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TECHENICAL NOTE L4298

EXPLORATORY WIND-TUNNEL INVESTIGATION TO DETERMINE THE
LTFT EFFECTS OF BIOWING OVER FILAPS FROM
NACELILES MOUNTED ABCGVE THE WLING

By John M. Riebe and Edwin E. Davenport
SUMMARY

An exploratory wind-tunnel investigation has been made to determine
the 1ift effects of blowing from nacelles over the upper surface of flaps
on & model heving a delta wing of aspect ratio 3. Several flap conditions
were examined. High-pressure air was blown from an external-pipe arrange-
ment supported above the wing to simulate Jet-engine exhaust. The Jet-
momengum-coefficient range was from O to 3.0 and the model angle of attack
was O-.

The results of this limited investigation show that values of Jet-
circulation 1lift coefflclent larger than the Jet reaction were produced
with blowing over flaps from nacelles mounted above the wilng. The use of
double slotted flaps with the gap unsealed between the flaps and wing had
a large detrimental effect on the lift cepabilities. With these gaps
sealed, larger 1lift coefflcients were obtalned when fantalls were added
to the nacelles. The longitudinal trim problems creeted by large diving
moments were similar to those encountered with other Jjet-sugmented-flap
systems.

INTRODUCTION

Previous investigations have shown that jet-augmented flsps show
promlse in reducing the take-off and landing distance of Jet alrcraft.
(For example, see refs. 1, 2, and 3.) This work can be divided into two
general catagories: an external arrangement in which the exhaust air
from engines mounted below the wing is directed up through a slot and
downward over the upper surface of the fleps, and an internal arrangement
in which Jet engines are blended with the wing with the air brought in the
wing leading edge and exhsusted at the trailing edge. An arrangement with
blowing over flaps from nacelles mounted on top of or above the wing might
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achieve most of the advantages of the multiple~internal-engine arrange-
ment but with a relatively small number of externally mounted engines.
Possible advantasges of such an arrangement on a high-wing alrplane are:
nolse suppression benefiting both the occupants and the people on the
ground, good slow-speed performence, dlminution of ground effect, and
reduction of trash ingestion by high plecement of the engine inlets. The
arrangement would be especially sulted for seaplanes because it would
reduce the spray on the engine inlets and on the fleps.

The present tests, which were undertaken to explore the 1lift charac-~
teristics obtalnable with blowing over flaps from nacelles mounted above
the wing, were made on an existing research seaplane model with a delta
wing of aspect ratio 3. High-pressure air was blown through steel nacelle
pipes supported externally above the wing to simulate jJet-engine exhaust.
For comparative purposes, a few tests were made with the nacelle pipes
supported below the wing. The investigation was made in the Langley
300-MPH T=- by 10-foot tunnel with the model mounted on the single strut
support. .

The tests included blowlng over single and double slotted flaps from
nacelles mounted sbove the wing and blowlng over double slotted flaps from
nacelles mounted below the wing. For scme tests with nacelles mounted

above the wing the flap gaps were sealed. Bécause of the exploratory

nature of the investigation, the data presented are limited to a 420 deflec-
tion for the smell single slotted flap, 60° deflection for the double
slotted flap with the nacelles above the wing, and 50° deflection for
nacelles below the wing. These angles were selected from a few preliminary
tests made to determine flap deflections for developlng high 1ift.
Attached to the nacelles for some tests were fantalls, which flared and
tapered to a long thin slot. The tests covered a momentum~coefficient N
range from O to 3.0 with the model at epproximaetely 0° angle of attack. -

SYMBOLS =

The coefficients of forces and moménts are referred to the wind axes
with the center of moments at 25 percent of the mean aerodynamlc chord.

b wing span, ft
Cp drag coefficient, Drag
as
Cr, - 11ft coefficient, It ]
a8 ' o
C Jet=-circulation 1ift coefficient -

L,T
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of

pitching-moment coefficient, Pitching moment

aSc

mV 4
momentum coefficient, agl

wing chord, ft

mean aerodynemic chord; 2.045 ft yith double slotted flap and
1.65 £t with single slotted flap

redirected force, the resultant of 1lift and drag during static
runs, 1lb

acceleration due to gravity, 32.2 ft/sec2

mass flow, E

free-stream static pressure, 1b/sq £t

total pressure at nozzle exit, 1b/sq ft

2
free-stresm dynamic pressure, E%—, lb/sq £t

ft-1b

universal gas constant, T /deg Rankine

wing area; 8.904 sq ft with double slotted flap and T7.23 sq ft
with single slotted flap

nozzle exit temperature, deg Rankine

Jet velocity based on lsentropic expansion,

r=1

2y D\ 7 .
y_lRTgl-(ITb-> , ft/sec

free-stream velocity, ft/sec

weight rate of ailr flow from nacelles, Ib/sec
angle of attack of fuselage reference. line
ratio of specific heats for air, 1.4

flap deflection, measured with respect to wing-chord plane, deg
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53 Jet-deflection angle {measured with respect to fuselage refer-
ence line), tan-1 LIfE 400 = '

