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INTERFERENCE OF A WING AND A JET IN A CARRYING FLOW.

Vo N. Arnol®*dov, M. G. Gordon, A. A. Savinov.

Are given the results of the experimental study of jet effect,
which escape/ensue at an angle of 90° to pressure side of wing, on
the aerodynamic characteristics of the isolated/insulated wings far
from screen and near from it. On the basis c¢f calculations and
results of the experimental study of the interaction of the jets of
the various forms of the initial cross section with the wings cf
different relative size/dimensions and plantorm 1s given the analysis
cf the reasons, which cause a change in the effective thrust/rod of
jets with an increase in the velocity of incident flow and a decrease
in the distance of wing of screen. It is shcwn, that far from screen
the external flow about the jet plays the dcminant role in a change
in the aerodynamic wing characteristics with an increase 1in the
velocity of incident flow, and near from screen essential favorable

effect exerts the vortex/eddy shaft, which appears on the surface of

screen.
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The interference of wing and jet, which escape/ensues at certain
angle *to i+s lower surrace, leads, as 1is kncwn, tc¢ formatron on the
wing of the negative lift, which decreases the value of the offective
thrust/rod of jet. Simultaneously undergo considerable change cther
aerodynamic wing characteristics. These changes in the aerodynamic
characteristics are obtained especially essentially in a ecrease in
the distance of wing of screen and an increase in the velocity of
incident flow. The thrust losses of jet, whicn appear 1n the absence
of incoming ftlow, are caused by the viscous torces. The jets in this
case, 1involving into motion surrounding air, creates disturbed flow
about wing. Because of this on pressure side of wing appear the
rarefactions, which decrease the effective thrust/rod of jet. Far
from screen these losses are swmall. A ccnsideratle increase in the
losses during a decrease in the distance of wing with jet of screen
1s connected with the fcrmation of the tan jet, which possesses
considerably larger ejecting ability, and the approach of wing to

this perturbation source [1] - [3].

An increase in the losses of lift and a change in other
aerodynamic wing characteristics with jet with an increase in the

velocity of incident flow is connected, in the first place, with the
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disturbance/perturbations, which appear during the flow about the
jet, and, 1in the second place, possibly, with certain change of 1its

sucking properties in the carrying flow.

In Fig. 1 shown experimental distriprution cf the pressure, which
appears on flat surface during the flow abcut the rigid cylinder and
real djet, normal to this surface, and the calculated distribution of
pressure, obtained during the replacement ot jet by the system of the
arranged/located on 1its axle/axls tlows on the assumption that the
interference of wing and jet 1s caused only by sucking action ot jet
(4]

4

Fage 37.

Comparison shows that pressure distribution in the vicinity of real
jet according to the character c¢f the arrangement of the zones of the
increased and reduced pressure qualitatively analogous with pressure
distribution around rigid cylinder 1s cpposite to the calculated

distribution ot pressure.

However, the amounts of the supplementary 1lift, which appear
from real jet and rigid cylinder, substantially differ from each
cther. These differences are obtained especially considerably in the

range cf comparatively low values of the given relation of the
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velocity of incident flow to jet velocity

(“": ‘/'“: = Ve 10,,,). Real
jet, being bent and being expanded, acquires in the carrying flow the
complex three-dimensional/space torm, very distant from cylinder [5].
It 1s characteristic that the most considerable change of the
sizeysdimensions of Jjet in the carryinygy tlow (unlike jet in the

flooded space) occurs not 1ts 1nitial section and can cause essential

disturbance/perturbations on wing surface.

Fig. 2 gives some results of the apprcximate computations, which
were made for the case cf ideal fluid fcr the purpose ot gqualitative
evaluation of lift increment (in the portions of the thrust/rod of
jet) , induced on flat surface by cylinder and being expanded solid
body, imitating size/dimensions and the form of jet. The calculations
show that the being expanded body, which has the elliptic torm of
cross section with the relation of semi-axes 1:4 and the transverse
size/dimension b, taken according to the experimental data [5],
causes in comparison with cylinder many times large in value force,
especially in the range of comparatively lcw values of the given
relation of velocity of incident flow tc jet velocity. This bears out
the fact that the form of jet and its change with an increase in the
velocity of incident flow play important role in the presence ot the

interference of wing and jet.
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Fig. 1.

