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EFFECTS OF JET-EXHAUST LOCATION ON THE 

LONGITUDINAL AERODYNAMIC CHARACTERISTICS 

OF A JET V/STOL MODEL 

By Arthur W. Carter 

Langley Research Center 

SUMMARY 

A wind-tunnel investigation of the jet-location interference effects on the longitudi­

nal aerodynamic characteristics of a jet V/STOL model has been made for a:n unswept, 

untapered wing with an aspect ratio of 6 and 30-percent-chord slotted flaps. The effects 

of jet location were explored systematically from several wing-chord lengths ahead to 

several chord lengths behind the wing. Various vertical locations of the jets were also 

investigated. 

The results indicated that all locations of the jet exhaust ahead of the wing resulted 

in a detrimental effect on the wing lift. This detrimental lift interference reached a min­

imum at approximately 0.8 chord below the wing. Locations of the jet exhaust above this 

plane resulted in an increase in the detrimental interference effect on the lift which rose 

rapidly with upward vertical movement of the jets above the wing chord line. Minimum 

interference of the jets on wing lift occurred for jet locations below the wing near the 

wing midchord. Aft of the wing midchord, favorable lift interference was obtained. The 

favorable lift interference was more pronounced near the lower surface of the wing, 

especially near the wing flap. At jet locations aft of the wing, the favorable lift interfer­

ence was relatively unaffected by vertical movement of the jets. The effect of the jet 

exhaust was less pronounced on the drag and pitching moment of the wing than on the lift. 

Pressure-distribution data for the wing and flaps indicated that the interference effects 

of the jet exhaust on the aerodynamic characteristics of the model resulted largely from 

a change in the effective angle of attack of the wing. 

Reducing the jet deflection from 900 to 600 reduced the magnitude of the detrimental 

as well as the magnitude of the favorable interference on the wing lift. Retraction of the 

wing flaps from 400 to 00 resulted in an increase in the detrimental lift interference, and 

the results indicated that the jet must be located near the trailing edge of the wing before 

favorable lift interference can be obtained for zero flap deflection. 
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INTRODUCTION 

Jet V/STOL aircraft experience aerodynamic interference effects during hovering 

and in the transition-speed regime between hovering and conventional flight. Some of the 

jet-induced effects in transitional flight are discussed in references 1 to 5. These results 

indicated that jets located in front of the wing result in an unfavorable lift interference, 
whereas jets located behind the wing result in a favorable lift interference. Within limi­

tations imposed by adequate pitching moment and other considerations, proper location of 
the jets with respect to the wing can produce a favorable lift interference or at least min­

imize the loss in lift due to interference during transition. 

In order to determine the effects of jet location systematically, an exploratory inves­

tigation of jet locations several wing-chord lengths ahead to several chord lengths behind 

an unswept wing has been made in the Langley 300-MPH 7- by la-foot tunnel. Various 

vertical locations of the jets were also investigated. The main purpose of the investiga­

tion was to explore a rather large number of jet-exhaust locations to determine in a gen­

eralized manner the favorable and/or unfavorable effects of the various jet locations on 

the forces and moments on the wing and to indicate trends rather than provide perfor­

mance data. The unswept, untapered wing had an aspect ratio of 6 and was equipped with 

a 30-percent-chord slotted Fowler-type flap. The two jets, one on either side of the sim­

ple fuselage, were located spanwise at the 25-percent semispan station and were mounted 

independently of the wing so that only the aerodynamic forces and interference effects 

were measured on the wing. 

SYMBOLS 

The units used for the physical quantities defined in this paper are given both in 
U.S. Customary Units and in the International System of Units (SI). Factors relating these 

two systems of units are presented in reference 6. 

