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SUMMARY

The ratios of 1lift and axial thrust to undeflected thrust of nozzle-
deflection-plate configurations using the Coanda effect for obtaining Jjet
deflection and 1ift were evaluated from force measurements. Pressure
distributions were also obtained over the surfaces of the deflection
plates. The convergent nozzles used in the study were of rectangular
cross section with exit heights ranging from 0.5 to 2.0 inches. The Jjet-
deflection plates used included configurations made up of two, three,
six, and nine flat plates and several curved plates with various radii
of curvature, all having side plates equal in height to the nozzle. The
nozzles discharged into quiescent air over a range of pressure ratios
EReMEINS 160 5.0%

In general, the ratio of 1ift to undeflected thrust of the Coanda
nozzles. studied was less, depending on the particular configuration,
than that theoretically calculated for multiple-flat-plate and curved-
plate flaps immersed in an airstream. By use of a configuration made up
of nine flat plates and for a 90° angular deflection of the Jet stream,
a maximum ratio of 1lift to undeflected thrust near 0.88 was obtained
together with zero axial thrust. For a similar Jet-deflection angle,
the best curved-plate configuration studied achieved a ratio Of Nt to
undeflected thrust of about 0.81. The decrease in the measured ratio
of 1ift to undeflected thrust from that calculated theoretically for a
perfect curved plate is attributed to the following factors: (1) pres-
sure and momentum losses in the real jet stream that are not accounted
for in theory, (2) the inability of the jet stream to turn the full de-
flection angle prescribed by the deflection plate, and (3) the fact that
optimum designs for the multiple-flat-plate and especially for the
curved-plate configurations were not necessarily achieved in the time
available for these exploratory studies.
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INTRODUCTION

The Coanda effect may be described as the phenomenon by which the
proximity of a surface to a jet stream will cause the jet to attach it-
self to and follow the surface contour (ref. 1). The local pressures on
the deflecting surface are less than ambient air pressure; consequently,
when the deflecting surface is inclined toward the ground, these negative
pressures result in a 1ift component. A drag component constituting a
thrust reduction in the axial-thrust direction is also obtained.

The use of the Coanda effect for obtaining jet-stream deflection
and vertical 1lift from a single-flat-plate deflector is described in
reference 2. The data presented in reference 2 show that ratios of 1lift
to undeflected thrust and axial thrust to undeflected thrust comparable
to those obtained theoretically with a flat-plate type of mechanical
deflector can be achieved. However, the deflection angles for which
theoretical values of ratio of 1lift to undeflected thrust can be obtained
with a single-flat-plate deflector are limited by considerations of nozzle
height and deflection-plate length.

The negative pressures on a flat plate decrease with progressively
increasing distance along the deflection plate; however, with each angle
increase of the surface relative to the jet stream, an increase in the
negative pressures is again obtained on the deflection surface (ref. 1).
Because of this phenomenon, the use of multiple flat plates or a curved
surface provides deflection angles and ratios of 1ift to undeflected
thrust ?uch greater than those with single-flat-plate configurations
(refs 3).

The exploratory study reported herein, conducted at the NACA Lewis
laboratory, is concerned with the flow and performance characteristics
associated with multiple-flat-plate and curved-plate jet-deflecting sur-
faces. Experimental ratios of 1ift to undeflected thrust were obtained
for configurations yielding jet-stream deflection angles up to about 900
and ratios of axial thrust to undeflected thrust near zero. Data were
also obtained on the effect of the relative angle between adjacent flat
deflection plates on the ratio of 1lift to undeflected thrust and local
surface pressure distributions over the plates. As in reference 2,
rectangular nozzles of simple convergent design rather than conventional
circular nozzles were used. The studies were conducted with a small-
scale setup (equivalent nozzle-exit diameter less than 2.75 in.) using
unheated air and operating at pressure ratios across the nozzle (ratio
of absolute jet total pressure to ambient pressure) from 1.5 to 3.0.

A1l data were obtained by discharging the jet into still air at approxi-
mately sea-level atmospheric conditions.

The estimated performance of multiple-flat-plate deflectors is dis-
cussed in appendix B by Thomas F. Gelder.

LO8Y
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APPARATUS

Test PFacility

The test stand used to support the nozzle configurations and to
obtain thrust and 1ift measurements is shown schematically in figure 1.
The test stand consisted of a plenum section (inside diam., 3 in.;
length, 16.5 in.) mounted horizontally on a link-supported force-measuring
system. Unheated air at approximately 50° F was supplied to the plenum
by 2.5-inch-inside-diameter twin supply lines (fig. 2). These lines
were placed diametrically opposite one another and at right angles to
the plenum in order to eliminate possible side and thrust forces caused
by the entering air. The lines were also isolated from the force-
measuring system by flexible couplings at each end of the supply lines.
The nozzles were bolted to a flange at the downstream end of the plenum
section. A single total-pressure probe mounted Just inside the nozzle-
exit plane was used to measure the total pressure of the Jjet stream.

The net thrust obtained with the nozzle configurations was measured
by strain gages mounted near the upstream end of the plenum section (fig.
1). The strain gages on the vertical support link under the nozzle flange
were used to measure gross values of vertical or 1lift forces. The force
measurements obtained with these strain gages were recorded on a modified
flight recorder.

Coanda Nozzles

A Coanda nozzle consisted of a convergent rectangular nozzle exit,
Jjet-stream deflection plate, and side plates. The nozzles were of a
simple convergent design, with no effort being made to achieve an optimum
exhaust-nozzle thrust coefficient. The nozzles were formed by flattening
progressively a 2.9-inch-diameter tube to a rectangular exit cross section
with a desired nozzle height. The exit corners had radii of the order
of 0.03 inch. Vertical and horizontal cross sections at the centerline
of the nozzles, together with pertinent dimensions, are presented in
figure 3.

The jet-stream deflection surfaces consisted of (1) combinations of
two, three, six, and nine flat plates, and (2) several curved-plate
deflectors.

Multiple-flat-plate deflection surfaces. - For the two- and three-
flat-plate configurations, the plates were attached to the nozzle by
means of a piano hinge, and each succeeding plate was similarly attached
to its adjacent plate (fig. 4). Individual telescoping tubes supported
the downstream end of each plate. These supporting tubes were attached
to a bracket, which in turn was secured to the nozzle flange. The
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deflection angle of each plate was varied independently of the other
plates in the configuration. The following schematic sketch shows the
general arrangement for the two- and three-flat-plate configurations and
identifies the pertinent components:

Nozzle exit

= = = Nozzle
centerline

The total deflection-plate angle is
et =6, + 0, + 63

and the total deflection-plate length is
1y =17 +1lp + 1z

(A1l symbols are defined in appendix A.)

The deflection plate for six- and nine-flat-plate configurations
consisted of a single piece of sheet metal bent at the appropriate down-
stream locations to yield the desired local deflection-plate length and
angle. The juncture between the various plates consequently consisted of
a curved radius section rather than the sharp-edged gap formed at the
hinge line for the two- and three-flat-plate configurations. The six-
and nine-flat-plate deflectors were attached to the nozzle by means of a
piano hinge. A single telescoping tube supported the downstream end of

the deflection plate in the same manner as in the previous configurations.

For the nine-flat-plate configuration, the initial deflection-plate angle
67 could be varied +10°, thereby yielding some off-design performance

data.

LO8F
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Pertinent dimensions for all the multiple-flat-plate configurations
studied are as follows:

Config- [Nozzle Length of plate, |[Deflection angle

uration, |height, ins between adjacent
number of 10y plates,
plates in. byt b i3 0,
deg
2 il OIS A —-—— Variable
20501 2875 ———
3 1Tk 200025705 4.88 Variable
0.5 and
2.0 e 2 5l2 o 4.88
6 (A0} 11 to 1g, 2.0 each 1255
S Or5 11 to 1g, 0.6 each|10.0; 67 varia-
ble +100°

As in reference 2, side plates were attached to the deflection plates
in order to delay jet-stream detachment from the plates. For the data
presented herein, the side plates were equal in height to the nozzle
height and were sealed to the jet-deflection plate to prevent air leakage.
Limited data, not included herein, were obtained with side plates equal
to twice the nozzle height and showed no difference from that obtained
with side plates equal to the nozzle height. Pressure taps were located
along the centerline of each: jet-deflection plate for the two-, three-,
and six-plate configurations. For the nine-flat-plate configuration,
pressure taps were located on the odd-numbered plates.

Curved plates. - The curved-plate setup consisted of a box frame that
was attached to the nozzle flange and supported a number of 1/8-inch alu-
minum plates stacked in the box at a 45° angle to the nozzle centerline
(fig. 5). A template and jig were used to adjust these plates (which
could be slid relative to each other) to the desired curved-plate profile.
The deflection plate consisted of a sheet of spring brass (0.010 in. thick)
sufficiently wide to adequately span the nozzle-exit width. In order to
obtain surface pressure measurements, a plastic belt 1/16 inch thick and
about 1 inch wide was cemented to the brass deflection plate at the center-
line. To each side of this pressure belt, sheet rubber of thickness equal
to the belt was cemented to the brass plate to provide a smooth, even
surface. The upstream end of the finished deflection plate was secured
to the nozzle by a special brass fitting machined to provide the proper
Jet-deflection angle from the nozzle exit to the deflection plate. The




6 NACA TN 4377

deflection plate was then placed over the contoured stack of aluminum
plates and anchored tightly in place by means of a cable and turnbuckle
attached to the box frame and the downstream end of the deflection plate
(fig. 5). Side plates of the same height as the nozzle and running the
full length of the deflection plate were mounted on each side of the
nozzle. The side plates were sealed to the plate to prevent air leakage
onto or away from the deflection plate.

Sketches of the curved deflection-plate profiles studied (A to F)
are shown in figure 6 together with pertinent dimensions. The curved
plates consisted of a short straight section followed by a circular-arc
section until a turning angle of 90° was obtained for the plate. Beyond
the 90° angle, configurations A, B, C, and F were provided with an
additional curved section.

PROCEDURE

Force and pressure data were obtained over a range of nominal pres-

sure ratios across the nozzles from 1.5 to 3.0. The jet stream discharged

into quiescent air at an ambient pressure of 29.2140.3 inches of mercury.
The forces on a Coanda nozzle and the moment arms are shown in the fol-
lowing sketch:

?

Pivot A \h/f s
(@) h S
—© *ﬁi :
Gage 1 Pivot B
(2Cz).96) (9%5“},’
@
Gage 2 *F

It was determined that the horizontal force measurements were independent

of any vertical force; hence, the axial thrust was obtained directly from

strain gage 1. The moment about pivot A consisted of two components, the
1ift caused by the deflection plate and the axial-thrust reduction (drag)
caused by the plate. In calculating the net 1ift, moments about pivot A
give the following equations:
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Lz +.2' +E)+D(%+§)=F(z) (1)

or
F(20.96) - D (.g b

<
P”

i (30.22 + 2) (2)

The thrust-reduction force (drag of deflection plate) D was calculated
by subtracting the measured axial thrust obtained with the deflected plate
from that obtained with the undeflected jet (no deflection plate). The
values of y and Z were obtained from center-of-pressure calculations
based on the pressure distribution over the deflection plate.

In general, the deflection .plate for a particular Coanda nozzle was
set at a predetermined angle and all pressure and force data were recorded
as the nominal pressure ratio was increased progressively from 1.5 to 3.0.
Data recording generally was terminated for any particular configuration
when the jet stream became detached from the plate. Jet-stream detachment
from the deflection plate was observed visually, since sufficient water
vapor condensed out of the air leaving the nozzle to permit easy observa-
tion of the jet stream. At the time jet detachment was observed, 1ift
force was reduced, axial thrust was increased to values approaching the
undeflected thrust, and local surface pressures on the deflection plate
approached the ambient pressure.

RESULTS AND DISCUSSION
General Considerations

The performance of each Coanda nozzle is evaluated in terms of the
ratios of 1lift to undeflected thrust .?1 and axial thrust to undeflected

thrust &,, where the undeflected thrust is that obtained for each nozzle
without a deflection plate. As a basis for comparison, the experimental
35 and 92 values obtained herein are compared with those obtained from

a simplified theoretical analysis for a perfect curved-plate mechanical
deflector (ref. 4) and with those obtained from an empirical relation
for single- and multiple-flat-platé deflectors. The equations for the
J?h and 3; values for the various flat-plate deflectors are described
in appendix B and are summarized in the following table:



8 NACA TN 4377

Plate |Number|Local .91 Z Refer-
contour |of angle ence
plates |between
adjacent
plates
Curved?® 1 e sin 64 cos O 4
(per-
fect)
= =1 i=n =7
Flat n s E tan 6; cos 2 Oy |1 -2 tan 6; sin 6y | Appen-
variable| i=1 k=1 i=1 k= dix B
Flat 1 01 sin 61 1-sin 6 tan 67 2 and
appen-
dix B

#performance of this type deflector is said to follow the "cosine law."

