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If the lift of an airfoil sball be increased by blowing a jet
over the flap, power must be expended to create initial amounts of

*jet momentum flux and jet stiffness at the jet exit (blowinrg slot).
Skin friction, turbulent mixing, and pressure variations along the
flap cause considerable changes of the jet properties from blowing

slot to trailing edge. in the present experiments the Jet momentum
flux was always decreased whereas the jet stiffnesrj was increased
under certain favorable conditiNus .•The t4otal lift consists of the
basic lift, of the vertical component of the reaction of the total
momentum flux at the trailing edge and of the jet-induced lift. Ihe
jet-induced lift results from the vorticity 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
lift becomes greater than predicted by the theory of the blowing wing
with non-mixing jet. The analysis was restricted to states of flow
where the flow was fully attached to the flap. Unrier these conditions
losses of wing-circulation lift are caused by leading-edge separation.
Reattachment of the flow separated at the leading edge is, however,
favored by the sinkl 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 lift. iThe influences
of flap-deflection angle, angle of attack and blowing-slot width
ratio on the lift-power relationship are studied and represented by
empirical formulae permitting extrapolation of this relations.ip over
the range of power coefficients attainable in the present experiments.
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1. The Two-Dimensional Blowing Win& in Non-Viscous IncomrressibleA Flow

Ini 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 Ithe airfoil, namely: thin
jet, no jet mixing, constant pressure along the jet sheet, con-
stant total pressure withim, the jet sheet, thin airfoil,, small
angles of attack and deflection, etc. Under these conditions,
the pressure discontinuity across the jet sheet which is re-
qui~red to overcome the exceso centrifugal forces of the jet
sheet and to bend the jet sheet int-o the curved pattern of the
surrounding basic flow (Ref. 1) becomes

Here p is the densityt V~ the jet velocity, V0 the free-stream

velocity, h the thicktness of the jet sheet and r its local ra-
dius of curvature. The pressure discontinuity is sbecamlpaxxi.
by a discontinuity of the velocities across the jet sheet, e,
determined by

AP ~ P V F0 .(2

The discontinuity E is the lifting vorticity of the jet sheet
which causee the jet-induced lift on the airfoil (Ref. 1).

DiidngApby the free-stream dynamic pressure, q0  0 i
we cibtain2 ()

Ref. 1: LBHelbo'll University of Wnicbhita, Engineering Study
1L0 ~ugut 1953)
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S-SU&iECT:- .IRFOIL WITH SLOTTED FLAP REVISED

A. FUNDAMENTALS OF THE THEORC OF THE BLOWING WING
(Cont'd)

The characteristic length X [ (V JA 0 )2 _ -lh which, ac-

cording to our assumptions, is constant along the jet sheet
is called the centrifugal thickness of the jct sheet, and
the nondimensional quotient C. a ?X•/c, where c denotes thechord

airfoil, is called the stiffness coefficient of the jet sheet.
Equatio4n (3) states that the nondimenaibnal resistance to bend-
ing of the jet sheet, &p J/qo is the product of the stiffness

coeffioient and the nondimensional curvature of the jet sheet,c/r.

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

C• C10 +AC1r + Cel. (4)

The first term is the basic lift coefficient of the airfoil with-
out blowing jet, the second term is the jet-induced lift coefri-
cient, the third term represents the vertical reaction of the
blowing jet. The Aet-induced lift, coefficient is a function of
the stiffness coefficient. T'he num of the two first terms is cal-
led the wing-circulation lift coefficient,

C M C1 0 + AC7.r (5)

The last term of Equation (4), the moment=m-ift coefficient, is

CIM = CIL sin 6to (6)

if the blowing air is taken from the interior of the airfoil
and not from the fre~tream: such is the case with a two-di-
mensional airfoil model in a wind tunnel where the blowing air

.. .- o ..2 ,........( mmmi
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A. FUNDAMETALS OF TIH T=EORY OF THF. BLOWING WING
(Cont'd)

is supplied from outside the tunnel. The jet-momentum coef-

ficient is defined by

Inm V j b, P V 2

0 0

where a a h is the width of the blowing slot, b the infinite
span, M the jet-mass flux. The inclination of the jet sheet,

at the trailing edge, toward the free stream velocity is de-
noted by the jet-deflection angle 6te.

2. The Mixing Jet under Constant Pressure

If the jet is tlown over a deflected flap, as in the experiments
to be discussed later on, it undergoes violent pressure varia-
tions until it retches the trailing edge. This procoss presents
a problem dIfcult for two re-sons: the mechanism of turbulent
mixing under variable pressure is virtually unknown, and the com-
p(und of differential equations governing the process is rather
Ccooplicated even if the todel of the mixing mnechanisa is ideal-
izee' by the similarity hypothesis (Ref. 2). Under such a state
of affairs it will be instractive to study the simpler case of
the mixing jet under constant pressure, where, fortunately, cer-
tain statements can be mace without any detai ied knowledge of the
mixing mechanism.