Key: (1). Rigid cylinder (experiment). (2). Jet (experiment). (3).

Replacement of jet by the system of flows [4] (calculation).
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Moreover, the analysis ot these data shows that at the small values
of the given velocity ratic the basic disturbance/perturbations on
wing are created by the section of the jet cf large extent, which
rossesses lift effectiveness similar tc certain low-aspect-ratio
wing, arrange/located at high angle of attack with respect to the

surface of the main wing. With an increase in the bending of jet the

lift effectiveness ot its eliminated sections decrease as a result of

a decrease 1u their angle of attack, and increasing value begin to

3 =t 35 S T s B T T G S U PU ) SUp L e o~ s ee w3 .. = = T .. S = -
fldy Tl dIDLULUAUCE/PTCLT Ul Uatl iviio, Caused Ly cuc LW aurut Cilie
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initial section of jet as bluft body, close in form to cylinder
directly of wing surtace. Therefore, for example, a decrease in the
initial angle of jet inclination to wing plane leads to an essential
decrease in the thrust losses of all range of a change in the given
velocity ratio, and at its very large values, when, it would seen,
jet is most distant on its form from cylinder, fpressure field,
induced by circular jet, as shown in wcrk [€6], already it differs
little not only qualitatively, but alsc it is gquantitative from

fressure field in the vicinity of rigid cylinder.

Experimental studies were carried cut on the models of
rectangular wings with elongation X = 2 at angle of attack a = 0. Is

investigated the interference of wings with the jets, which had in
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the initial cross section the torm of circle (circular jet) and of
the ellipse (elliptical jet), major axis ot which can be
arrange/located perpendicularly and in parallel to the velocity
vector of the incident tlow. Subsequently fcr a convenience let us
call elliptical jet dependirg on the pcsition of its major axis

elliptical jet across flow and by elliptical jet along flow.

Far from screen on the wing, which has sutficiently large
sizesdimensions in comparison with the sizes/dimensions of the initial

/= E.

y . Ty, S e L Ny o e R N TS L LAl e S R
Jet Ciuss~—SeCtionai atea = —:U‘W[h.{,'ﬂu.‘.t S2Gniracant waiust

T e
losses gives elliptical across flow, jet, and the jets of round and
elliptical along flow form they give clcse in rmagnitude of losses

(Fig. 3). PFig. 3 shows also the effect cf the ftcrm of the initial jet

cross-sect ional area on an increase in the pitching moment of wing.

The elliptical across flow jet (relaticn cf semi-axes equally to
1:10) is bluff in the initial cross sections, tut most bent, i.e., it

is bluff obstruction, arrange/located on wing surface.
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Key: (1) . Cylinder. (2). PBeing expanded body. (3). Jet (experiment
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Even at comparatively small velocities of incident flow the basic
disturbance/perturbations on wing are created ty its initial section
in the form of the vast zones of the elevated pressure before the jet

and of evacuation/rarefaction behind jet. The spectra ot silk threads
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on winy surface show that before the jet occurs braking flow and
characteristic boundary-layer separaticn, but after jet is formed

vast breakaway zone (Fiy. 4).

Elliptical alonj flow jet 1s well streamlined on the initial
section (narrow trace, the absence of the visiltle zone of the
backwater before the jet). But this jet intensely expanded 1in
transverse direction and 1s least bent. Experiments in the tlooded
space show that the characteristic feature cf the propagation of
elliptical jet is 1its very nonuniform expansion alony the large and
rinor axes of ellipse. Along minor axis is obtained approximately six
times more 1intense expansion, than on large. During the f Jow of
carrying flow about the jet occurs the supplementary deformation of
the form of its cross sections. On the frontal surface of jet appears
the overpressure, while on the lateral surfaces and from behind -

evacuation/rarefaction.
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Page 40.

