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TECIINIC/vL NOTE 437' 

USE OF THE COANÜA EFFECT FOR JET DEFLECTION AND VERTICAL LIFT 

WITH MULTIPLS-FLAT-i'LATE AND CURVED-PLATE 

DEFLECTION SU.RFACES 

By Uwe \l.  von Glahn 

SUMMARY 

The  ratios of  lift arid axial  thrust to undefiected  thrust of  nozzle- 
'leflection-plate configurations  using the Coauda effect   for obtaining Jet 
deflection and lift were evaluated from force measurementa .    Pressure 
distributions were also obtained over the surfaces of  the  deflection 
plates.    The convergent nozzles   used  in the study were  of  rectangular 
-■ross  section with exit heights  ranging from 0.5 to 2.0   inches.     The  Jet- 
deflection plates used included configurations made up of  two,   three, 

V siy, and nine flat plates and several  curved plates with  various  radii 
ü of  mrvature, all having side plates  equal in height  to  the  nozzle.     The 

nozzles discharged into quiescent  air over a range of pressure ratios 
rrom 1.5 to 3.0. 

In general,  the ratio of lift  to undefiected  chrust  of  the Coanda 
nozzles  studied was  less,  depending on the particular  configuration, 
than that  theoretically calculated for raultiple-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 lift to undefiected thrust  near 0.80 was  obtained 
together with zero axial thrust.    For a similar  jet-deflection angle, 
the best  curved-plate configuration studied achieved a ratio of  lift   to 
undefiected thrust of about 0.81.    The decrease  in the measured ratio 
of lift  to undefiected thr .st from that  calculated  theoretically  for  a 
perfect curved plate  is attributed  to the following factors:     (l)   pres- 
sure and momentum losses  in the  real  Jet stream that are  not  accounted 
for  in  theory,   {?.)   the  inability of the  jet stream  to   turn   ehe   full  de- 
flection angle prescribed by the deflection plate,   and   (3)   the  fact  that 
ontimum designs for the multiple-flat-plate and especially for the 
furved-plate configurations were not  necessarily achieved   in  the  time 
L'oi}abIe   for these  exploratory studies. 

iL-lijl .A      l 
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INTRODUCTION 

The Coandu effect may be dedcrlber'. nv,  the phenomenon by which the 
proximity of a surface to a Jet Gtreom will cautse the Jet to attach it- 
ae>.i   :■:  and follow the surface contour (ref. l). The local preosureu on 
the- deflecting surface are less than ambient air pressure; consequent. I'.% 
when the deflecting surface is inclined toward the ground, these negative 
preseures result in a lift 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-strenm deflection 
and vertical lift from a single-flat-plate deflector is described in 
reference 2. The data presented in reference 2 show that ratios of lift 
to undeflected thrust and axial thrust to undeflected thrust comparablü 
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 lift 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 e flat plate decrease with progresFively 
increasing distance along the deflection platej 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. l). 
Because of this phenomenon, the use of multiple flat plates or a curved 
surface provides deflection angles and ratios of lift to undeflected 
thrust much greater than those with single-flat-plate configurations 
(ref. 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 lift to undeflected thrust were obtained 
for configurations yielding jet-stream deflection angles up to about 90° 
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 lift to undeflected thrust and local 
surface pressure distributions over the plates. As in reference 2, 
rectangular nozzles cf 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 (r?.tio 
of absolute jet total, pressure to pjnbient pressure) from 1.5 to 3.0. 
All data were obtat.'ad by discharging the Jet into still air at approxi- 
mately sea-level atmospheric conditions. 

The estimated p: 'formance of multiple-flat-plate defltcLore is dis- 
cussed in appendix h  . ;f Thoraas P. Gelder. 

  

■ 
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API'ARATU:: 

T«Ht Facilltv 

The teot u'und uo ?<i to nupport the nozzle conf Igaratlofio nnd to 
obtain thrußt and lilt mcm;ureraentu It. shown ochematlcally in figure L. 
The teot utand conuloted ol" a plenum cactlon (inalde dl'tm., 3 In.; 
length, 16.5 In.) mounted horizontally on a llnk-aupportod force-meniurlng 
ayotem. Unheated air at approximately 50° F waa supplied 'c the plenum 
by 2.b-lnch-lri3lde-dlameter twin supply lines (fU'. ?.) .    Thece linea 
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 iines. 
The nozzles were bolted to a flange at the downstream end of the plenum 
section. A single total-/.ressure probe mounted Just inside the nozzle- 
exit plane was used to measure the total pressure of the Jet stream. 

