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SUMMARY 

An exploratory wind-tunnel i nves t iga t ion  has been made t o  determine 
t h e  l i f t  e f f e c t s  of blowing from nace l les  over t h e  upper sur face  of f l a p s  
on a model having a d e l t a  wing of aspect r a t i o  3 .  Several f l a p  conditions 
were examined. High-pressure a i r  was blown from an external-pipe arrange- 
ment supported above t h e  wing t o  simulate jet-engine exhaust. The jet-  
momentum-coefficient range w a s  from 0 t o  3.0 and t h e  model angle of a t t a c k  
w a s  oO. 

The r e s u l t s  of t h i s  l imi ted  inves t iga t ion  show t h a t  values of je t -  
c i r c u l a t i o n  l i f t  c o e f f i c i e n t  l a r g e r  than t h e  j e t  r eac t ion  were produced 
with blowing over f l a p s  from nacelles mounted above t h e  wing. The use of 
double s l o t t e d  f l a p s  with the  gap unsealed between the  f l a p s  and w i n g  had 
a l a r g e  de t r imenta l  e f f e c t  on t h e  lift c a p a b i l i t i e s .  
sealed,  l a r g e r  l i f t  c o e f f i c i e n t s  were obtained when f a n t a i l s  were added 
t o  t h e  nace l les .  The longi tudina l  t r i m  problems crea ted  by l a r g e  d iv ing  
moments were similar t o  those encountered with o ther  jet-augmented-flap 
systems. 

With these  gaps 

I "I!RODUC TION 

Previous inves t iga t ions  have shown t h a t  jet-augmented f l a p s  show 
promise i n  reducing the  take-off and landing distance of j e t  a i r c r a f t .  
(For example, see r e f s .  1, 2, and 3 . )  This work can be divided i n t o  two 
genera l  ca tagor ies :  an e x t e r n a l  arrangement i n  which t h e  exhaust a i r  
from engines mounted below the  wing i s  d i r ec t ed  up through a s l o t  and 
downward over t he  upper surface of t h e  f l a p s ,  and an i n t e r n a l  arrangement 
i n  which j e t  engines a r e  blended with the  wing with t h e  air  brought i n  t h e  
wing leading edge and exhausted a t  t h e  t r a i l i n g  edge. An arrangement with 
blowing over f l a p s  from nace l les  mounted on top of or above t h e  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 advantages of such an arrangement on a high-wing airplane are: 
noise suppression benefiting both the occupants and the people on the 
ground, good slow-speed performance, diminution of ground effect, and 
reduction of trash ingestion by high placement of the engine inlets. 
arrangement would be especially suited for seaplanes because it would 
reduce the spray on the engine inlets and on the flaps. 

The 

C 

1 

The present tests, which were undertaken to explore the lift charac- 
teristics obtainable 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. 
pipes supported externally above the wing to simulate jet-engine exhaust. 
For comparative purposes, a few tests were made with the nacelle pipes 
supported below the wing. The investigation w a s  made in the Langley 
300-MPH 7- by 10-foot tunnel with the model mounted on the single strut 
support. 

High-pressure air was blown through steel nacelle 

The tests included blowing over single and double slotted flaps from 
0- 

nacelles mounted above the wing and blowing over double slotted flaps from 
nacelles mounted below the wing. For some tests with nacelles mounted 
above the wing the flap gaps were sealed. Because of the exploratory C 

nature of the investigation, the data presented are limited to a 43' deflec- 
tion for the small single slotted flap, 60° deflection for the double 
slotted flap with the nacelles above the wing, and 50' deflection f o r  
nacelles below the wing. These angles were selected from a few preliminary 
tests made to determine flap deflections for developing high lift. 
Attached to the nacelles for some tests were fantails, which flared and 
tapered to a long thin slot. 
range from 0 to 3.0 with the model at approximately Oo angle of attack. 

The tests covered a momentum-coefficient 

SYMBOLS 

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

b wing span, ft 

CD 

CL 

Drag drag coefficient, - 
qs 

Lift lift coefficient, - 
qs 

jet-circulation lift coefficient 
L,r 

C 
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v 
W 

U 

7 

6f 

Pitching moment pitching-moment coefficient, 
qsc 

3 
qs 

momentum coefficient, 

wing chord, ft 

mean aerodynamic chord; 2.045 ft yith double slotted flap and 
1.65 ft with single slotted flap 