Therefore most significant expansion occurs in the direction,
perpendicular to the direction of velocity of incident flow, and
elliptical along flovw jet at certain removal/distance from wing
surface acquires the form, which introduces considerable
disturbance/perturbatiors into flow. The basic
disturbance/perturbations on wing surface are created precisely by
these sections of jet. They are exhibited predominantly in the

formation of rarefaction zones about jet and bear considerably wore
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uniform character, than disturbance/perturbaticn from elliptical

across flow jet.

Turning ajain to the results of the tests ct rectangular wing
with the jets of various forms, which escape/ensue at an angle of 90°
to its lower surface (see Fig. 3), it should be noted that they
correspond to the representation of the role of the different
sections of jet 1n the formation ot losses with an increase in the
velocity of incident flow. The imparting tc the initial section of
the jet of streamlined shape does not lead to a decrease in the
thrust losses in the inspected comparatively narrow range of a change
in the given velocity ratio. The jets cf rcund and elliptical along
flcw form cause close in the magnitude cf losses of thrust/rod.
Consequently, under these mode/conditicns 1s imfportant not so much
the form of the initial jet cross-secticnal area, as complete
three-dimensional/space form of the jet, which is tormed n the
carrying flow. But it is obtained close of koth jets, judging from
the tact, that at a distance of five calibers from wing surface they
give already approximately identical trace cn the gfid of silk

threads (Fig. 5).

The effect of the form of the initial jet cross-sectional area

(or the mutual arrangement of several jets) on aerodynami wing
characteristics depends substantially cn the ratio of the area of the

initial jet cross-sectional area to wing area.



= 77109100

DOC

e

Fige.




‘e

DOC = 77109100 PAGE ¢

Fage 41,

Thrust losses on the rectangular wing c¢f low size/dimensions with
jets elliptical across flow and circular shape(F, --00]) first 1increase
with an i1ncrease in the given velocity ratic, and then, after
achieving the greatest value, they decrease and finally AV e
reverses the sign (Fig. 6). In this case the 1ncrease of éitching
roment reaches the significant magnitudes. Elliptical jet along tlow

on low wing as on large, causes thrust losses, which increase during

an 1ncrease in the given velocity ratic.

The sharp qualitative change in the aerodyramic wing
characteristics with the jets of round and e€lligtical across flow
form, which occurs during in the relative size decreases of wing, 1is
connected with the tact that on low rectanqular wing part ot the zone
of the essential disturbance/perturbaticns, caused by jets, proves to
be outside the limits of wing. At certain value ot the given relation
of the velocities, when appear positive lift increments, the
prevailing value acquires the zone of the elevated pressure hefore
the jet, and the rarefacticn zone, which appears after jet, it is
located partially outside wing. The measuresents of the 4 stribution

cf pressures on wing surface (for examgle, [6]) show that with an
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increase in the velocity ot incident flow gradually is developed the
zone of the backwater before the jet during simultanecous decrease in
the sizeydimensions and displacement downstream of rarefaction zone.
It 1s possible and furthermore manifests itself the jet effect on the

tlcw about the suction side ot wing.

During the size decrease ot wing with e€lliptical in flow et
these phenomena do not have vital 1mportance because ot the special
feature/peculiarities of the disturbtance/perturtations, which appear

during the flow about this jet, which it was discussed above.

Elliptical across flow jet (or the arrangement of jets in a
series across flow) has on low rectangular wing essential advantages
in comparison with elliptical alonyqg flow jet (or the arrangement of
jets 1in a series in flow). The considerably larger increase of
pitching moment, obtained on wing with this ijet, allows 1r certain
assigned center-of-gravity location to misalignp elliptical across
flow jet nearer to trailing wing edge and tc ottain for this ccunt
supplement ary advantages in comparison with elliptical along the flow

je t.
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Fig. 6.
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Circular jet also possesses essential advantages in comparison with
e€lliptical along flaw jet at the sutficiently large values of the

given velocity ratio.
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A chanje in the form of jet or layout of jets on wing allows on
the rectangular wings, which have the close to real ratio of the area
cf nozzle to the area of the wing(F, . 0,01), not only substantial to
lecrease the thrust losses, but also tc very considerably increase
the effective thrust/rod of jet. This will ayree with the results of
the investigation of the diverse variants cf the arrangement ot nine

jets on rectangular wing, given in work [7].