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

Coand <.  Nozzles 

A Coanda nozzle consisted of a convergent rectangular nozzle exit. 
Jet-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 (l) 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 

iiTpminiMw-jumatu. i^twaaa - 

™-i;-*r*m*—~~m — II ■—>...I.II. 
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deflection a.-.gle uf each plnte WUü varied Independently of the other 
platen In the configuration. The following schematic . i.-tch showo the 
general arrangenent for the two- and three-fLat-plaf'  jnf Iguratlotits and 
Identlfleo the pertinent coraponentc: 

Nozzle exit 

— Nozzle 
center line 

The  total deflection-plate angle  is 

öt = e1 + 02 + 03 

and the total deflection-plate length is 

lt = ll  + iz + lz 

(Ali öymbolb are defined in appendix A.) 

The deflection plate for six- and air,, -flat-plate configurations 
consisted of a single piuce of sheet metal bent at the appropriate down- 
stream locations Lo yield the desired Local deflection-plate length and 
angle. The juncture beJ v->en the various plates consequently consisted of 
a curved radius section raoher 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 downstrefMi end of 
the deflection plate in the same manner as in the previous coi.f igurationo , 
For the nine-flat-plate configuration, the initial deflection-plate angle 
0-.  could be varied ±10°^ thereby yielding some off-di-ign ^.^rformancj 

data. 

«»•asaraaHs^sraBistr; "*iRgsas»wi...-.i 
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Pertinent dlmetwilons lor all the multiple 
ntuidled are ao  followa: 

lat-pluto ':onflgurutiDna 

Conflg- 
•jratlon, 
number of 
platoo 

Nozzle 
height, 

h, 
In. 

Length o 
1 
f plate, 
n. 

Deflection angle 
between adjacent 
platec, 

o, 
deg 

h h h 

2 

3 

] .1 2.0 
2.0 

5.2 
2.75 

— Variable 

1.1 
0.5 and 

2.0 

2.0 

2.5 

2.75 

2.75 

4.88 

4.80 

Variable 

6 

9 

2.0 l-^  to Z6, 2.0 each 12.5 

0.5 2-^ to Z3, 0.6 each 10.Oj Öj varia- 

ble dblO0 

As in reference 2, ßide plates were attached to the deflection plates 
in order to delay Jet-stream detachment from the plates. For the data 
presented herein, the aide plates were equal in height to the nozzla 
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 piateü equal to the nozzle height. Pressure taps wer^ located 
along the centcrline 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 l/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-plato profile. 
The deflection plate consisted of a sheet of spring brass (O.OIO in. thick) 
sufficiently wide to adequctely 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 ut the center- 
line. To each side of this pressure belt, sheet rubber of thickness eqpal 
to the belt was cemented to the brass plate to provide a smooth; pvpn 
surface. The upstream end of the finished deflection plate was secured 
to the noszle by a special brass fitting machined to provide the proper 
Jet-deflecticn angle from the nozzle exit to the deflection plate. The 

* "v^^m**'*-" ™i#iji^-, - 
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deflection plate wau then placed over the contoured atnck of aluminum 
plateo and anchored tightly in place by meana of a cable and turnbuckl'; 
attached to the box framr and the downstream end of the deflection plate 
(fig. 5). Side platep ol   the same height ae the nozzle and running the 
full length of the deflection plate were mounted on each side of the 
nozzle. The !;lde plateo were aealed to the plate to prevent air leakage 
onto or away from the deflection plafe. 

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 ..hort straight section followed by a circular-arc 
section until a turning angle of 90°  wan obtained for the plate. Beyond 
the 90° angle, configurations A, 3, 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 discharge 
Into quiescent air at an ambient pressure of 29.2.±0.3 inches of mercury. 
The forces on a Coanda nozzle and the moment arms are shown in the fol- 
lowing sketch: 

Gage 1 

It was determined that the horizontal force measurements were independent 

of any vertical forcej hence, the axial thrust was obtained directly from 
strain gage 1. The moment about pivot A consisted of two components, the 
lift cauaed by the deflection plate and the axi al-thrusl reduction (uz-ag) 
caused by the plate. In calculating the net llf:, moments about pivot A 
give the following equations: 

^ 
% 

■ - 
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L(z + z1 + I) + D ^ + yj « F(z) (L) 

or 

F(20.9G) - D^ + y) 
I .  , 1* 1 (2) 

(30.22 + z) V ■ 

The thrußt-reduction force (drag of deflection plate) D was calculated 
g       by uubtractlnc the measured axial thrust obtained rflth the deflected p]ate 
2       from that obtained with the undeflected Jet (no deflection plate). The 

values of " 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 detachrent was observed, lift 
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 lift to undeflected thrust ^L 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 
^L and .^2 values ootained 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-plate deflectors. The equations for the 
^L and ^ values for the various flat-plate deflectors are described 
in appendix B and are summarized in the following table: 

m 1 



NACA TN 4377 

Plttto     INjintc!-  Local 
•ontour|or iangle 

I pLa'.fJS ' bctweor. 
' udjfi -ent 
pin ten 

Curved'1 

(per-I 
feet) | 

Flat. 

