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If the 1ift of an airfoll shsll be increased by blowing a Jei

over the flap, power must be expended to create initial amounts of
Xjet momentum flux end jet stiffness at the jet exit (blowirg slot).

Skin friction, turbulent mixing, and pressure variaticns along the

flap cause considerable changes of the jet properties from blowing

sict to trailing edge. 1In the present experiments the jet momentum

flux was always decreased whereas the jet stiffness was increased

under certain favorable conditious.. The tctal 1lift consists of the

basic 1ift, of the vertical component of the reaction of the total

nomentum flux at the trailing edge and of the jet-induced 1ift. A\ The .

Jet-induced 1ift results from the vorticiiy of the mixing jet sheet

downstream of the trailing edge and from the sink effect of the mix~

ing jet along the flap, Because of mixing the stiffness of the jet

sheet increases downstream from the trailing edge toward infinity.

Thus, the contribution of jet-sheet vorticity to the Jet-induced

1ift becomes greater than predicted by the theory of the blowing wing

with nop-mixing jet. The analysis was restricted to states of flow
‘ where the flow was fully attached to the flap, Under *these conditions
[ losses of wing-circulation 1ift are caused by leading~edge separation.
Reattachment of the flow separated at the leading edge is, however,
favered by the sink effect of the mixing jet on the pressure distri-
bution over the suction side of the main airfoil, resulting in an
alleviation of the losses of wing-circulation 1ift. Tre influences
of flap-deflection angle, angle of attack and blowing-slet width
ratio on the lift-power relationship are studied and represented by
empirical fermulae permitting extrapolaticn of this relationshiyp over
the range of power coefficients attainable in the present experiments,
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A, TFUNDAMENTALS OF THE THEORY OF THR ELOWING WING

The Two-Dimensional Blowing Wing in Non-Viscous Incompressible
¥low

In order to simpiify the mathematical problem, the theory of
the blowing wing has been based on a set of simplifying as-~
sumptions about the blowing jet and the airfoil, namelyt thin
jet, no jet mixing, donstant pressure along the jet sheet, con-
stant total pressure within the jet sheet, thin airfoil, small
angles of attack and deflection, etc, Under these conditicns,
the pressure discontinuity across the jet sheet which is re=-
quired to overcome the excess centrifugal forces of the jet
sheet and to bend *he jet shecet into the curved pattern of the
surrounding basic flow (Ref, 1) becomes

Ap, = p (V2 - V) -2, - (1) .

J 3 o T

Here p is the density, VJ the jet velocity, V +he free~stream

velocity, h the thickness of the jet sheet and r its local ra-
dius of curvature. The pressure discontinuity is wmocompanied’
by a discontinuity of the velocities across the jet sheet, £ -,
determined by

3

The discontinuity ¢ d1s the lifting vortieity of the Jet sheet
which causes the jet-induced 1ift on the airfoil (Ref, 1).2
v

Dividing Apj by the free-stream dynamic pressure, G =03
we obtaln

22
- 2 #L. 2 _.1_._2_ h 2 _22_ _3_ B Cy

Ref, 13 H,B, Eelmbolg University of Wichita, Engineering Study
110 (August 1553)
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A, FUNDAMENTALS OF THE THEORY OF THE BLOWING WING
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The charactéristic length kc P [:(VJ/VO)2 -l]h which, ac~
cording to our assumptions, is constant along the jet sheet

1s called the centrifugal thicknegs of the jct sheet, and
the nondimensional quotient Co @ Zlc/b, where ¢ denotes the

cho
airfoil, i5 called the gtiffness coefficient of the jet sheet.
Equation (3) states that the nondimensional reaistance to bend-
ing of the jet sheet, Ap /ﬁ s i the product of the stiffness

coefficient and the nondlmen51onal curvature of the jet sheet,
o/r.

The total 1ift coefficient of the blowing airfoil may be re-
solved into three terms,

QL = cl° + ACIT + ClM’

(4)
The first term is the basic 1ift coefficient of the airfoil with-
out blowing jet, the second term is the jet-induced lift coeffi~
cient, the third term represents the vertical reaction of the
blowing jet, The jet-induced 1ift coefficient is a function of
the stiffness coefricient, The sum of the two first terms is cal-
led the wing-circulation 1ift coefficient,

Cr= Sy fACH.. (5)

The last term of Equation (4), the momentum~}ift coefficient, is

Al
| Ciy = cu sin 6, (6)
if the blowing air is taken from the interior of the airfoil

and not from the fredstream: such is *he case with 2 two-di-
mensionsl airfoll wmodel in a wind tumnel where the blowing air

FA-800-22A
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is supplied from outside the tunnel, The Jet-momentum coef-

ficient is defined by

| v, 2

c = I B pjvibg . 2 (A = (7
BT T TR e Vo

where s = h is the width of the blowing slot, b the infinite
span, mj the jet-mass flux, The inclination of the jet shect,

at the trailing edge, toward the free stream velocity is de-
noted by the jet-deflection angle bte‘

2., The Mixing Jet under Constant Prescure

If the jet is tlown over a deflected flap, as in thc experiments
to be discussed later on, it undergoes violent »ressure vatia-
tions until it reusches the trailling odge., This process presents
& problem difficult for two reusong: the mechanism of turbulent
nixing under wvarlable preassure is virtually unlmown, and the com-
pcund of differentinl equations goverming the process is ruther
couplicated even if the model of the mixing mechanism is idenl-
izes by the similarity hypothesis (Ref, 2)., Under such a state
of affairs it will be instructive to study the simpler case of
the mixing jet under gonatant pressure, where, fortunately, cer-
tain statements can be made without any detaitied knowledge of the
mixing wechanism,

Let us conslder the mixdng jet in a purallel stream Vo. The mass

flux between two streamlines ayumetrical to the jet axis and situ-~
ated outside the mixing zone is

=bd (p Sh u, dy + pVoa) = gonst 1€))

Ref, 21 H,B, Helmbold, Universlity of Wichita, Fngineering Study
182, (August 1955)




\

REFORT Y. R2LOASOO2 FAIRC"ILD AIRCRAFT DIYISION ) ' PAGES | PAGE 5
L. b }Axx Vil ENGINE a ATRPLANE CORFORATION
MR L FRrpanTon CHECKED BY APPROVED BY
I H,B. Ehelnbold | .
NALYSIS OF TEE POWER PRJUIFTNLNG GF A BLOVING pare _9 April 1958
[ SuzJECT:- ALRFCIL WITH SLOTTED FLAP REVISED

A, FUNDAMENTALS OF THE THEORY OF THE BLOWING WING

(Cont'd)

where B is the width of the mixing zZone and h + a the distance
between the symmetrical streamlinesj u is the local velocity
in the mixing jet. The momentum flux between the same stream-~
lines is constant too,

M=b (p gh u? . dy + pVi a) = const, (9)
because with constant pressure no pressure forces are acting

on the flew, From (3) and (9) follows tha® the excess-momentum
flux, AM, is also a constant,

M = M- mVo = bp Sh (v - Vo) u » dy = consat, (10

Distinetive from m end M, which are properties of the flow be-

{ tween arbitrarily chosen streamlines, the excess-momentum flux AM
is a property of the mixing jet itself, Therefore it is useful
to define a characteristic length of the mixing jet, its excess~-
gomentum thickness, by

(u=V)u p (V.V )V
va o o Sh dy m =0 d o (11)
p VZ b Va Py V2
00 o] (]

The last form refers to the state of flow in the jet nozzle,
The length A is connected with more conventicnsl notions by
forming the nondimensional guetiemt

