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NOTATION

Nozzle aspect ratio
Nozzle height
Coanda jet height
Mass flow

Static pressure
Total pressure
Anbient pressure
Corner radius
Pleaums temperature
Jet veloeity
Eatraiament leagth

Jet deflection angle
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ABSTRACT

b b Recent investigations proved the sompatibility of the

b Circulation Control and the Upper Surface Blowing concepts. This

-t static investigation is a follow-up to determine what combinations of
geometric and pneumatic variables produce an etfective deflection of
a thick wall jet by a thin wall jet exhausting over a rounded comer.
Static pressure distributions over the cuomer indicate that maximum
deflections of the thick wall jet occur when a high averag= suction
is distributed over the surface of the cormer. Using a large comer
radius, locating the source of the thick wall jet somewhat upstream
from the comer and the thin wall jet source, and using a high aspect
ratio thick wall jet are geometric means of producing this type of
pressure distribution.
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1§ i ADMINISTRATIVE INFORMATION

. The work reported was funded by tle Naval Material Command (MAT-0822) under
the Independent Exploratory Development Program, Program Element 61152N, Task Area
ZR0230201, and David W. Taylor Naval Ship Research and Development Ceanter (DTNSKDC)
Work Unit 1660-6lU.

INTRODUCTION
Recent investigations conducted at DINSKDC have demonstvated that the jet
exhaust froam a turbofan engine simulator can be deflected by a thin jet gheet
blowing over a rounded surface located downstream of the exhaust.li These

favestigations vere the first attempts to detemine the short takeoff and landing

T o v

i' (STOL) potential of the circulation control/upper surface blowing (CC/USH)

- combination,

;' Usper surface bloving is a flight-proven technology in which the high-velucity
poe engine exhaust is deflected over the upper surface of an alremft wing to aehieve
§ . Wigh lift. The advantage of this configuration is that the high-velocity exhaust

f% !. jet of the engine spreads over the wing surface, thua sccelerating the lower
; ) veloeity air flowing over the upper wing surface and lowering its average static
i g pressure. This increases the circulation of the wing and, consequently, the total

life.

Circulation control s also a flight-proven coucept which uses a pressurized
jet of air dlovn over the rounded trailing edge of am airfoil to lacrease its
, circulation ltft.z The increase in lift (e due to the entraiament of upstricas
e atr, which follovs the rounded trailing edge contour and moves the airfoil
¢A complete list of references is given on page 1),
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stagnation points closer to the center of the lower surface. The change 1in
stagnation point location effectively increases the airfoil camber.
Although earlier investigations proved the CC/USB concept viable under certain

conditions,l’3

the design of the models limited the parameter variations that
influence the deflecting capability and efficiency of the CC/USB configuration.
The present investigation is an attempt to establish a baseline first-order
correlation of many geometric and pneumatic parameters which affect the tumming
efficiency and perfomance of a thick wall jet (upper surface blowing) exhausting
over a rounded comer containing a thin wall jet or Coanda jet (circulation

control).

TEST APPARATUS AND MODEL

The assembled test apparatus was designed to record thrust deflection and thus
contained two strain-gage balances, as illustrated in Figures 1 and 2. One balance
serwved as the support for the entire apparatus and measured the sum of all forces
produced by the systen components. The second strain-gage balance isolated the
tip-turbine fans from the undercarriage. By mounting the tandem 5.5-in.
tip-turbine fans to the balaunce, a direct measurement cof the thrust produced by the
thick wall jet vas possible. On the exhausting side of the fans, ovne of three
different nozzles was coanected to produce rectangular thick wall jets with aspect
ratios of 2, &, or 6 (width/height); see Figures ) and 4 and Table . The thick
vall jet thrust deflecting model (hereafter called the thruat deflecting model) was
mounted above the fan/nozzle coaponent to deflect the thick wall jet upvards to
avold the interference effects and safety prodblems assoclated with an air jet
lapinging on the ground.

