of the jet. Further
Investigations 1In this respect are intended.
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V. SUMMARY

.

of a jet produced by a pro-

~

The matual influence
¥

pulsion unit &and & nszarby wing was aneﬁtL”atﬁd The
tests concerned mainly EPP”O cdifferent wings. These
wings were suspended in such & manner that they had
practicelly no 1ift without the influence of the jet;
the interference 1lift was me&asured. The most important
qualtities of influence can Le determined from the
results, They are, apart from the geometrical position
of the wing toward the Jjet, ths veloclity ratio A/Vo

the chord 1 of the wing and the thiclness of the
= 31 - e 3 ,/' P g . 3 L
wing d; for 4 both the ratios 4,1 and d/dA

(relation to the dismecter of the jet) are of importance.
Appro*lwﬁtJ formulas for the 11fhL to be expscted were
given. A few short tests treat the case of & propulsion
unit 1n yawed flow, According to the results it is
possible to fix, for instance, the position of a tail
unit in suchh & way that ths lDflﬂCﬁC in the case of
straight flow 1s only very slight. Woticeable and
unwe leome effects are to ne sexpected g} 1
1s polnted directly at the w
Trerefore, for a ﬂrcjﬁ“t,
je Jnfer ag nany giisf

1

JNFOfLQPL wi th rcsoﬁct to the
& )

because the spreading of the iu

upon the form of the fTillet for

the nossibllity of a sufficient ventilation from all
sides. This denendency is especially obvious where the
propulsion unit has heen installed on the outside.

Translated by Mary L. Mehler
National Advisory Committee for Acronautics
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Measurements for
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