As is evident from the table, the 5{ and % values calculated by

use of the applicable equations in appendix B for multiple-flat-plate
configurations vary with the number of flat plates used and the local
deflection angle between adjacent plates. In all cases the calculated

jfh and &, values for a multiple-flat-plate configuration are less than

those for a perfect curved deflector. For a multiple-flat-plate deflector
at total deflection angles beyond those obtainable with a single flat
plate (ref. 2), decreasing F;, and & values are obtained with progres-
sively fewer flat-plate segments. Conversely, as large numbers of flat-
plate segments are used (constant total deflection angle), the surface
contour approaches that of a curved surface, and -95 and & values near
those given by the sine and cosine curve, respectively, are obtained. An
example of the effect of the number of flat plates used to obtain a total
jet-stream deflection of 60° on the calculated &, and &, values is

shown in the following table, along with the values for the perfect curved
plate:

Plate contour |Local angle be- -95 Z,
tween adjacent

plates,
deg
Two flat 30 OGSl |Ne) szt
Three flat 20 803526
Six flat 10 .829 | .420

Curved
(cosine law) 8y, 60 .866| .500

LOR5%
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The table shows a variation in the calculated & value based on that for
a perfect curved plate of up to 9 percent, and in the calculated 3; value
up to 58 percent depending on the deflection-plate contour.

Performance of Coanda Nozzles

The performance of the Coanda nozzles in terms of the ratio of 1ift
to undeflected thrust &7, and ratio of axial to undeflected thrust 32

(hereinafter called axial-thrust ratio) as functions of total deflection-
plate angle is presented in table I. Cross plots of these data show that
the performance (J’i and ﬁz) for a particular configuration at a given
deflection angle is substantially independent of pressure ratio as long
as Jjet detachment from the deflection plate does not occur. Consequently,
the discussion of the data herein generally will be confined to a nominal
pressure ratio of 2.1, and the trends of the data will be considered
representative of those occurring at the other pressure ratios studied.
Only performance data for no jet detachment from the deflection plates
are discussed herein. Jet detachment usually occurred within 5° of the
angles associated with the last data point given in table I.

The following general performance data were obtained with all con-
figurations studied: (1) The experimental Z, and #, values increased

and decreased, respectively, with increasing total deflection-plate angle,
and (2) the experimental &, and &% values were lower and higher,
respectively, than calculated values. The departure of the experimental
values from calculated values is attributed primarily to the facts that
the jet stream was not turned the full deflection angle prescribed by the

deflection plates and that the average jet total pressure decreased with
increasing distance downstream of the nozzle exit (see appendixes C and D).

The following sections present details of the experimental over-all
performance data for multiple-flat-plate and curved-plate Coanda nozzles
in terms of &, and % as functions of total deflection-plate angle

Ot. Also shown in the attendant figures are the applicable calculated
5¢L and 32 values for the particular configurations and, for comparative

purposes, the curves obtained for single-flat-plate and perfect curved-
plate mechanical deflectors. For convenience, the calculated #, and

3§ values for multiple-flat-plate configurations are shown by curves

representing an average value at any 6t for the particular combination

of plates indicated by the experimental data points; the specific calcu-
lated values that apply for each configuration are within +2 percent of
the average values given by the curves.
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Two flat plates. - The .Qi and 3; values for a Coanda nozzle using

two flat plates to deflect the jet stream are shown in figure 7 as a func-
tion of 64. The data were obtained using a nozzle height of 1.1 inches

and several plate lengths as noted in the figure. The measured .gi values

are about 12 percent lower than the corresponding values calculated by use
of appendix B. For the range of deflection angles shown in figure 7, the
decrease in the calculated 35‘ values (estimated performance curve, fig.
7) from the sine curve amounts to about 3 percentage points. The measured
32 value at a 6y of 500 falls about 54 percent above the calculated

values. At small total deflection angles (less than 30°) the experimental
32 values fall approximately on the estimated performance curve.

At a particular total deflection-plate angle, greater .9i values
usually are obtained for configurations with large 67 than with small
6,. For example, at 64 of 30° the configuration with 61 of 20° has
an .41 value of 0.455 compared with -9i of 0.410 for a configuration
with 67 of 10°. Within limits, the 6z at which jet detachment occurs
from the deflection plate is independent of 67.

RBecause the local surface pressure coefficients were essentially zero
over the last half of the second deflection plate (see appendix C), a .
reduction in the length of the second plate from 5.2 to 2.75 inches had
no appreciable effect on the measured & and % values (fig. 7).

A comparison of the data shown in figure 7 with that given in ref-
erence 2 shows that a two-flat-plate configuration can be deflected to
considerably larger 64 values than a single flat plate before jet de-

tachment occurs. Consequently, larger -9E, values can be obtained with
two flat plates than with a single flat plate. Specifically, for
deflection-plate lengths and angles approaching optimum values (defined
as deflectors having negative surface pressure coefficients over their
entire surface with a zero pressure coefficient initially occurring at
the downstream end of each plate; see also ref. 2), a two-flat-plate con-
figuration can deflect the jet to angles about 50 percent greater and
obtain 3%4 values about 30 percent larger than those obtainable with a

single-flat-plate configuration.

Three flat plates. - The é’i and .9; values for Coanda nozzles using

three flat plates to deflect the jet stream are shown in figure 8 as a
function of 6. Nozzle heights of 2.0, 1.1, and 0.5 inch were used

together with individual deflection-plate lengths of 2 to 4.88 inches as
noted in the figure. 1In general, the data show the same trends of in

and 32 with increasing 6y and 67 values as discussed for the

e =
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two-flat-plate configurations. The reduction of the measured 35 values

from those given by the estimated performance curve amounts to about 17
percent for 6t values less than 60°. With a nozzle height of 0.5 inch

(fig. 8(c)), it was possible to obtain total deflection-plate angles up

to 89°; however, the attendant JZL values were only of the order of 0.66
(14 percent less than calculated values), because the lift was obtained
primarily from the first two plates. The third plate, because of its
steep deflection angle relative to the horizontal nozzle axis, contributed
almost wholly to reducing the axial thrust.

The &, values for 6, near 60° (fig. 8(b)) are generally greater

by up to 47 percent than those given by the estimated performance curve.
At total deflection-plate angles near 90° (fig. 8(c)), the measured %

value of 0.12 greatly exceeded the calculated value of -0.35 because of
failure of the jet to turn the complete angle prescribed by the flat
plates and because of the simplifying assumptions used in the equations
Presented in appendix B. The inability of the jet stream to turn the full
total angle prescribed by the deflection plates was observed for all con-
figurations and deflection angles; however, this phenomenon ‘was more
evident at large total deflection angles.

Six flat plates. - While the two- and three-flat-plate configurations
were studied over arbitrarily selected deflection-plate lengths and angles,
the individual plate lengths and angles for the six- and nine-flat-plate
configurations (the latter to be discussed later) were calculated by use
of the single-flat-plate data of reference 2 in order to obtain near
optimum performance. For a prescribed total deflection-plate angle, equal
local deflection angle between adjacent plates, and a given number of
Plates, a plate length was calculated that would result in negative sur-
face pressure coefficients over the entire surface with a zero pressure
coefficient approximately at the downstream end of each plate.

For the six-flat-plate Coanda nozzle (h = 2.0 in. and Or = 750),

an J?i value of about 0.805 was attained compared with a calculated value
of 0.896. The measured 32 value was 0.345 compared with the calculated
value of 0.141, indicating that the jet stream did not turn the full 75°
prescribed by the deflection plate. It is believed that the decrease in

average total pressure of the jet stream with distance downstream from
the nozzle exit also contributed to the reduced -9i and increased %

values. Further discussion of the performance compared with that calcu-
lated empirically is contained in appendixes C and D.

A comparison of the #, value obtained with the six-flat-plate con-
figuration with that interpolated for the three-plate configuration at a
6y of 75° (fig. 8(c)) shows that the %, value for the six-plate con-

figuration is about 19 percent greater than that for the three-plate
configuration.
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Nine flat plates. - The experimental and calculated -?i and 52

values for a nine-flat-plate Coanda nozzle (h = 0.5 in.) with each plate
designed on the basis of optimum ratio of plate length to nozzle height ~
for single plates (ref. 2) is shown in the following table. The data

shown include the effect of using 6; values of 0°, 109, and 20° with a

corresponding change in 6y of 80°, 90°, and 100°, respectively:

Local |Total Z Z
angle |deflection- :
of plate angle, Exp. |Calc.|Exp. [Calc.
first Gt,
plate, deg
61,
deg
0 80 0.808(0.919|0.270|0.081
10 90 <885 919" (135(=.096
20 100 .884| .892| .020|-=----

A maximum 55 value of 0.885 was obtained at the design 6y of 90°,
compared with a calculated value of 0.919.

A change in 9l of 410° from the design angle of 10° caused a de-
ceease in the measured & values, especially when 6; was reduced to
0°. TFor 6, of OO, the first plate contributed practically no 1lift,

because, as shown in table I, the negative pressures (yielding lift) on
this plate were balanced by positive pressure. Consequently, the Fp

value was reduced (from 0.885 to 0.808), since the deflection plate con-
sisted effectively of only eight plates with a 64 of 80°. With a 61

of 209, the 1lift on the first plate was increased; however, the last plate
(64 = 100°) had a downward force component that decreased the 1ift gain
from the first plate. Furthermore, the other plates (2 to 8) had some-
what reduced lift components because of flow interactions due to deflecting
the first plate to a larger angle than that between the succeeding plates.
The result of all of these effects caused the .9i value for Gt of 100°

to be substantially the same as that at 64 of 90°.

For the three 64 values studied with the nine-flat-plate config-
uration, the measured 4% values were always greater than those calcula-

ted. At a 6t of 100°, however, the & was nearly zero, so that only
vertical 1ift was being obtained.

I ADs
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Curved plates. - Previous unpublished NACA data for Coanda nozzles
have shown that, when a curved deflection plate is tangential to the noz-
zle centerline at the nozzle exit, a positive surface pressure relative
to ambient pressure is obtained on the plate near the nozzle exit. This
positive surface pressure causes a downward force on the plate and con-
sequently reduces the over-all 1ift of the configuration. The curved
plates used herein, therefore, consisted of a straight section inclined
downward near the nozzle exit followed by the curved contours shown in
figure 6. The straight section of the deflection plate was generally
designed in accordance with optimum ratios of nozzle height to plate
length presented in reference 2, with the result that only negative sur-
face pressure coefficients occur on this portion of the deflection plate.

The measured &, and % values obtained with a Coanda nozzle using

a curved deflection plate are summarized in the following table
(Pn/po = 2.1):

Config- | &, values | & values®
uration

A 0.815 -0.04

B .810 -.02

C .807 -.04

D S{f74e) il

E .803 Al

F .803 -.02

8Minus signs indicate that the jet
stream was turned more than 90°,
yielding a reverse thrust in the
axial direction; plus signs indi-
cate that the jet stream was not
turned 90°.

These data show that a curved surface with a 90° angle at the downstream
end of the plate (configurations D and E) will not turn the jet stream
as much as the deflection angle specified by the plate. It is necessary,
therefore, to "overturn" the defléction plate (see configurations A, B,
C, and F) by an angle of perhaps 10° in order to turn the Jjet stream the
required 90° and obtain an & value of zero.

A comparison of the data obtained with the curved-plate configuration
with those for the nine-flat-plate configuration shows that the latter
has an 55' value about 0.07 higher than that of the curved plates (0.88

to 0.81, respectively). It should be noted, however, that the curved-
plate configurations studied herein are not considered optimum deflection-
plate profiles (see also appendix C). Also the details of the degree and
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means for overturning the deflection plate at the downstream end have
not been fully explored.

Comparison of Performance for all Coanda Nozzles Tested

The performance of the various Coanda nozzles studied herein is sum-
marized in a plot of the variation of 32 with 35, shown in figure 9.

The measured-data curves shown in figure 9 were obtained by fairing a
curve through the highest 551 values at each 6; presented in the previ-

ous figures and in the tables. Also shown in figure 9 are the performance
curves for single-flat-plate and perfect curved-plate mechanical deflec-
tors. All the data, except for the three-flat-plate configuration, used
to deflect the jet near 90° (h = 0.5 in.), fall between the envelope of
these two curves. The performance of the three-flat-plate configuration
for a nozzle height of 0.5 inch was relatively poor, primarily because

the .9i value was low since the third plate virtually did not contribute

to lift, as discussed previously. The best performance (as defined by
nearest approach of the experimental data to the cosine-law curve) for
large total deflection-plate angles was obtained by the six- and nine-flat-
plate configurations. In general, the measured jFL values of the best

Coanda nozzles for 6, values greater than 70° (-’; values less than

about 0.3) were about 85 percent of those calculated for a perfect curved
plate.

CONCLUDING REMARKS

The results of this study show that Coanda nozzles using multiple-
flat-plate or curved-plate deflectors can achieve a 90° deflection of the
jet stream with vertical-lift values of the order of 0.88 and 0.81,
respectively, of the undeflected thrust. These 1ift values are accompanied
by an essentially zero axial-thrust component. The measured 1ift 'values
are not considered to be optimum for a Coanda nozzle, higher values pos-
sibly being attainable with more refined deflectors.

For the Coanda nozzles used herein, side plates were required to delay
jet-stream detachment from the deflection plate. The optimum shape and
height for these side plates were not determined; however, side plates
of the same height as the nozzle and extending the full length of the de-
flection plate appeared to be adequate.