A· ] 

c 

2 

total area of jet exit nozzles, 27T in2 (12.97T centimeters2) 

wing chord, 0.667 ft (0.2032 meter) 

drag coefficient, Drag 
qooS 

Lift 
lift coefficient, qs 

00 

pitching-moment coefficient, 
Pitching moment 

q Sc 
00 
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c' p 

pz 

s 

V· ] 

x 

z 

ct 
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Pt 00 - p 
pressure coefficient, ' l 

q oo 

thrust coefficient, Th~st 
q oo 

local static pressure, Ibf/ft2 (newtons/meter2) 

free-stream total pressure, Ibf/ft2 (newtons/meter2) 

free-stream dynamic pressure, Ibf/ft2 (newtons/meter2) 

wing area, 2.667 ft2 (0.24774 meter2) 

effective velocity ratio, jP V 2/p.v.2 
00 00/ 1"] ] 

velocity at jet exhaust exit, ft/sec (meter/sec) 

free-stream velocity, ft/sec (meter/sec) 

longitudinal distance from leading edge of wing (positive when measured aft 

of leading edge of wing), ft (meters) 

vertical distance from wing chord line (positive when measured above chord 

line), ft (meters) 

vertical distance from wing chord line wind-off (positive when measured 

above chord line), it (meters) 

angle of attack, deg 

flap deflection (positive when deflected down), deg 

jet exhaust deflection from horizontal direction, deg 

.6.CD incremental drag coefficient due to power (power-on CD minus 

power-off CD) 

.6.C L incremental lift coefficient due to power (power-on CL minus 

power-off CL) 
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incremental pitching-moment coefficient due to power (power-on Cm minus power-off Cm) 

incremental pressure coefficient due to power (power-on C~ minus 
power-off C~) 

mass density of air at jet exhaust exit, slugs/ft3 (kilograms/meter3) 

free-stream mass density of air, slugs/ft3 (kilograms/meter3) 

MODEL AND APPARATUS 

A drawing of the model is shown in figure 1. The wing was unswept and untapered 
and had an aspect ratio of 6 with a 30-percent wing-chord slotted Fowler-type flap 
deflected 400 . The wing and flap had NACA 4415 airfoil sections. The wing was mounted 
at zero incidence at the top of a cylindrical fuselage which had a faired nose section. In 
order to determine the pressure distributions on the wing and flap, pressure orifices were 
located on the upper and lower surfaces of the right wing and flap at the same spanwise 
location as the jet-exhaust nozzles (25-percent-semispan station). Measurements of the 
pressures were obtained by the use of pressure transducers. 

The model was mounted on a sting-supported six-component strain-gage balance for 
direct measurement of the total forces and moments on the model. The balance was 
located in the center of the fuselage with the moment center of the balance located at the 
25-percent-choru station of the wing. An electronic clinometer was located in the nose 
section of the fuselage for use in determining the geometriC angle of attack of the wing 
during the investigation. 

The two jet-exhaust nozzles, one on either side of the fuselage, were located at the 
25-percent-semispan station as shown in figure 2. The apparatus which supported the 
two nozzles was attached to the ceiling of the tunnel test section in such a manner that the 
jets could be placed at various longitudinal and vertical locations with respect to the wing 
of the model. The nozzles were mounted independently of the model so that only the aero­
dynamic forces and moments and the jet-exhaust interference effects were measured on 
the balance. Each jet was powered by an ejector which was operated by cold, dry, com­
pressed air. A detailed description of the ejector units is given in reference 7. Sectional 
views of the ejector unit and exhaust nozzle are shown in figure 3. Rings were installed 
at the periphery of each ej ector through which water was inj ected into the secondary air­
flow through the ej ector in order to provide flow visualization of the jet exhaust. 

Photographs of the model and the support apparatus for the nozzles are shown as 
figure 4. As shown in the photographs, the supports for the nozzles were located behind 
4 
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the wing with the ejector inlets facing downstream. The supports were located in this 

manner for jet locations aft of the 25-percent-chord station of the wing. For jet locations 

from the wing trailing edge forward, the support apparatus was moved in front of the wing, 

and the ejector inlets were then facing upstream. An overlap of jet locations from the 

25-percent-chord station to the trailing edge of the wing was obtained by the two methods 

of locating the support apparatus. 