0f the possibilities of using a zone ot elevated pressure for a
decrease in the thrust losses cn the wings cf the limited
size/dimensions it depends on wing plantorm and the position of jets
on wing. Thus, for instance, as a result of the special
feature/peculiarities ot the geometry of delta wing the positive
action of the backwater, which appears btefore the jet, is not
utilized, and the effect of diffluences prevails, determining a
change in the total aerodynamic characteristics. Therefore on delta
wing in a comparatively front/leading pecsition cf jets elliptical
across flow jet causes the considerakly larger thrust losses than ot
the jet of round and elliptical along flow forw. On themes to reasons
the displacement of circular jet to leading wing edge pro uces an
essential increase in the thrust losses at the large values of the

given velocity ratio.
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Thus, far from the Farth the external flow about the jet 1is the
important factor, which determines a change 1in the aerodynamic wing
characteristics with an increase 1in the velccity of 1ncident flow. A
change in the torm of jet cr arrangement ot jets on wing makes 1t
possible to decrease the harmful interference of wing and jet 1in the

carrying flow.
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Key: (1). Position of the vortex shaft.
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The proximity of the Earth considerably complicates the picture
of the 1interaction ot the jet cof wing and 1t exerts a substantial
influence on aerodynamic wing characteristics with jet. From the
diversity of the factors, which determine the interference of wing
and jet near the Earth, it 1is expedient to separate three pasic
phenomena, which consecutively can occur with an increase in the

velocity of incident flow.

First, the formation cf the fan jet, which possesses
considerably larger ejecting akility, than free jet, and the
approach/approximation of wing to this perturkation sourc , the
causing increase in the thrust losses. This effect 1s basic at
velocity of incident tlow, equal to zerc, and it plays significant

role at comparatively low values of the given velocity ratio.

In the second place, the formation of the vortex/eddy shaft,
which appears during braking fan jet by the incident flow The
displacement of shaft with an increase in the velocity of incident
tlov brings, beginning with certain value c¢f the given relation of
velocities, to a decrease in the thrust losses, since before
ruty-colored during its flow it appears the zone of elevated

fressure, and the sucking action of fan jet it decreases as a result
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of in 1ts size decreases. If we compare the position of vortex/eddy
shaft with a change in the thrust losses with ar increase in the
given velocity ratio, then it is not difficult to establish that a
decrease in the thrust losses begins when the mcre or les::
significant part of the wing proves to ke in the zone of the
tackwater before the shaft (Fig. 7). It is natural that with a
decrease in the relative size/dimensions of wing or an increase F
the positive effect of vortex/eddy shaft is exhibited less
considerably. This effect depends also cn wing glanform, the position

cf jet on wing and the angle of deflection cf jet.

And finally thirdly, the usual proximity effect of the Earth,

which becomes the basic effect at sufficiertly hijh velocity of

incident flow, when jet is bent so, that the vortex/eddy shaftt does

not appear. As an example it is possible tc give the results of the

tests of rectanqular wing with elliptical across flow jet (Fig. 8).
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In the range of the low values of the given velccity ratio are

cbserved the same special feature/peculiarities of the course of
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iependence iyﬁ(vxlfgl that also in the examined previously examples
(losses first increase, they reach maximum and then they decrease).
At a further increase in the given velocity ratio is reached the
mininmum of thrust losses, connected Wwith the liguidation of
vortex/eddy shaft on the surface of the Farth, The value cf the given
velocity ratio, by which occurs the liquidation of vortex/eddy shaft,
increases during a decrease in the relative distance of wing of the

Farthe.

Thus, the substantial change 1in the aerodyramic wing

characteristics with jet near the Farth, which cccurs with an
increase in the velocity of incident flcw, 1s ccnnected with
emergence, displacement and tinally by the liquiagation of vortex/eddy

shaft. The favorable effect ot shaft can be used for a decrease in

the harmful interference of wing and jet near the Earth.

FEFERENCES

1« Seibold W Untersuchungen uber die von HuleI_nh-n an _Scnk
rechtstarten erzeugten Sekundarkrifte Jahrbuch 1962 der WGLR, 1963

2. Wyatt L A Static tests on ground effect on planform fitted
with a centrally-located round lifting jet. ARC CP, No 749, 1962

3. Yakovlevskiy, O. V.; Sekundov, A. N. "Study of the

interaction of a jet with close shields." Izv. AN SSSR, Ser.