Let us consider the mixing jet in a purillel stream V . The m-ass
0

flux between two streamlines syametrical to the Jet axis and situ-
ated outside the mixing zone is

S* b (p u cdy + PVoa) = oonst (8)

Ref. 2: H B Helmbold, Univer;ity of Wichita, Fxnineering Study
1-,- ( August .955)

)•FA- gO0- 23A



KEFoRT Ro. 246A-002 FAIRCHILD AIRCRAFT DIVISION PAGES PAGE 5
. I F LASF CW)rOPP________

r7TCI1(XKYi PY AF E13'BY
,_Bt_ _ Helmbold

K XA4ýT IS OF THE P,04EE P - ,'J.-,. CF A BLOWING DATE 9 Apti! 19:58.
1.,J - t alRPOIL WM SLC=T MAP REVISED____

A. FJHDAM4nTALS OF TIM THEORY OF TIME BLOWING WING
(Co=t d) 7 ,

where h is the width of the mixing zone ani h + a the distance
between the symmetrical streamlines; u is the local velocity
in the mixing jet. The momentum flux between the same stream-
lines is constant too,

MH= b (p 5h iy + PV2 a) = conMt, (9)

because with constant pressure no pressure forces are acting
on the flow. From (8) and (9) follows that the excess-momentum
flux, AM, is also a constant,

AM " M - mV0 - bp Sh (u - Vo) u dy a const. (10)

Distinctive from m and 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-

omentum thicknens, by

(u V u -v)v
ra AM1 dy a.(1

P eb 0V
2  Po) V2

The last form refers to the state of flow in the jet nozzle.
The length X is connected with more conventional notions by
forming the nondimensional qmti•mt

p (v -v)v C Cp
"P V2 2 Q 2 2p 3
p0 0

Here m P4 V (13)
C p Vbc P V o

0 0 0

is the Jet-mass coefficient (quantity coefficient). By compari-

son with (7),

C :1 -.- (4

FA-90O-2?A

I I I - - -"



T %Ar-O• 1FATRCHILD AIRCRAFT DIVISION PAGES PAGE 6•'P".... '- F ?• p." ' 'P" I. .EGIN• • At-"'A' ANT CNl ' )NT1

(M2c,_ H-*J. He bol .

7:7,,BN1T-IJ' .... ~G DATE ;' --- ~~i-
S.... •Jo w T.J1, i)J.VZA(i & 'J.•3 R<M~ O _____A__B____.W__

•,GJECT:- AIRFCTL WIT] Si/YTTP FL!A? REVISED
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If the jet air is taken from the free stream the •et thrust
is equal to the excess-momentum flux. On the other hand, if
the jet air is supplied by a source within the airfo,.l, the
jet-mass flux has first to be accelerated to free-stream ve-
locity which produces an additional thrust., m V.. Hence.

in this cace, the total jet thrust becomet

Tj :bp (u- Vo) u . dy + pIVjbs.V0

tp(V-V) V b + .V bs = p2bs=mV (15)
Sj 0 j j j o 0 j mi J

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 valid only if no outer forces, like frictional
forces along a sold surfz:ce adjacent to the jet, act on the
jet). Mixing by itself does nvt affect the jet-momentur, flux,

With the mixing jet the centrifugal thlclmesb i: defined by

1h (V2

0

where'2 to-p (17)
V = 2

p

with pt denoting the free-stream total presa-ure anmd p the local

static prcssvre. Under constant pressure, p po V' V, theS~0
centrifugal thickness becomes

h u2 - V h u + V (u -V )Uc dy - 2-C dy.( )

V2 U V2
0 (

FA-800-23A
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A. iF UT~DAKENT.ALS CF THE THEGRU OF T171- BLUOWI-NG Wr;G
(Cont")

At the nozzle exit, h = a, u = Vi, and if the slot is very

narrow, s -1, u/V0 -"_oo and (u + V0 )/u- l. Hence

hr (u-V ) u
XC V'2  dy X in a narrow blowing slot. (19)

At infinity downstream, u/V 0 -1 and (u + V )/u -- 2. Hence

h (u-V) u
X 2 0 dy =2X at infinity downstrcam. (20)kc-• 2 V2 O2 t(0

0

Since C. = 2% /c, thio discussion shows that the stiffness coef-

ficient of a minxing jet under constant pressure increases from
blowing slot to infinity downstream by a factor 2, approximately.