Drag :

Sy vane deflection, measured with respect to wing-chord plane,
deg

P mass density of air, slugs/cu ft

Subscripts:

X horizontel direction

¥ vertical direction

MODEL AND APPARATUS

The gecmetric and physical characteristice of the model, which was
used in & previous investigation, are given in figure 1. The delta wing

o]
hed a leading-edge sweep of h5°, an angle of incidence of l% wilth respect

to the fuselage reference line, an aspect ratio of 3 for the basic wing
with double slotted flap retracted, and a wing taper ratio of 0.143. The
model had a double slotted flep with a vane of 8.20 percent and a flap of
30 percent of the wing chord (fig. 2) and extended from 0.074b/2 to
O.75lb/2 (fig. 3). The vane alone was used to form an additional con-
figuration which 1s hereinafter referred to as a small single slotted

flap. For the condition of flap gaps sealed, the double slots were

covered with an adhesive tape. Ordinates for the vane and flsp are given .
in table I.

Steel pipes l% inches in diameter, attached to the balance frame and

supported in proximity to the wing as shown in figure 3, were used to pro-
vide alr for simulation of Jet flow from englne nacelles. BSteel fantail
attachments to the nacelles, used in an effort to provide better distribu-~
tion of Jjet exhaust, are shown in figure 3(b). Although the nacelle loca-
tion for blowing from below the wing is not shown, the nacelle pipes were
In approximately the same location relative to the wing and at the same
spanwise location as for blowlng from above the wing. A detailed inves-
tigation was not made to determine the optimum orientation of these nacelle
pipes. - - .. _

The compressed alr used to simulate Jet-engine exheust was brought to
the balence frame with the pilping arrangement described in reference 2.
The weight rate of flow was determined by means of a callbrated gharp-edge
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orifice in the air supply pipe, and the pressures and temperatures for
determining the Jet-exit veloclities were measured at the nozzle exit.

TESTS AND CORRECTIONS

Tests

The exploratory ilnvestigation to determine the relative merits of
some external-flow jet-augmented-flsp arrangements on a research model
was made with the model mounted on the single-strut-support system in
the Iangley 300-MPH T- by 1lO0-foot tunnel. The tests were made at o°
angle of attack of the fuselage reference line at the dynamic pressures,
velocities, Reynolds numbers, and momentum~coefficient ranges given 1n
the following table:

Free-stream Free-stresm Range of
ressur: velocity, Rizggigs cdzgﬁiiziit
P 16/ ’t vV, ft/sec ?
q, lb/sq T Cu
2 hi.o 526,000 0 to 3.0
5 6k4.9 850,000 0 to 1.2

The effective angle of attack considering Jjet-boundary corrections
varied from 0.85 to 2.80. This correction was not applied in presenting
the data, however.

With nacelles above the wing, the double slotted flap was deflected
60° with flasp gaps sealed and open and fantails on and off; the small
single slotted flasp was deflected 430 with £flap gep open and fantails on.
With nacelles below the wing, the double slotted flap was deflected 500
with flap gaps open and fantails off. All deflections were measured with
respect to the wing chord.

Corrections
Jet-boundary corrections applied to the drag were obtained by the

methods of reference 4. The magnitude of the corrections was determined
by considering only the aerodynamic forces (circulation 1ift effects) on
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the model that resulted after the Jet-reaction components had been sub-
tracted from the date as follows:

= 0D, ireq + O-OLHT[C, - €y sin(ey + OL):Ie

Blocking corrections were spplied by the methods of reference 5.
Tare corrections were applied to the 1ift, pitch and drag to account
for necelle-pipe effects.

RESULTS AND DISCUSSION

Tests With q =

The redirected thrust Fr was obtalned from blowing tests with

g = 0 from the resultant of lift and drag forces. The initial
thrust mVJ is the original momentum of the alr Jets at the nacelle

exlts. The ratio F /mVJ and the angle 83 through which F, is

redirected give an indleation of flap effectiveness. Both of these fac-
tors are presented on & polar plot in figure 4. The ratio F /mVj as a

function of mVj is also presented in the lower portion of this figure.