The thrast deflecting model consiats of a plenum chamder with a eireulation
control blowing elot (36 {n. Wpan unless noted otherwise) through waich the
pressurized air of the plemmm issues over a rounded ecomer. This model was
designed to pemit the use of four different vadius comers fur the pleanus air to
flow over: 0,219-, 0.438-, and 0,875~in. mdius surfaces with 180 deg of arec and
0.4)8-in. radius surface with 96 deg of ave (Figuve 4).

The thrust deflecting model uags mounted on undevcarrizge rails with two plates
serving as endplates for the wodel slot and plenum. The mounting of this component
to the undercarriage rails cnabled the entrainment length, Y (the distance fiom
the thick wall jet nuzzle exit plane to the slot exit location) to be
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varied from O to 10.9 in., In addition to the variation of entrainment length and
corner radius, the span of the blowing slot and corner could be changed.

The compressed air to drive the tip-turbine fans ranged to 215 psig, ylelding
thick wall jet thrust values up to 90 lb. Table 2 provides the conversions from
thrust percentage to noaminal pounds of thrust. The compressed air suppliad to the
plenum could also be varied, which permitted a Coanda jet momentum (mV
0 to 62 1b,

j) range of

The rounded corners of the thrust deflecting model were designed with static
pressure taps located at 10 to 30 deg intervals, depending on the radius of the
corner. Pressure taps also were located between the thick wall jet nozzle and the
blowing siot at l~in. intervals. On the surface downstream frcm the rounded
corners, the pressure taps were located with the same spacing and extended 6 in.
forward from the corners.

The investigation was conducted in the breather tank of the transonic wind
tunnel test section. This location provided access to two sources of compressed
air as well as the necessary electronics to record data. In addition to the nozzle
and systern force measurements, tempera.ire as well as static and total pressure
measurements were recorded.

All pressure coantral valves and data recording equipment wer: located in the
wind tuanel control room. Thia location {solated the test personnel from noise
generated by the tip-turbine fans and from potential hazards of the compressad air
pipex and hoses.

Because of the static nature of this fnvestigation and the lack of a chord
dimension {er the thrust deflecting model, presentation of the data in the typtlcal
ecoeffleient form was not possible. Therefore, blowing wmomentum coefficient was
replaced with blowing momentus, 693 (1d); rounded corner radius-to-chord ratio with
coraer radius, Re (in.);: and statie preasure coefficient with pressure ratio,

Ps/? « The momentum of the cireulation control hlowing jet was computed as the
product of wass flow per unit span and the blowing jet velocity. Mass flow, @, was

measured with a venturimeter; jet velocity, V., wvas caleulated using the iseatropice

j.

jet velocity equation.
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where PT = total plenum pressure
P = ambient pressure
To = plenum temperature
Thrust turning angle, O, was computed by finding the arc tangent of the ratio
of vertical-to-horizontal system forces. The efficiency of the thrust turning
system was computed as *he ratio of the measured total system force to the sum of

the thick wall jet force and the Coanda jet blowing momentum.

DISCUSSION

WALL JET DEFLECTION PERFORMANCE

The series of curves shown in Figure & depict wall jet deflection, 8, as a
function of Coanda jet momentum, 6Vj. Eack plot has been generated for a constant
corner radius, wall jet aspect ratio, and Coanda jet thickness. Individual curves
are showm for a3 eonstant cntraisment length and wall jet thrust. Table 3 {s a
sunmary of similar trends for other values of wall jet thrust. The maximum wall
jet deflection angle seems most dependeat on the wall jet thrust value and the
corner radius. As the wall jet thrust is reduced, the maximum deflection angle
increases. As the corner radius increases, the maximum deflection angle alse
inereasea. The amount of Coanda jet momentum necessary to produce these maximus
defleetion angles also {ncreases with increasing curner radius, primarily because
the maximum deflectlon angle possible ig alse increasing. At all wall jet thrust
values other than zero, a mumentum less than 29 1b {8 needed ta achieve eaas with
the corner radius of 0.217 in. The 9.4375-in. corner radius requires a somentum
between 25 and 40 lb to achiewe 8‘3‘. Coanda jet mcamentum values approachiang 82 1b
are necessary to achleve e-ax with the 0.825-{n. corner radius. However, to attain
a given wall jet deflection, more Coards jet momentum is necessary with a small
corner radius than vith a lavge corner radius. Also, from a deflection porformance
standpoine, the large corner radii are better because of the larger raage of
deflection anglea.