: VYV c B £
. S ".1_1_1__9_2_1_. Ba B _¢ .-y ds (1)
o TR T @ e E T RT T RR .
®
0 13)

is the jet—ﬂaus coefflcient (quantlty coefficient). By compari-
son with (7),

C P
-/l Al LB
CQ. 2 o rast (14)
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If the Jjet air is taken from the free stream the ot thrust
is equal to the excess-momentum flux, OCn %the other hand, if
the jet air is supplied by a source within the alrfoil, the
Jet-mass flux has first fto be accelerated to free-strecm ve-
locity whieh produces an additicnal thrust, m Vo. ‘Hence,

J
in this cace, the total jet thrust becomes

Tj = bp Sh(u - Vo) u. dy + pjvjbs,vo

* P A § — L g
= pj(Vj-Vo) ije + ojvjvobu = pjf?bs = mjVj. (15)
This means that under constant pressure the jet thrust equals

the jet-momentum flux at the nozzle exit, (Of course, this re-
sult is strictly walid only if no outer forces, like frictional
forces along a solid surfuce udjacent to the jet, act on the

jet), Mixing by itself does nct affcct the jet-momentum flux,

With the mixing jet the centrifugal thiclmess is defined by

¥ 2 '2
= . u -V .
A B Z & (16
)
where Pyo~P : a7
V"= 22—
Po

with p, denoting the free-stream total pressure and p the local
static pressure, Under constant pressure, p = Por Vi =V, the
- o

centrifugal thickness becomes

B w - -
S u ve & gh u + V° (u VG)u

'ﬁ A = . (13
o ay. 18)

7 TR |

R 2] [+]
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At the nozzle exit, h = s, u = V,, and if the slot is very
narrew, s >0, u/V°+w and (u + Vo)/u*l. Hence
‘h (u—Vo) u
A > ) dy = X im a narrow blowing slot, (12)
3T
°

At infinity downstream, u/V —% and (u + V )/u-—=2. Hence
(u=V ) u
-
2 v

Since CE = ch/c, this discussion shews that the stiffness coef-
ficient of a mixing jet under constant rressure increases from

blowing slet to infinity downstream by a factor 2, approxdimately.

h
A2 S = 2\ at infinity downstrcam, (20)

If the wechanism of turbulent mixing is idealized by the similarity
hypothesis the ratio AC/X can be computed as a function of the

nondimensional distaﬁce, x A, from the infinitely narrow blowing
slot (Ref, %), This function is precented in Fig, 1 vhere XC/X

ia plotted agaiﬁstfx/k. A pumerical examvle mey Llilustrate the
application of this diagram, If Cn = 1,16 and s/¢ = 0,009 are

the given data Eq. (12) yields Mc = 0.5077. .t the jet nozzle
Kc/c = [(Vj/Vo)2 —l] s/c = (Cn/E) e~ (8/c) = 0.571., Hence, at
the same station, lc/k = 1.125., The downstream distince of the

Jet nozzle from the equivalent infinitely narrow slot is read

from Fig, 1, namely x/A = 0,2502 = 0,0625., Let us asume hat the
railing edge is at the downstream distance As/c = 0,22 or Ax/A =

0.433 from the jet nozzle, This is a downstream distames /A =

0,496 = 0,705° from he infinitely narrow slot, For tiig station

a value xc/x = 1,298 is read from Fig, 1. 7The increase of the cen-

trifugal thicknes. from jet nozzle to trailing edge is 15,42, and
its increase from the trailing edge tc infinit: downstrcam is SLSS,

Ref, 3: H,B, Helmbold, University of Vichita, fngineering Study

137 (May 1954); now contained in Fngincering Study 294.
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o AT LT
THL BLOWING VI

nozole to infinity dowastream is 77.8%.
Since the jet-induced 1if%f is 21 J‘*egral over the induction
effect of the product of stiffness coefficient and nondimen-
sicnal curvature of the jet sheet behind the airfoil, the ,
stifiness coefficient being CE = 2kc k, any theory ba51ng the

1ift computation on the stiifness cselficient at the jet noz-
zle or even on its value at the trailing edge must underesti-
mate the Jet-induced lift.

The increase from jet

2. The Two~Dimensional Blowing Ving in Viscous Incompressible Flow,

Witk a mixing jet another contribution to the jet-induced 1ift
can be produced by the entrainment of the surrounding potential
flow into the mixirg zone, The effect of the entrainment on the
potential flow may be considered as a sink effect,

Let us compare the mass fluxes between the two streamlines of
“Section A2, for the physical flow and for a fictitious flow

where u = V' = const over a crosme-section and V' is defined by
Eq. (17), With the vhysical flow the mass flux is
(21)

h
me=b (p 55 u, dy + gV'a) = const, (21)

¢f, Bq, (3),
With the fictitious flow the mases flux is

m' =b pV' (h+a) = (22)

h
- bp S (u-v') dy.

This is difTferentiated with respect to downstream diuiance
L]

2

3 h
. S (u-V1)ay. (23)

dm

dx bp

4 -
= {v' (h+a)] = -dp

jo¥

FA-RB00-234




pepoeT ¥o R2LGA-002  FAIRCAILD AIRCRAFT DIVISION ' PAGES | PAGE ¢
- . GF FATRCHEIR ENGINE A AIRPLANE CORPORATION
VoET PREPARED BY o CHECKYD BY APPROVED RBRY

K. Bk Felmbcld

SUBJECT:-

paTE 9 April 1958

ANALYSLS OF THE POWER R WUIRIMENT OF A BLOVING
AIRFOIL “ITH SLOTTED FLAP : REVISED

-A, FUNDAMENTALS OF TH= TH:rOR{ CF THF BLOWING WING
Contt'd

- The mass flux of the fictitious flow shows a downstream
variation which can only exist if the flow contains sinks
(d='/dx < O) or sources (dm /dx > O). The downstream vari-
ation dm'/dx is negative unleas the velocity gradient

)

e (2k)
pV ., dx

exceeds a certain limit, approximately determined by Eg. (20)

of Ref, 2. (The limit is large near the blowing slot, small

et far distances downstream,)

If the jet is blown over the rear portion of the suction side

of an airfoil the sink distributiom induces an additional 1ift
of the same type as the additicnal 1lift induced by distributed
suction along the suction si‘e (Ref, %), The simrlest case is
the flat plate with blowing jet at a small angle of attack, Let
x be the downstream distance of the blowing slot from the lead-

ing edge., Then the additional 1ift coe{ficient induced by the
-sink effcet of the mixing jet upstrecam of the trailing edge is

2 r _aw X .
AC., = = — dx, ° (25)
pevobc x S‘ dx | o-x

o
In this special case the contribution of sinks located downstreanm
of the trailing edge is negligible. Generally, their contribution

is pogsitive with positive jet deflection angles, 6te>-0. With
constant pressure and constant density, Acls is proportiénal to

hotes o5, [ oa e (26)
] Q L 2 ¢ c

-]
o

o
L]

. "
Ref, kit F.Ehlers, Aercdynamiasche Versuchsanstalt Gottingen, Bericht
}EZEZ;E (1945)
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A, FUNDAMENTALS OF THE THILRY OF THE BLOWING WING

It has been ghown in Section A?, that certain quantities,
‘namely oxcess~momentum flux (10) and total momentun £iux
(15), are constant along the mixing jet under constant jres-
sure unless the mixing zone comes in gontact with solid sur-
faces. For variable pressuie these guaitities have to be re-
defined as follows:

The excegs-momentum flux (10) becomes

. h ,
AH-bS o (u=~V) udy (27)

vhich is no longer c¢-nstant along the mixing jet, The total
momentum flux becomes

h ' ‘
=) S p (ue¥V ) u.dy + pJVJV bs (28)
which is also no longer constant., In the blowing slot where
P =Py us VJ, k = 8, Equation (23) specialises to
J =4J v2 bs = m,V (29)

slot * 33

This is the jpt-momontum flux. Its nondimensional ccefficient
kaz been defimed by Eq, (7). In order to avoid confusion we
will use the subscript "slot" if it becomes necessory! Cu =

(c )slot
for "trailing edge," is used for the nondimensional coefflcient
of the total momentum flw:, Eg, (28), at the trailing edge,

The same notation with the sutscript "te!, standing

~h/o p, V.V
L . £ CE DI IN B
Clee * The =2 \ e c+p° -
o o
(30)

1]
where p/p = 1 for incompressible flow., Since V , as defined
by Eq, (17) varies acrosc the mixing jet au average value V
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has to be inserted in the second term within the parenthesis
of Eq, (30). In our evaluations the value V &t that station,
where the excess total pressure Apt hzs its maximum, has been

substituted as an approximation to the correct average,

The stiffness coefficlent at the trailing ed$e is
2 2
A Sh/c = p V

Q
(Cgly, =2 =2 =2 5 a —-z—- (31)

For incompressible flow, p/po = 1, the Bernoulli law yields

Polo

h/c  Ap
! --—t—- —L . 3
( (Cxlie = 2 S % 4 = (32)

In the blowing'slot the stiffress coefficient is

]
p VZ -p V 2
id e = (33)

2 e ]

(Celgior =
g V
o0

The price of additional lift is jet power (excess-~energy flux),

(Pj)slot Ap, . ijs. (34)

The jet-power coefficient is defined by
’ (P sp, V..
(c ) . ._JVEESE_ n —t 5 (35)
pj slot q, obo q, V. c
For thezoretical reasons it may be of intcrest to state what is
left of this power in form of excess-energy flux in the mixing
de% at the trailing edge,
h/e  Ap
—_—t - :
@ )y, = { = e L (36)

—
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(Cont'd)

The experiments to be evaluated iu Part B show that,with the
present design, it is justified to ussume total pressure con-
stant across the blowing slct =and static pressure in the blow-
ing slot equal to free-stream static pressure, Under these
conditiona the jet-momentum coefficient and the stiffness coef-
ficlent in the blowing slot, elther one divided by the nondi-
mensional slot width, are unique functions of the jet-power
coefficient divided by the nondimensional slot width, (Ref, 5).
These functions are, with sufficiently smzll ratios (s/b)/(CPfVlot,
PN .
(c.) c 2/3 2/3) 2
pd A

(CE)id 1 s/¢c 2/3] -1
=z<J}—) [1+—3-(ij> ] .38

where ij means (cpj)slot The subscript "id", for "ideal", in-

digates the theoretical velues in the blo: :ing slot.

The purvose of the present study iz to analyse the empirical ra-
lationship between lift and jet power by.resolving it iate
partial problems as illustrated by the following schematic:

Cy = E} sin o + (k1+k2 (CE)te) sin atg + (c“)te ain °tg' (39)
. g

Y

CGr | Qn

Ref. 5: K,B, Helzbold, IAS 2k (1957}, 359
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AIRFOIL WITH SLOTTED FLAP REYISED

A, FUNDAMENTALS OF THE THEORY CF THE BLOWING WING

(Cont'd)

The first partial problem 1s *he relaticn of stiffness and
jet-momentum coefficients in the blowing slot to the Jet-
power coefficient, This problem has been solved, in good
approximation; by Eqs, {37} and (38). The second partial
problem is the relaticn of stiffness and jet-momentum coef-

- ficients at the trailing edge to their wvalues in the blow-
ing s8lot, This relation is controlled by two different in-
fluencess the influence of tlLa incoming boundary of the
main airfoil which {irst has to,reenergised before a jet
effect can be obtained, and the influence of the pressure
distributicn along the suction side of the flap on the tur-
bulent mixing process, Both influences depend on flap-de-
flection angle and anzle of attack, as indicated in the sche-
matic. The third problem is the relation of the wing-circu-
lation coefficlent to the stiffness coefficient which, in a
somewhat crude manner, is empirically solved by the Clr ~term

of Eq, (39)., This equation is supposed to be valid only with
frlly attached flow., The coefficilents Kl' kl' k2 are functions

of the flap-deflection angle, 61. The angle of attack, «, is

veferred to the gero-lift direction of the basic airfoil, and
the Jet-deflection =amgle is 6t'e=dii+65+ot. (Fig. 2)

As he=s been seen in Sectlon 42, the stiffnress coefficient of
the jet sheet increases downstream from the trailing edge towasd
its asymptotic value, under constamt pressure, Actually, the

FA-800-22A
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ANLLYSIS OF THE POWER REUIKFMENT OF A BLOWING
SUBSECT - ATRFOTL. WITHE S.O0TTED FLAP REYISED

A, FUNDAMENTALS OF THE THECRY OF THE BLOWING WING
(Cont*d)

prer sure variation along the jet sheet does not impair the
former statement, Distinctively from the non-viscous prob-

lem where practically Gy = const = (CF)te along the jet

sheet, the jet-induced 1lift coefficient

. 5in & (4o)

AC.. = k (c.) te

17 2 ' te

is not quite adequntely described by a function of the local
value of the stiffness coefficient ot the trailing edge, It
would be better described as a function of an effective value,
(CE’eff' of the stiffness coefficient meaning an average value

taken over the jet sheet, such that the coefficient k., can be
o

taken frou non-viscous theory. Thies average value would be

bounded by the inequality

(Cglye < (Cglpp< 2(Cp), .

FRot knowing, however, the effective averapge, we will use the

form (40), keeping in mind that with the physical flow the coef-
ficlent k, must comprise a hidden factor CF)ef°/(CE)te > 1,
This facter must be a function of the nondimensicnal distance from
blowing slot to trailing edge, cf/X and of secondary yarameters

like bf and o,

4, The Finite-Span Blowing Wing in Viscous Incomprescible Flow,

If the two-dimensional 1ift ccefficient, Cl’ can be presented

adequately by Eg. (39) an approximate solution of the simplest
type of the three-dimensional problem (untwisted elliptic wing,
elliptic cross section of the jet sheet) is obtzuined (Ref, 5)
from the equation

Ky sin (amag) + [(C), + K%, Y, (Cx’te] stn (6,,-a,) = (C) «

*sin o, = wA sin o (51)

FA-800-22A
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(cuw‘:“_.a

where a denotes the induced angle of the wing-jet configu-

ration and A 1s the aspect ratio, The solution is

M
sina, = (42)
i
Y, >

with ¥ = C; from Eq. (39)

and N3 nA+ K cosa+ (Cu)te(l+cos bte) + (k1+k2-y(cu)t os 6te'
This approximate solution is expected to be satisfactory for
moderate values of sin e,, say, smaller than O. L, The three-

dimensional 1ift coefficient becomes, with apprcximately constant
preasure aleng the jet sheet,

c, = {nA +2 (cp)teI sin a; . cos &,. (43)
The induced-drag coefficient is »
Cp = ®A iz a, | (i)

Di i

Since, with finite aspect ratio, the jet sheet at infinity down-
stream is still inclined to the free stream velocity a loss of
Jet thruat results which may be combined with the induced drag,