As pointed out in reference 2, the deflection surfaces may necessarily
be large in order to achieve good performance for a high degree of jet-
stream turning for use with VIOL aircraft; therefore, best utilization of
a Coanda nozzle can be achieved by designing an aircraft with due consider-
ation of the unique characteristics of the device rather than by

LOBY
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incorporating it in an existing aircraft. Any trim or pitching moments
that might be caused by the location of the center of pressure for the
deflection plate (see table I) would have to be compensated for by an ap-
propriate reaction control device.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, July 24, 1958
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APPENDIX A

SYMBOLS
deflection-plate drag force, 1b
force measured by strain-gage system at location noted, 1b
undeflected jet thrust (no deflection plate), 1b
force or 1lift normal to plate surface, 1b

ratio of lift to undeflected thrust, L/Fj

ratio of axial thrust with deflection plate to undeflected
thrust (also called axial-thrust ratio)

nozzle height, in.
vertical 1lift, 1b

length of an individual flat plate in a multiple-flat-plate
configuration, in.

total length of deflection-plate configuration, in.

surface distance measured from upstream end of a deflection
plate to an arbitrary point on deflection plate, in.

jet total pressure, in. Hg gage

average total pressure of jet downstream of nozzle exit, in.
Hg gage

maximum total pressure of jet downstream of nozzle exit, in.
Hg gage

jet total pressure, in. Hg abs

local static pressure on deflection plate or in jet stream as
noted, in. Hg abs

atmospheric pressure, in. Hg abs

vertical location of center of pressure referenced to lower
lip of nozzle exit, in.
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z horizontal location of center of pressure referenced to
nozzle-exit plane, in.

ZyZ horizontal lever arms, in.

e local deflection-plate angle, deg

O+ total deflection-plate angle, deg

Subscripts:

L lift

1,2,3, ... Dplate number

Ly
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APPENDIX B

ESTIMATED PERFORMANCE OF MULTIPLE-FLAT-PLATE DEFLECTORS
By Thomas F. Gelder

As demonstrated in reference 2, the experimental performance (7

and %#; values) of a single-flat-plate deflector is reasonably represented
by the following expressions:

F1, = sin 67 (Bla)
% =1 - tan 6] sin 6y (B2a)
from which, by definition,

L

Fj sin 67 (Blb)
Dl = Fj tan 91 sin 91 (sz)
An integration of local pressure differences from ambient along the single-

flat-plate length (plate area for unit width) can be represented by a
single force normal to the plate FN,l' The vertical (1ift) and horizontal

(drag) components of this normal force are
L, = Fy,1 cos 6 (B3)

and

Il

Dl FN,l sin 91 (B4)

Combining (B3) and (Blb) or (B4) and (B2b) results in
Fy,1 = Fj tan 6; (B5)

By assuming that the jet stream will turn from the first plate and
follow a second plate in the same manner (same losses and/or augmented
flow) as it left the nozzle exit and followed the first plate, a method
for predicting the performance of a two-plate deflector is suggested.
Such reasoning implies a normal force on the second plate analogous to
equation (BS), or

Fy,2 = Fj tan 6; (Bs)

LO8BY
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Likewise, throughout any given multiple-flat-plate deflectors,
FN,i = FJ' tan Qi (B7)

Since 03 1is defined as the local angle between adjacent plates, the 1lift

and drag components of the ith Plate are a generalization of equations
(B3) and (B4), respectively, or

i=n

Lj = Fy,; cos 04 (B8)
1=
i=n

Dj = Fy,; sin 65 (B9)
i=1

With equation (B7) the total 1ift and drag for a multiple-flat-plate con-
figuration are, from (B8) and (B9),

e — Ly -+ L2 e te Ln

= k=i
= Fj[}an 61 cos 6, + tan 6, cos (61 + 92)+ ets tan 64 cos 9#]

(B1O)

l»
I

-D1+D2+-on Dn

i=n =1
Fj [}an 61 sin 6; + tan 65 sin (61 + 65)+ ... ;E; tan 6; sin ) Gk]
(B11)

From the definition of & and &, equations (B10) and (Bll) become

L
i
J
i=n k=i
=tan 6; cos 6) +tan 6z cos (6, +65) +... - tan 6, cos ‘ 0,
1= =

(B12)
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i=n k=
l-—[%an 61 sin 67 + tan 02 sin (61 + 02) + ... tan 64 sin Q%
=1 k=1

(B13)

The performance estimates of multiple-flat-plate configurations using
(B12) and (B13) represent maximum & and minimum & values to be ex-

pected and should only be used as a guide. Actual performance will depend
on plate length, nozzle size, entrainment of surrounding air by the Jjet
stream, and so forth, as discussed in reference 2, and also will dififer
from (Bl2) and (Bl3) because of losses in jet-stream total pressure as
indicated in appendix D. Finally, local deflection angles are limited by
jet-stream detachment from the deflection plate (ref. 2).
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APPENDIX C

PRESSURE DISTRIBUTION OVER DEFLECTION PLATES

Order of magnitude and trends of specific effects on the pressure
distribution over the deflection plate due to pressure ratio, plate
length, local and total deflection angles, number of plate segments, and
nozzle height are discussed in this appendix.

A complete tabulation of the local surface pressure coefficients as
a function of distance along the plate surface measured from the nozzle
exit is given in table II for the multiple-flat-plate and curved-plate
configurations.

Multiple Flat Plates

Representative pressure distributions for the multiple-flat-plate
configurations are presented in figures 10 to 13 in terms of local sur-
face pressure coefficient (p - PO)/Pj as a function of local deflection-

plate length 1' measured from the upstream end of each plate in the
deflection-plate configuration. Pressure distributions for configurations
having equal local deflection-plate angles (91 = 92 = 63 ...) Were

selected for these figures. Furthermore, for each configuration the
pressure distributions for the individual plates are super imposed for
purposes of data comparison. Where possible, the pressure distribution
for a single-flat-plate configuration (ref. 2) is also shown for com-
parison. Finally, small inserts in the figures show the local surface
pressure coefficients as a function of the total deflection-plate
length 14.

The pressure-distribution trends observed for all multiple-flat-
plate configurations are summarized as follows: The pressure distribu-
tion over the first plate of a multiple-flat-plate configuration has the
same general shape as that for the single-flat-plate configuration (see
Pl ol ONte 12) except near the downstream end of the first plate, where
the local surface pressure coefficient is greater for a multiple-flat-
plate configuration than for the single-flat-plate configuration. A
small decrease in (p - PO)/Pj near the upstream end of the plate also

is evident for some of the multiple-flat-plate configurations. The
second and succeeding plates of a multiple-flat-plate configuration show

progressively decreasing local surface pressure coefficients (less
negative values) near the upstream portions of the plate compared with
the (p - Pg) /Pj values for the first plate (and single-flat-plate data).

The decrease in the local negative surface pressure coefficients over
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the upstream portions of the second and succeeding deflection plates
results in a decrease in 1lift for these plates compared with that pre-
dicted by single-flat-plate data. Some increase in 1ift is obtained by
the higher negative (p - PO)/Pj values over the downstream portions of

the first plate; however, the decrease in 1lift of the other plates in a
configuration generally outweighs this improvement.

Details of the pressure distributions for each multiple-flat-plate
configuration are discussed in the following sections.

Two flat plates. - In figure 10(a) the pressure distribution over a
two-flat-plate configuration is shown for nominal pressure ratios of 1.8
and 2.7 and a local deflection angle of 10° (67 = 65 = 10°). The dash-

dot curve in the figure is the pressure distribution measured for an
otherwise similar Coanda nozzle using a single-flat-plate deflector for
67 of 10° (ref. 2). Similar data at a local deflection angle of 20°

and a PN/PO of 2.7 are shown in figure lo(b). The general pressure-

distribution trends described previously occur both for above and below
nozzle choked-flow conditions. The decreased &, value (compared with

calculated) for the two-flat-plate configuration shown in figure 7 and
discussed in the text is attributed primarily to the decrease in local
surface pressure coefficients over the upstream portion of the second
plate (square symbols, fig. 10).

It is of interest to note that the second plate for the configura-
tions shown in figure 10 was excessively long, as evidenced by the initial
location of the zero pressure coefficient upstream of the end of the
plate (see ref. 2), and that some increase in .gi could be obtained by

using a shorter second plate and thus deleting that portion of the plate
over which positive pressures exist without affecting the remaining
pressures over the rest of the plate (ref. 2).

Three flat plates. - The deviations of the pressure distribution
for successive deflection plates of a three-flat-plate configuration com-
pared with single-flat-plate data (fig. 11) followed the trends noted
for the two-flat-plate configuration. The local surface pressure coef-
ficients for the third plate (constant 6 values) were lower (less nega-
tive) than those for either the first or second plate. This factor con-
tributed largely to the decrease in ‘gi values for the three-flat-plate

configurations (fig. 8) compared with calculated values.

Six flat plates. - The decrease in 1lift caused by the progressively
reduced local surface pressure coefficients over successive plates of the
six-flat-plate configuration (fig. 12) is illustrated by comparing the
1ift normal to the surface obtained from each plate (obtained by integra-
tion under the pressure-distribution curves) with that for the first

LO8Y
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plate and that for a single flat plate (ref. 2). These comparisons in
ratio form are shown in the following table:

Plate|Ratio of Ratio of
normal 1ift normal 1ift
of each plate|of each plate

to normal

1Lift of ‘First

to normal 1lift
of single flat

plate plate (ref. 2)
il 1.00 110
2 .69 116
3 .64 .70
4 .60 .66
5 ~515) <61
6 e ST

These data show that, except for the first and last plates, the
plates contribute only about two-thirds of the normal 1ift obtainable
with a single flat plate for the same operating conditions. The sixth
plate has a normal 1ift only about one-fourth of that for the single flat
plate. This low 1lift may be explained by the fact that the Jjet stream
is not being turned to the complete 64 of the deflection surface, and

local jet detachment may be occurring.

Nine flat plates. - For the nine-flat-plate-configuration (fig. 13),
the effect of decreased local surface pressure coefficients with down-
stream location of the particular deflection plate on the 1lift normal to
each plate was substantially the same as for the six-flat-plate config-
uration. In the following table the 1ift normal to each instrumented
plate (odd-numbered plates) is compared with that for the first plate:

Plate|Ratio of normal
1ift of each
plate to normal
1ift of first
plate

1.00
SO
.68
-S7
.28

O N U1

These data are for 6, of 90° (6; = 10°). As for the six-flat-
plate configuration, the normal 1ift for the downstream plates is reduced.



24 NACA TN 4377

Curved Plates

Typical pressure distributions over several curved-plate configura-
tions are shown as a function of distance along the deflection plate in
figure 14. In general, the local surface pressure coefficients over the
straight section of the deflection plate are comparable in magnitude
to those obtained with the single-flat-plate configurations of reference
2. In the transition region where the straight section fairs into the
curved portion of the deflection plate, the local surface pressure
coefficients increase again to reach large negative values (up to about
—0.5). Following this negative surface-pressure-coefficient peak, in
the transition region the coefficients oscillate widely in a series of
alternating peaks and valleys before tending to decrease monotonically
with increasing surface distance along the plate.

Efforts to eliminate the regions of low negative pressure coeffi-
cients by a change in over-all radius of curvature of the deflection
plate proved unsuccessful. It is believed that small local changes in
curvature of the deflection plate would eliminate these valleys in the
pressure distribution and thereby increase the 1ift obtainable with a
curved deflection plate over the .95 values given in the text. The

present setup, however, was not sufficiently flexible for the study of
such local effects on the performance of the configuration.

The effect of pressure ratio on the pressure distribution over con-
figuration A is shown in figure lé(a). It is apparent from these data
that no systematic trends are discernible.

Pressure distributions for configurations E and F were substantially

similar to those shown in figure 14 and are not further discussed.

LO8Y
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APPENDIX D

EFFECT OF JET-STREAM TOTAL-PRESSURE LOSSES ON DEFLECTION-PLATE PRESSURE

DISTRIBUTION AND LIFT CAPABILITY

The local pressures obtained on the surface of the deflection plates
are expressed herein in terms of the average total pressure of the Jjet
stream measured near the nozzle exit. Also, in the calculated perform-
ance herein it was assumed that the total pressure of the jet stream
remains constant with distance downstream of the nozzle exit. However,
for an undeflected jet, increasing total-pressure losses do occur with
progressively increasing distance downstream of the nozzle exit because
of mixing with the quiescent air surrounding the jet stream.

Total- and static-pressure traverses of the undeflected jet stream
at several downstream stations were made with the 2-inch nozzle; the
resultant total-pressure profiles are shown in figure lS(a) for a
nominal pressure ratio of 2.1. It is apparent that the total-pressure
profile increases in height (measured vertically from the nozzle center-
line) and also that the maximum total pressure at the jet centerline
decreases with increasing distance downstream of the nozzle exit. Near
the nozzle exit (0.5 in. downstream) the total-pressure profile shows a
nearly flat, rectangular shape similar to the shape usually existing at
the nozzle exit. Farther downstream the total-pressure profile is no
longer flat but shows a decrease in total pressure with increasing height
measured vertically from the jet centerline.

These total-pressure profiles were integrated, and the ratio of the
average total pressure downstream of the nozzle exit to total pressure
at the nozzle exit Pj,d/Pj is shown in figure 15(b) as a function of

distance downstream of the nozzle exit for a range of pressure ratios.