Twc other phenomena ave noted. Firae, at higher wall jet thrust levels and
saaller corner radiil, ar catraimment leangth wqual tv zero produces higher

deflection angles than an entrainment leagth greater thaa zevro. Thie is contrary
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to other data, which indicates that i{increasing entrainment length improves wall jet
deflection performance. The probable cause for this phenomenun is the vectoring of
the exhaust jet due to the thick wall jet nozzle design. The wall jet exhaust does
not exit the nozzle parallel to the surface of the thrust turning model. Instead,
the exhaust is vectored at an angle providing some "built-in” deflection when the
entrainment length is zero. Figure 6 illustrates the vectoring of the wall jet by

the nozzle alone. As the entrainment length {s increased, the benefit of the

angled wall jet decreases because the jet is directed into the surface of the

éz fa thrust turning model rather than parallel to {it.

¢ E The second phenomenon is illustrated in Figure 5d by the 0.438-in. radius

i“ } corners. When all other conditions are the same, the corner having only 96-deg arc
] deflects the thick wall jet more than the cormer with the full 180-deg arc. The

o

-

sharp trailing edge of the 96-deg corner causes the wall jet to separate at the
sharp edge resulting in wall jet deflections close to 96 deg at nearly all levels

of Coanda jet momentum. Th~ wall jet separation point of the full 180-deg are

P
by

corney moves as well as the wall jet deflection angle depending on the Coanda jet
momentum level and other geometric cona.tions. The full arc cormer, however, does
have an advantage over the corner with only 96 deg of are. When coupled with other
sore favorable parametrie combinations, the full are corner can produce a range of
deflection angles up to 180 deg. A partial avc is limited to a smaller raage of
deflection anglee.

DEFLECTION EFFICIENCY

The deflection cfficlency is influenced most by ceravr radius, wall jet aspeet
ratio, and entraiameat leegth., The efficiency of the wall jet thrust deflection is
the ratio of resultane thrust to the sum of wall jet thrust aad Coaands jet
womentua. For wall jet deflection angles of less than 5 dez, the effielency (s
1.0. This implies that no thrust is lest due to smail wall jet defleetiea; there
is simply a slight change in thrust directioa.

The wall jer deflection efficiency improves as the coraer radiws iacreases
(Figure 7). At amall deflection anglea, the wall jet deflection etileleaclen arve
nearly the sase for all the corner radii; houever, as the angle of defleetion
incveases, the deflection efficlencies of the smaller coraer radii decrease more
rapidly.

Increasing wall jet aspect ratio ilmproves the defleetion efficlency. Regults

5
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of the aspect ratios investigated indicate that there is a diminishing incremental
increase in efficiency for increasing aspect ratio. For most conditions, the
difference in efficiency is very small when coaparing the aspect ratio 4 and & wall
jets, but not when coaparing the aspect ratio 2 wall jet, When the entrainment
length is zero, the aspect ratic 4 wall jet actually is mcre efficient than e
aspect ratio 6 wall jet.

The deflection efficiency seems to improve with decreasing entrainment i: agth;
see Figure 7. The curves i{llustrate that the 0.875~ia. corner radius ha. .
deflection cepadbility limited only by the amount of Coanda jet momentusz availakle.
When these curves of various entrainment lengths are coapared, the o3t efficient
deflections occur when the entrainment length i{s zoro. This dehavior is attributed
to the vectoring of the wall jet nozzle, as discussed earlier.

When the curves in Figure 7 are shifted to give the same deflection angles for
no Coanda jet hlowing, deflection efficiency is only slightly improved by
increasing entrainaent length. The smaller corner radii{ follow the same trends as
the 0.875-1n. radius; however, these radii are limited to the maximum deflection
angle attainable.