a In  0, 

vari'ihle   h 

.•or,   0, 

^ 

th..  01   co 

Flat L 

I 

H 22 9k|L '^2 tan iyi •!in 5 
Kai i7] fc 

11 - ein  0.   tan ü^ 

■  Refer- 
>.• n • c 

0l        sin 01 

rerfuniuitice uT Lhis type deflector is said to follow the "cosine law," 

(V Appen- 
dix   H 

?.  and 
appen- 
dix   R 

As is evident from the table^ the ^ and JT    values calculated by 

use of the H  ' 1icable 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 
^^ and ^ values for a multiple-flat-plate configuration are less than 

those for a perfect curved deflector. For a multiple-flat-plate deflectur 
at total deflection angles beyond those obtainable with a single flat 
plate (ref. 2),  decreasing ß^    and J^     values are obtained with progres- 

sively fewer flat-plate segments.  Conversely_, as large numbers of flat- 
plate segments are used (constant total deflection angle), Lhe surface 
contour approaches that of a curved surface, and ^ and J^ 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 i^ and ^ values is 

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

Plate contour Local angle   be- 
tween adjacent 
plates, 

deg 

•*£ 1   jr 

Two flat 30 0.78S 0.211 
Three  flat 20 .003 .326 
Six flat 10 .829 .420 
Curved 

(cosine  law) ef, no .866 .500 

"H 

3 
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Thu table tihuwu a variation In the calcula-.d j^ value based on that for 

k       a perfect curved plate of up tt, lJ percent, aid  In the calculated J^ value 

up to 50 percent depending on the deflection-plate contour. 

i 
» 

Performance of Coanda Nozzles 

The performance of the Coanda nozzles in terms of the ratio of lift 
to undeflec-ei thrust ^^ Qnd ratio of axl«.l to undeflected thrust ^ 

I (hereinafter called axial-thrust ratio) ns  functions of total deflection- 
plate angle is presented in table I.  Cross plots of these data show that 
the performance ( «^L and ^z) ?or  a particular configuration at a given 
deflection angle is substantially independent of pressure ratio as long 
as Jet detachment from the deflection plate doeo 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 peiicrmance data for no jet detachment from the deflection plates 
are discussed herein. Jet detachment usually occurred within 5° of the 

j       angles associated with the last data point given in table I. 

J The following general performance data were obtained with all con- 
figurations studied:  (l) The experimental ^Q and ^ values increased 

and decreased, respectively, with increasing total deflection-plate angle, 
and (2) the experimental Jr^    and ^ value; were lower and higher, 

respectively, than calculated Vcilues. The departure of the experimental 
values from calculated values is attributed primarily to the facts that 
the Jet rtream 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 

(?£. Also shown in the attendant figures are the applicable calculated 

^L and S*^    values fo." 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 

.$2 values for multiple-flat-plate configurations are shown by curves 

representing an average value at any 0t for ^e particular combination 
of plates indicated by f-ie experimental data pointsj the specific calcu- 
lated values that apply for each configuration are within ±2 percent of 
the average values given by the curves. 

I 

■ 

^afcaaaiBMa^mim—man Mm n i, ^ ^JSTOtBSB^. 
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Two flat pLateo . - The <^L ö"d «^ vtilucu for ft Confrln nottlo u. I ,% 

two flat plates to deflect the Jet otreon arc nhovn In riguro r an o f r•- 
tion of 9t. The data were obtained uolng n notzle height of 1.1 If-ch i 

and several plate lengths as noted In the figure. The ocaoured ^L Vl ue,1 

are p.bout 12 percent lower than the correapondlng vcluoo cnUw^^.oJ by JH«? 

of appendix B. For the range of deflection nngleu uhovn In figure 7, * .«» 
decrease in the calculated J^ valueo (entlmntcd perforamnco rurve. Mg. 

7) from the sine curve amounts to about 3 percentage polntfl. The mc«M rod 
•^ value at a Qf    of 50° falls about 54 percent above the calculot--'. 

values. At small total deflection angles (Lesa than 30°) tht experto?itnl 
^ values fall approximately on the eotlmated pcrform^noe curve. 

At a particular total deflection-plate angle, greater ^ valu»( 

usually are obtained for configurations with large 0^ than with nma I 

01. For example, at 0t of 30° the configuration with 0i of 20° h10 

an j^ value of 0.455 compared with S^    of 0.410 for a conflgurntln 

with 9^ of 10°. Within limits, the ©g at which Jet detachment o euro 

from the deflection plate is independent of Oi- 

. 