Figure 15(b) shows that the average total-pressure ratio Pj,d/Pj de-

creases with increasing distance downstream of the nozzle exit. TFor the
nozzle studied, Pj,d/Pj of 0.56 was obtained 11.88 inches downstream of

the nozzle exit. Also shown in figure 15(b) is the ratio of the maximum
value (nozzle centerline) of the local jet total pressure to the total
pressure at the nozzle exit Pj,m/Pj' This total-pressure ratio also

decreases with distance from the nozzle exit, attaining a value of 0.66
11.88 inches downstream of the nozzle exit.

The deterioration of the jet total pressure downstream of the nozzle
exit helps to explain in part the reduction in the local negative surface
pressure coefficients on successive plates with a multiple-flat-plate
configuration. All other factors remaining equal, the pressure distri-
bution over each plate (hence normal 1ift) is a function of the total
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pressure of the jet stream passing over each plate. A reduction in jet
total pressure will therefore result in decreased local pressures on a
plate and a reduction in normal 1ift over the surface. It was observed
that, when the ratio of the average surface pressure coefficient for a
given plate to that for a single flat plate is plotted as a function of
distance downstream of the nozzle exit to the midchord of the particular
plate, the resulting values are similar to those for the average total-
pressure ratio Pj,d/Pj given in figure 15(b). However, this observa-
tion may be fortuitous, since the effect of a deflector such as the six-
flat-plate configuration on the local jet-stream total pressures was

not determined. While an effort was made to obtain total-pressure pro-
files of the Jjet stream over the six-flat-plate deflector, the presence
of the pressure probe markedly affected the pressure distribution over
the plate being studied and caused a loss in 1ift for the configuration
(in some cases jet separation from the deflector occurred). The total-
pressure data obtained under these circumstances were not considered
valid and therefore are not included herein.
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TABLE I. - SUMMARY OF PERFORMANCE CHARACTERISTICS

(a) Two-flat-plate configurations; nozzle height, 1.1 inches; 13 = 2.0 inches

Deflection- |Pressure Ratio of 1ift |Axial-| y, Z, Comments
plate angle, [ratio, to undeflected| thrust| in. in.
deg PN/p0 thrust, ratio,
7 z,
91| 6, L z
1o =5.2 in
L0 LO; 151 0.301 0.929 |-0.66 |-0.23
' 1.82 Al .909 =29 15
2,11 .286 .894 .69 | 2.05 -
2,72 .304 .911 AR b G
3.04 .300 .899 .06 .96
15 1.51 0.329 0.881 0.67 | 1.60
182 .354 .860 .61/1.58
210 .356 .853 <84 122
3.05 + S92 .836 .62 | 1.86
20 1.53 0.400 0.842 | 1.47| 2.29
1.84 .413 .814 1.41( 2.75
2.11 413 <797 1.31 | 2.57
2.69 .427 817 | 1.11 | 2.34
3.03 .447 . 790 1.43 | 3.25
25 1.51 0.476 0.728 1.92 | 3.24
1.80 .480 P 8 L (e o i i )
2,15 .496 674 2.42 | 4.27
2.74 .498 703 | 1.89 | 3.16 |Jet detachment at PN/p0 > 2.9
30 1.51 0.550 0.654 2.40 | 3.36
1.85 .526 .630 2.80 | 3.92|Jet detachment at PN/PO > 2.0
1510 1.50 0.369 0.878 0.36 | 1.00
1.80 372 871 3T 2107
2.14 - SiD .853 .38 1.18
271 .396 .870 «45 | 1737
3.03 «397 .859 .34 1 1.31
20 1.52, 0.491 0.786 1.02 | 1.58
1.83 492 . 758 1,22 [71.51
2.10 480 744 1.335 | 1.97
2.2 513° 762 1.01 | 1.86
3.00 .513 .754 1769 [52:70
25! 1352 0531 0.699~ -1 . 754 2,11
1.83 .541 S e e e
2.14 555 625 2.42 | 3.05
2,70 .555 691 1.83 | 2.45
3.06 .462 734 2.57 | 3.13 |[Partial jet detachment
2.87 .560 .672 2.521:2.99
30 1.50 0.589 0.597 2.44 | 2.66
1.82 .578 =970 2T 2385
2.70 585 .682 | 2.74 | 2.80
5.04 .258 »891 2.09 | 1.79 [Partial jet detachment
20 | 10 1.52 0.427 0.824 0.38 | 0.90
1.84 442 .785 .44 | 1.01
2.14 460 813 .43 e
3.06 .463 .805 .33 | 1.66
20 1.82 0.543 10.717 1.03 | 1.44
2.12 .552 { .708 1.14 | 1.44
2L 72 .556 718 L2549 ka1
3.04 .493 . 734 1.6) | 2513
25 1.50 0.604 0.667 1.39| 1.44
1.80 .600 .630 |[1.49]1.73
2.13 600 620 1.95 | 2.00
AT .588 .658 749292510
3.04 .492 <6861+ 1'2.384] 2,15
30 1.50 0.634 0.560 2. T A5 87
1.8¢ =635 .530" |12.585 ] 2.25
2.14 586 580 2.75 | 2.27
2.70 .569 595 |2.71| 2.34 |Jet detachment at Py/pg > 2.8
lp = 2.75 in.
15 | 10 1.81 QBT 0.913 0.38| 0.96
1.83 .370 .893 .46 | 1.04
2.14 .375 .866 .48 | 1.08
20 1.53 0.490 0.811 1.14 | 1.34
1.83 .488 .763 1.41 | 292
2213 491 . 751 1.35| 2.03
2.75 «531 .744 13542802
20 | 10 1.52 0.451 0.873 0.45 | 0.96
1.80 .455 .842 «50. | 118
2.12 450 .827 .45 «95
2.68 .459 .822 .64 | 1.28
3.02 .442 .806 <87 3 .61
15 1.50 0.505 0.811 0.59 | 1.06
1.82 .548 .782 781 1.30
2t 517 7aa 91 [1.51
3.05 .469 773 127 202
20 1.50 0.562 0.785 0.95 | 1.37
1.83 .552 .736 12195 3559
2411 569 <702 1.38 | 1.64
2.58 564 705" + |1 d 710
3.03 .274 .859 |1.09 | 1.36 |Partial jet detachment
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TABLE I.

(b) Three-flat-plate configurations; lp = 2.75

- Continued.

SUMMARY OF PERFORMANCE CHARACTERISTICS

Deflection- Pressure |Ratio of 1ift Axial- E 2l
plate angle, |ratio, to undeflected | thrust in. in.
deg P._/p thrust, ratio,
N "0 7
91 92 93 L Z
h'= 2.0 ins; 1y = 255 1ns
10 | 10 | 20 1.51 0.498 0,723 3.88 [5.48
1.81 .492 s 155 3.98 |5.86
212 .492 T2 4.17 [6.50
2.69 .548 - T5L 3.85 |55.94
15 1.51 0.478 0.813 2.98 |4.56
1.81 .4865 + 795 2.82 |4.84
2413 .462 . 704 3.03 (4.96
2.70 .497 + 87 3.00 [5.535
15 | 20 1.52 0.556 0.711 3.88 15.01
1.80 .526 .679 3.94 |5.55
2413 .558 .667 %.80  |5+36
a2 .543 .684 4,01 |5.82
1581 15" |20 1.50 0.608 0.644 4.08 [4.04
1.81 +598 .634 4.20 (4.15
2 .613 .616 4.32 [4.03
2670 .578 .647 3,93 |4.62
h =1.1 in.; 13 = 2.0 1In.
10 | 10 |10 e | e S e S e e 2 e
2.08 0,399 0.841 2735|502
2.72 .423 .838 1597 [[5:59
2.96 .434 .808 2225851
20 q582 0.465 0.743 3.88 [5.07
2=09 477 o121 3.51 [4.74
2.66 .504 STALT 2.64 (4.89
3.00 .476 .716 3.90 |5:58
25 1.83 0.488 0.676 470 |5.79
212 .504 .639 4,761 |5.18
2.69 <507 653 518 1605
SL0% .487 .678 5.03 [5.68
15 |20 |25 1.81 0.637 0.482 4.38 |3.29
2.10 .633 .469 4.49 |3.39
2.68 .643 474 4.46 |3.33
2.98 .623 Bk 4.24 |3.55
20 |10 |10 1.80 0,532 0.730 1.36 [1.91
2.10 “Dab .726 1510 | 3598
2.67 .549 Si-1) 1.91 |2:36
2.98 «523 . 741 1.90 |2.50
20 185 0.604 0.612 Fe ol 8l
2.12 .602 .606 3.56 |2.95
2.70 .568 <617, 3.46 [2.95
3.00 .542 .665 3.40 [3.12
20 | 10 1.80 0.618 0.612 220 12,15
2.12 .631 .600 2025 2218
2.72 633 .642 2,28 |2.22
3.04 532 .691 1.85" | 2419
20 1.80 0.688 0.484 3.57 [2.40
2reilil .679 477 3.59 |2.44
2.69 658 335 302 24T
.01 ot .663 2.39 |2.38
h = 0.5 1n.; 19 = 2,5 1n.
20 | 25 | 25 1.80 0.682 0.316 23.78 |2.60
2.10 .665 .270 3.65 [2.84
272 .654 285 3.88 |2.90
3103 .672 w2l 4.21, |2+.53
22| 25 | 30 1.80 0.689 0.236 4,37 |2.20
2.30 .683 <198 4,29 |2.29
2.69 .648 .180 |4.86 [2.60
25 |26/ 1155 1.80 0.683 0137 4.96 '|1.65
2. 11 .642 .106 5.08 | 191
2,70 .638 .068 5.25 11.91
3,03 .630 .046 5.79 |1.87
52 | 52 1.80 0.693 0.068 4,32 [1.66
il .658 .061 4,60 |1.93
2.70 674 .033 4 .51=| 1293
3.02 .673 .018 4,68 |2.10

NACA TN 4377

inches; 13 = 4.88 inches

Logy -+
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TABLE I. - Concluded. SUMMARY OF PERFORMANCE CHARACTERISTICS

(¢) Six-flat-plate configuration; nozzle heighg,

2.0 inches; each deflection-plate angle, 125 ;
each plate length, 2.0 inches

Pressure | Ratio of 1ift | Axial-| 7, Z,
g; ratio, to undeflected | thrust | in. in.
o PN/pO thrust, ratio,
= 7. z
z
| 1.50 0.785 0.315 |.25.2 :25:4
‘ 1.78 .788 Ssfiigslia5. o sdziL
oLiiD .808 .345 5.23| 3.4
@Estimated.

(d) Nine-flat-plate configurations; nozzle height,
0.5 inch; each plate length, 0,6 inch; 5
deflection-plate angles 92 to 99, 10~ each

6., | Pressure | Ratio of 1ift | Axlal- Y, 25
ik
a6 ratio, to undeflected | thrust | in. in.
€| py/p, | thrust, ratio,
£ % (a) |88
0 aLes) 0.811 @R2T7 225 ' 1D
2:10 .808 .270 25200 1146
2T .835 A 200 20 2ir 7/
10 .82 0.880 0.135 2.0 1.4
X 2.10 .885 Pl P ol B LT
ST .885 211 ] 159 155
3,00 .885 5A56(0) 1.8 158
- 20 o8 0873 0 2.0 a3
211 .884 .020 2.0 k%]
2.69 +8TS .014 1508 3 5415)
5.02 .861 0 158 165
8Estimated.

(e) Curved-plate configurations; nozzle height, 1.1 inches

Config- PlategAWPressure Ratio of 1lift |Axial- | ¥, 2
uration |length, |ratio, to undeflected |thrust In. dn,
in. P _/p thrust, ratio,
i F P
W 2
(a)

A 825 1.49 0.800 0. 2025 2.08
80 .819 -.03 2.24 1.86
2.09 LSS -.04 227 2:02
2.46 .810 0 2.15 2.06
2.66 .766 «19 19695 2.01
B 9.00 4549 0.801 0502 2570 2010
1.81 .804 0 2.69 2815
2l .810 -.02 2.65 2410
2,69 .788 o0 2:.359 2.42
2.88 774 s Ot 22 2.56
C 7.60 N T9 0.842 -0.03 2525 1.60
2.09 .807 -.04 2522 14635

D 11.25 | 2.09 0.770 0.21 [P3.2 [P4.5

: E 11.25 2.09 0.803 0.12 |P2.95 |P4.5
F 8.25 2.11 0.803 -0.02 |k2.0 [P2.3

aNegative sign indicates reverse thrust (excessive turning of
Jet stream%.

PEstimated.