STATIC PRESSURE DISTRIBUTION AT CORNER
Figure 8 shows statie pressure at the smallest coraer radius (0,219 {r.). The
flow is mostly separated over the Coanrds surface. The static pressure varies naear
the Coanda jet slot; however, oaly ome tap was close enough to the nloat to piek up
the pressure variations., The pressuve varlatioas are limited to a vory small ares,
whieh means that chere is no attached flow cver wost of the thrust turniag coraner.,
Those eonditions iadiecate that a pressuie chaage over a very small area cas
significantly ehange the wall jet deflection angle.
The larger <orner radii (0.438 and 0.8/% in.) at low wall jet thrust ievels
(Pigures 8d throuzh 8e) ahow that a high auctlen averaged over the eatire surface ;
vesults in high uall jet thrust deflection angles. less thas optimum eoaditioas ;
ean still produce large deflections of the wall jet. With an increased wall jot i

thrust, the smount of suction necessary to deileet the wvall jet thrust ia =4
increased. Alro, the suction near the Coanda jet slot (s increased, and the ,!
suction on the rest of the thrust turning corner is decreased. lnsufficient Coaada o

Jet blowing or excessive blowing produces the asame type of pressure distribution on
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the thrust turning corner. At a very low level of 6Vj, not enough energy 1is
avallable to develop sufficient suction; while at too high a level of 6VJ, there is
an excess of energy to the flow over the surface which causes the wall jet to

separate from the comer suriace.

PRESSURE RATIU, P /PS
Wall Jet “Slot
Maximum deflection angles under 50 deg generally occur if Xj = 0 and

Py /P < 1,95 (Figure 9). However, corner radii of 0.438 and
Wall Jet Siot

0.875 in, and low wall jet thrust produce a maximum deflection angle in excess of
50 deg., The wall jet deflections are greater with larger cormer radii. As the
wall jet thrust increases, more suction must be maintained over the comer to

obtain the same deflection angles; cousequently, P /P must increase.
Wall Jet Slot

As the radius of the thrust tuming comer decreases, the maximum deflection angle
decreases. With this decrease the pressure ratio necessary to achieve the maximum
deflection increases to a point where the ratio cannot be maintained. Thus,

separation of the Coanda jet from the thrust turming comer results.

PRESSURE RATIO OF JETS, P /P,r
Coanda Jet Wall Jet

The curves for thick wall jet deflection plotted against the total pressure
ratio of the Coanda jet to that of the thick wall jet fall into three groups; sec
Figure 10, All the curves within the 170~ to 180-deg range ave in the first group.
This condition 1s the no-wall-jet-thrust case where¢ the wall jet pressure

PT equals the ambient pressure., Only the Coanda jet and any ambient air
Wall Jet

aear the thrust turning model are deflected, because the ambient thick wall jet is
not forcing a strong suction peak at the Cuanda slot or separation of the Coanda
jet from the comer surface. The second group is composed of the larger corner
radii with lower wall jet thrust values. These conditions produce high deflection
angles (6C to 170 deg) with no definite maximum in the range of presaure ratios
investigated. The third group includes the intemwediate and smallest tadius
comere. These configurations generally reach a deflection peak at a

'y /Py value of 1.7 aud then swoothly decressed. Table & liats
Coanda Jet Wall Jet
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the maximum wall jet deflection obtained by each coraer at the maximum wall jet
thrust of 100 1b.

WALL JET THICKNESS/CORNER RADIUS
The wall jet thickness/corner radius {nozzle height/corner radius) parameter
is inversely proportional to turning performance, as shown in Figure ll. Each

curve is divided into three sections denoting the three different cormer radii.

The 0.875-in. radius corner, when used in conjunction with the different aspect
ratio thick wall jet nozzles, yields values nf hN/RC less than 4. The 0.438-in.
radius corner with the different nozzles yield values of hN/RC between 4 and 8 with
the various wail jet nozzles. The (¢.219-in. radius corner yields hN/RC values
greater than 8.5. These three sections blend together smoothly enough to form a
single, continuous curve at intermediate values of Coanda jet momentum. The curve
shape 1llustrates that this paramcter exerts a strong influence on the deflection

performance, as do the corner radius and the wall jet thickness individuailly.