TEST CONDITIONS 

The investigation was made in the Langley 300-MPH 7- by lO-foot tunnel. The 

Reynolds number based on the maximum free-stream dynamic pressure of 60 Ibf/ft2 

(2870 newtons/meter2) and wing chord of 0.667 foot (0.2032 meter) was 0.9 x 106. 

Aerodynamic and pressure data were obtained for the wing with flaps deflected 400 

and with the jets directed vertically downward (OJ = 900) and directed aft 300 from the 

vertical pOSition (OJ = 600
). In addition, data were obtained for the wing with the flaps 

retracted (Of = 00 ) and with the jets directed vertically downward. The various longitu­

dinal and vertical locations of the jets for the investigation are shown schematically in 

figure 5. The locations shown refer to the center line of the jet at the exhaust nozzle exit 

and were measured with respect to the leading edge of the wing for zero angle of attack of 

the wing at the wind-off condition. The data were obtained at a geometric angle of attack 

of 00 , with a constant level of thrust, through a range of values of free-stream dynamic 

pressure from 0 to apprOXimately 60 Ibf/ft2 (2870 newtons/meter2) in order to simulate 

effective velocity ratios from 0 to approximately 0.25. Because the support apparatus for 

the ejectors was located in the flow field of the model, power-off and power-on tests were 

made at each jet location in order to make direct measurements of the jet-exhaust inter­

ference effects on the aerodynamic characteristics of the model. 

Because of sting bending and deflection of the strain-gage balance, the geometric 

angle of attack of the wing changed slightly throughout the range of tunnel free-stream 

dynamic pressures used during the investigation. The change in angle of attack was 

recorded along with the aerodynamic data. The maximum change was approximately 1. 50 

and occurred at the maximum free-stream dynamiC pressure. However, for a given 

dynamic pressure, the angle of attack was approximately the same for the power-off and 

power-on data. The jet-support apparatus was attached rigidly to the tunnel ceiling and 

the pOSition and angle of the jet-exhaust nozzles did not change during the test run. 

Therefore, because of sting bending, the vertical location of the wing with respect to the 

jet exhaust did change during the test run. The change in vertical location of the wing 

was calculated by use of the sting-bending calibration. The calculated change in vertical 

location of the wing is reflected in the data presented to show the effect of vertical loca­

tion of the jets on the aerodynamic characteristics of the model. 
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The thrust from the two ejectors was determined from the difference between the 
total and static pr essure measurements in the jet exits , in a manner similar to that used 
in reference 7. The total thrust of the two jets at 900 deflection was approximately 81 lbf 
(360 newtons) at the wind-off condition and increased to approximately 87 lbf (387 newtons) 
at the free-stream dynamic pressure of 60 lbf/ ft2 (2870 newtons/met er2). The total 
thrust of the two jets at 600 deflection was approximately 80 pounds (356 newtons) at the 
wind-off condition and increased to approximately 84 pounds (374 newtons) at the free­
stream dynamic pressure of 60 Ibf/ ft 2 (2870 newtons/ meter2). Thrust coefficients and 
effective velocity ratios were determined from the total thrust measurements by use of 
t he following equations: 

c - Thrust 
T - q S 

00 

(1) 

(2) 

(3) 

The variation of thrust coefficient with effective velocity ratio determined from equa­
tion (3) is presented in figure 6. 

When the pl'essure data were reduced to the nondimensional pressure coefficient , 
the pressures on the surface of the wing were divided by the tunnel free-stream dynamic 
pressure , which increased with increase in effective velocity ratio. 

No corrections were made to the data for model blockage or jet boundary. However , 
the j et- boundary corrections were calculated for several typical locations of the jets, and 
the effect of the jet boundary on the lift and drag of the model is discussed subsequently. 