TABLE II. - PRESSURE DISTRIBUTIONS FOR MULTIPLE-FLAT-PLATE AND CURVED-PLATE COANDA NOZZLES
(a) Two-flat-plate configuration; nozzle height, 1.1 inches; length of first plate, 2.0 inches
(1) 15 = 5.2 4n.; po = 28.93 in. Hg abs; 8; = 10°

0o¢g

Plate angle 6, 10° 0p, 15° 8, 20° 6o, 25° 62, 30°
PN/bO 1,50 A.82) 2,41 2572 3.04f 161 | 1.82 |s 200 2571 5.0 163 184l 2e690" 3105 | 1,511 1800 2018 | 2id |1 L8
Pj’ in. Hg gage [14.90|23.85(32.15/49.70|58.95(14.80|23.70|31.85/|49.60|59.25|15.35|24.30|32.10(48.80(58.60[14.90(23.30 |33.20(50.30 |14.70(24.70
Local Local surface pressure coefficient, (p - Po)/PJ
surface
distance,
in.
1) = 0.25 -0.28|-0.33|-0.36|-0.13|-0.06|-0.34 |-0.32 |-0.34 |-0.12|-0.04|-0.35(-0.34 |-0.34|-0.12(-0.04 [-0.33(-0.31 |-0.30|-0.10 |-0.35(-0.34
1 .50 -.17| -.23| -,29| -.09| -.02| -.27| -.20| -.27 | -.07 |~O -.28| -.21| -.27| -.08| O -.25| -.20 | -.23| -.06| -.27| -.19
S4SS -.07( -.14| -,23| -.12! -,06f( -,15| -,11{ -,22}{ -,11}| -.04§{ -.17| -.,11{ -.22| -.11{ -,04{ -.15{( -,10| -.26| -,09| -.16{ -,08
1li5(0] -.03| -.06| -.02| -.19| -.12| -.06| -.04 (~O -.17( -.11| -.07( -.04| -.10| -.18| -.11 | -.05| -.,03 | -.01| -.16 | -.06| -.02
1525 -.03| -.02 051 =,27| -.20| -.03] -.0% .07 | -.25| -.19| -.03| -.01 .06 -.25| -.19| -.01| O .08 -.24 | -.02| <.01
1.50 -.07 [<-.01 .07 -.31| -.25| -.03 |~0 07| -.30| -.24| -.03| O .07 -.31| -.24 | -.01 SOl .08| -.30| -.01 .01
1o 7S -.10| -.04 .03| -.15( -.29| -.09| -.03 .03| -.15| -.28| -.08| -.03 .03 -.11| -.29| -.05 <01 .04 -.10| -.05| -.02
lé = 0.5 -0.02|-0.12|-0.36(-0.09|-0.19|-0.22 |-0.24 |-0.39 |-0.22|-0.25|-0.32|-0.28 |-0.26 |-0,29 |-0.21 |-0.27 |-0.22 |-0.18|-0.33 [-0.25|-0.19
1.0 ~0 -.01|~0 -.08y -.10( -.07| -.08| -.14| -.20| -.18| -.18| -.22| -.21| -.25| -.19| -.25| -.21 | -.19| -.17| -.26| -.19
1.5 .01 .01 .05| -.02|( -.02{ -.02| -,01| -.04| -.06( -.10| -.08| -.15| -.16| -.12| -.16| -.23| -.21 | -.19| -.14 | -.25| -.20
2.0 .01 .01 .03 S0 .08 O =01 =02 .03 -.03| -.02( -.09( -.10| -.04| -.13| -.19| -,20| -.19| -.12| -.,09| -.20
20D il .01 .02 SO .07 s O .01 .03 J02 .02 .01| -.03| -.03 .01| -.09| -.14| -.18| -.19| -.10| -.22| -.20
3.0 .01 <0l .01 -.02| -.03 .01 501 +03 08 | == SO .02 01| -.02 .06| -.04| -.07| -.14| -.17| -.08| -.16| -.19
&1 .01 .01 .01 .04 +02 clokit .01 .02 ohk .08 .02 205 .04 .04 |~0 -.02| -.09| -.14| -.05| -.07| =-.17
4.0 = 0] .01 T0f Q2 .05 .01 .01 .01 -.01 .05 .01 .03 .03 .04 .03 .02| -.02| -.08( -.02| -.01| -.11
4.5 <01 [F<s 01 [ = 0l ' ex, O1: .04 O 0 <.01 .02 -.03 .01 .02 .02| <.01 .03 .03 .02 | -.03 .01 03| -.04
(2) 1, = 5.2 in.; po = 28.93 in. Hg abs; 61 = 15°
Plate angle 62, 25° 02, 35° 02, 40° 62, 45°
PN/pO 1.50] 14804 2.14] 2.71| 3.03[ 1.52| 1283 | 210 2:721] 3.00[ 152 183 F 234 |7 2570432067 25 50][, 1 82 |5 21522 207304
PJ’ in. Hg gage |14.40 ?3.10 32.90(49.60|58.60|15.15 |24.15 31.85l49.80 57.90(15.20 (24 .00 |33.10/49.30|59.55 [14.50 |23.75 [33.25(|49.30 (-0.02
Local Local surface pressure coefficient, (p - po)/P'j
surface
distance, g
Lne
li = 0.25 -0.42(-0.37|-0.45|-0.22|-0.14(-0.42 |-0.37 |-0.46 |-0.21 |-0.14 |-0,41|-0.36 [-0.43|-0.20 |-0.13 [-0.42|-0.36 [-0.44 |-0.21 |-0.16
+50 ~-.40| -.35| -.39| ~-.18| -.11| -.39| -.34 | -.39| -.17| -.10| -.38| -.33| -.37| -.16| =.09 | -.39| -.33 | -.38] -.17 | -.12
S5 =232 =429 | ~¢24| -i20| -.13| -.32| =28 | =222 | =19 | =13 =.3L| =27 | =261 ~:18| =12 | .31 | .27 | =28 -.19:| -.24
1.0 =23 | =e22] =16 =e24 | =17| =e22| =20 | =e1d | =23 | =17 | =21 | =.19 | =.13]| ~423) =,16 | =.21 | ~.20/|=.15| .24 | =.18
1325 -.14 ( -.16| -.10| -.30| -.23| -.14 | -.12| -.07 | -.29 | -.23| -.12| -.12| -.06| -.29| -.23 | -.13| -.13 | -.08| -.30 | -.22
1.50 -.08( -.10| -.02( -.32| -.28| -.09| -.09 <-.01 | -.34 | -.28| -.08| -.08 .01| -.34| -.27 | -.08( -.08 | -.01| -.19 | -.06
80 SAS) -.07( -.08 x~.01| -.18| -.31| -.10| -.08 | <.01 | -,29 | -.32| -.09| -.07 .02| -.26| -.,11 | -.08| -.07 .01 -.13| -.03
lé = 0.5 -0.08 [-0.09 |-0.22|-0.10 [-0.19|-0.25 [-0.24 |-0.27 {-0.23 |-0.21 [-0.30 [-0.25 |-0.21 [-0.21 |-0.08 |-0.29 |-0.20 [-0.10 (-0.09 [-0.02
150, -.03| -.03| <.01f -.09| -.12| -.13| -.16| -.16 | -.18| -.21| ~.22( -.21| -.20| -,18| -.08 | -.26( -.20 | -.10| -.10| -.02
15 -.01| -.01 .01 .02| -.04| -.06| -.10| -.20( -,09| -.14| -.16| -.18| -.,19| -.16| -.09 | -.23| -.19 | -.10| -.10| -.02
290 <,01 |~0 <OX .05 .05( -.02| -.05( -.05| -,02| -.11| -.10( -.14| -.17| -.13| -.09 [ -.20| -.18 | -.11| -.11 | -.03
245 Aok .01 QIS =0 Al0Y3 0) -.02|-.01|<.01| -.07( -.05| -.11| -.15| -.08| -.09 | -.16| -.17| -.11| -.10]| -.03
Sie O <.01| <.01 .01 .01 -.01 50 I c< Ao i <O .04| -.04| -.02| -.07| -.13| -.03| -.08| -.11| -.15| -.10( -.10 | -.03
Sy <SVOLS <0 SO .04 0 01 .01 .02 .01 [<-.01( O -.03| -.09(<-,01| -.08( -.07| -.12| -.09| -.09| -.03
4.0 (6] <O <O S=s01 .06 <,01 <103 .02 .03 .02 .01|<-.01| -.05 .01 -.07 | -.02| -.09 | -.08| -.08| -.02
4.5 <-.01| O <.01| -.02 02/ < 01 .01 2O 0L Aok .01 01 =C01 .02 -.06 .01lf -.05] -.05| -.06| -.02
t © * v v
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TABLE II.

- Continued.

(a) Concluded.

5.2 in.; p. = 28.93 in. Hg abs; 6, = 20°
0 1

PRESSURE DISTRIBUTIONS FOR MULTIPLE-FLAT-PLATE AND CURVED-PLATE COANDA NOZZLES

Two-flat-plate configuration; nozzle height, 1.1 inches; length of first plate, 2.0 inches