ASPECT &..-I0

As (1 thick wall jet nozzle aspect ratio increases, turning performance
{ncreases (Figure 12). The seasitivity to aspect ratio change is dependent on the
corner radius, as sensitivity increases with increasing corner radius. The
smallest of the corner radii investigated demonstrates only a very small variation
in deflection angle when compared with the larger corner radii. The larger corner
radii iacremental changes due to aspect ratio encompass the entire deflection angle
range of the smallest corner radius. For all except the smallest corner radii,
setting Coanda jet blowing at a maximum and the entrainment length greater than
zero shows that the higher aspect ratio wall jets deflect more than the lower
aspeet ratio wall jets. This applies to the larger corner radii{ since the wall jet

thrust defleetion variation is small for the 0.219-in. corner radius.

ENTRAINNENT LENGTH
When the entrainment length, XJ. is increased while keeping other variables
constant, the attainable thick wall jet deflsction usually {s increased (Figure
13). As the distance the thick wall jet travels frow its exhaust nozzle to the "_
Coanda jet is {funcreased, the amount of Coanda jet momentum necessary to deflect the

, N
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thick wall jet to a specific angle decreases. This describes the behavior of the
thick wall jet when either the 0,438-in. or the 0.875-in. radius corner is used.

When the 0.219-in. radius corner is used, an entrainment length of zero permits the

. highest degree of wall jet deflection. The amount of deflection is greater with no
%f" o entrainment length, because the vectoring of the wall jet by the exhaust nozzle is

: a significant part of the total wall jet deflection. This explanation also applies
to the wall jet deflections with maximum Coanda jet blowing and a corner radius of

either 0,438 ia. or 0.875 in.

The sensitivity to changes in entrainment length also is influenced by the

corner radius. As the corner radius increases from 0.219 to 0.875 in., the
incremental increase in deflection angle generally increases as entrainment length
increases. In addition, the benefit of increasing entraimment length begins to

diminish at the 0.875-in. corner radius.

WALL JET/COANDA JET WIDTH INTERACTION

At each specific wall jet thrust level, an optimum thrust turning model span
is combined with a Coanda jet blowing momentum which induces the maximum wall jet
deflection. Increasing the thrust turning model span from this optimum will lower
the deflection efficiency by providing excess Coanda jet momentum. If the span is
narrower than the optimum, the maximum deflection will not occur because the span
boundaries prevent the proper Coanda jet momentum to be distributed over the wall
jet span (Figure 14), Optimum deflection is highly dependent on geometric
variables as well as on wall jet thrust level and coanda jet momentum level. If
the Coanda jet span is too wide, an apparent increase in turning is produced. The
actual mechanism for this additfonal turning fincrement i{s the circulation control
turning alone outside of the wall jet. This additional increment is due to the
entrainment of ambient air. Deflecting ambient air alone with Coanda jet momentum
1s inefficient, as shown in Table 5.

If the span of the Coanda jet is too narrow, the Coanda jet momentum will not
be able to effectively interact with the entire wall jet. Although a portion of
the wall jet will be deflected, the remaining part outside the span of the Coanda
jet will not he. When these conditions exist, the maximum possible wall jet
deflection {s less thaan the maximum deflect’un with the optimum wall jet/Coanda jet
width ratio.
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SUMMARY

1. The maximum wall jet deflection angle increases as corner radius increases.

2. The most influential geometric parameter is the corner radius. As the
radius decreases, the influence of other geometric parameters decreases.

3. As the corner radius increases, the amount of Coanda jet momentum required
to achieve maximum wall jet deflection angle increases as does the maximum value.
However, a desired angle less than the maximum can be achieved with less momentum.

4. The 96-deg arc corner produces more deflection at higher wall jet thrusts
with the same Coanda jet momentum than corners with the same radius and a greater
arc length,

5. The wall jet dellection efficiency improves with increasing corner radius.

6. As wall jet aspect ratio increases, the wall jet deflection angle and
deflection efficiency increase.

7. As the entrainment length increases, the jet deflection angle increases.

#. Llecreasing entrainment length seems to improve wall jet turning efficiency.

9. As wall jet thrust increases, maximum wall jet deflection angles decreases.

10. As P, /P increases, the wall jet deflection angle
Coanda Jet Wall Jet
increases.
11, 1Increasing P /P increases the wall jet deflection nozzle.