If the mechanism of turbulent miydng is idealized by the similarity
hypothesis the ratio XcA can be computed as a function of the

nondimensional distance, x/, from the infinitely narrow blowing
slot (Ref. 3). This function is pre~entcd in Fig. 1 vhere X c/

is plotted against'-•. A numerical example may illi*strate the
application of this diagram. If C = 1.16 and s/c = 0.009 are

the given data Eq. (12) yields V/o = 0.5077. At the jet nozzle

%fc = [(V /V0 ) 2  -1] s/c = (C /2) - (a/c) = 9.571. Hence, at

the same station, X /% = 1.125. The downstream dit;nce of the

jet nozzle from th': equivalent infinitely narrow Clot is read
from Fig. 1, namely x/k = 0.2502 = 0.0625. Let us asume t*h-at the
trailing edge is at the downstream distance As/c = 0.22 cr Ax/A
0.433 from the jot nozzle. This is a downstream distanc5 _VX =
0.496 a 0.7052 from the infinitely narrow slot. For this station
a value X c/A = 1.298 is read from Fig. 1. The increase of the cen-

trifugal thicknosz, from jet nozzle to trailing edge is 15.4/Z, and
its increase from the trai!b.ng edge to infinit-.- downstream is 54%.

Ref. 3: H.B. Helmbold, University of Wichita, •gineering Study
7 (May 195k); not., contained in Fngincering Study 2.

FA-800-23A
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The increase from jet iýAozzle to infinity, downstream it, 77.8%.
Since the jet-induced 1-i-It izn :-,i jntegral over the induction
effect of the product of stiffness coefficient and nondimen-
si.crnal curvature of tlze jet sheet behind the airfoil, the
stiffness coefficient being CE 2% 2X, any theory basing the

A ~ lift computation on the stiffness coefficient at thle Jet noz-
zle or even on its vzalue at the trailing edge must underesti-
mante the jet-induced lift.

3.The Two-Ditnensi:snal Blowing Wiing~ in Viscous Incomnressible Flow.

With a mixing jet another contribution to the jet-induced lift
can be produced by the entrainment of the surrounding potential
flow into the mixing zone. The effect of th-e 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 V1 _- const over a crose-section and V1 is defined by
Eq. (17). With the physical flow the imass flux is

m =b (P u .dy + pV'a) =const, (21) (21)

cf. Eq. ()

With the fictitious flow the mass flux is

m' tb pV (h+a) =m bp (u-V') dly. (22)

This is di-I'erentiatcd with respect to downstream e~iutance,

x- bp P -d [V' (h-wa)l =-dp -d k (U-V')dy. (23)dx~ dx L~d

FA-8800-234 '.- -.A- .---- -. ~ .
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,The mass flux of the fictitious flow shows a downstream
variation which can only ex4st if the flow contains sinks
(dm'/dx < O)' or sources (dm /dx > 0). The downstream vari-
ation dm'/dx is negative unless the velocity gradient

dV dp~4
di'

pV. dx

exceeds a certain limit, approximately determined by Eq. (20) F
of Ref. 2. (The limit is large near the blowing slot, small
at far distances downstream.)

If the jet is blown over the rear portion of the suction side
of an airfoil the sink distributi6 .induces an additional lift F
of the same type as the additional lift induced by distributed
suction along the suction siý.,e (Ref. 4). The simplest 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 lift coefficient induced by the
sink effr-ot of the mixing jet upstream of the trailing edge is

t&C 2~ t dm dx,. (25)" "E PVo 0 b d X-

In this special case the contribution of sinks located downstream
of the trailing edge is negligible. Generally, their contribution
is positive with positive jet deflection angles, 6 > 0. With

constant pressure and constant density, ACs is proporti6nal to

,v ---v

0L a -A- 22o c (26)

Ref. 41 F.Ehlers, Aerodynamizehs Versuchsanstalt Gottingen, Bericht
F 80-27,5)

FA-800-2?AFA
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A, FUNDIUMALS OF THE T1MRY OF TI11 BLOWING WiNG

It has been shown in Section A2. that certain quanti ties,
namely cxcesa-momentim flux (10) and total momentuij flux
(15), are constant along the mixing Jet under constant pres-

sure unless the mixing zone comes in contact with nolid sur-
faces. For variable pressure these quantities have to be re-
defined as followsi

The exoe.s-momentur flux (10) becomes
b I

AA = b p (u - V ) u.dy (27)

which is no longer crflstant along the mixing jet. The total
momentum flux becomes