Generally, 53 was less then ©p, and over the major portion of the
momentum range the values of Fr/mvj fell between 0.50 and 0.60. Over
most of the momentum range of the investigation, the lowest values of
Fr/mvj were obtained with the condition of flap gaps sealed and fantalls

on the nacelles. This fact probably resulted from the imposed spanwise
spreading of the jet with a larger component in the lateral direction
compared with that of the other arrangements.

Lift Coefficients

The results of the limited investigation show that values of Cj,
were genersally larger than those of C ) and values of CL p Were gen-
erally larger than the Jet reaction at the flap Fr/mV Cu sin(x + Sd)

A value for CL r of about 2. 12 was obtained at CH 1.5 for the con-
dltion of flap gaps sealed and fantails attached to the nacelles
(fig. 5(a)). When the fantails were removed without unsealing the gaps

(figs. 5(d) and 6), the value of Cp at Cu 2.00 was reduced from
about 3.69 to 3.10. The higher 1lift coefficient with the fantail on
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the model (even though this configuration had a smaller reaction com-
ponent as discussed previously) can be attributed to the larger circula-
tion 1ift resulting from distribution of high momentum air over a greater
pert of the wing span. The importance of providing sealed gaps for
blowing over flaps from above the wing is shown by figures 5(b) and T
(geps unsealed-and fantails on) where the lowest value of Cy, for a

given value of Cu was produced: Cp = 1.61 at Cu = 2.0. Some improve-

ment occurred when the fentails were removed with geps open (figs. 5(e)
and 8); however, the total 1ift in this case was only slightly larger
than the momentum coefficient: Cp = 2.10 at Cu = 2.0. The data neces-

sary to compute the jet reaction component were not obtained for the flap
conditions shown in figures 5(b) and 5(e).

For the condition of fantalls on and gaps open, the 1ift produced
with the smell single slotted flap, Cp = 2.42 at Cp = 2.0 (figs. 5(c)

and T), was larger than that produced with the double slotted flap
(fig. 5(b)).

When the nacelles were placed beneath the wing with gaps unsealed
and fantalls removed (figs. 5(f) and 8), a value of Cj of 3.05 was

produced at Cu = 2.0. Although the basic 1ift resulting from f£lap
deflection at C, = O for this configuration (fig. 5(f)) was larger than

the best upper-surface blowing arrangement (fig. 5(a)), the total 1lift
was less because the circulstion 1ift component wes smaller.

Pitchlng-Moment Coefficient

Negative pitching moments were exhibited for all the flaps tested
in this investigation with about the same increase of C, with Cu over

the lift-coefficlent range of the investigetion. When an untrimmed value
of Cp of 2.0 is used as a reference, the logs in 1ift due to a down

load at the horizontal tall needed for longitudinal trim varied from
about 16 percent to 20 percent of the total lift for an assumed tail
length of 1.55¢. This required down load would exceed the capsbilities
of the existing horizontal tall which produced a static margin of about
20 percent when flaps were up. These large diving moments resulting
from Increased 1ift on the wing from upper-surface blowing are similar
to those obtained in other Jjet-flap investigations where forced circula-
tion on the tall, the use of nose Jets, or blowing canerds have been
consldered as trimming devices (for example, ref. 1).
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Drag Coefficient

At a given value of Cj, Cp variled widely with flap configuration
as mlght be expected if consideration is made of the differences in
reaction component, reaction angle, and circulation 1lift for the various
configurations. However, at a glven value of CH the drag coefficient

was generally proportional to 1lift coefficient.
SUMMARY OF RESULTS

An exploratory wind-tunnel investigation has been made to determine
the 1ift effects of blowing over flaps from nacelles mounted sbove the
wing. Results of this investigation may be summarized as follows:

1. Values of jet-clrculation 1ift coefficient larger than the Jet
reaction were produced with upper-surface blowing over flaps. For
instance, at a momentum coefficient of 1.5, a Jet-circulation 1ift coef-
ficlent of 2.12 was obtained with the gaps of the double slotted flaps
sealed and fantalls attached to the nacelles.

2. When the gaps between the flap and wing were unsealed, s large
detrimental effect on the 1lift capsbllity was produced by upper-suiface
blowing.