Because the local surface pressure coefficients were e'-sentiall, 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 inchen had 
no appreciable effect on the measured ^L and ^ values (fit;. 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 dcflectei,1 to 
considerably larger  0^- values than a single fiat plate before Jet de- 

tachment occurs. Consequently, larger «^ values can be obtained with 

two flat plates than with a single flat plate. Specifically, for 
deflection-plate lengths and angles approaching optimum values (d(fined 
as deflectors having negative surface pressure coefficients over 'heir 
entire surface with a zero pressure coefficient Initial]/ occurrirg at 
the downstream end of each plate; see also ref. 2), a two-flat-pl'.te con- 
figuration can deflect the Jet to angles about 50 percent greater and 
obtain ^ values about 30 percent larger than those obtainable -fith n 

single-flat-plate configuration. 

& T/hree flat plates. - The ^^ and &%    values for Coanda nozzles us; 

three flat plates to deflect the Jet stream are shown in figure \  as a 
function of 0^. Nozzle heights of 2.0, 1.1, and 0.5 inch were -ised 

together with individual deflection-plate lengths of 2 to 4.88 Jncheo as 

t.r 

noted in the figure. In general, the data show the same trends of 

^ and 0^ and i^ with increasing 0+. and 0T  values as discussed for he 

•;- fKffiM »ri«« 

v,äU;;i^'"S>.;-: ■ J-'. ^ICv' ,.-"-'',v;' 
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twr.-flat-plHte configurations.    The  reduction  of  ci/,,', 
from thoüe  ^iven  by  the  estimated per forniance  curve Vi 
percent   for    0t    values   less   than 60°.    With  a  nozzlu 
(fig.   B(c)),   it was  possible   to obtain  total   deflects 
to Od0;   however,   the attendant   J^    values were only 
(14 percent   less   than calculated  values),  because  the 
primarily  from  the   first   two plates.     The  third plate, 
iteep deflection angle  relative  to  the  horizontal  nozzli) 

ajnont wholly   to  reducing  the axial  thrust. 

auc.it   \ •.vurnf-   ii 
nelfh 
l-plrtte 

tlif:  order oi  '), 
i't wat: octf.ine' 

J 

•ause 
ax Is, 

of   it3 
contributec 

The ^z values for 0t near 60° (i'ig. 8(b)) are g4\ urally greater 

by up to 47 percent than those given by the estirmued perix1 ■rtnance curve. 
At total deflection-plate angles near 90° (fig. 8(c)), the\v "eacured J^ 

.1.  of O.'.0  gren'y exceed-u the calculated value of -0.w. 
failure ::' i .. < ' t i  turn ■ nt cuiBj.let< angle prercjDed v 
platte (i:iu ue :ause OJ tt-- jimplifying as.. u.;o-Hon , Used in ll 
preser.' ^d in appendix h.    The inability of the Jet stream to tu 
total eagle prescribed by the deflection plates was observed for 
figuratlonr. and deflection angles j however, this phenomenon was ma 
evident at large total deflection angles. 

Six flat plates. - While the two- a .d t.iree-flat-plate configural- 
were studied over arbitrarily selected d-f^ection-plate lengths and a^ 
the individual plate lengths and angles for -.he six- and nine-flat-pla^ \ ^ 
configurations (the latter to be discussed lister) were calculated by util 
of the Eingle-flat-plate data of reference 2 in order to obtain near \ 
optimum performance. For a prescribed total deflection-plate angle, eau^A 
local deflection angle between adjacent plates, and a given number of   *4 
plates, a plate length was alculated 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. 

X. 

For  the six-flal-plate  Ccanda nozzle   (h  =  2.0  in. 

an 
of 0.896. 

and h = 7S0), 
•^L value of about 0.805 was attained compared with a calculated va'lue 

The measured .^ 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 disLance downstream from 
the nozzle exit also contributed to the reduced ^    and increased v^ 

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

A comparer- cf the ^ value obtained with the six-flat-plate ccn- 

figurafon with that interpolated for the three-plate configuration at a 
0, oj 75° (fig, 8(c)) shows that the ^ value for the 

figuration is about 19 percent greater than that for 
configuration. 

:he 
six-plate con- 

three-plate 
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/\ .naxüi  m   J^    '/alac  , ^ 0.Hfi5 va/i oMnlnod at  the  donlgn    0t    of 9)°. 

cr.rpfirf 1 wii i a calculatcu'   •"»luo of 0/J19. 