PRESENT ATION OF RESULTS 

Results of the present investigation are presented in the following figures : 

Power-off aerodynamic characteristics 
Power-on aerodynamic characteristics: 

6 

Flow visualization of jet efflux: 
Of = 400

, OJ = 900 

Of = 400
, OJ = 600 

Figure 
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Variation with effective velocity ratio: 

Incremental forces and moments: 

of ~ 400
, OJ = 900 

of = 400
, OJ = 600 

. . 

of = 00 {j . = 900 
, J 

Pressure distributions: 

of = 400
, OJ = 900 

of = 40
0

, OJ = 600 
. . 

of = 00 o· = 900 
, J 

Effect of location of jet exhaust: 

Incremental forces and moments: 

Effect of longitudinal location . 

Effect of vertical location . . . 

Increm~ntal pressure distributions: 

Effect of longitudinal location 

Effect of vertical location . . . 

Effect of deflection of jet exhaust: 

Incremental forces and moments: 

Effect of longitudinal location . 

Effect of vertical location . . . 

Incremental pressure distributions: 

Effect of longitudinal location 

Effect of vertical location . . . 

Effect of deflection of wing flaps: 

Incremental forces and moments: 

Effect of longitudinal location . 

Effect of vertical location . . . 

Incremental pressure distributions: 

Effect of longitudinal location 

Effect of vertical location .. 

DISCUSSION 

Power-Off AerodynamiC Characteristics 

Figure 

10 

11 
12 

13 
14 

15 

16 

17 

18 

19-20 

21 
22 

23 

24 

25 
26 

27 

28 

The effects of an upstream installation of the jet nozzles and their supporting appa­

ratus on the aerodynamiC characteristics of the model are shown in figure 7 for the noz­

zle exit located 0.25 chord ahead of the leading edge of the wing and 0.64 chord below the 

wing chord line for flap deflections of 00 and 400 . The interference from the jet-nozzle 
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installation apparently produced a downwash over the wing which reduced the effective 

angle of attack and resulted in a reduction in lift for a given angle of attack. As shown in 

figure 7(b), the effect of the downwash from the strut installation on the lift of the model 

was small compared with the effect of the jet-nozzle installation. The change in flow at 
the wing leading edge caused by the strut installation apparently delayed the leading-edge 

separation on the wing and produced a small increase in maximum lift; whereas, addition 

of the jet-nozzle installation to the struts resulted in an increase in the stall angle of 

about 30 and an increase in the maximum lift coefficient of 0.1, compared with the data 

when only the model was installed in the tunneL The jet-nozzle installation had a negli­
gible effect on the drag and pitching moment (at a given lift) when the flaps were retracted 

except at high angles of attack near the stall (fig. 7(a)). With flaps deflected 400 (fig. 7(b)), 

the jet-nozzle installation resulted in an increase in drag and a reduction in negative 

pitching moment. 

Power-On Aerodynamic Characteristics 

Flow visualization of jet efflux.- Wind-tunnel investigations reported in references 2 

and 4 have shown that interference between the jets and the free stream caused Significant 

changes in the aerodynamic characteristics of jet V/STOL configurations. The magnitude 

and distribution of this interference have been attributed (ref. 4) primarily to the rolling up 

of the wake into a vortex pair downstream from the jet exit nozzle. The photographs of 

figures 8 and 9 show the effect of an increase in effective velocity ratio on the wake from 

the jet-exhaust nozzles. At low effective velocity ratios (below 0.05), the jet efflux 

appeared unaffected by the tunnel free stream. As the effective velocity ratio was 

increased, the jet exhaust was deflected toward the direction of the free stream. The 

free stream appeared to have a greater influence on the jet deflected 900 than on the jet 

deflected 600 with an increase in effective velocity ratio, and at a velocity ratio of 0.25, 

both jet wakes approached the free-stream direction a short distance downstream of the 

nozzle exit. 