3. For nacelle location above the wing eand with the flap gap sealed,
lerger 1ift coefficients were obteined when the fantails were added to
the nsacelles.

4. The longitudinal trim problems (resulting from large diving
moments) for upper-surface-blowing Jjet-augmented flaps are similar to
those encountered with other Jet-augmented-flap systems.

Langley Aeronautical Isaboreatory,
National Advisory Committee for Aeronsutlcs,
Lengley Field, Va., February 25, 1958.
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TABLLE I.~ CRDINATES OF VARE AND FLAP

b4 ¥

o - |
A o I

- P
Vane 1ap chord = 0.300c)
(Vane chord = 0.082c) (Flap

¥, percent of ¥, percent of
x vane chord, % flap chord,
> '
percent of for - percent of tar -
vane chord Loar Uppe flap chord Lower Upper
surface surface surface suriace
0 o] 0 0 -1.6 -1.6
1.7 -2.6 2.1 3.7 3.1 9
6.7 4.9 4.8 T3 -3.2 1.9
20.0 -5.2 9.0 11..0 -3.3 2.8
33,2 -2.0 10.7 1.5 5.5 3.5 -
¥6.7 -3 10,1 16.9 ~3.5 3.5 =
60.0 -2 7.5 33,3 2.7 2.7 5
86.6 k.5 2.2 50.0 -1.9 1.9
100.0 -1l. 9.7 66.7 ~L.1 1.1l E
8.3 -l s =
100.0 -.9 a 38
33}
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L —30/5 ft T )
Mean verodynamic chord—————— - ———~— - 2045 ft N
Airfotl section(parallel to air stream] NACA 654004 @
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lncidencg————————— e e 5* — dd/d—
- 9304
Horizontal tail:
Aspect ratlo————————ccec—m——m - —— —~4.00
Arege—ee e e e e [3Gsq I}
Airfoil sectionr—————————————- NACA 654006
- / E’Jnch plpe used to provide high-
Vertical tail: pressure alr for simulated jet-
Areem — e 1913 sq ft engine exhaust,
Alrfoil section———————— —— NACA 654006
Center of moments
« el |
B 26.25
N ]
— — par S ns8 |
\3f
-~ 6202
116.13
Figure l.- Three-view drawing of research model with jet-sugmented flaps. All dimensions are in o

inches.
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Figure 2.~ Double slotted flap at a typical wing section of the model,
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(s) Plain nacelles.

Figure 3.- Necelle and wing detalls for twin-nacelle blowing over double slotted flap.
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Figure 4.~ Variation of turning effectiveness with increase in momentum
for q = 0.
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% / 2 3 (7] / z 3 cb / 2 3
G Cu Cu
(a) Fantalls on; (b) Fantails on; (¢) Fantails on;
double slotted double slotted single slotted
flap; gap o - flap; gaps open; flap; gap open;
sealed; ®p = 60 . Bp = 60°. ' 5y = 43°.
# T e 4 TR gsssssts s
e T ]
3 - 3
‘iL,r
¢ 2heh ot ¢ 2 c;, 2HH
AT/, c . S ; P
e A o G : e
’ fgga
% / 2 3 % / z 3 % / 2 3
Cu Cu Cu
(8) Fantails off; (e) Fantalls off; (f) Fantails off;
double slotted double slotted nacelles below;
flap; geps sealed; flap; geps open; double slotted
Be = 60°. Bp = 60°. flap; gaps open;

B¢ = 50°.

Flgure 5.- Summary of 1lift characteristics.
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Figure 6.~ Aerodynamic characteristics of model with double slotted

flaps. TFlap gaps sealed, nacelles above wing, fantails on end off
nacelles.
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il
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-/ ||

Double slotted
-2 L 8r=60°

) : T
0 / 2 o 3 p: 5

Figure T.- Aerodynamic characteristics of model. Single and double
slotted flaps, flap geps open, nacelles asbove wing, fantails on
nacelles.
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Nacelles above,
-2 Sr=60° )
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2 e AT Fa{n:ﬂ/:/s on {Nacelles below, 4
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, : tH Gaps ‘open HHH
sEEIEs i . Fantails off Hi
II IFI = - o) E = la- i
cp O it -
-/ :E AT
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| &= 60°
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Fantails off
4 H :
3
Cu -
2
/
- - : LI H [N} Ei
0 & 1 L 11
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Figure 8.~ Aerodynamic characteristics of model with double slotted
flaps. Flap gaps open, nacelles above and below wings, fanteils
off nacelles.

NACA - Langley Field, Va.