A    han^f   In    0,     of ±iu-   C^r   ü.e  deulgn angle of  IG     -aused   i * 

jeeas^*    ti  tic  measured   ^^    valuoi»,   eupeclaLLy when    0j     was  redu: >a 

0J.     foi     öj     of 0°,   the  flrnt plate  contributed practically  no   11 ft 

because,  as   .-hown  In table  I,   the  negative pressures   (yielding  lift.,' 
this  pia ,e were balanced by positive pressure.     Consequently,   the   i? • 

value wa    re', iced  (from 0.085  to 0.80(j),   since  the  deflection plal e o'n 
sisted e; feet .vely of only  eight plates  with a     0t     of 00°.     With  a 

rf 20°,   1 he   1 .ft on  the  first plate waa   increased;   however,   the  las1 

(9^. ■  LOC^)    ..i a downward  force component  that  decreased the   lift  i ;o  .i 
irom the   'ir   c  plate.     Furthermore,   t.ie other plates   (2  to 8)   had ']■ >m. 
what redu :ed   lift components  because of  flow   Interactions  die  to  de 'leering 
the  first  pla ,e  to a larger angle  than  that between  the  succeeding   plates. 

1 
late 
a 

The resul o ' all of these effects caused the ^ value for 

to be sub; f,ai"'.lally the same as that at 0^ of 'JO . 

100° 

For tie 'hroe 0^ values studied with the nine-fiat-plate c ufig- 

uration, t le 'easured ^ values were always greater than those alcula- 

ted. At (j. 6,  of 100°, however, the j^ was nearly zero, BO th c only 

vertical 1: ft was being obtained. 

-^""■•■^ ,"«-*., -- ■ 
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fnr Coanda nozzles 
Curved plates. - Previous unpublished NACA f^    tial to the noz- 

rmve Bhovn that, when a .urved deflection plate l« ^re08ure relative 
zlo  .enterline al .he nozzle exit, a positive surface P  ^ ^. ^    Thia 
to a-nblent pressure is obtained on the plat- near tne      ^^ ^   .on_ 
positive surface pressure causes a downward force on      ^ r.urved 
Lquently reduces the over-all lift of th%corif J^^.^ctlon Inclined 
plates used herein, therefore, consisted of a straig      ra sho„n in 
downward near the nozzle exit followed by the ^rve°   waS generally 
figure 6. The straight section of the deflection plate    ^ ^^ 
designed in accordance with optima ratios of nozzle   V    :_egative sur- 
length presented in reference 2.,  with the result that o ^iecUon plate 
face pressure coefficient, occur on this portion of ^ 

31 

Tf'O 

i cui /■ 'X 

•a red •^ end 
. jjnmar /.L- lOl  i ^ 

wing table 

^.1) 

Ünf if • ^: valuta 
uTClttCl 

A 
B 
C 
D 
E 
F 

0, 
.810 
.807 
,770 
.803 
.803 

A*", valuti, 

-0.04 
-.02 
-.04 
.21 
.12 

-.02 

aMinus signs indicate that, the jet 
stream was turned more than 90 , 
yielding a reverse thrust in the 
axial directionj plus signs indi- 
cate that the Jet stream was not 

turned 9)° 
,  .j. the downstrt ''j: 

Theu.,- -ata show that a cu.-.ed surface with t 90 '^Z ths  jet stream 
end of the plate (configm - .ons D and Ej will .. -      It ls „ecessary, 
as much as -he deflection ang.e specified by the ^  *  raUons A, B, 
therefore, to "overturn" the deflection plate see co ^ ^^  the 
C, and T) by an angle of perhaps 10° in order to turn 
required 00° and obtain an ^  value of zero. 

.  ülate configurations 
omwison of the data obtained with the ^^^ t the utter 

.Re for the nine-flat-plate configuration ^°^ ved lQtes (0.88 
>\  value about 0.07 higher than that of the ■   ^ ^^ .virved- 

Wctively).  It should be noted, howef ^^pt^oin deflection- 
C^>^o^ studied herein are not considerea i degree anä 
t]   t\^  also appendix C) . Also J.,he details 

\ 

^ 

F ^5^^-!^<isfa^^f^iyttKttr>;t:^.'d*.ttii**   totUM tiH mtWItTllTlfli'iiHJ 

'^N. 
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ovcrlarnlntf Ihc dcfloclton plftte at the downutreeun end have 
not be«n fully «firpiorctl. 

Oo^>arliion of Pcrfonaance for all CoauA-i Nozzleu Tented 

The porf >.inncc of the varlouo Coanda nozzleü otudled herein ia tum- 
cuirlzed  In a riot of the variation of   ß^    with   ^   ohown  in figure 9. 