Incremental forces and moments.- The basic force and moment data have been 

plotted as variations of incremental lift, drag, and pitching-moment coefficients due to 

power through a range of effective velocity ratios for a number of locations of the jet exit 

nozzle. As shown in figures 10, 11, and 12 for the three jet and flap configurations inves­

tigated, the incremental forces and moments generally increased with effective velocity 

ratio . The magnitude and direction of the forces and moments resulted from mixing of 

t he jet exhaust and the free stream and deflection of the jet exhaust by the free stream. 

Jet-boundary corrections.- The effects of applying jet-boundary corrections to typi­

cal lift and drag data are shown in figures 10(g concluded) and l1(d) for jet deflections of 
900 and 600 , respectively. The corrections reduced the increments due to power slightly. 

However, the corrections to the data for the jet deflection of 600 were less than those for 

8 



l 

-- - ----.---~-

the jet deflection of 900
• It should be noted that the jets were not connected to the model, 

and therefore, the drag of the installation and the thrust vector were not included in the 

drag measurements on the balance. The main purpose of this paper is to present trends 

in the interference effects due to jet-exhaust locations relative to the wing and, as shown 

in figures 10 and 11, the jet-boundary corrections did not change the trends or conclusions 

which may be drawn relative to the jet-exhaust interference effects; therefore, the data 

presented in the remaining figures of this paper have not been corrected for jet-boundary 

interference. 

Pressure distributions.- As shown in figures 13, 14, and 15, the basic pressure dis­

tributions on the wing and flaps of the model varied with changes in effective velocity ratio. 
The magnitude and changes in the shape of the pressure-distribution plots depend upon the 

deflection of the jet exhaust by the free stream and, in some instances, upon impingement 

of the jet exhaust on the aerodynamic surfaces. These pressure distributions indicate 

that the jet exhaust changed the airflow over the wing and thereby resulted in a change in 

the effective angle of attack of the wing. Depending upon the location of the jet-exit noz­

zle, the interference from the jet exhaust increased or decreased the effective angle of 

attack of the wing and thereby produced favorable or unfavorable interference effects on 

the aerodynamic characteristics of the model. 

Effect of Location of Jet Exhaust 

Aerodynamic forces and moments.- The data of figure 16 summarize the effect of 

the longitudinal location of the jet exhaust on the incremental lift, drag, and pitching­

moment coefficients due to power at several different vertical locations. The data of fig­

ure 17 summarize the effect of the vertical location of the jet exhaust on the same incre­

mental coefficients at several longitudinal locations. These data show that all locations 

of the jet exhaust ahead of the wing resulted in a detrimental effect on the wing lift. The 

data of figure 17 show that the detrimental interference effect of the jet exhaust on the lift 

of the wing reached a minimum at locations approximately 0.8 chord below the wing. 

Movement of the jet exhaust below the 0.8-chord location increased the detrimental effect 

on the lift, but the increase was negligible below effective velocity ratios of 0 .20. Move­

ment of the jet exhaust to locations above 0.8 chord below the wing resulted in an increase 

in the detrimental interference effect on the lift. At vertical locations of the jets above 
the wing chord line, the detrimental effect on the lift increased rapidly, and as the jets 

approached locations 0.8 chord above the wing, the detrimental jet interference on the lift 
was extremely large, especially at the higher effective velocity ratios. At these locations 

of the jets, the loss in lift exceeded one-third of the power-off wing lift. As shown in fig­

ure 16, longitudinal movement of the jet exhaust had little effect at locations ahead of the 

wing except at those above the wing chord line. 