C.. +AC., = [n A+ 2(cv)te] gin® o, = C. tam a,, (45)

pi *oU7y g % Ry

Simplified results cen be obtained if (M2 &1, Let us in-
troduce the notation Ka ] k1 + k2 CE and hereafter, in this

gection, omit the subscripts "te". Then we have, two-dimensionally,

M=C =K sin +}(cu+x2) sin 6, ’ (46)
oM
Fo * Oy =K cosa+ (Cu+ Ka) cos b, (47)

o 3
N = A+ Cu + Kl %cs o+ (Cu +K,) cos b = nA+C“+
e, (48

FA-800-22A
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A, TFUNDAMENTALS CF THY THIORY CF THE BLOWING WIiNG

» _ (Cont'd)
2N L sin o - (C +K)sin6-;-C (49)
:f Ba Kl i . 2 - 1’
since 05/8a = a(of + aj +a)/ 0« = 1, With (M/N)2< 1
ﬁ‘ we obtein, '
: c,
5 sin O‘.i - § = 3 (505
3 ®A + C_+C
N 1 1l
® A+ 2C
CL'(RA+2cu)Sin°'1 = T e O
‘ ! la
c alARO o 2M M e
Lo ¥ da N o«
nAh+2C ' y >
nA+C+c°1a-*(nA+C+c ) (51)
3 . 1 la

The second term gn the right-hand side cf Eq. (51), being iden-
tisel with (M/N)2 &« 1, is not negligible in the extreme case
when (w A+ 2cu)/c 1o is of the same order of magnitude as M/N

or even smallery therefore, it had to be retained.
The present theory indicates a limitation of the wing-circula-

tion lift. By Egs, (4) to (6) the wing-circuiation 1lift coef-
ficient is ‘

cm*‘ - cL - cn ein &, (52)

The totalecirgulatiom 1ift ¢oefficient compriées the contribu-
tion of the jet sheet and is, according to Eq. (19) of Ref. 5,

C

o™ ® A‘ai‘n a;, CO5 Q. (53)

i
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(In the two-dimensional problem, A =co , we have ch = C1

since the momentum 1ift is completely conmverted into cir-
culation Zift of the jet sheet,) Generally C <Cpror ex-
cept in the special case vhen Cu = 00 because then the jet
sheet becomes siraight,c/r = const = O, and cannot support
a cireulation 1ift:

cm, = G for Cu =00 o (54)

For a  given agpect ratio

MK
e H'2 + Nz
has its maximum
CLC ® M3X = ’g"' A (568)
Csinb«t-l&aina-r-}{ sin &
M 2 —
for F ot T =1 (56b)

A+ Cu(l-c-cos 6) + K.lcos a + K2 cos b

For C}"-=<J(>,()m,,--cLC has the same maxdmum
v .1
Cr = maxn'g"Aforbs-jz— (57)

since, with cu =00 4 ths eondition (56b) is satisfied by

® = 2/2, Experimentally, this limiting value is never reached
inasmuch as, according to Fig. 4 of Ref, 6 where 6 = x/2, C

ir
for a'given aspect ratio has its maximum at a finite value of
Cn. The slope d(CLI‘ ) /dA of the envelo;: is about half the

theoratical value at A = O and approaches the theoretical value,
/2, with increasing aspect ratio, The theory does not account

Ref, 6t J.G, Lowry - R.D. Vogler, NACA-TN3863 (1956)

FA-800-234
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A, FUNDAMENTALS CF THE THEQRY OF THE BLOWING WING

(Cont?d)

for the decrease of jet sheet curvature with decreasing

aspect ratio, the rolling-in deformation of the jet sheet

and any leading-edge separation, At the present we cannct
assess with certainty the relative importance of these phe-
nomena, Presumably, leading-edge separation is the factor
prineipally responsible for the lift deficiency, at least

at high aspect ratios, At A = 10 the experimental value of
(CLT‘ max is about 12,84 instead of the theoretical value 15,71,

£A-800~23A
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B, ANALYSIS OrF EXPERIMENTS ON A

TVO-DIMIRISTCIIAL

AIRFCIL WITH SLOTTID FLAT AND

WIDE ELCWING SLOT

foil chord (o ) or toc the zeroc 1lift axis

(] o
bf +a+ 10 = bf + ae + 117,

¥Wind tunnel tests on a blowing NACA 23015 airfoil with a 25% chord
slotted flap were carried out at the University of Wichita (Ref, 7).
The width of the blowing slot was adjustable, This Part B of the
present report deals with the experiments with a blowing-slot width
of 0.9% airfoil c¢hord. In these experiments the total-pressure ratio
in the blowing slot, ptj/pte < 1452, was sufficiently low to permit

the mixing flow at the trailing edge to be treated as incompressible,
The analysis has been restricted to conditions where the flow was at-
tached to the flap, The principal data of the anzlysis are collected
in Tables la and 1b, Angles of attack are referred either to the air-

of the basic airfoil (a =

a, +1°. ThE upper tangent at the trailing edge is inclined to the
zero 1ift axis by 6J = 10°, Hence, the jet-deflecticn angle is 5te =

FA-£0G-231
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B, ANALYSIS OF EXPERIMENTS OM A TWO-DIMENSICNAL
ATRFOIL, WITH SLOT. =D FLAD AND WIDE BLOWING SLCT
PABLE la,
6° @ c ), (1 ¢ (c) (c.),, ¢C (c.)
b4 c 23 pjte p'id B 1te £'id B E te
slot slot slot
20 .1 ©,0544 0,0142 00,0702 0.0662 0,0430 0,0544 0,0516 0,0236
A 9745 3410 421 L4202, 3008 o2 Lhzlo L zolh
0,1 4,7075 11,5064 1,182 11,1872 .355%9 1,165 1.187% 8744
5,2 0,0525 0.0079 0.0710 0,06/2 0,0370 0,0529 0,0506 0.0136
5,2  .9861 ,zh70 Lok J202 L2951 Jho7  LLOSh 2747
5.1 4,697 1,5790 1,178 1,1872 .3z24 1,160 1.1784 L8478
10.3 0.9698 0.3314 0.3915 0.4202 0.2836 0,3735 0.4107 0.2355
10,2 4,697 1.4916 1.17% 1.1872 ,7935 1,161 1.1803 ,8200
A0 +0,1 0,.3687 0,1798 0,226 0.20%9 0.1387 0.208 0.2114 o0.2022
.1 1.5171  ,83020 . 561 5677 562k 503 5508 5332
0,05 4,555 2,296 1,155 1.1574 1,1101 1,138 11,1458 11,2306
5.3 0.3681 0,1729 0,2255 0©,2089 0,1843  0,2075 0.2092 0.2034
5‘2 1@ 5204 o8299 0561 -5677 05630 -w; CBL’GL’ '586&
5.1 4,432  2,6537 1,132 1,1574 1.1667 1,116 1.1276 1.311%
10,4 0.3822 0.1521 0,2312 0,20%9 0.1710 0.2133 0,2172 0.1838
9.3 1.5158 ,7370 . 561 5677 Jhosh L543 5505  ,5539
70 +0,2 0,7022 0.3560 0,3405 0,3220 0,303 0,323 0.3136 0.3436
L1 1.4362 L8240 J5h1 S74h 5166 524,553k L6020
0.1 4,324 2,162 1.11%  1,1270 ,9974 1,097 11,1188 1.,1878
5.3 0.6554 0.3396 0,3260 0©,3220 0,2952 0,308 0.37090 0.3298
5.2 1.,4927 7762 ¢ 955 S578L 5296 537  J5460 5697
10,4 0.6559 0,3003 0,3262 ©0,3220 0.2738 ©0,3088 0.3039 0,3111
16,3 1.b725  ,8038 » 550 LS78k sh77 0,533 (su31 615k