The measured-data rurveo ultovn In f'fnjre 9 wore obtained by fairing a 
curve  through the hlghoot   ß^    vnluo1 at  each    0t    prooented   In the prevl- 

oua flgureü und lu  the tabled.    AIuo o^iwn  in figure 9 are  the performance 
curveo  for olngle-flat-plate and perfect curved-plate mechanical deflec- 
toro.    All  the data, except for the three-fl^.t-plate configuration, used 
to deflect the Jet near 90°  (h ■ 0.5 in.),  fall between the  envelope of 
theoe two curveo.    The performance of the three-flat-plate configuration 
for a nozzle height of 0.5 inch wao relatively poor, primarily because 
the   &     value wao  low uince the third plate virtually did not  contribute 

to lift,  as dlocuooed previoucly.    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   ß^    values  of the best 

Coanda nozzles  for    0t    values greater than 70°  ( ßz    values   less than 

about 0.3)  were about  f}5 percent of those  calculated for a perfect curved 
plate. 

en 
o 
-J 

CJNCLUDIio REMARKS 

The results of this study show that Coanda nozzles using multiple- 
flat-plate or '-urvod-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 lift values are accompanied 
by an essentially zero axial-thrust component. The measured lift -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 VTOL 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 

\ 
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tm 
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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 Jiuve   tu be  compensated lor  by an ap- 
propriate  reaction  control device. 

.l,ewis Flight Propulsion Laboratory 
National Advisory Commitcee  for Aeronautics 

Cleveland,  Ohio,  July 24,   1958 

\ 
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APPErnJlX A 

D 

F 

FJ 

% 

h 

L 

I 

V 

PJ,d 

J;m 

N 

PC 

y 

SYMBOLS 

deflect ion-plate drag force,   lb 

force measured by strain-gage ryotem at   Location noted,  lb 

undeflected Jet, thrust,  (no deflection plate),   lb 

force or lift  normal  to plate surface,   lb 

ratio of lift  to undeflected thrust,  L/FJ 

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

nozzle height,  in. 

vertical lift,  lb 

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 

raaxiraum 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 at 
noted,  in. Hg abs 

atmospheric prersure,  in. Hg abs 

vertical location of center of pressure referenced to  lower 
lip of nozzle exi      in.. 

^iMCiR^v^Ji?^;^;: frirr^iEW»«"» 

.  . ^—"■u. ;_ 
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z horizontal   Location of  center  of pressure  referenced to 
nozzlc-cxit plane,   in. 

z^z' horizontal   lever arms,   in. 

Ö local   deflection-plate  anßle,   deg 

0t total   deflection-plate  angle,   deg 

Subscripts: 
c 

lift 

1,2,3,    ...     plate   number 



18 NACA 'IV  4377 

APPENtIX D 

ESTIM/\TED PERFORMANCE OF MULTIPLE-FLAT-PLATE DEFLECTORi; 

By Tboma?  F.  Gelder 

As demonütrated  in reference  '.,   trie experünental performance  ( i^, 

and   &z    values)  of a s ingle-flat-plrif  ueflector   Is  reasonably represented 
by  the following expressions: 

fL = sin 91 (Dla) 

^ =» 1 - tan 0^ :3in dl (B2a) 

from which, by definition, 

in - Fj sin 01 (Bib) 

D1 = Fj tan 0^^ sin 9l (B2b) 

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 for-e normal to the plate FN 1. The vertical (lift) and horizontal 

(drag) components of this normal force are 

L1 = F^i cos 0JL (B3) 

and 

Dl r: ^N 1 sln 0l ^4) 

Combining (B3} am.. (Bib) or (P^) and (B2b) results in 

FN 1 = Fj tan 6^^ (B5) 

By assui..Ing that the Jet stream will turn from the first plate and 
follow a second plate in the same manne, (same  losses and/or augmented 
flow) as it left the nozzle exit and followed the first plate, a method 
for predicting tv'e porformance of a tvc-piett deflector is suggested. 
Such reasoning implies a normal force on the second plate analogous to 
equation (B5), or 

FK ? = FA   tan e0 (B6) 

""""«M« 

—  ■■ »iw. 



NACA TN  43/7 

CD 

Llkewlut',   thiroughout  nny given multlplo-fLfit-plato  deflectors, 

FN,i   = F.5   tan  01 (B') 

Since  Oj  1B dol'lned aa  the local angle between adjacent plater, the lift 

und drag cumponenlj of the  ith plate are n  generalization of equation;; 
(B3) and (B'l)^ respectively, or 

Ll " FN,i C0G Zy öl (^) 

Di = FN,1 GLn 

i=n 

(BO) 

With equation  (B?)   the  total   lift and drag  for a multiple-flat-plate   :on 
figuration are,   from  (BB)  and   (B9), 

L - L i + Lo + . , . L 

= F tan 9]_ cos 0| + tan 0^ c08 (^1 + Öo) + tan Oj   cos /  9^ 

(BIO) 

D = D, + Dp + . . . D, 

= F tan 0-] sin 0^ + tan On  sin (0] + 92^ + 
i=ri 11=1 

tan 0J sin 7 , 0^ 

(Bll) 

From the definition of ^ -'nd -C, equation/- (BIO) and (Bll) become 

jr  _ i 

= tan 0]_ cos 9^ + tan 0^  cos (0i + 6^) + . tan 0. cos 
R=i 

c=l 
(HI?) 