4807

Plate angle 05, 10° 80 252 65, 30°
PN/pO 162 L;84 ] ‘242,71 3.06| 1.49 2ed2l 5,041 180 ST 80| 2013} 20 7d:10 304 (150 | 1. 84" 2,14 2570,
PJ’ in. Hg gage|15.00|24.35(33.10|49.50(59.50(14.30 49.70|59.00| 14 .45(|23.15|32.80(49.35(59.00| 14 .55(24.30(33.05| 49.25
Local Local surface pressure coefficient, (p - pO)/PJ
surface
distance,
in,
li = 0.25 -0.37|-0.33[-0.47 |-0.31| -0.22|-0.43 -0.30|-0.22| -0.44 |-0.40|-0.52|-0.30|-0.22|-0.43|-0.38|-0.52| -0.30
.50 -.39| -.34| -.37| -.27| -.18| -.43 -.26| -.19| -.44| -.40| -.39| -.26| -.18( -.44| -.38| -.38| -.26
«15 -.38| -.34| -.31| -.28| -.20| =-.42 -.27| -.21| -.42| -.38| -.30| -.28| -.20| -.41| -.36| -.30| -.27
130 -.35| -.31| -.28| -.30| -.23| -.38 -.30| -.23| -.38( -.34( -.27| -.30| -.23| -.36| -.32| -.26| -.30
125 -.30| -.28| -.24| -.34| -.27| -.32 -.34( -.27| -.32| -.30| -.21| -.35| =.27| -.30| -:28| -.21| -.34
13S -.24| -.24| -.15| -.21| -.30| -.25 -.38| -.31| -.26( -.24( -.13| -.26| -.30| -.23| -.23| -.13| -.19
1D =T [ =8N = 0910 = 1T = 20| =20 -.24 -.22| -.21( -,20( -.09| -.21| -.16| -.19| -.19| -.08| -.15
lé = 0.5 -0.08-0.,10|-0.09 |-0.12|~-0.16|-0.18 -0.19|-0.17|-0.24 |(-0.23|-0.23 |-0.18 |-0.13|-0.29 |-0.23|-0.14|-0.13
Jh©) -.03| -.05| -.03| -.08| -.12| -.10 -.15| -.16| -.15( -.17| -.19| -.17| -.14| -.23| -.20| -.14| -.,14
A5 <-.01| -.01| -.01| -.02| -.05| -.05 -.10| -.12| -,09| -.13| -.16| -.14| -.14| -.19| -.18| =-.13| -.14
210 .01 OISR <COT. .01 .01 -.01 -.04( -.08/ -.05( -.09| -.12| -.10| -.13| -.14| -.16| -.13| -.14
2.5 SO .01 ol .01 03| <.01 -.01| -.04| -.01| -.05| -.09| -.07| -.11| -.10| -.13| =-.12| -.13
50 <01 +01 .01 .02|<-.01 .01 01 |- =e0L] " O -.02( -.05| -.04( -.08( -.05| -.10| -.11| =-.12
3O .01 O .01 -.01 .02 Honl; 201 cLoRk .01 <.01f -.02| -.02| -.04| -.02| -.07| -.10|'-.10
4.0 <20l LOL] <301 <O} .02 o1 Sk il ol SOL |0 (0] -.01| O -.04| -.08| -.06
4.5 0 <.01( O < OLE =031 <00, 0 <Ol .01 =0 JOL " <00 .02 .01| -.01| -.06( -.03
= 2.75 in.; pg = 29.80 in. Hg abs
Plate angle 8y, 15% 65, 10° 6y, 15°%; 6,, 20°%; 65, 10° 61, 20% 655 15° 6,, 20°%; 65, 20°
PN/pO ST 85 204, “2,72] 1563 #1485 1e52/:,1.80] 2.12[ 2,68 F.02'|1:50|*1 82 2. 12/ 2,71 305 | IS0 [ 1 Ja3| 2 1|waR S8 E 05
PJ’ in. Hg gage|14.80|24.00(32.85(49.60|15.25|24.05 14.90|23.05|32.40 (48.45|58.35.(14.40 (23.80(32.30(49.40(59.20|14.45|23.95| 32.10| 45.75| 58.70
Local Local surface pressure coefficient, (p - po)/PJ
surface
distance,
in.,
i = 0.25 -0.42|-0.38|-0.45[-0.22[-0.43[-0.38 -0.38(-0.34(-0.49 [-0.32[-0.23 [-0.41 [-0.38[-0.50[-0.31[-0.22]-0.43[-0.39[-0.50[-0.34[-0.24
.50 -.43| -.35( -.39| -.18| -.40| -.35 =.39| -.36| -.38| ~.29| -.20| -.42| -.39| -.38| -.27| -.19| -.44| -.40| -.38| -.31| -.21
- 75 -.32| -.29| -.25| -.20| ~.32| -.30 =38 | =35 =.32| -230| -.22| -4l | -=37| -e32| -.28| =.21]| -.42|-=.37| =31} -.32] -:22
1.9 -.22| -.21( -.16| -.25| -.22| -.20 =036 | =33 -,29| -.32| -.24| -.37| -.33| =.29| =.31| =.23| =.37| -+33| -.27| -.34| -.24
A2l -.14| -.15( -.07 | -.31| -.14| -.14 =32 | =e29| =24 | =.36| -.28 | =32 | -.29| =23 | ~.35| ~27| -<3Y| -.29| -:21| -<38] -.09
1.50 -.08| -.10| -.02| -.33| -.10| -.09 -.25| -.25| -.16| -+21| -.32| -.25| -.24| -.14| -.29| -.31| -.25| -.24| -.14| -.23| -.086
15575 -.07| -.08|<-,01| -.18| -.11| -.09 =.18| =.20| ~.10 | =17 =.19 | -.18| =.19| =11 | =.22| —-.21| -.19| =.20|f -10| -s17]| -.04
lé = 0.5 -0.08(-0.09 (-0,21 [-0.11|-0.29 |-0,25 -0.08 (-0.10(-0.08 |-0.12|-0.15 |-0.05 |-0.14 |-0.16 (-0.16 |-0.17 |-0.19 |-0.19|-0.21|-0.19|-0.03
1.0 -.02| -,03| <.01| -.08| -.12| -.186 =02 | =.04| =.03| =.07| -.11| -.06| ~.08| -.07| =11 =.25]| -.1Y| -+=13| =.16] -.16] --03
1.5 <-.01 [<-.01 .02 .03| -.06| -.10 (0] -.0l1/<-,01| -.01( -.05| -.02| -.04| -.03| -.04| -.09| -.06| -.08| =.09| -.12| -.03
2.0 <. 01 | <01 <02 .04| -.02| -.05 G0k lonk (ot .01 <0110 -.01(<-.01| -.01| -.03| -.02| -.04| -.05( -.07| -.03
2.5 01| <.01 .01 -.01(<=-,01| -.01 .01 .01 O .01 .02 <O .01| <.01 |~0 [0} <-.01| -.01| -.01| -.02| -.04
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TABLE II. - Continued. PRESSURE DISTRIBUTIONS FOR MULTIPLE-FLAT-PLATE AND CURVED-PLATE COANDA NOZZLES
(b) Three-flat-plate configuration; 1l,, 2.75 inches; 1z, 4.88 inches
(1) h = 2.0 in.; 1; = 2.5 in.; py = 28.96 in. Hg abs
Plate angle 6,, 10%; 65, 10°; 83, 15°|6,, 10°; 65, 10°; 63, 20°|6;, 10°%; 6, 1595 6z, 20°|6;, 159; 05, 159 @z, 20°
PN/PO 49 514 EIESRIS 2 Sl S 270 1o 5[l sl [ m2o02 |20 69 125215 802012 o7 1. 50" 81| N2 NATT0)
PJ’ in. Hg gage 14.75|23.55|32.80(49.35 14.70|23.40|32.55(49.10 15.05|23.30| 32.65|49.95 14.60(|23.35|32.20|49.35
Local Local surface pressure coefficient, (p - po)/'PJ
surface
distance,
in,
li = 0.25 -0.48|-0.63|-0.36 |-0.13 -0.49 [-0.64 |-0.36 |-0.13 -0.491}-0.64|-0.35|-0.11 -0.58 |-0.78|-0,49(-0.23
.50 -.38| -.45| -.27| -.05 -.38| -.42| -.27| -.04 -.38( -.39| -.26| -.03 -.54 | -.64 | -.42| -.17
<15 -.29| -.20| -.26| -.05 -.29| -.18| -.26| -.04 -.29| -.15| -.26| -.03 -.49 | -.42| -.41| -.16
1.0 -.21| -.07| -.30| -.10 -.20| -.06| -.30| -.09 -.20| -.06| -.30| -.08 -43 | -.27| -.44| -.19
125 -.15/| -.03| -.36| -.17 -.14 | -.02| -.32| -.17 -.14| -.02| -.34| -.16 -.36| -.20| -.48| -.24
1.50 -.11| -.01| -.16| -.24 -.10} -.01| -.11| -.23 -.11| -.01| -.10| -.23 =30 =15 | =86 | =29
1R75 -.10| -.01| -.04 | -.24 -.09| -.01 01| -.22 -.10| -.01 SO =523 -.24| -.11| -.25| -.33
2.0 -.11| -.02 JO5 | .21 -.10 | -.03 <07 =20 —o il =02 .08 | -.20 -.22| -.09| -.16| -.28
lé =3055 -0.24 [-0.52|-0.32|-0.31 -0.24 |-0.50 |-0.34 [-0.31 -0.42|-0.65|-0.46 [-0.37 -0.30 [-0.46 (-0.35 |-0.38
11.10) -.15| -.13| -.35| -.24 =153 =12 a1t =323 -.30| -.30| -.49| -.36 =22 | =21 | -.35| =33
125 -.12| -.05| -.19| -.18 = pRlIFC 206 =0 Ti6uE =519 -.19| -.18| -.33 | -.24 -.17| -.13| -.13| -.26
2.0 -.11| -.05 03| -.22 -.11| -.05 OfEN (B rere) -.16| -.12| -.14 | -.31 -.16| -.11| -.05| -.21
2145 -.18| -.10 SO -.19| -.10| <.01| -.19 -.20| =-.14| -.07| -.29 -.21 | -.14| -.07| -.18
1! = 0.45 -0.26 [-0.27 |-0.42 |-0.16 -0.34 |-0.30 [-0.51 |-0.25 -0.28 |-0.27(-0.35 [-0.20 -0.29 (-0.25 [-0.25 [-0.18
3 «35 -.16( ,-.15| -.25| -.12 -.24 | -,23| -.25| -.20 -.21| -.20| -.19| -.18 -.22| -.20| -.21| -.15
1.45 -.11| -.10| -.08| -.14 -.18| -.18| -.17| -.18 -.16( -.15| -.14| -.15 -.16| -.16| -.18| -.13
15095 -.07| -.07| -.04| -.11 =olid: et iiE [ < 1S e 5112 =13 | —edl2| —edd ] =13 -e13| =.13| -.15| -.11
2.45 -.05| -.04| -.02| -.04 -.11( -.12| -.10| -.09 -.10( -.10| -.09| -.10 -.10| -.11| -.12| -.09
295 -.03| -.03| -.01| -.01 -.07| -.10| -.07| -.07 -.08| -.08| -.06 | -.07 -.08| -.09| -.10| -.06
3.45 -.02| -.01|~0 -.01 -.05|-.07| -.05| -.05 -.06| -.06| -.04| -.05 -.05| -.07| -.07| -.04
3295 -.02| -.01| O -.03 -.03| -.04 | -.03| -.03 -.04| -.04| -.02| -.03 -.03| -.04| -.05| -.02 =
4.45 -.01 |~0 <.,01| -.02 -.02| -.02| -.01| -.01 -.02| -.02| -.01| -.01 -.02| -.03| -.03| -.01 E;
=
>
g
E: L . v .
\;, & it it - L aese,
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TABLE II.

- Continued.

(b) Continued.

33

PRESSURE DISTRIBUTIONS FOR MULTIPLE-FLAT-PLATE AND CURVED-PLATE COANDA NOZZLES

(2)=be= Tl 1nss 13 = 2.0 in.; pg = 29.25 in. Hg abs

Three-flat-plate configuration; lp, 2.75 inches; l3, 4.88 inches

Plate angle 61, 10%; 65, 10° | 67, 10% 65, 10°; 61, 10°; 65, 10°; 61, 15%; 65, 20°; T
65, 10° 65, 20° 8z, 25° 65, 25°
PN/bO 2.08| 2.72| 2.96| 1.82| 2.09| 2.66| 3.00/ 1.83| 2.12| 2.69 3.01| 1.81| 2.10| 2.68| 2.98
P;, in. Hg gage|31.75|50.40|57.25 |24.05(32.00 (48.55(58.45|24.40| 32.80| 49.45| 58.70(23.60|32.25|49.25|57.85 41
Local Local surface pressure coefficient, (p - pO)/PJ
surface
distance,
H = 6.25 -0.361-0.12(-0.06 |-0.33|-0.44 (-0.13(-0.04|-0.34|-0.32[ -0.11] -0.03[-0.37[-0.46] -0.22 |-0,14
.50 -.29| -.08( -.02| -.19| -.27| -.08|~0 -.18| -.25| -.07| <.01| -<35| -.38| -.17| -.10
«15 Sl =, 12| =06 *=J10 =i 19) =AMV =208 = 08T =L25] =10« 04! =29 ro o oT L LR sn e T e
1.0 <-.01| -.18| -.12| -.04 JO0Ll| =.19] =.11] -.02| <.01] =.17| =.11| =.21] -.15| -.24| ~.18
1.25 .06 -.25| -.20| -.01 07| -.26| -.19|<-.01 .08/ -.25| -.19( -.14| -.07| -.30( -.23
Al bs] .06 =31 <26 =.0F .06| -.29| -.25|~0 07| -.31| -.24| -.10|~0 -.33| -.28
1575 .02| -.15| -.30| -.05 .02| -.10| -.29| -.04 .03| -.13| -.29| -.08 01| =25 —.32
1 = 0.5 -0.32(-0.09|-0.17 |-0,11|-0.35|-0.08|-0.18|-0.11|-0.35( -0.10|-0.18|-0.26(-0.31|-0.23 |-0.27
140 LOWif4=209] .10 [ 52001 <.01| =34 =11 ‘=01 ‘=200 .10 =.31{ .16} "~ a8] =0l =io1
1eh 205 .01 -.01 (~0 .04 .02 -.01| <.01 .04 0L .01 -+d0f =w10| =1L =.15
220 O .10 .10 |~0 .02 +10. .09]". 0 .03 =340 .09 -.07| -.05( -.04| -.11
2.5 -.02| -.01 .05| -.05| -.02| -.02 .06/ -.05| -.02| -.01| -.06| -.09| -.06| -.05| -.07
lé = 0.45 -0.23|-0.21 (-0.23 |-0.26|-0.24 [-0.34 |-0.27|-0.24|-0.21| -0.15| -0.13|-0.22|-0.21| -0.21 [-0.13
«95 <-.01} ~.21| -.181 -.19| -.18| -.16| ~-.18| -.22] -.20] -.15| -.13]| -.16| -.16| -25| ~.11
1.45 -.01 SO =.04f =320 =12 L < 320~ 51 =, 19| =209] =.15] «.13| =.32} =.13] =25 =209
1595 -.01 .05 .09 -.06( -.07| -.09( -.10| ~-.15|--.17| -.15 -.13| -.09| -.09| -.09| -.08
2.45 -.01 .01 .02 -.02| -.03| -.06| -.06| -.10| -.14| -.14| -.12| -.06| -.06| -.06| -.06
2.95 .04 -,01|~0 <-.01} -.02| -.03| -.05| -.10| -.12| -.11| ~-.03| -.04( -.04| -.05
3.45 ° <0k .03 .06 201 .01 <.01|<-.01f -.01f -.05| -.10| -.09| -.02| -.02| -.03| -.03
5.95 (6] 03| -.02 | <.01 vOL <01 Q0 .01} -.01f -.07| -.07| -.01f{<-.01| -.01| -.02
4.45 ~0 <.01| -.01 |~0 .01 .01 .01 .01 .01| -.03| -.04(~0 ~0 .01 [<-.01
Plate angle 815 205165, 110%; 61, 20°; 65, 10°; B3,¢ 20°%51165, 202; 845 1202516752027
6, 10° 65, 20° 6, 10° 6251202
PN/po Y80 20101 2. 67 '2:98] 1.85) 2.18| 2:70| 3.00| 180 212 2, 72| 5.04| 1ROl 2NT | F2i 69l 5. 01
PJ: in. Hg gage| 23.40(32.10(48.75 (57.95(24.40|32.75(49.85|58.65|23.35| 32,85/ 50.40|59.75(23.55| 32.45 [49.35| 58.85
Local Local surface pressure coefficient, (p - PO)/PJ
surface
distance,
in
li = 0.25 -0.33|-0.47|-0.32 |-0.24(-0.35|-0.53[~0.31|-0.23[-0.40]-0.54[-0.30[-0.22]-0.41]-0.54 [-0.31] =0.23
<50 = aSil =BT (=29 A=l 20 "= B6 e 39| =27 | =20 =ed ] =cd0)] =i2B| =19 =0 =3 NE onIiEsy o
75 =i o8| (= B8 =, 50| a2 «B35| - 3L| me29| “.22] =B8] ~B1) ~i2%]| ~,21] <.38] =.31] =.28} =221
1.0 -:32| -.28| ~.32| -.25| -.32| -.28| =-.31| ~.24| -.34| -.28| -.30| -.23| -.34| -.27| =.31| -.24
1.25 =29 =28/ «,56 |'«.291 <.28| «.22[ ~i35] «i29]| =, 50] «.21| -.54| =.27(.~:28) 20| =:56] .08
LS =.25| -s15| =.20 | =.32| -.24| -.14]| =.21 =e31l| =¢25| -.13| -.38| =.31| =.24| -.12| =.38] -.31
1.75 =201- =32 | (=16 | ~519] =29 =510 ~.1T| =.19] =.20| <,10]| -.27| -.25(| -.20| ~.09 | <.25[" ~.2%
lé = 0.5 -0.09(-0.08 (-0.12 {-0.15|~-0.10 |-0.08 (-0.12|-0.16 [-0.20(-0.24 [-0.21 |-0.19(-0.21|-0.24 (-0.20|-0.20
150 =e04] ~.08 (=07 |'=ud] =.05] =<.03]| =.07] =.11{ =.34| =.15| =.15} «.18] -.12l =15 = 16| ~.18
1.5 =01} =01 | = 0L [ =04 ]5=.02] -s0L | =01 =.04 (" «.09| =.10/ =.09|" =03 = A6} =20 =230} =,12
2.0 <-.01(<-.01| <.01| -.02| -.02| <.01 .01 .02| -.06f -.06| -.04| -.08( -.07| -.06| -.05| -.07
2.5 ~.04| -.04 [<-.01 .01| -.07| -.04| -.02 .01| -.06f( -,05( -.05| -.04| -,10( -.08 | -.06| -.05
% = 0.45 -0.07|-0.10 [-0.16 |-0.17|-0.22|-0.24 [-0.29(-0.16 |-0.07|-0.07 |-0.06 |-0.02(-0.18|-0.18 -0.15|-0.05
«95 =081 =03 | \=d1N =, 05~ 32/ = W5 ¥4~ d0 | .04 ~Jod| =i04 | =i0X|E =Tl S M Ees|NE 03
1.45 -.01| -.01 .02 02] ~.07| =.09| «,08| -.07{ =.02| -.02| -.01| ~.01| -<07| -.07| -.05| -.02
1.95 ~0 ~0 .01 .01f -.03( -.05| -.04| -.04| -.01| -.01| -.01| O -.04| -.04 | -.04| -.01
2.45 ~0 <.01 .01|-.01} -.01| -.03| -.01| -.,03| -.01|<-,01|<-.01| <.01| -.02| -.02| -.03|<-.01
2.95 0 0 ~0 .0l -.01| -.01|<-.01| -.02| -.01|~O -.01 |~0 -.01| -.01 | -.02|<-.01
3.45 <01 [ <.01 JO1 =0 ~0 =0, (0] -.01 (~0 ~0 ~0 <.01f -.01|<-.01| -.01|~0
3495 (0] 0 0 -.01| O (] o) <-.01|~0 0 <-.01(~0 <-.01|<-.01| -.01|~0
4.45 ~0 ~0 ~0 .01| O ~0 0 ~0 0 ~0 ~0 ~0 ~0 (0] -.01|~0