L FA-00-7s2
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SUBJECT: -~ AIRFCIL WITH SLOTTLD FIAP REYISED
B, ANALYSIS OF EXPERIMENTS ON A TwO--DIMENSIONAL
AIRFOIL WITH SLOIZFD FLAP AND WIDE BLOWING OLOT
Iable 1b,
0 o ° 1/3 \
b, o, Bo cpj _ °1_ (Cu sin 8}, C;p (-Vﬁgkin 8y C4 ¢,
‘ slot
30 +0.1 k1.1 0.3% 2,140 0,028 2.112 0,101 -0,0227 ~0.417
W1 b1l 9925 3,263,198 3,065 363 -0,%068 -0,738
-0.1 40,9 1,477 L,551 560 3. 991 612 ~0,0143 1,211
5.2 46,2  0.3746 2,662 0,027 2,635  0.0842  =0,0033 -0.408
50 2 %' 2 e 986 30 930 . 213 30 717 - 3785 'Oo 2723 "oo 7""8
5.1 LE,1 1,685 5,228 .600 4,628 664 -0.8135 <1,197
10,3 51.3 0.990 4,84 0,225 4,259 0.417 -0,2215 =0,733
10,2 51.2  1.675 5,927 L622 5.305 . 706 -0,7224 1,204
60 +0.1 71,1 0.718  —wee= 0,179 —e—e=  0.426 40,0258 =0.985
Q1 71,1 1,148 5. 769 .532 5,237 .726 ~0,1428 1,340
-0.05 71,0 1.658 7,487 1,050 6,437 1,088  -0,4032 -1,929
5.3 7643 0,767 w=ee= 0,179 ———— 0.4385 40,0679 ~0,958
5.2 76.2 1.14 6,167 T 5.621 L7445 -0,0765 1,298
501 7601 10643 70929 la 132 6- 797 1.112 -o. 2509 “‘lo 875
104 81,48 0,726  ww=w= 0,169 Seemeee 0,4295 40,1123 -0,865
9.3 80.% 1,1i5 6.606 U487 6.119 <734 -0,03%06? -1,278
70 +0,2 8.2 0,888 5,343 0,300 5.043 0.579 +0,084 1,135
.1 8101 1.122 6. 205 .510 5&695 'g?67 .009;:‘ “ln “18
-0,1 8.9 1.629 8.,0% .985 7,045 1,075 =0,1133 2,042
5.3 86,3 0,869 5.627 0,295 5.332 0,5735 +0,132 -1,072
5.2 86,2 1,125 = 6,722 «529 6,193 .7535  ,0813 1,400
10,6 al,4 0,869 5.663 0,27k 5.339 0.5575 +0,163 <0,955
10,3 91,3 1,138 6,702 547 6.155 .785 vo 1165 ~1,%19
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l ANALYSIS OF THE POWER REUIREMINT CF A BLOWING

SUBJECT:~ AIRFCIL WITH SLOTTID FLAP REY!SED

B, ANALYSIS OF EXPURIMENTS ON A TWO~DIMENSIONAL
AXRFOIL WITH SLOTTED FLAP ANDwIDE BLOWING SLOT

1., Comparison of Theoretical and Ixperimental Lift;

According to Ref, & the wing-circulation 1ift coefficient for a
non-mixing jet and for small angles is

clr = cl~ (c“)te 6te = Fl a + Etbf + Fobj (58)

where F, and F are functions of (C?)tv only end F, is & func-
tion of (GE)te and the flap-chord ratio cf/c. For larger angles

and finite thickness ratio, t/e = 0.15Eq. (28) is tentatively
modified to the fcrmula

Ref, 7t P.E, Morris, University of Wichita, Engineering Rep., 273
(April 1957) = FAD Report R246-005 '

{ Ret, 81t D,A, Spence, RAD-TN Aero2450 (May 1956)

= L
. Cir =G ~ (cp)te sin b = (1 + 0,77 - )rl s;n (a + F
- -1
| + Fl b£‘+ R 6j) (59)
The coefficients F. , T, ; aad FG/FI are presented in Table 2
as functions of Cplies for a flap-chord ratio cf/c = 0,25,
TABLE 2,
(Cgdy r F/F.
° 1 /Ty F/y
0.0 6,283 0,609 0,000
2 6.513 615 +105
o 6,764 634 .195
.6 7.024 657 o273
.8 7.299 .682 .340
{ 1,0 74592 »705 <450
102 7. 89 -728 .4%
cf/c = 0,25

FA-B8CO~2R4
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B, ANALYSIS CF EXPERIMENTS CN A TWO-DIMENSICRAL
AIRFOTL WITH SLOTTED FLAP AND WIDE BLOWING SLOT

Theoretical values of ClF from Eq. (59) have been computed

for a = 1,1°, b, = 30°, 60°, 70° and bj = 10° and are com-

pared with the experimental values in Fig. 3. By extrapolat-
ing the experimental curves to (CE)fe = 0 1t is seen that there

is a loss of 1ift which must be caused by leading edge separa=
tion since the curves are based on measurcments with flow at-

tached to the flap. The loss increases with the flap deflec~

tion as shown by Table 3,

2 TABLE 3,
ﬁ a; c1r at (cg)te =0 Leas %
Eq, (59) §Experiment
|
30 2,325 1.737 25,3
60 4,29 2,500 41,8
70 L.gy 2,668 Lk 9

It is not certain whether the flow was truly two-dimensional

in these tests beoause the airfoil was not shielded by femces
from the wind tunnel wall boundary lsyer, Therefore, it is
rogslble that the loss as given by Table 3 is greater tham it
would be in truly two-dimensional flow. The slopec of the ex-
perimental curves are much steeper than the theoretical slopes
as must be expected after the discussions of Sections A2 (stif-
fening effect) and A3 (sink effect). This shows that, from the
practical standpolint, presenteday theory is seriously deficient
because it ignores the offects of jet mixing, Therefore, at the
present, the designer must rely on experiments guided and inter~
preted by a qualitative theory ccvering all of the pertinent
phyeieal phenomena,

A~B00-224
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2, An Empirical Interpolation Formula for Wing-Circulation Lift,
The experimental values of Clr with flow attached to the
flap can be presented by the formula
(60)

1 cy.
°1r' = o, sina + kl sin 60 + k2 ~V CE)te sin 6te

where 6. 28 4+ 8, and the coefficients Cq kl' kz are func-
tions of bo. Since '

sin 8, = sin (60 + @) = sin 6 cosa+ cos b sin a,

ain bo = (sin 5te-cos 60 sin a)/cos «

Eq, (60) becomes
cos b

[} kl / -
Cir = (cl—k1 s ) sin a+( — t K W’(CE)te) sin bte£6l)

For small angles of attack this simplifies to

+ Kk, ]/ ) sin b

Cip = (e -ki cns & )ein o+ (

" Kl gin a« + KZ sin bto

vhere K1 Sec, -k cosb and K, B k o+ k2 (CE)to' The coef=
ficients of Eqs., (60) and (62) are presented by Table k&,

(62)
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B, ANALYSIS OF EXPERIMENTS ON A TWO~-DIMENSTICNAL
ATIRFCIL WITH SLOTTZD FLAP AND WIDZ BLOWING SLOT