! *."^ai-^- 

r—Tr-—*i^-t-n -v^»-.w-.-. 
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*t 
<  ^ 

J 

t.an Q\  üin 0^   +• tun O2 ^ln (t»^ + ü; ) + tan Oj üln 

The perfornip.ioe eotlm.iteü of multlple-flat-plate confIguratlonu uülng 
(BIP) and (B13) represent nrixljnum ^ and minimmn ^  values to be ex- 

pected and should only oe  ied as a guide. Actual performance will depend 
on plate length, nozz.e sl^e, entrainment. of surrounding air by the Jet 
stream, and so forth, aü discussed in reference 2, and also will differ 
from (B12) and (B13) 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). 

O 
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APII:NDIX C 

PREGSURK DIGTHIRl/riON OVER DEFLECTION PLATES 

Order of magnitude and trer.dü of upeclfi: effect;; on the preuoure 
dlctrlbutlon over the deflcotlon plate due to preuaure ratio, plate 
length, local and total deflection angleii, number of plate segmenL;:, und 

^        nozzle height are diticußoed in thic appendix. 
CD 

A complete tabulation of the locai surface preosure 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 Plate". 

R.fpresentative pressure distributions for the multiple-flat-plate 
com gurations are presented in figures 10 to 13 in terms of local sur- 
face pressure coefficient (p - Po)/P] as a function of local deflection- 

plate length Z'  measured from the upstream end of each plate in the 
deflection-plate configuration.  Pressure distributions for configurations 
having equal local deflection-plate angles (9-^ = Og = ö3 ...) were 

selected for these figures. Furthermore, for each configuration the 
pressure distributions for the individual plates are superimposed for 
purposes of data comparison. Where possible, the pressure distribution 
for a single-fla+"-plate configuration (ref. 2) is also shown for com- 
parison. Finally, small inserts in the figures show the loca_ surface 
pressure coefficients as a function of the total deflection-plate 
length l^. 

The pressure-distribution trends observed for all multlple-flat- 
plate configurations are summarized as follows:  The pressure distribu- 
tion over the first plate of a multiple-flat-plate configuration has the 
samo general shape as that for the single-flat-plate configuration (see 
figs, 10 to 12) except near the downstream end of the first plate, where 
the local surface pressure coefficient is greater for a raultiple-flat- 
plate configuration than for the single-flat-plate configuration. A 
small decrease in (p - PQ)/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 - Po)/Pj values for the first plate (and r.ingle-flat-plate data). 

The decrease in the local negative surface pressure coefficients over 

-«fci««-, -j-aaM» sMtammsit*¥smmim.vmmi. ... 
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the jpotrena porllonü of IKP uecond und uucccedlng deriectlon plalets 
renal tu In n  decreauc In 111't for theuo plntea compared with that pre- 
dicted by  iiln^le-flftt-plnf ■• dntn. Gome Increase In lift lo obtained by 
the higher negative (p - PQ)/!'.  valuoa over the dovnatream portlorui of 

the flrut plate; however, the docreaoe In lift of the other platei; In a 
configuration generally outweigh« thlu Improvement, 

letallo of the pre^uure dlutrIbutlona for each multIple-flat-plate 
configuration are dle^imned 1n the following oectlono. 

Two flat plateü. - In figure 10(u) the preaoure distribution over a 
two-flat-plate configuration is ohown for nominal preosure ratios of L.8 
nnd Z.l and  a local deflection angle of 10° (01 » 02 =. 10°). The dauh- 

dot curve in the figure is the pressure distribution measured for an 
otherwise similar Coanda nozzle using a single-flat-plate deflector for 
0L of 10° (ref. 2). Similar data at a local deflection angle of 20° 

and a P^/PQ 
0?  2.7 are shown in figure 10(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 J^    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 devlationu of the pressure distribution 
for successive deflection plates of a three-flat-plate configuration com- 
pared with siugle-flat-plate data (fig. ll) followed the trends noted 
for the two-flat-plate configuration. The local surface pressure coef- 
ficients for the third plate (constant 0 values) were lower (less nega- 
tive) than those for either the first or second plate. This factor con- 
tributed largely to the decrease in &jr     values for the three-flat-plate 

configurations (fig. 8) compared with calculated values. 