9 
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Data obtained for jet locations from 0.25 wing chord to the trailing edge with the jet 
support apparatus located behind the wing as well as ahead of the wing (fig. 16) indicated 

no conclusive effects of the location of the apparatus on the incremental forces and 

moments due to power, and an average fairing of the two sets of data was made. At both 
planes below the wing, the longitudinal location of the jet exhaust for minimum interference 

on wing lift ranged from 0.45 to 0.65 wing chord through the range of effective velocity 

ratios from 0.10 to 0.25. In general, locations of the jet exhaust aft of the wing midchord 

resulted in a favorable interference effect on the wing lift which increased as the jet 

exhaust was moved toward the wing trailing edge and flap. The favorable interference 

effect was more pronounced in the plane nearer the undersurface of the wing. The 

increase in favorable lift interference apparently resulted from an effect similar to that 

of a jet-augmented flap which would produce an even larger increase in the induced lift 

of the wing. Movement of the jet-exit nozzle aft of the flaps reduced the favorable inter­
ference on the wing lift which became approximately constant at locations between 2 and 

3 chords aft of the leading edge of the wing. At the three vertical locations of the jets 

3 chord lengths behind the leading edge of the wing (fig. 17), favorable interference on the 

wing lift was obtained with relatively small variations in the lift increment throughout the 

range of vertical locations investigated. 

The effect of the location of the jet exhaust on the incremental drag was less pro­

nounced than on the lift increments (figs. 16 and 17). The jet exhaust resulted in an 

interference drag at all vertical locations of the jet nozzles below the wing, although the 

variation in this drag with vertical location of the jets was small. At j et- nozzle locations 

ahead of the wing, the drag remained approximately constant throughout the range of lon­

gitudinal locations of the jet exit nozzles except when the jet exhaust was located in planes 

above the wing. At locations above the wing, the detrimental drag increments decreased 

with aft movement of the jets and resulted in a favorable or thrust increment. Longitu­

dinal locations of the jets from the leading edge of the wing aft produced a nearly constant 

drag increment except in locations near the flaps where the drag increment increased. 

The interference drag for jet locations 3 chords aft of the wing leading edge was less than 

that for the jet locations ahead of the wing. This interference drag was not affected appre­

ciably by changes in vertical locations of the jets (fig. 17). 

The effect of the location of the jet exhaust on the incremental pitching moment was 

also less pronounced than on the incremental lift (figs. 16 and 17). Longitudinal locations 

of the jets ahead of the wing resulted in small variations in the negative pitching-moment 

increments in planes below the wing. These negative pitching-moment increments 

decreased as the jet iocation was moved vertically upward and became positive for loca­

tions above the wing chord line. When the jet exhaust was located above the wing, these 

positive pitching-moment increments increased in magnitude with movement of the jets 

f rom locations 2 chords ahead of the wing to locations about 0.8 chord ahead of the wing . 

10 
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Further aft movement of the jets resulted in a small decrease in the magnitude of the 

positive pitching-moment increment as the leading edge of the wing was approached. Rel­

atively large positive pitching-moment increments were obtained at the higher vertical 

locations of the jets ahead of the wing. Longitudinal locations of the jet nozzles from the 

leading edge of the wing to 3 chords aft produced a nearly constant negative pitching 

moment except at locations near the wing flap where the pitching-moment increment 

became more negative. 

Pressure distributions.- The diagrams of incremental pressure distribution in fig­

ure 18 show that at longitudinal locations of the jet nozzles ahead of the wing midchord, 

the jet exhaust produced a net down load over most of the wing surface which resulted in 

a lift loss, or unfavorable lift interference, from the jet exhaust. The incremental pres­

sures at the trailing edge of the wing (xl c = 1.0) show a net increase in lift, or a favorable 

lift interference. At all of the jet locations shown in figure 18, the incremental pressure 

distributions indicate an increase in lift on the flaps which resulted in a drag increase and 

a negative pitching-moment increment due to interference from the jet exhaust. 

The data of figure 19 show a net down load on the wing at the six vertical locations 

of the jet nozzles ahead of the Wing. The incremental pressures indicate a large loss in 

lift at the highest vertical location of the jets (zoic = 0.86). As was shown in the force 

data of figure 17, the lift loss decreased as the jet nozzles were moved from above the 

wing to below the wing. 

The data of figure 20 for jet-nozzle locations 3 chords aft of the wing leading edge 

show a favorable, although small, lift interference from the jet exhaust at all three verti­

cal locations of the nozzles. 