Wall Jet SSlot
12, As the span of the Coanda jet increases, wall jet deflection angles
increase; however, the total efficiency decreases.
13. Highest well jet deflection angles occur when there is a high, evenly

digtributed suction over the thiust turning corner.

CONCLUSIONS
Efficient deflection of a thick wall jet carm bu produced using a thin Coanda
jet cxhausting over a rounded curner. To maximize the amount the wall jet can be
deflected, the radius of the cor.er must be large, as must bhe th:s wall jet aspect
ratio and the distance between wall jet nozzle and the Coanda jetr slot. The span
of the Coanda slot should be approximately the “natural” span of the wall jet after
it is allowed to grow and mix with the ambient air.
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Static pressure ratio distributions over the surface of the corner indicate
that for high deflection angles an even suction distribution over the surface is
required. Given a particular design point, it should be possible to tailor the
shape of the corner to provide the prescribed deflection at a minimum energy cost.

The span of the Coanda jet relative to the wall jet, or the
two—~dimensionality, determines the efficiency and effectiveness of the system. The
optimum span ratio is one which limits the span of the Coanda jet to that of the
wall jet after it travels the entrainment length mixing with ambient air. This
condition ensures that the maximum amount of Coanda jet blowing will be used to
deflect the wall jet without permitting excess Coanda blowing to entrain static

ambient air.
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TABLE 1 - THICK WALL JET THRUST CONVERSION

Percentage Thrust Setting Approximate Thrust Range
(1b) (1b)
100 92 80 - 106
70 63 50 - 71
35 30 26 - 31
TABLE 2 - THICK WALL JET NOZZLE SPECIFICATIONS
A Height Width
(in.) (in.)
2 3.3 6.5
- 4 2.3 9.2
6 1.9 11.3
: B p— A
| 0T T
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3 s e et
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TABLE 3 - MAXIMUM WALL JET DEFLECTINN FOR A SPECIFIC WALL JET THRUST
AND CORNER RADIUS

Wall Jet Thrust Corner Radius (imn.)

(1b) 0.219 0.437 0.875

0 180 deg 180 deg 179 deg

29 37 172 {723

10 18 S4 {59

9% 14 30 97
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TABLE 4 - MAXIMUM WALL JET DEFLECTIONS AT MAXIMUM WALL JET THRUST

R ) P /P A X h

c max TCJ TQJ 3 8
(in.) (deg) (in.) (in.)
0.219 14 1.35 4 0 0.028
0.437 29 1.97 4 0 6.028
0.437 29 1.65 6 10.9 0.014
0.875 140 2,23 6 10.9 0.028

TABLE 5 - WALL JET DEFLECTION FOR VARYING SLOT SPAN TO NOZZLF SPAN RATIO
(Coraer radfius = 0.875 in; nozzle AR = 2)

Entrainment length Thrust Wall Jet Coanda Jet Slot Spanm
Corner Radius Level Def. Angle Momentum Nozzle Span
(1b) (deg) (1b)
iJ/R =0 70 21 3.7 1
27 (emax) 10.2
90 20 3.0 2
2} (e 15.0
aax
20 7.0 5
3
28 (aaax) 47.0
XJ/R @+ 12,4 10 20 3] 1
30 (anax) 10.8
90 20 2.2 2
40 (O.ax) 15.8
20 1.0 b)
45 (suax) 48.0
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Figure 5 {Continued)
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Figure 5S¢ - Wall Jet AR = 2; Entrainment Length = 10.9 Inches; Wall Jet
Thrust = 100 Percent (~90 Pounds); Coanda Jet Height = 0.028 Inches

. ¢:!>mmrT ! I ! }

130~ RADIUS (in } RUN AR e
® W00 w 6 ™
3 MO -FO—Qoaw w2 6 -
; 100 p-Cr—=Q0437.90deg 12 & -

T—X7 0 219 w6

9 VI g—oun g 2 h
< w p— —
2 - -
3 b ]
- 60} —
9 .
- 5
W
0o
m K 1}
022

10

H |

10 20 0 & 5 6
COANDA JET MOMENTUM. m V,(ib)