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

acceleration due to gravity, 32.2 ft/sec2 

mass flow, g 

free-stream static pressure, lb/sq ft 

t o t a l  pressure at nozzle exit, lb/sq ft 

free-stream dynamic pressure, - 'r, lb/sq ft 
universal gas constant, 

wing area; 8.904 sq ft with double slotted flap and 7.23 sq ft 
I ft-lb - deg Rankine 

lb 

with single slotted flap 

nozzle exit temperature, deg Rankine 

jet velocity based on isentropic expansion, 

free -s tream velocity , ft /see 
veight rate of air flow from nacelles, lb/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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j e t -de f l ec t ion  angle (measured with respec t  t o  fuse lage  refer- 

ence l i n e ) ,  tan-1 Lift 
Drag’ deg 

‘V vane de f l ec t ion ,  measured with respec t  t o  wing-chord plane, 
de@; 

P mass dens i ty  of air, slugs/cu f t  

Subscripts : 

X ho r i zon ta l  d i r e c t i o n  

Y v e r t i c a l  d i r e c t i o n  

MODEL ANTI APPARATUS 

The geometric and phys ica l  c h a r a c t e r i s t i c s  of t h e  model, which w a s  
used i n  a previous inves t iga t ion ,  are given i n  figure 1. The d e l t a  wing 

had a leading-edge sweep of 4 5 O ,  an angle of incidence of 1- with respec t  
2 

t o  t h e  fuselage reference l i n e ,  an aspect r a t i o  of 3 f o r  t he  bas i c  wing 
with double s l o t t e d  f l a p  r e t r a c t e d ,  and a wing t ape r  r a t i o  of 0.143. The 
model had a double s l o t t e d  f l a p  with a vane of 8.20 percent and a f l a p  of 
30 percent of t he  wing chord ( f i g .  2 )  and extended from O.O74b/2 t o  
O.7>lb/2 ( f i g .  3 ) .  
f igu ra t ion  which i s  h e r e i n a f t e r  r e f e r r e d  t o  as a small s i n g l e  s l o t t e d  
f l a p .  For t h e  condition of f l a p  gaps sealed, t h e  double s l o t s  were 
covered with an adhesive tape .  Ordinates f o r  t h e  vane and f l a p  a r e  given 
i n  t a b l e  I .  

lo 

The vane alone w a s  used t o  form an  a d d i t i o n a l  con- 

1 
4 

S t e e l  pipes 1- inches i n  diameter, at tached t o  the  balance frame and 

supported i n  proximity t o  t h e  wing as shown i n  f igu re  3 ,  were used t o  pro- 
vide a i r  fo r  simulation of j e t  flow from engine nace l les .  
attachments t o  t h e  nace l les ,  used i n  an e f f o r t  t o  provide b e t t e r  d i s t r i b u -  
t i o n  of j e t  exhaust, are shown i n  f i g u r e  3 ( b ) .  Although t h e  nace l l e  loca- 
t i o n  f o r  blowing from below the  wing i s  not shown, the  nace l l e  p ipes  were 
i n  approximately t h e  same loca t ion  r e l a t i v e  t o  the  w i n g  and a t  the  same 
spanwise loca t ion  as f o r  blowing from above t h e  wing. 
t i g a t i o n  was not made t o  determine t h e  optimum o r i e n t a t i o n  of these  nace l l e  
p ipes .  

S t e e l  f a n t a i l  

A d e t a i l e d  inves- 

The compressed a i r  used t o  simulate jet-engine exhaust was brought t o  
the  balance frame with t h e  p ip ing  arrangement described i n  re ference  2. 
The weight r a t e  of flow was determined by means of a c a l i b r a t e d  sharp-edge 

. 
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Free-stream 
dynamic 
pressure, 
q, w s q  ft 

2 

5 

Y 

Range of 
momentum Free-stream 

velocity , 
V, ft/sec 

Reynolds 
number coefficient, 

c, 
41.0 526 , 000 o to 3.0 

64.9 850,000 0 to 1.2 

orifice in the air supply pipe, and the pressures and temperatures for 
determining the jet-exit velocities were measured at the nozzle exit. 

TESTS AND CORRECTIONS 

Tests 

The exploratory investigation to determine the relative merits of 
some external-flow jet-augmented-flap arrangements on a research model 
was made with the model mounted on the single-strut-support system in 
the Langley 300-MPH 7- by 10-foot tunnel. 
angle of attack of the fuselage reference line at the dynamic pressures, 
velocities, Reynolds numbers, and momentum-coefficient ranges given in 
the following table: 

The tests were made at 0' 

The effective angle of attack considering jet-boundary corrections 
varied from 0.85 to 2.80. 
the data, however. 

This correction was not applied in presenting 

With nacelles above the wing, the double slotted flap was deflected 
60° with flap gaps sealed and open and fantails on and off; the small 
single slotted flap was deflected 43' with flap gap open and fantails on. 
With nacelles below the wing, the double slotted flap was deflected 50° 
with flap gaps open and fantails off. A l l  deflections were measured with 
respect to the wing chord. 