Table 4,

L 52 oy k, k, K

30 40 5.875 2,527 3,683 3,94

s 55 5,67 2,55 371 .22 (interpolated)
60 70 5,36 2.550  3.79%  b,49

70 80 5,00 2,610 4,108 4,5k

By adding the momentum-1ift coefficient (cn)te . 8in b,

to Eq, (62) we obtaim for the total 1ift coefficient the ex-
pression (39) on which the three-dimensional theory (Section
Ak) is based,

Connection between Jet Coefficients at Trailing Edpe and Blowing
Slot,

In this section we are dealing with the second partial problem
mentioned toward the end of Section A3, ri=zht after Eg, (39).
One of the influences controlling the connecticn beiween the

Jet coefflicients at trailing edge and blowing slot is the influ~
ence of the pressure distribution aleong the suction side of the
flap on the mixing jet, This is illustrated by Figs, & and 5
demonstrating the situation at relatively high jet coefficients
where the other influence, the influence of the incoming boun-
dary layer of the main airfoil, has become subordinate, Fig., &
shaws that stiffness coefficient, mcmentum coefficient and excesse-
energy coefficient at the trailing edge have almost simultane-
ously their maximum at a flap deflection angle near 60°, The in-
fluence of the static pressure distribution is qualitatively tke
same on all of these coefficients., The stiffening effect on the

FA-800-224
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g B, ANALYSIS OF SYPERDIEHTS ON A TWO~-DIMENSICNAL
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3 stiffness coefficient explains the fact that (Cv)te ex-
3 . . N
5 g : 5. At t
3 ceeds (CE)slot at the high deflection angle t the end
4 of Section A2 an excess of 15,4% was predicted for the special
[ case of constant static rressure and no losses by skin {riction,

The static pressure distributions are presented by Fig. 5.

There are two sucticn peaks at the higher flar deflection

angles; the firzt one is the regular one occurring in potens~

tial flow, the second onc is the result of mutual zttraction
between the convex flap contour tnd the fast mixing et at-
taching to it., At the low flop deflecticn angle both suction
peaks melt together, It is conjeéctured that without skin fric-
tion the 70°=distributicon would be best because it diminishes
most the relative velocities between mixing jet and protential
flew, and that this advantage is overcome by the increase of skin
friction from 60° to 70°, (The second suction peak decreases

and finally vanishes with decreasing jet-mcmentum coefficients
for any higher flap deflection because with low jetemcomentum coef-
ficients the mixing jet nevor attachec to the deflected flap and
the flow separales therefrom, These states of flow have been ex-
cluded from the analysis,) i

Since, with the present configuration, the static pressures in
the blowing slot are not too different from {ree-stream static
55 . is » replace (C | ar . '

pressure it is preferable to replacze (Cu)Slot nd (Cm)slot by
(Cu ia and (cr)id’ respectively, the latter valves being reizted

= 2 e 9 $ e o
to (cpj)slot by Eus. (37) and (38). This replecexnent is Justi
fied by the figures cof Table la,

e ST S TR T AR T8 N A B ST S e

@M»

T

The ewperimental curves (Cu)te'vs. (Cu)id’ Fig. 6, and (CE)te
vs. (C“)id. Fig, 7, can be represented by functions of the type
3
Ax + Bx® = C

¥y o= 1+ Ax (63)
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where y denotes the trailing-edge values and x the corres-
ponding ideal values, The derivatives with respect {o x are

y (0) =& {1 +¢) and 3'(® ) = B/A, Their ratio y'( o )/
y'(0) = B/ [A2(2 + €)]<1 indicates z negative overall curva-
ture of the curves, Evaluation of the coefficients from ex-
perimental values suggests the hypotheses that B/A2 is a linear

function of cos 6{ and € 1s a linear function of 6? for both

the C ~relation and the CE~re1ation. Under these conditicns it

haprens that y'(oo )/¥'(0) becomes practically the same function
of bf for both relations., Since this appears to be a reasonable

correlation smoothed values of the coefficlents A, B, C for the
Cu—relation and A', B', .C' for the CE-relation have been deter-

mined according to the above hypotheses and are presented in

Table 5,
TABLE S,

Coefficients for“(Qb)tevs.(Cn)id
e; A B c y' (e )/y'(0)
30 0,763 0.4725 0,0021 0.316
45 1,131 L83 ,0585 .6%7 {interpolated)
60 1,481 1.089 .1375 28
70 1,673 0.96% ,2027 L2326

Coefficlents for (CE)tevs.(CE)id‘
bo
4 Al B! ct y (o0 )/y*(0)
30 0.8772 0,570 0,0220 0,815
Ly 1,242 1,066 ,0886 .636 (interpolated)
60 1.646 1,373,182 - Lh429
70 2,071 1,567 .259 . 2905
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B, ANALYSIS OF EXPERIMENTS ON A TwWO-DIMINSIONAL
ATIRFCIL WITH SLOTTED FLAP AND vIDE BLOWING 3LOT

The curves in Figs, 6 and 7 have been computed from these
gncothed values, No systematic influence of the angle of
attack was discernible except at b, = 30°, Similarly to

Fig., 3, the intersection of the extrapclated curves with the
abScissg axiz indicates lecading-edge separation at the higher
flap-defiection anpgies, These Ls however the differcuce that
at 6£ = 30C there is definitely no such separation, Since pres-

sure surveys underlying Figs, 6 and 7 are carried out at mid-
span station this difference would be explained 4f the assump=-
tion is true that premature separation is caused by the pres-
ernce of the wind tunnel w2ll boundary laysr which means that
the flow is rot truly two-dimensional. At 6, = 30° the sepa-

ration would be confined to the neighborhocd of the wall,

Extrapolation of the Lift-Power Relationship to Higher Power
Coefﬁcimts.

The lift-power relaticnship is est.blished by the compound of
Eq, (39) with the coefficients of T~ble 4, Eq. (63) with the
confficients of Table 5, and Eqs. (37) and (38), The result’
of extending these computations over a muchk wider range of jet-
power coefficiznts than in the wind tunnel tests is shown in
Fig., 8. The full lines indicate flow attached to the flap, the
broken lines indicate flow separated from and re-attaching to,
the flep.

Drag of the Blowing Airfoil.

FPor a given set of flap-deflection angle and angle of attack the
total-drag coefficient is empiricelly a linear function of the
trailing-edge momentum coefficient

C, =

d (64)

.
Cdo *+ Cd'(cn)te'

_1
|
§
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ATRFOIL WITH SLOTTED FLAP AND 1DE BLOAING SLOT

Except for one point, the values of the slope, Cé, plotted
againgt the zero value, cdo' arrange themselves along a
single curve, Fig. 9, The sequenze of the parameters 6f and
o, along the curve indicates a continuously inecreasing loss

of leading-edge thrust (increasing leading-edge drag) with in-
creasing angles, This is ¢onsistent with the inferences from
Figs, %,6 and 7, Without leading-edge separation, C} should

be essrntially independent of Cdo and not much different,from -1,
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C., ANALYSIS OF EXPERIMENTS CN A TWC-DIMENSICNAL AIRFCIL WITH SLOTTTD

FLAP AND NARRCW BLOWING SLOT

This Part C of the present report deals with the wind tunnel tests
on the same model as in Part B, witk the only difference that the blow-
ing-slot width was decreased from 0,9% to 0,15% airfoil chord, Because
| of the higher total-pressure ratio in the blowing slot, ptj/ptosi 1.693,

compressibility effects were not always negligible,
! the analysis are collected in Tables 6a and 6b,