TABLE II.

- Continued.

(b) Concluded.

Three-flat-plate configuration; 1o, 2.75 inches; 13, 4.88 1nches

PRESSURE DISTRIBUTIONS FOR MULTIPLE-FLAT-PLATE AND CURVED-PLATE COANDA NOZZLES

(3) h = 0.5 in.; 17 = 2.5 in.; pg = 29.25 in. Hg abs
Plate angle 01, 20°; 65, .25°%; 61, 22°; 6o, 25°; 61, 25°%; 6o, 26°; 61, 259 65, 320,
625 259 6, 30° 6z, 330 I 320
Py/Po 1.80( 2.10| 2.72] 3.03| 1.80/| 2:10 1.80| 2.11| 2.70 3.03| 1.80| 2.12| 2.70| 3.02
Py, in. Hg gage|23.50|32.15(|50.30(59.25|23.30|32.15 23 .55(32.55[49.70 59.30(|23.30{32.70(49.70(59.00
Local Local surface pressure coefficient, (p - po)/Pj
surface
distance,
ulighes
1{ = 0.25 -0.31]-0.47]-0.27|-0.19|-0.29 |-0.43 ~0.27] -0.27]-0.35[-0.26[-0.26| -0.27|-0.35|-0.26
.50 -.21| -.20| -.28| -.21| -.26| -.21 P e (B Rl =l S 2ls | B ey B el o o 2t
75 —na2[E ez =L a5 (NS5 0 =21 (N =16 .24l =.22l =17 | ~<20 | .23 —«22| 17| =20
1.0 -.03 .02| -.13| -.13| -.14| -.09 = 20IL 2. ds | mnis (S =Nii6 | =% 20 (SR le =S| -6
9825 .03 .05 -.06| -.12| -.06| -.03 S| B e S e R i 5| sl s ld| e
1..50 .04 .04 JO3([N=L05l < S0l .02 -.11| -.o8| -.08| -.10| -.11| -.08| -.08| -.10
15075 .03 .03 .09 <03 .04 -.06| -.03| -.03| -.05| -.06| -.03| -.03| -.05
2.0 .03 .04 .06 .04 .05 — Ok SOl <200 LOL [ =02 .01|~0 (o
1y = 0.5 -0.24(-0.21|-0.18|-0.19(-0.22 [-0.21 -0.15|-0.19|-0.17 |-0.16 |-0.22| -0.22|-0.19|-0.19
1.0 —rels [RR=RErgH = k=T A S SR OR =S5 L0 I S aaie) b | e e Rl A el R o Il
195 =L 04SNl =l =S ow =R 028 S=KI06 - .02 - =03 -.06 [ =.03| =.05] i=ALl =l 4 L3
2.0 .02 Lo =206 =02 5ol .01 .00 —.01] . =.01 [<=.01 | -.02| -s04i" ~.08]" -.09
2.5 —.02|<-201 [ .01 [ =.00| -.04 | -.02 -.05| -.04| -.02| -.02| -.05| -.03| -.04| -.05
13 = 0.4 -0.12|-0.12|-0,10 |-0.121=0.17 |-0.16 -0.17] 20.15/|-0.14 |-0.12 [-0:15] =013 [-0.11}-Q. 11
.9 -,04| =.04| -:05| -.07| -.08( -.09 | R B ) s s [ o o B o Al i)/ R (0]
18045 = ol = oliEEE o= l04| B 05 =04 ~.07| ~=.07| =.08| -.10| ~.05| ~<04| -.04| -.05
1.95 <= Ol ie=r0n [F =01t = Jon - =0T E= S0 ~ 03| =704 =.05 =.08I[F L 02{M-T02iF - 02W=2103
2.45 =0l <=.0lsF =  OA5lE - 01| <=L OLi<="0i 00| =202 —L03 " =05 [ — L OO 2N =L 021 s S0 2
2.95 = Ol <= M= el L 6 1| =0 <-.01 =00 =0l =L02 =03 — T OL(RE= T 01N = = SON =S O
ZRAE 0 0 ~0 ~0 ~0 ~0 =01 =00l —LoIN=Ne2 [ <—S01i== N OTN N =S OIS =01
3495 <-.01|<-.01|<=-.01(~O0 ~Q ~0 =210l <= S0 <= 004" =ROL <=0l <= 01i<= 01 <=0
4.45 0 0 0 0 ~0 ~0 0 ~0 ~0 ~0 ~0 ~0 ~0
. . .

Losy
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TABLE II. - Continued.

CURVED-PLATE COANDA NOZZLES

PRESSURE DISTRIBUTIONS FOR MULTIPLE-FLAT-PLATE AND

(¢) Six-flat-plate configuration; nozzle height, 2.0 inches; 63,185y % e Bpo

12.5° each; 1, 1p,
mercury absolute

lg, 2.0 inches each; pgy, 29.43 inches of

Py/Po 1.44| 1.78( 2.12| 2.71|Pn/DPO 1ot [ Ei S8 [ 20 la = e
PJ, in. Hg gage|14.80(23.10|33.10 (50.40 PJ, in. Hg gage| 14.80|23.10|33.10|50.40
Local Local surface Local Local surface
surface pressure surface pressure
distance, coefficient, distance, coefficient,
in. (p - pg)/Py in. (p - p)/Py
zi = 0.03 -0.74 |-0.90|-0.54 [-0.21 Lé = 0.03 -0.38(-0.38(-0.35|-0.21
«15 -.70| -.71| -.42| -.15 S5 -.30|( -.30| -.32| -.20
.28 -.63| -.62| -.36| -.10 .28 -.26| -.25( -.30| -.19
<OP -.47| -.47| -.28| -.04 <52 -.22| -.20| -.26| -.18
<8 -.36| -.29| -.29( -.05 .78 -.20| -.18| -.21| -.16
%05 =.29 | =.15] ~.36| -.13 1503 -.19| -.18| -.16| -.16
1.53 -.26 -.13| -.40| -.26 53 -.21| -.19| -.14| -.17
1.94 -.45| -.42| -.39| -.38 1.94 -.35| -.34| -.28| -.23
15 = 0.03 -0.45 (-0.63|-0.45 |-0.45 1d = 0.03 -0.38|-0.38|-0.37|-0.31
Sl -.34 | -.67| -.39| -.46 kD -.28| -.29| -.32| -.30
.28 -.29 | -.57| -.33| -.46 .28 -.24| -.25| -.28| -.26
<53 -.24 | -.27| -.26| -.46 D2 -.20| -.19 | -.22| -.20
- 18 -.22| -.17| -.26 | -.45 .78 =oX7 | =07 | =18;] =16
1.03 -.22| -.,15| -.24 | -.43 1.03 - 17| -.15{ -.15| -.14
1553 -.24| -,19| -.16| -.32 L3563 -.18| -.17| -.15| -.14
1.94 =38 | =BT | =19 | =231 1.94 -.29| -.29| =.27| -.23
14 = 0.03 -0.42 |-0.49 |-0.30 |-0.38 14 = 0.03 -0.29 (-0.30 (-0.30 |-0.28
15 -.33 | -.36 | -.30 | -.42 SIS -.21| -.22| -.22| -.21
.28 -.27| -.28| -.29 | -.40 .28 -.17| -.17| -.18| -.18
<52 -.24 | -.,20| -.30 | -.31 <52 -.13| -.12| -.12| -.13
.78 -.21 | -.18| -.27 | -.29 () -.10| -.09 | -.09 | -.10
1503 -.20 | -.17| -.21 | -.28 1.03 -.07| -.07 | -.07 | -.07
1.53 -.253| -.20| -.13 | -.25 2l oY -.03| -.03 | -.04 | -.04
1.94 -.38| -.38( -.28 | -.22 1.94 -.01|-.02 | -.01| -.01

(d) Nine-flat-plate configuration; nozzle height, 0.5 inch;
05 95t dBone 0% eachis W0, Unpwn - lg, 0.6 inch each; pg,
29.25 inches of mercury absolute

Plate angle 6,, 0° 61151 102 By, 208
PN/bO TaZ9| 2.0 2718 182+ 210 "2L|= 300 181 211 25698 3R02
PJ’ in. Hg gage|23.10|32.20|49.85|24.00|32.10(50.00|58.55|23.85(32.45(49.40(59.15
Local Local surface pressure coefficient, (p - po)/P'j
surface
distance,
in.
Li = 0.03 -0.10(-0.03| 0.10(-0.60{-0.32|-0.06[-0.01|-0.62[-0.49[-0.24[-0.15
*l.6 .04 oAk S| —e32]| -.22| -.01 .07| -.52| -.46| -.23| -.15
.28 .04 205 .18 -.22| -.23| -.01 .06 -.45| -.45| -.22| -.14
.42 <.01| -.01 .06| -.13| -.29( -.10| -.03| -.37| -.49| -.26| -.18
D5, =10 <¢01| -.05| -.14| -.33| -.20]| =.13| -.31 | =41 | -.33| -.24
% = 0.03 0.01| 0.14|-0.38 |-0.39 |-0.27 |-0.31 [-0.27 [-0.26 [-0.21 |-0.31 [-0.28
+1.6 SOL| =16 =BT | =31 2035 =9~ 284 —% 16 | =24 L TR NS00,
.28 -.08| -.15| -.38| -.09| -.34( -.14| -.25| -.11 | -.10| -.25| -.29
.42 =06 | -.02| -.23| -.09| -.14| -.11| -.24| -.,12| -.06 | -.01| -.28
55 = LT =078 =.197| =.18 | =.06 | =207 | =25 | <.20 | =213 || —s18| =226
lé = 0.03 -0.39 |-0.23(-0.18 (-0.37 |-0.29 |-0.26 |-0.18 |-0.32 |-0.31 |-0.21 |-0.14
.16 =15 | =28 | =17 | -.16)| =<33.| =<18 | -.16| =:16 | —.260| =261 =13
.28 =409 | =.12]N=209 | =510i| =13 =3 | =32 | = A2 [ s 2ek|F ESE0E=1 2
.42 -.09| -.04 -.19| -.11| -.05| -.10| -.09| -.13 | -.08 | =.08| -.12
<55 = o L9l = XL =, 200 =CXG | =3 | =509 =.09:| i-s20: | - A6V -24 | =%12
l; = 0.03 -0.22|-0.27 |-0.11 |-0.23 (-0.28 |-0.21 |-0.18 |-0.22 |-0.27 |-0.21 |-0.18
.16 =l e k7 [ =. 43| =5 = 17 | =i2d ) =007 | = 250 = i3 6L —lis tT s
20 =409 =08  ~ 1T [=0TL | =10 | =eill6}] =14 |" =12 | ~sTa [t | =514
.42 10| =08 [ =09 =, 11| .10 | =s081 =30 | £ 32| ~. 11 [f-aal | =232
*99 = LOI|F = S CAB | [ = 1T = A7 =R =010 [ =7 | =28 =505 [F=ss
Zé = 0.03 -0.14 |-0.19 |-0.18 [-0.15 (-0.18 |-0.19 |-0.16 |-0.15 |-0.16 |-0.15 |-0.11
.16 -.08| -.10| -.13| -.09| -.10| -.10| -.10| -.08 | -.09 | -.09 | -.08
.28 -.05| -.05| -.06 | -.,05| -,05| -,05| -.05| -.05 | -.05 | -.04 | -.04
.42 -.04| -.04| -.03(-.04 | -.04| -.03| -,03| -.04 | -.04 | -.03 | -.02
5615 -.04(-.04| -.03| -.04| -.04 | -.03( -.02( -.03 | -.03 | -.02 [ -.02
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TABLE II. - Concluded. PRESSURE DISTRIBUTIONS FOR MULTIPLE-FLAT-PLATE AND CURVED-PLATE COANDA NOZZLES