Effect of Deflection of Jet Exhaust 

Forces and moments.- As shown in figure 21, a change in deflection of the jets to 

600 throughout the range of longitudinal locations of the jets from 0.5 chord ahead of the 

wing to the trailing edge of the wing resulted in interference effects similar to those 

obtained with jet deflections of 900 . At effective velocity ratios from 0.10 to 0.20, the 

change in the jet deflection reduced the magnitude of the detrimental as well as the favor­

able interference on the wing lift. At effective velocity ratios near 0.25, the change in 

the deflection of the jets increased the detrimental interference effects on the wing lift, 

and the favorable lift interference was reduced in magnitude by the change in jet deflec­

tion. The location of the jets for minimum lift interference moved from 0.4 chord for 

the 900 deflection to 0.65 chord for the 600 deflection. As shown in figure 22, the effects 

of the vertical location of the jets on the aerodynamic characteristics were not appreciably 

changed by a change in jet deflection. 

11 



As shown in figure 21, the change in deflection of the jet exhaust from 900 to 600 

reduced the drag interference and the nose-down pitching moments over the range of longi­
tudinal locations of the investigation at an effective velocity ratio near 0.25, although the 
change in jet deflection had little effect on the drag and pitching-moment increments at 
the lower velocity ratios. The drag and pitching-moment increments were not appreciably 
different for jet deflections of 600 and 900 with vertical movement of the exhaust nozzle 
as shown in figure 22. 

Pressure distributions.- Comparison of the incremental pressure distributions due 
to power for the jet-nozzle deflection of 600 (figs. 23 and 24) with the data for the jet­
nozzle deflection of 900 (figs. 18 and 19) indicate the relatively small effects of the change 
in jet deflection and support the force and moment data presented in figures 21 and 22. 

Effect of Retraction of. Wing Flaps 

Forces and moments.- Retraction of the wing flaps from 400 to 00 resulted in a 
decrease in the favorable lift interference and an increase in the detrimental lift interfer­
ence at all effective velocity ratios (fig. 25). The favorable lift interference was obtained 
only near the trailing edge of the wing at effective velocity ratios above 0.20. As shown in 
figure 26, at vertical locations of the jets below the wing, the detrimental effect on the wing 
lift was not appreciably different for flap deflections of 00 and 400 at effective velocity 
ratios below 0.20; whereas at effective velocity ratios near 0.25, the detrimental effect on 
lift was increased by retraction of the flaps. When the jets were located above the wing, 
the jets produced a detrimental effect on wing lift, but the magnitude was considerably 
less at a flap deflection of 00 than at a flap deflection of 400 • 

The drag interference effects were considerably reduced by retraction of the flaps 
from 400 to 00 , and as shown in figure 25, drag interference for the wing with a flap deflec­
tion of 00 was small throughout the range of longitudinal j et- exhaust locations. At verti­
cal locations of the jets below the wing (fig. 26), the jets produced a small thrust increment 
for the model with flaps at 00 but a much larger drag increment when the flaps were 
deflected to 400 . At vertical locations of the jets above the wing, the jets produced a 
thrust increment which increased with upward movement of the jets. 

The pitching-moment interference effects were small, and from the wing leading 
edge aft to the trailing edge, the increments due to power were positive for a flap deflec­
tion of 00 , whereas the pitching-moment increments were negative at all longitudinal loca­
tions of the jets for flap deflections of 400 • At vertical locations of the jets below the 
wing, the effect of the jets on the pitching-moment increment was not appreciably different 
for flap deflections of 00 and 400 . However, at vertical locations of the jets above the 
wing, the pitching-moment increment was decreased by retraction of the wing flaps. 

12 
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Pressure distributions.- From a comparison of the incremental pressure distribu­

tions due to power for the wing with flaps retracted (figs. 27 and 28) with those for flaps 

deflected 400 (figs. 18 and 19), the differences in the loading on the wing for the two flap 

conditions is indicated. 