The basic data of
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e < i e A 2. At 1

{ o o ~
| b, o, cPj (c )id (¢ )te (CB)id , (bE)te
i slot
t
i 33 0.1 0.2671 0.0959 0.0609 0.09k0 0,056k
; 20 .1 1.0550 «2395 L1922 L2360 L1819
; .0 6,013 .760 .5720 757 5755
| .
! 33 5,2 0.2669 0.0969 0,0418 0, 0040 0.0%25
3 30 5.2 1,0545 .2395 .1672 .2360 1791
i 5.1 6,013 . 760 . 530k 757 6097
i .
; 30 10.3 - 1.0540 0.2395 n,1578 0.2350 0.1337
10,2 6,01k . 760 . 5546 757 L6374
60 0.1 0.7103 0.1840 0.1540 0.1313 0.1823
1 1,8480 37 L2910 3436 333
.C 5,471 £712 . 5557 . 710 L6632
5.2 0.7102 0.1840 0.1481 0.1213 0.1755
5.2 1.3479 o 347 L2841 . 5436 « 3259
5.1 5. 469 712 . 5hok . 710 L6531
10.h  0.7102 0.1340 0.133% 0.1813 0.1652
9.3 = 1,8477 . 347 2611 3436 3123
70 0.2 0, 3164 0.1083 0.9900 0,1053 0.0861
.2 6701 17834 L1851 LITE7 .1206
.k 1.7874 « 239 S 311h 33 3845
0 5.235 692 +5973 .690 L7110
5.3 0. 3164 0.1083 90,0822 0.1053 0.0748
5.3 6777 S 1734 <1573 L1757 .1770
5,2 1.7872 -~ «339 .2989 . 336 .3536
5.1 5.2%4 .692 L6437 .690 L7781
10.4 C.6776 10,1784 0.1479 0.1757 0.16%0
73 1.7869 « 338 « 3056 336 « 3630
]
|
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e

30

70

te 1l

Lk,1 2,500 0.042k
411 3,108 L1264
41,0 5.180 © 349

49,2 3,057 0.0316
ke,2 3,704 . 1206
46,1 4,379 .382

51.3 4,312 0,1231
51.2 5.515 Ju2k

71.1 4,931  0,1456

71.1 5.75 .251

71.0 6,736 «525

76.2 5.526  0,1438
76.2 6.273 .276
76.1 7.452 - 534

1.4 6,002 0,1372
80,3 6,554 2573
81.2 4,632 0,0833
81,2 5,340 1532
21.1 6,267 .308
81,0 7.602 520
86,3 4,981 06,0820
36,3 5.331 1569
36,2 6,594 288
36,1 7.952* L6647

L 6,148+ 0,1479
o3 6,911 .3055

*near stall

C (Cp51n°)te

TABLE 6b

°

2,458
2,975
3.731

3.205
3,583
bo497

4,139
5.091

b, 785
S.l*'?
6.211

5.382
5.997
£.918

5.865
6.297

b sh3
5.137
50955
7.012

k, 892

5,674

6,405
7.205

6,000
64505

(VCTEinb)te C

0.1653
L2505
5975
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~0,0455 0,505

- -3,5689
- -1.03%
~0,02%37  =0,505
- -0.658
- ~1.0907
- -0,530
- -1,090
+0,0061 -1,033
+0,0577  -l,722
+0,0408 1,035
-0,0%350 =1,344
+0,045? 1,749

0.0720 0,955
L0798 -1,14¢9
20307 -1.438

- =1 . 31)

0,0037 -0, 398
$.1167  ~1,135
0859 ~1,.401
- -1,567

0.1476  -1.063
. 111”1 "1 . }9:"

RRv I

7,

s

SN F

Fae




JUUSR SN WO N

| PRI e R A B e £33 s

ey ey

BERE NN R B

ARSI A

r_"-r‘»v"' N =i o "L.- 5?:}"‘:” D . T8 N 3 BAGE
oo maeone OACHIEE ATRERAFTDTVISTOY T v e 53
B : VORI T ey LUV ROVED BY
SR P LU M 151 V- - S S
ANALYSIS OF THE POWER REQUIREMENT OF A BLOWING paTe 22 April 1958 :
~..rcr.. AIRFOIL WITH SLOTTED FLAP REVISED

:
’ C. ANALYSIS OF EXPERIMENTS ON A TWO-DIMENSIONAL
i RiFFOLL WITH SLOTIED FLAP AND NARROW BLOWING SIOT

1. Modification of Basic Formmlus for Compressiblility Effects.

The expression for the jei-power coefficlent, Eq. (35}, has to
j be replaced by '

| (Pyaor oo P W [Pty kL |
‘ (CPj)slot. ;;g-vg-l-‘;f% ~ Tqq Vo bC [( T ) X -} (65)

]
' here m; = p,V, bS,
? w 3Py

, Theoretically, the ideal jet~momsntum and stiffness coefficisents
; should be modified by multip the right~-hand sides of Eqs. (37)
' and (38) by the factor (pg/p 3 3 whers

sl Py B
3 Tho  Pey (66)

since, with a subsonic Jet, py z pj . TIbls ccrrection, however, was

neglected because it was smaller than the guperimental scatter,

!
!
% The total-momsntum coefficient at the trailing edge is defined
| by Eq. (30). The velocitliss and densities occurring in that squation
! are evaluated by the formilae v

o .u;"/égcp'l"b R (6D

[ - =1 .
v ,y% g%, [1— G T], (68)
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C. ANALYSIS OF EXTRRIMENTS CN A W0 DIITIBICNAL
:x.[.{I‘J.LL OLLh Duo J.I'D '“JJ‘ l"}‘!"i; ?,.i'\‘\,-\(.ie.' [31.:(_ .LA\J \JIJL.T.?
) K11
V., =-f2g ¢ T, [1- (=)7K J (59)
3 i D, . ’
. ts
i (70)
' = c
Py = R ’
P A t 5 “‘T*o
—;‘1 = 1/(1 + . P= ~ ). (71)
"o v, -V *to
. 3 o}
Tre stiffness coefficient at the trailings edze is defd by Ly, (31
A where . . o K-1 ) x-1
s 2 12 X t R ;e k
. \ - X = L, — s - [ Y r~2
fu PV =l ( - ) St (72)
2, Comvarisen of Theoretical and Txperiment Lift,
! kecording to Eq. (59) the theoretical valuec ¢f C1 are inde=-
E pendent of tue blowing-slot width ratlo. xperimental vslues cf
Cl at o = 1.1%° extrapolated %o \C“‘ to = 0 nre presented in Tuble 7,
\-
Table 7,
(o)
C C. 35 %
¢ i at (gl =0 Lo
Eq,(59) | Experiment
! 30 2,325 1,957 1,5
1 60 4,29 3,220 2k,
i 70 L, 8k 3.312 31,6
|
(-
-
i
1 |
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C, AINLYSIC (X EXPFERIMINTS CH & TUC~DILITHISICNAL
AIRFUIL WITH SLOTT D FLAP AND NARACW 0CWVIHEG SLOT

Comparison of Tables 3 (wide slot) cnd 7 (narrow slct) shows that
he loss of wing-circulation lift is considerably decrcused by the
chgnge from the wide to the narrow blowing slct. This is explained
by the considerations that, witl equel Jet momentum, the sink effect

is stronger for the narrow slot then for the wide slot and that a

stronger sink effect results iu zn eariler reati: chment of the flow
separated at the trailing edge and, conseguently, in a smaller loss
of 1ift, The conclusion about the sinl: effect can be checked from

: the influence of blowing-slot width on the static pressure on the
: suction side near the blowing slot. With & nen-mixing jet the pres-

sure coefficient'cp at ‘2 glven station on the &irfoil contour, for

: fixed values of a and &,, is 3 linear function of the wing-circulaticn

f’
1ift coefficient ClP only, independent of blowing-slot width, Under
these conditions . can be varied enly by variatien of (¢

(Vu)slot.