Correct ions 

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 lift effects) on 
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t h e  model t h a t  r e su l t ed  after t h e  j e t - r eac t ion  components had been sub- 
t r a c t e d  f r u m  the data as follows: 

Blocking cor rec t ions  w e r e  appl ied  by t h e  methods of re ference  5 .  
Tare corrections were appl ied  t o  t h e  l i f t ,  p i t c h ,  and drag t o  account 
f o r  nacelle-pipe e f f e c t s .  

RESULTS AND DISCUSSION 

Tests With q = 0 

The r ed i r ec t ed  t h r u s t  Fr was obtained from blowing t e s t s  with 

i s  t h e  o r i g i n a l  momentum of t h e  air  je ts  a t  t h e  nace l l e  
q = 0 
t h r u s t  mVj 
e x i t s .  The r a t i o  Fr/mVj and t h e  angle through which Fr i s  
red i rec ted  give an ind ica t ion  of f l a p  e f f ec t iveness .  Both of t hese  f a c -  
t o r s  a r e  presented on a po la r  p l o t  i n  figure 4. The r a t i o  F mVJ as a 

func t ion  of mVj i s  a l s o  presented i n  the  lower po r t ion  of t h i s  figure. 
Generally, 6-j was less than €if, and over t h e  major po r t ion  of t he  
momentum range t h e  values of f e l l  between 0.50 and 0.60. 
most of the  momentum range of t he  inves t iga t ion ,  t h e  lowest values of 
F mVj 

on t h e  nace l les .  
spreading of t h e  j e t  with a l a r g e r  component i n  the  lateral  d i r e c t i o n  
compared with t h a t  of t h e  o the r  arrangements. 

from t h e  r e s u l t a n t  of l i f t  and drag fo rces .  The i n i t i a l  

.I 

Fr/hVJ Over 

were obtained with the  condition of f l a p  gaps sealed and f a n t a i l s  4 
This f a c t  probably r e s u l t e d  from t h e  imposed spanwise 

4 

L i f t  Coef f ic ien ts  

The r e s u l t s  of t h e  l imi ted  inves t iga t ion  show t h a t  values of CL 
were gen- 

. L , r  
were generally l a r g e r  than those of 
erally l a r g e r  than t h e  jet r eac t ion  a t  t h e  f l a p  Fr/mVj CcL s i n  a + 6 

A value fo r  C of about 2.12 w a s  obtained a t  Cp = 1.3 f o r  t h e  con- 

d i t i o n  of f l a p  gaps sealed and f a n t a i l s  a t tached  t o  t h e  nace l les  
( f i g .  5(a ) ) .  When t h e  f a n t a i l s  were removed without unsealing the  gaps 
( f i g s .  ? (d)  and 6 ) ,  t he  value of CL a t  C = 2.00 was reduced from 
about 3.69 t o  3.10. 

CcL, and values of C 

( J> 
L , r  

)I 
The higher l i f t  c o e f f i c i e n t  with t h e  f a n t a i l  on 
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the  model (even though t h i s  configuration had a smaller r eac t ion  com- 
ponent as discussed previously) can be a t t r i b u t e d  t o  t h e  l a r g e r  c i r cu la -  
t i o n  l i f t  r e s u l t i n g  from dis t r ibut . ion of high momentum air  over a g rea t e r  
p a r t  of t h e  wing span. The importance of providing sealed gaps f o r  
blowing over f l a p s  from above the  wing is  shown by figures >(b)  and 7 
(gaps unsealed and f a n t a i l s  on) where the lowest value of 
given value of C,, was produced: CL = 1.61 a t  Cp = 2.0. Some improve- 
ment occurred when the  f a n t a i l s  were removed with gaps open ( f i g s .  5(e)  
and 8); however, t he  t o t a l  l i f t  i n  t h i s  case was only s l i g h t l y  l a r g e r  
than t h e  momentum coef f ic ien t :  CL = 2.10 a t  C,, = 2.0. The data neces- 
sa ry  t o  compute the  j e t  reac t ion  component w e r e  not obtained f o r  t h e  f l a p  
conditions shown i n  figures 5(b)  and 5 ( e ) .  

CL f o r  a 

For t h e  condi t ion of f a n t a i l s  on and gaps open, t h e  l i f t  produced 
with t h e  small s ing le  s l o t t e d  f l ap ,  CL = 2.42 a t  C, = 2.0 ( f i g s .  5 ( c )  
and 7),  was l a r g e r  than t h a t  produced with t h e  double s l o t t e d  f l a p  
( f i g .  5 ( b ) ) .  