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

o 
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pluli- find thai for n.  ü Ingle flat plate (rnf 
ratio form are ohown In the following table 

V.).    Theb«.- comparioonB In 

Plate 

o 

Ratio of |R/itlo of 
norm/i 1   lift       normal   lift 
of each plate jof ed-rh piate 
to normal to normal   lift 
lift of  flrot of single flat 
plate [plate  (ref.   2) 

1.10 
.76 
.70 
.66 
.61 
.27 

These data dhow that; except for the first and last plates, the 
plates contribute only about two-thirds of the normal lift obtainable 
with a sinplr flat plate for the same operating conditions.  The sixth 
plate has a normal lift only about one-fourth of that for the single flat 
plate. TMs low lift may be explained by the fact that the Jet stream 
Is not belne, turned to the complete 0^ of the deflection surface, and 

local Jet detachment may be occurring. 

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

Plate Ratio of normal 
lift of each 
plate to normal 
lift of first 
plate 

1 1.00 
3 .91 
5 .68 
7 .57 
9 .28 

^hese data are for 84. of 90° (0, = 10°). As for the six-1'Ial ■ 

plate co-figuration, the normal lift for the downstream plates is reduced 

txw: «ui -■:... - -.-^^s . 
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Curved Plateo 

Typical preocure dlLtrloutlonü over oeveral curved-plnte conflgura- 
tionc are ahown ao a function of dlutance alon« the deflection plate In 
figure 14.  In general, the local surface preooure coefficlenta over the 
straight section ol the deflection plate are comparable In magnitude 
to those obtained with the oingle-flat-platc configurations of reference 
2.  In the transition region where tne ntraight aection 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 lift obtainable with a 
curved deflection plate over the ^ values given in the LexL. Th« 

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 14(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 no4 further discussed. 

... _ 
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AFI^C'DIX D 

EFTECT OF JBT-STItEAM TOTAL-PRESSURE LOSSES ON DEFLECT I ON-PLATE PRi-^Slj'RE 

DISTRIBUTION AND LIFT CAPABILITY 

The Ic-al preüaareß obtaint.-d on the aurface of the deflc'tlori plate;: 
are exprecced herein in termn of the average total presnuro of the Jet 
ütream meuaured near the nozzle exit. Also, In the calculated perform- 

ii       ance herein it. uac assamed that the total pressure o!" 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 Gtatic-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 15(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 centerllne 
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 hut shows a decrease in total pressure with increasing height 
measured vertically from the Jet -enterline. 

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 Pi ^/P;  is shown in figure 15(b) as a function of 

distance downstream of the nozzle exit for a range of pressure ratios. 
Figure 1.3(b) shows that the average total-pressure ratio Fi */?*     de- 

creases with increasing distance downstream of the nozzle exit. For the 
nozzle studied, Pj d/Pi  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, P. m/P; .  This total-pressure ratio also 

o .1"*   J 
decreases with distance from the nozzle exit, attaining a value of O.C!'. 
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 lift) is a function of the total 

• ■-.■---•-■--'-.-'      ■ ^ • .^„oVi.:-!,:   ...-.JW.:,-..»^..,i.,-.,i..r-^.. •.-. .,1 %i.i „  ,:-.,. -,.;;;,., 
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pr»*oßure of the Jet ülreoa» pfuinlng over each pint«;. A redurtlon In J»?l 
total preooure will therefore renult In dcreaoed lo-nl preHiiuren on ri 
plnte und u reduction In norcviL lift over the eurface.  It waa obaerved 
that, when the ratio of the average ourfaco preooure coefficient for a 
given plate to that for a ulnglo flat plate in  plotted an a function of 
dlutance downutream of the nozzle exit to the mldfhord of the particular 
plnte, the resulting valueo are ulmllar to thoue for the average total- 
pressure ratio Pj,d/Pj given In figure 15(b). However, this observa- 

tion may be fortuitous, since Che effect of a deflector such as the ulx- 
flat-plate configuration on the local Jet-ctrenm total preüuureo was 
not determined. While an effort was made to obtain total-pressure pro- 
fllco of the Jet 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 lift for the configuration 
(in some cases Jet separation from the deflector oc-urred) . The total- 
pressure data obtained under these circumatanceo wr>rp not considered 
valid and therefore are not included herein. 
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Figure 3. - Croso oectlons of nozzleB. 
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Figure 14. - Typical e-M'^-ci ,. esaure distributions for Coanda nozzles with 
curved deflection plati-b.  iiozzle height, 0.5 Inch. 
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Jet-stream height measured from nozzle centerline, in. 

(a) Local jet-stream total-pressure profile.  Nominal pressure ratio, 2.1. 

4 P 8 
Location downstream of nozzle exit, In. 

(b) Avtrage and maximum jet-stream total-pressure ratios as function of 
location downstream of nozzle exit; average for nozzle pressure 

ratios from 1.5 to 2..7. 

Figure 15. - Total-pressure characteristics of undeflected Jet stream. 
Nozzle height, 2,0 Inches. 
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