Witk the mixing Jet the pressure coefficient is influenced
by its sink effect which, in turn, is a function of (C

4

ferences in the sinx effect must change the relationshiyp between c

&

e N Chmeota

at & given poiat and Clr s for fix»d valves of « and & This re-

f‘
lationship is shown in Fig., 10 for both blowing-siot width ratios un-
der consicderation, st fixed values of « = l.lo and &.. The station

£
of the static pressure tap, No., 16, was at 76,264 of airfeil shord on
the sucticn side, The slopes of thie curves C vs C are nre-
16 ir -
, sented in Table 8,
Table 8,
; a(-C 16) 8 ‘ s
; __a_g__. — = 0,0015 - = 0,0C20 Diffcrence
i ir i ’
.'! ()
&, = 30 1,308 .315 C. 593
60° 1,410 1.0h2 . 368
?0 1.55°? 1.154 .20?

EXVEPSPTRENS G S
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ANZLYSIS CF THT POVER RE WIRMMGNT GF A BLOWING
’3 SURJECT:- __ATRFOIL WITH SLCTED FLAP REVISED

C, AIALYSES OF MPERIITITS G A L.C ")*"'"’TI'SI\"HZL
TLRFCIL WITH SLOITHD FLAPY AT LARRCH BLCWING 5LCT

The slopes are systcmaticall" steeper
the wide slot, a fact to be explained only by

Logw A
A0Y tne a
>

rrow slot than for
stronser sink efflect,

3¢ Coefficients for the Com-utaticn of Vins-Circulation I147t,

The formulee for C,., Eqs. (60) and (£2), are vaiid for both

bloving-slot width ratios, with different coefficlents., The coef-

vV

ficients for the narrow slot are presented in Table v,

Table O,

0
S¢ % ¢ K k., K5
20 4o 5.175 2. 954 3045 2.925
45 55 5.09 Z. 2k 3,7 2.97 {interycisted)
60 70 4,06 %e3353 4,02 z,0h
: 70" o , “.31 2.270 4,55 L2k

According to Eq. (40}, k, is the ceefficient of jet-induced 1ift, Com-

parison of Table 9 with Tauble !t giows thot this coofficient ic not much
affected by the change f{rom the wide to the narrow blowing slot, the

difference veing within the margia of + 7% over the investiguted range
of flap deflections, The kl-values rc?lec the sink effect on leading~

edge separation discussed in the vreceding Section C2, No explanation
nas veen found for the decrecse of the cl—valueg.

FA-800-2234
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4, Cohnection between Jet Coefficients at Trailing Zd.-e and Blowing éi
Slot, f
'? t
The experimental curves (C ) o VSe (C ) o and (C._) Vs, (C.-). -
it
are plotted in Fig, 11, Their conpar1501 with Figs. 6 1nd 7 coniirms ;
the conclusion of 3ection CZ, that the leading-edze separaticn is less B
developed then with the wide blowlng sloi, as can be seen from the in- ;
tersection of the curves with the aba¢issa axes. The curves for b, = i
-aC . . ; . .
307 remain practically unchanged by the variation of blewing-slot width. :
At higher ebscissa values the ordinates inerease monotonically with in- ;
creasing flap deflection; there is no optimum deflection angle in the i
investigated range, At the higher flap-deflection angles, by = 60° and P
£
260 . N3 s NP s y
70, the ordinatcs are highier at low absclsea valuss and lower at high g
abscissa values than with the wide blowing sliot. The lat t r phene
omenon is the effect of a change in the static pressure dis buthuS for
the higher flap deflections, Fig., 12, With the narrow blowLng-slot i
width the first suction peaks are less developed than with the wide slot L
because the main ailrfoil extends te 20,93% airfoil cherd, with the narrow
,slot, instead of 98.44% airfoil chord, with the wide slot, :
5
. i1
The experlmental eurves caun be reprecented by functione of the i
tyve (63). Smoothed values of the coefficients are presented in Table !
10. !
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! RUALYSIS OF THE POWIR RT.UIMNIGNT CF A DLOVING PATE €21 el
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Ce ANALYSIS OF IDPIRIMINTS ON 4 TVC-RIVENSICHAL
AIRFCIL ITH y\u(hm"’) TLAP AND MNARROW TLOWING &LOT
E Table 10,
: Coefficients for (C ), vs (C ).
! n te 1id
§ b A B c y' ) /o)
30 0,760  C.4725 o0.0n2 0,.%16
ks .68 .520 LCL63 J66R (interpclated)
! 60 1,052 535 017k .505
70 1.256 .627 L0543 377
g Coeflicients for (C )t vs, (C.)
| % B y (P iof
0 0.8772  0.570 0.0220 . 315
Ls 1.018 £730 L0370 +679 (interrolsted)
60 1,284 333 <0530 .557
70 1,550 .998 L0754 .35%0
5. The Effect of Blowing-Slot Width on the Lift-Power Pelationship.
The total-1lift coefficients have been plotted csains® the cubic
root of the jet-power coefficient for both bleowing slot width ratios
in Fig., 13, The diagram contains a set of 1ift curves 2t a = 1.1° and
6, = 30°, 60°, 70% for each width retio, and, furthermore, & set of
1ift curves at Gf = ?0° and variable a for the wide slot only,

. The distussion of the slot-width effect is simplest for bf = 300
where there is no appreciable effect of slot width on' the relation be-
tween jet coeflicients at trailing edge and blowing slot, Independently
of flap deflecticn angle the jet-power requirement for given ideal values
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of jet-momentum ond stiffness coefficients is higher for the narrow
slot. According to Egs; (37) and (32) the jet-power coefficient (g )slot
—/’ 3
is epﬂrox1mutely preportional to (s/2) ", In our case, with the wide
slot ©,C times wider than the narrow one, the narrow slet would rejuire
CP -value about 2,45 times higher than required by the wide slot if
the 1lift coefficient were determined by the ideal jet coefficients cnlyj
the values of (C RVEI equal € woul” differ by a fuctor about 1.33.
‘ sctually, the dircct effcct just delfined 1s counteracted by the sink ef-
feet on leading-cdge separction discussed in Jection C2: the f-
ficients for the narrow blowing slot are somewhszt higher th ed

by the firs: consideration,

o

. . o . . c o .
With the higher flap deflecticns, =60 and 707, the sink ef-

the direct
s however, the

feet on leading-edge separction iz strong cnuhgh te overcome
effect at the lower values of CP . #ith increasing CP
direct eficct becomes prevalent and is supported by the adverse effect
of narrcw slot width on the relation beluw.en jet coeflicients ut traili-

ing edzce and blowing slot.

With the narrow blowing slet the limitation of the 1ift by
all is clearly rccognizable for the highest flap-deflecticn angle,

st
8, = 70°. The exverimental datz for the wide blowing slot are not guite

sufficient to determine the stalling czzy;tlcn, there is, how: ver, no
2oukt that the stall curve is consiuer stecner with the siile slot,
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Fig.7
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