When the nace l les  were placed beneath the  w i n g  with gaps unsealed 
and f a n t a i l s  removed ( f i g s .  5 ( f )  and 8), a value of CL of 3.03 was 
produced a t  Cp = 2.0. 
de f l ec t ion  a t  
t h e  best  upper-surface blowing arrangement ( f ig .  >(a) ) ,  the  t o t a l  l i f t  
was l e s s  because t h e  c i r cu la t ion  l i f t  component was smaller. 

Although the basic l i f t  r e s u l t i n g  from f l a p  
Cp = 0 f o r  t h i s  configuration ( f i g .  ? ( f ) )  was l a r g e r  than 

Pitching-Moment Coeff ic ient  

Negative p i tch ing  moments were exhibited f o r  a l l  t h e  f l a p s  tested 
i n  t h i s  inves t iga t ion  with about the same increase of Cm with Cp over 
the  l i f t - c o e f f i c i e n t  range of t he  invest igat ion.  When an untrimmed value 
of 
load a t  the  hor izonta l  t a i l  needed f o r  longi tudina l  trim varied from 
about 16 percent  t o  20 percent of the t o t a l  l i f t  f o r  an assumed t a i l  
length of l.5’jE. This required down load would exceed t h e  c a p a b i l i t i e s  
of t he  e x i s t i n g  hor izonta l  t a i l  which produced a s t a t i c  margin of about 
20 percent when f l a p s  were up. 
from increased lift on t h e  wing from upper-surface blowing are similar 
t o  those obtained i n  other  j e t - f l a p  inves t iga t ions  where forced c i r cu la -  
t i o n  on the tail,  the  use of nose j e t s ,  or blowing canards have been 
considered as trimming devices ( fo r  example, r e f .  1). 

CL of 2.0 i s  used as a reference, t he  loss  i n  l i f t  due t o  a down 

These l a rge  diving moments r e s u l t i n g  
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Drag Coefficient 
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At a given value of CL, CD varied widely with flap configuration 
as might be expected if consideration is made of the differences in 
reaction component, reaction angle, and circulation lift for the various 
configurations. However, at a given value of C,, the drag coefficient 
was generally proportional to lift coefficient . 

SUMMARY OF RESULTS 

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

1. Values of jet-circulation lift coefficient larger than the jet 
reaction were produced with upper-surface blowing over flaps. 
instance, at a momentum coefficient of 1.3, a jet-circulation lift coef- 
ficient of 2.12 was obtained with the gaps of the double slotted flaps 
sealed and fantails attached to the nacelles. 

For 

2. When the gaps between the flap and wing were unsealed, a large . 
detrimental effect on the lift capability was produced by upper-surface 
blowing. 

3 .  For nacelle location above the wing and with the flap gap sealed, 
larger lift coefficients were obtained when the fantails were added to 
the nacelles. 

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

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., February 25, 1958. 
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IO 20 30 40 50 60 70 

Nace//e above 

Figure 4.- Variation of turning effectiveness with increase in momentum 
for q = 0. 



16 NACA !I" 4298 

CL 

(a)  Fan ta i l s  on; (b)  F a n t a i l s  on; ( c )  F a n t a i l s  on; 
double s l o t t e d  single s l o t t e d  
f l ap ;  gaps open; 

double s l o t t e d  
f l a p ;  gap open; f lap ;  gap sealed; 6f = 60'. 6f = 60°. 6, = 430. 

( d )  Fan ta i l s  o f f ;  (e )  F a n t a i l s  o f f ;  ( f )  F a n t a i l s  o f f ;  
double s l o t t e d  double s l o t t e d  nace l les  below; 
f l a p ;  gaps sealed; f l a p ;  gaps open; double s l o t t e d  
6f = 60°. 6f = 60°. . f l ap ;  gaps open; 

6f = 500. 

Figure 5.-  Summary of l i f t  c h a r a c t e r i s t i c s .  

. 
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Figure 6.- Aerodynamic cha rac t e r i s t i c s  of model with double s l o t t e d  
f l a p s .  
nace l les .  

Flap gaps sealed,  nacel les  above wing, f a n t a i l s  on and off 
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Figure 7.- Aerodynamic characteristics of model. Single and double 
slotted flaps, flap gaps open, nacelles above wing, fantails on 
nacelles. 

. 
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. 

til 

Gaps sealed 

Fantails off  

.. 

. 
Figure 8.- Aerodynamic cha rac t e r i s t i c s  of model with double s l o t t e d  

Flap gaps open, nacelles above and below wings, f a n t a i l s  f l a p s .  
off  nace l les .  

NACA - Langley Field, VA. 