¥

pDOC = 77109100 PAGE 4
"Mekhanika i mashinostrcyeniye", No. 1, 1964.

4, Taganov, G. I. "The theory of the suction action of a jet

in transverse flow." Trudy TsAGI, iss. 1172, 15689,

5. Palatnik, I. B.; Temirbayev, D. Zh. "Fules of the
propagation ot an axisymmetric alr jet in a carrying unitorm flow."

Problemy teploenergetikil 1 prikladnoy teplcfiziki, iss. 4, 1967.

6. Bradbury L J S. Wood M N. Pressure distribution around
rocrcular jet exhausting normally from a plane wall into an airstream.
ARC CP, Ne 5822 195

Te Williams J . Wood M N Aerodynamic interference effects
with jet-lift V/STOL aircraft  uder static and forwardspeed conditions
ZEW, HE No 7. 1967

Manuscript submitted 4,/VII 1969




. S ~ ]
INCLASSIEIED e s e
SECURITY CLASSIFICAYTION OF THIS PAG (Wher. Data Foterod
READ INSTRUCTIONS
BEFORE COMPLETING FORM

REPORT DOCUMENTATION PAGE

GOVY ACCESSION NO | 3

RECIPIENT S CATALOG NUMBER

\. REP

LS
a9

YRT NUMBER

B L]
' 5 TYPE OF REPORT & PERIOD COVERET
LRANODLALLON
: e
6 PERFORMING ORG. REFORT NUMHBE R
"18 CONTRACT OR GRANT NUMBER(+ 1
V. N. Arnoltdev, M. G. Gaordon, and
Al . Savinov
PERFORMING ORGANIZATION NAME AND ADDRESS iy 10, PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBE RS
: ~ m ~} ] 7 N3 S a3y
reign Technology Division
ir Force Systems Command
nited States Air Force
12 REPORT DATE

"ONTROLLING OFFICE NAME AND ADDRESS

1970

13, NUMBER OF PAGES

5.2

=
15. SECURITY CLASS

(of this report

14 MONITORING AGEN

Y NAME & ADDRESS/if different from Controlling Office)
ST T
[

UNCLASSIFIED

15a
SCHEDULE

DECLASSIFICATION DOWNGRADING

16

:".E proved

DISTRIBUTION STATEMENT rof this Report)
for publlic release;

distribution unlimited.

nt fenm Runoet

ot o (S T L

—
18 SUPPLEMENTARY NOTES
=
19 wEY WORDS (Continue on reverse side if necessary and identify by block number)
20 ABSTRACT (Continue on reverse side (f necessary and identify by block number)

21

UNCLASSIFIED

EDITION OF 1 NOV 65 1S OBSOLETE

DD , 2", 1473

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




——

DISTRIBUTION LIST

DISTRIBUTION DIRECT TO RECIPIENT

JRGANIZATION

A205 DMATC
A210 DMAAC
B3LL4 DIA/RDS-3C
CO43 USAMITA

T e
C509 BALLISTIC RES LAB:
=

510 AIR MOBILITY R&D
LAB/FIO

513 PICATINNY ARSENAL

C535 AVIATION SYS COMD
S ITCATT A
/ ALLLU
e FSTC
. TA DTG MANT
19 MIA REDGTONE
D008 NISC
{ v ey \
T AT e AT
a 4 ISAICE (& AI"I“JH/
POOC ERDA
s A I ares FerT
POs5 CIA/CRS/ADD/SD
\
NA VI m ( cenT
NAVORDSTA (50L)
ST AT T 1)
NAVWE BN (Code fgk)

FTD-ID(RS)T-1091-77

MICROFICHE

o N

L

ORGANIZATION

E053 AF/INAKA
E017 AF/ RDXTR-W
E404 AEDC
E408 AFWL
E410 ADTC
E413 ESD
FTED
CCN
ETID
NIA/PHS
NICD

MICROFICHE

[ S Sy SRS

v - W