(e) Curved-plate configurations; nozzle height, 0.5 inch

9¢

Configuration A B C D E F
Py» in. Hg abs 29.13 29.07 29.38 29.45 29.45 29.09
PN/pO 1.49| 1.82| 2.09| 2.66| 1.49| 1.81| 2.11| 2.69| 1.79| 2.09| 1.79| 2.09| 2.70| 2.99| 1.52 1.82| 2.09| 2.71] 1.50| 1.80| 2.11| 2.44
PJ, in. Hg gage|14.30|23.85|31.80(48.30|14.30(23.45|32.30 49.25|23.30(32.15[23.30|32.10|50.20|58.50 |15.25 |24 .20| 32.15(50.45| 14.70|23.35|32.40|41.90
Local Local surface pressure coefficient, (p - Po)/PJ
surface
distance,
s
in.
0.25 -0.57|-0.65|-0.43|-0.19|-0.24|-0.23|-0.12| 0.06|-0.54|-0.31|-0.46|-0.24|-0.03 | 0.02 |-0.36 [-0.49|-0.30 -0.08(-0.36(-0.49|-0.29 |-0.15
.31 -.49| -.61| -.40| -.18| -.22| -.17| -.10 07| =.48| -.27| -.33| -.17 .04 .09 | -.28| -.36| -.19(~0 -.27| -.35| -.30| -.16
LAl -.33| -.63| -.42| -.20| -.28| -.14| -.13 .05| -.45| -.27| -.23| -.18 .03 10| -.21| -.38| -.22| -.03| -.16| -.17| -.18]. -.04
.56 -.18| -.45| -.29| -.07| -.45| -.23| -.28| -.05| -.41( -.27| -.08| -.25| -.02 .06 | -.20| -.44| -.26| -.03| -.08| -.08( -.10 < 05!
.69 -.14| -.25| -.35| -.12| -.44| -.32| -.37| -.18| -.45| -.35| -.03| -.30| -.05 .02| -.20| -.43| -.34| -.08| -.06| -.01( -.16| -.02
.94 13| ~.04| -.48| -.24| -.34| -.45| -.47] -.32] -.31| =.55| -,04| -«29 | =15 -.09 | .21 | =.09| ~--46 -.20| -.15| -.08| -.29| -.21
Ji) 9 w34 | =203 <. 27 =33 .29 ~.49] -.45] =39 =23 | =57 =.124 =03 | -2 ) ~c21| ~.16] -.08]| =25} =29} =.21 -.19| -.26| -.36
1,44 -.17| -.08| -.10| -.40( -.29| -.45| -.39| -.43| -.22| -.46| -.13 02| -.34 | -.29| -.18| -.13| -.15]| ~-.39| ~-.27| —.25| -.04 | ~.39
.69 -.23| -.18| -.05| -.45| -.28| -.20| -.44| -.46| -.36| -.31| -.16| -.06 | -.36 |[v-.35 | -.18 | -.16| -.06| -.40| -.33| -.32| -.15 -.40
2.9 ~ozal o me] 18] =30 =27 =23 =33 ~.45]| =39 = 18 =.20 | =.19 [ =29 |s=1eB5 | .19/ - 20 = OTIN=SS0N =32 =BT =B = 5T
2.69 ol melisaE9ll =29 =v28 | ~.22 =07 =St =31 =32 = 1T | =27 =6 =25 s s 18 R0l s SRS = ST 52 -.24 | -.45| -.36
3.19 86| =0 | A | 2 33 =08 .27 225V =B | = 54 =38 =518 =22 =14 | 31 |U= 200 = 2L <1 251 =19 -.35| -.37| -.36| -.32
3.69 L.33| -3z ~.28 | <.21 25| -.21 | =229 -.25 | -.38 -.36'| ~.16 =07 || =27 | =. 17 [=.22 | -.19]|l . 27| =.094==.30i| -.251 = 1S | =82
4.19 <. 35| =52/ =e20 | =28 ~.24] =.23| =18 -22" =251l =, 26 =416 =317 .01|-.09|=-.17 | -.17| -.08| -.01| -.31| -.29| -.25( =.20
4,69 C9pg9 | <ioB| Limziin.rall —i22| -.20| =02 =tasl =28 —.28 | —.a5 | = 16 [=107 [=.02 | =17 | -+ 16 — AT IS LB0 | =27 SR Sh|E= 2]
519 ey I o (RS o e o0 -5 B o M (o (e Yo T P I8 RS o5 |0 )8 s 17 W R (3 | s S s ) (RS BT i ] oy Bt
569 =28l =iplSnons) 2nag | SNos [i-i2n] =nen | —iaaih =284 =21 | -4 [N=dilad (8254 =RAd | =R 1 8| = T | el Bl = S| s 2T Hm a2 -.19| -.30
6219 e R o L T ] e e B o IR Vo) S 0 e oy [ L (R0 1oyl | e (ol e e ) (2 S 8 R R RS 2 (el REn Bl 2 A e e L e i s
719 -ael—as|ieds L i0a =, 0l idg | =39 =10 =13 | .20 [x=215] =14 Me=.08 8= [ = 16 | =25 " = A5H 2N E= JABHE e Gl = el S s o ik
8.19 =11 -.10| =07 | =.04| =.11| =211 | =¢10| =.03 |[~-==m= |-==== -.14|-.24|-.27|~-.16 |-.25|-.,14( -.14| -.08( -.10| -.10| -.07 | -.04
L s B R el el et EE N EE A e e E e el et -.13|(-.13( -.13 |-.10 |-.14 | -.14| -,15| -.17| -.03 [<-.01| O 0
B0~ e e B e e e e e e Ll bt -.12 | -.12| -.14 | -.16 | -.09 | -.10 | =11 | =12 [~==om |mmmme [mmmem e
B e et e e e B e el el et -.06 | -.06 | -.05|-.04 |-.06 | =.07| =.06| =.05 [===== |mmmmm [mmmme |ommmm
o L . « v &
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//r—Air supply line

Plenum Nozzle
[ W

Axial-force strain
gage and link

Side plates

Deflection
plates

Adjustable
supports

Vertical-force strain
gage and link

6/06-5

Figure 1. - Setup for Coanda nozzle tests.
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Airflow control /

Pitot-static probe

From main
air supply

Flexible slip joints

Plenum
(3" Line)

: 3
\_~ 23 Line \To nozzle
CD-5502

Figure 2. - Airflow in supply system.
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NACA TN 4377

Nozzle Height, Width, Exit area,
dml in. sq in.
a 0.9 4.2 2o
b bl ST 4.1
e 250 2.8 b6

Nozzle centerline

&)

Top view

Nozzle centerline

Side view

L | L 1

1 2
Inches

Figure 3. - Cross sections of nozzles.




40

Figure 4. - Typical

installation of

NACA TN 4377

C-44596

multiple-flat-plate configuration.
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Box frame -\

Figure 5. - Setup for Coanda nozzles

Y 7N
7/
Contour plates aNRY . e

using curved-plate deflectors.
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NACA TN 4377

Nozzle exit
| 6°

Nozzle exit

Deflection
plate
(8525%)

Deflection
plate
(‘90k)

4;==::;~\‘\\““‘~ 6" Rad.

Configuration A Configuration B

Nozzle exit Nozzle exit
|

- Deflection

Deflection
plate
(7.6")

Configuration C Configuration D

Nozzle exit

Nozzle exit
I o
| ~8° | 10

= Deflection = Deflection
90~ plate plate
A (21 5255) (8.25")

\ 7" Rad.

7.15" Rad.

1.1" (straight)
~0.6
| FUE

Configuration E Configuration F

Figure 6. - Cross-sectional sketches of curved deflection plates.
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NACA TN 4377

Local deflection-
plate angle, deg

91 62

(@] 10 10

O 10 115

O 10 20

&l A 10 20

74 15 10

D 15 20

o 15 25

/ / O 20 10

L [a] 20 20

1= d 0 20 25

O 20 30

Ratio of 1lift to undeflected thrust, .’i

/
Sine curve —| /
A

5 f !§ 1.0 I [
/ \?\\\/-— Cosine curve
/ o \ b\
-8 \\ \\\
4 Single flat \ N
0 [ plate A X
/ W (ref. 2)—| \A N\
3 / o & \ k 0 \.
[ o s \ o\
/ o \\ \
/ g \ \
A
// By .
3 Estimated per- \
/ é formance for
ltiple plat =\
/ ml(lapple’ndii IaB)e—S/ \
1=/ 2 \
i
/ \
j \
0 20 40 60 0 20 40

Total deflection-plate angle, 0y, deg

60

Figure 7. - Variation of two-flat-plate Coanda nozzle performance characteristics with

total deflection-plate angle.
inches; 17 = 2.0 inches.

Nominal pressure ratio, 2.1; nozzle height, 1.1
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Ratio of 1lift to undeflected thrust, .7]:

Local deflection-
plate angle, deg

NACA TN 4377

0, 6, 65z
(@] 10 10 15
a 10 10 20 1.0
ORISR 20
A 15 15 20
\Cosine curve
/ : XA
Estimated per- /// \ AY
—— formance for s o A\
multiple plates —\/ CS \ \ \
A o \ 7N
L
: B \
Blne clirve —— 2 g Estimated per- \\ > N
m + —— formance for \ \
3 multiple plates —
4 3 l i
/
7 N o4 | \
, : \
// 5 Single flat .
7 plate /‘
// (ref. 2) —] \
/ \
y bl \
7
/l
20 40 60 0 20 40 60
Total deflection-plate angle, 6y, deg
(a) Nozzle height, 2.0 inches; plate lengths: 131 = 2.5,
1, = 2.75, and 1z = 4.88 inches.
Figure 8. - Variation of three-flat-plate Coanda nozzle performance characteristics

with total deflection-plate angle.

Nominal pressure ratio, 2.1.
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Local deflection-
plate angle, deg
By 28y og
(o] TOR 1O =0
m} oSS0 =70
o 105 A0, W25 1.0
A 15 K208 25 -
v 20 10 10 ‘- Cosine curve
AN ZOSR L0 20
a 2088-20. " 10 N
(@] 2O 2020 »
5 B
i 8 ) S
Estimated -
% |— formance for A Y\
formance for 7 N
) multiple plates 0 §F \ \\
0 A VN <> N
3 \ N
/| h e &
g E .6 \ X
o Sine curve N v g Estimated per- \ \\
g <> £ |— formance for
° /)’/ d é multiple plates \ QQ
Gy <
% @ f .4 \\'
3 // é Single flat \
s plate —~////,1
E // (ref. 2) \
B 7 2 \
S ¢ \
- %
/ \
20 40 60 0 20 40 60
Total deflection-plate angle, 6, deg
(b) Nozzle height, 1.1 inches; plate lengths: 1; = 2.0,
lp = 2.75, and 1z = 4.88 inches.
Figure 8. - Continued. Variation of three-flat-plate Coanda performance char-

acteristics with total deflection-plate angle.

Nominal pressure ratio,

2.1.
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Ratio of 1lift to undeflected thrust, ‘fL

Sine curve —‘
150 I/ —
// /“ Estimated per-
7 formance for -
A -L multiple plates
8 P
\\
O
Y
.6
.4
50 70 90

110

Axial-thrust ratio, &

~

0D

NACA TN 4377

Local deflection-
plate angle, deg —
=
(o) 2ase 2550
O 25; 26853
o 20 NSRS 2 =
A 20825 75
\/— Cosine curve
X
\ /—- Estimated per-
\\ formance for 1
Z% multiple plates
N
)\
|
X
\&
0]
50 70 90

Total deflection-plate angle, et, deg

(c) Nozzle height, 0.5 inch; plate lengths: 17 = 2.5,
lop = 2.75, and 13z = 4.88 inches.

Figure 8. - Concluded.

acteristics with total deflection-plate angle.

Variation of three-flat-plate Coanda performance char-
Nominal pressure ratio, 2.1.
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NACA TN 4377

L8

Ratio of 1lift to undeflected thrust, 4

Figure 9. - Comparison of maximum performance of single-flat-plate,
multiple-flat-plate, and curved-plate Coanda nozzles. Nominal
pressure ratio, 2.1.
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Figure 10. - Representative pressure distributions over two-flat-plate Coanda mozzle configuration for pressure
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height, 1.1 inches; plate lengths, 2.0 and 5.2 inches.
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Local surface pressure coefficient,

flat-plate Coanda nozzle configuration. Nominal pressure
ratio, 2.7; nozzle height, 1.1 inches; local deflection
angle for each plate, 20°; plate lengths, 2.0, 2.75, and
4.88 inches.
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Figure 12. - Variation of surface pressure distribution with
plate length for a six-flat-plate Coanda nozzle. Nominal
. pressure ratio, 2.%; plate lengths, 2.0 inches each;
deflection angle, 12.5° each plate; nozzle height, 2.0
inches; total deflection-plate angle, 75°.
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Figure 15. - Total-pressure characteristics of undeflected jet stream.
Nozzle height, 2.0 inches.
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