CONCLUSIONS 

An exploratory wind-tunnel investigation of the jet location interference effects on 

the longitudinal aerodynamic characteristics of a jet V/STOL model has been made for an 

unswept, untapered wing with an aspect ratio of 6 and 30-percent-chord slotted flaps. The 

results of the investigation led to the following conclusions: 

1. All locations of the jet exhaust ahead of the wing resulted in a detrimental effect 

on the wing lift. Minimum interference of the jets on wing lift occurred below the wing 

for jet locations near the wing midchord. For jet locations aft of the wing midchord, 

favorable lift interference was obtained. 

2. The favorable lift interference was more pronounced near the lower surface of the 

wing, especially near the wing flap. 

3. Pressure-distribution data for the wing and flaps indicated that the interference 

effects of the jet exhaust on the aerodynamic characteristics of the model resulted largely 

from the change in the effective angle of attack of the wing. 

4. For jet exhaust locations ahead of the wing, the detrimental lift interference 

reached a minimum when the jets were approximately 0.8 chord below the wing. Locations 

of the jet exhaust above this plane resulted in an increase in the detrimental interference 

effect on the lift which rose rapidly with upward vertical movement of the jets above the 

wing chord and became extremely large at locations approaching 0.8 chord above the wing. 

5. For jet locations aft of the wing, the favorable lift interference was relatively 

unaffected by vertical movement of the jets. 

6. The effects of the location of the jet exhaust were less pronounced on the drag 

and pitching moment of the wing than on the lift. 

7. RedUCing the jet deflection from 900 to 600 reduced the magnitude of the detrimen­

tal as well as the magnitude of the favorable interference on the wing lift. This change in 

jet deflection moved the location of the jet for minimum lift interference from 0.4 wing 

chord for the 900 jets to 0.65 wing chord for the 600 jets. 

8. Retraction of the wing flaps from 400 to 00 resulted in an increase in the detri­

mental lift interference, and the results indicated the jet must be located near the trailing 

edge of the wing before favorable lift interference can be obtained for zero flap deflection. 

13 
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Jet exhaust interference effects on the drag and pitching moment of the wing were rela­
tively small compared with those for the wing with a flap deflection of 400 . 

Langley Research Center , 
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National Aeronautics and Space Administration, 
Langley Station, Hampton, Va., May 2, 1969, 

721-01-00-18-23. 
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(d) Nozzle exit location: xlc = -0.25, zoi c = -0.39. 

Figure 15.- Continued. 
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Figure 28. - Effect of vertical location of the jet exhaust on the incremental upper- and lower-surface pressure distributions due to power. 
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130 



i , 
I 

"\ 
( 

( 

- -- -

.6 .8 

9c 

(b) Ve :::: 0.15. 

Figure 28.- Continued. 

---------

~ 

I 

.6 .8 

9c 

131 



- - - - - - -

132 

DI--~J r-. 

~-'------- -~:---t--c-~~ zo/c:-O.l4 1 

2.0 ~~-!---I-i t 

~ t- -- ~ ~ 1 -
.-

1.5 .-;--

I 
I 

I.OI-~---I-~-· -- - -I-- --<- --

-- ~ 1.0 1.2 1.4 

(e) Ve ::: 0.20. 

Figure 28.- Continued. 

_J 



~ 

r-lOl--r-_ -_ ---'J 
~ \ . 

o Upper surface 

o Lawer surface .) 

LJC
p 

Ow ' :Ij: 

H Hl' H~lt ! -.5 

-.5 9firu· zo/c,O.11 ; ~ ... :n:l.}~tg LffT 
-10 f .. : I _~ : .. :::.. .:c. -/.0 

. 0 .2 !1 .6 .8 1.0 1.2 1.4 0 .2 

x/c 

(d) Ve ::::: 0.25. 

Figure 28.- Concluded. 

NASA-Langley. 1969 - 1 L- 64 79 
133 

I __ ~. ----- ---



I--
I 

\ 

i 

I , 

__ J 