Figure 54 - Entrainment leagth = 5.2 Inches; Wall Jet Thrust = 100 Poresnt
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Figure 5 (Continued)
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Figure Je - Wall Jet AR = 6; Entrainment Length = 0 Inches; Wall Jet
Thrust = 100 Percent (~90 Pounds); Coanda Yot Height = 0,023 Inches
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Figure Sf - Wall Jet AR = 4; Entrainment length = 0 Inches; Wall Jet Thrust = 100
Percent (<90 Pounds); Coanda Jet Height = 0,028 Inches |
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Figure 5 (Cont inued)
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Figure 5g - Wall Jet AR = 2; Entrainment Length = 0 Inches; Wall Jet
Thrust = 100 Percent (~90 Pounds); Coanda Jet Height = 0,028 Inches
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Figure 7a

Figure 7b

Figure 7 - Wall Jet Deflection Efficiency
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Figure 7 (Continued)
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Figure 7¢ - Wall Jet AR = 2; Entrainment Length = 10.9 Inches; Wall Jet
Thrust = 100 Percent (~90 Pounds); Coanda Jet Height = 0.028 Inches
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Figure 7 (Continued)
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Figure 7 (Continued)
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Figure 8 - Static Pressure Distribution of Rounded Corner
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Figure 9 - P

RS RS S i it e T

Rl o
R

WALL JET DEFLECTION ANGLE, § (deg)

RNy s DA AT MR & £ T2 2 Lot
- MR TE RSN AN RIS 45 osmcsinamctn:

RERKEELL ot BT T

T TR AT AT G et ey v e e a e

T T B i o 5

B
2

3
l

!

8
1

1 Perf
Total ya11 Jet/PSCatiC Slot Influence on Wall Jet Deflection Performance
180 - ;
CORNER THRUST
RADIUS (in.) (percent)
3B 70 100
160 — 0.875* Qo0 C
0.219 oo o
0.437 TANGR AN 4
140 —

*COANDA JET HEIGHT
= 0.035 INCHES

39

1.8

PTOTAL ya ser! PSTATIC 30aNpa sLOT

Figure 9a - Wall Jet AR = 6; Entrainment Length = 0 Incres; Coanda Jet
Height = 0,028 Inches




Figure 9 (Continued)
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Flgure 9p - Wall Jet AR = 6, Entrainment Length = 5.2 Inches; Coanda Jet
Height = 0.028 Inches
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Figure 9 (Continued)
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i ‘ Figure 9c¢c - Wall Jet AR = 6; Entrainment Length = 10,9 Inches; Coanda Jet
Height = 0,028 Inches
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Height = 0,014 Inches)
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Figure 11 - Wall Jet Height/Corner Radius Influence on Wall Jet
Deflection Performance
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Figure lla - Entrainment Length = 1U.9 Inches; Coanda Jet Momentum = 20 Pounds;
Coanda Jet Height = 0,028 Inches
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Flpgure 11b - Batralnzent lenpth o 5.2 laches; Coanda Jet Momeatusm = 20
Pounds; Coanda Jet Height = 0,028 Inches
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Figure 11 (Continued)
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Figure llc - Entrainment Length = 0 Inches; Coanda Jet Momentum = 20
Pounds; C(oanda Jet Height = 0,028 Inches
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WALL JET DEFLECTION ANGLE, 6 (deg)
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Figure 13 - Corner Radius and Entrainment Length Influence on Wall Jet
Deflection Performance
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Jet Height = 0,01 Iaches |
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Figure 13 (Continued)
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Figure 13b - Hall Jet AR = 6; Coanda Jet Momentum = 60 Poundx;
Coanda Jet Height = 0,014 Inches

4

09




o - e,
o

el g sy e
. .

i

180
|

160 —
COANDA JET SPAN | THRUST (percent)
WALLJETSPAN | 38 70 100
1.0 g
2.0
10— 55 g
120
100 ~-

WALL JET DEFLECTION ANGLE, 6 (deg)

| | 1

! 1

0 10 2 0

L

COANDA JET MOMENTUM, mV, (b

-

Pigure 14 - Coanda Jet Span/Wall Jet Span Influence on UWall et
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