J a b p (u-V) u.dy + PJV 1Vbs (28)

which is also no longer constant. In the blowing slot where
p - p, U Vie h a a, Equation (28) specialises to

J= Jlt P VS2J bs = I jVj 0>)"

This is the ;Let-momantu~m flux. Its nondimensional coefficient

haz been defined by Eq. (7). In order to avoid confusion we
will use the subscript "slot" if 't becomes necessary: C =

(Cs . The same notation withi th• sutscript "te", standing

for "trailing edge," is used for the nondimensionai coefficient
Sof the total momentum fl=, Eq. (28), at the trailing edge,

I

(C) - £l (U-V )u y+

0 0

wbere p/plI) 1 for incompressible flow. Since V , as defined

by Eq. (17),varies acrosc the mixing jet au average value V
a,

FA- 800-2?A
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A. FUNDAMENTALS OF TE THEORY OF TIM BLOWING WING

has to be inserted in the second term within Ithe parenthesis
of Eq. (30). In our evaluations the ialue V at that station,
where the excess total pressure Apt has itr maximum, has been

substituted as an approximation to the correct average.

The stiffness coefficient at the trailing edfe is

(C)te - 2 - =2 h- d-_-_ (31)
P 0 pV 02 e

For incompressible flow, p/p =1 , the Bernoulli law yi6lds
0 .

(CE)t 2 h/c Ap2t d (32)

In the blowing slot the stiffness coefficient is

(C) slot , %2L 2_a (33)

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

(P)slot 2 Apt" V ba. (34)

The Jet-power coefficient is defined by

P( slot %V0b qo Ve c

For theoretical reasons it may be of intcrest to state what is
..ift of this power i, form •f excess-energy flux in the mixing

jet at the trailing edge,

(C ~ h/¢ - U APt (36)

(

F 0FA-8OO-23A
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A. FUNDAI1MrTAIS OF MEE TR--ORY OF THE- BLOWING WING
=on t d)C7

Trhe experiments to be evaluated in Part B sh~ow that with the
present design, it is justified to assunie total pressure con-
stant across the blowing slot Pnd static pressure in the blow-
ing slot equal to free-stream static prý!ssure. Under these
conditions the jet-mnomentum coefficient and the stiffness coef-
ficient in the blowing slot, either one divided by the nondi-
mensional slot width, are unique functions of the jet-power
coefficient divided by the nondimensioral slot. width, (Ref. 5).
These functions are, with sufficiently small ratios (5/C)/(C I~~t

(C1 +__ (37)

(CE)d C 2/3 , 2/31 1

3 C pa

where C m~eans (C ) The subscript "dfor "ideal", in
PJ pJ slot*

dceates the theoretical values in the blot.:ing slot.

The purncose ot the present study is, to analyse t~he empi-ricall reý-
lationship between lift and1 jet power by.resolving it into'-
partial problems as illustrated by the follovwing adhematic:

(C (

ix

(E) slot (it slot

(CE)te (A )

{ 't

C l s~in a +(ki+k? ,/CE3) )in 6t + (C)t t sin te (39)

ii

Ref. 51 H.B. U elmAbold, O AS 24Y (1957"t 339

FA-800-2? A
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SUBJECT:- AIRFOIL WITH SLO72ED FLAP REYISED _ _ _

A. FUNDAMEETALS OF TEE THEORY OF TIE: BLO'HIIN WING
(cont, )

The first partial problem is •he relation 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 kelation of stiffness and jet-momentum coef-
ficients at the trailing edge to their values in the blow-
ing slot. This relation is controlled by two different in-
fluences; the influence of tL Uincoming boundary of the
main airfoil which first has to-reenergised before a jet
effect can be obtained, and the influence of the pressure
distribution along the suction side of the flap on the tur-
bulent mixing process. Both influences depend cn flap-de-
flection angle and angle of attack, as indicated in the sche-
matic. The third problem is the relation of the wing-circu-
lation coefficient to the stiffness coefficient which, in a
somewhat crude manner, is empirically solved by the C -term

lP
of Eq. (39). This equation is supposed to be valid only with
frlly attached flow. The coefficients KI, k., k2 are functions

of the flap-deflection angle, Of. The angle of attack, a, is

referred to the zero-lift direction of the basic airfoil, and
the jet-deflection angle is 8 6t + Qc. (Fig. 2)

te -. 5 Q.Fg.

-4.<

<-J

Li5
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prerp•ure variation along the jet sheet does not impair the
former statement. Distinctively from the non-viscous prob-
lem where practically Q, = const = (CE te along the jet

sheet, the jet-induced lift coefficient

k = k2  ( . sinb (40)

is not quite adequately described by a function of the local
value of the stiffness coefficient at the trailing edge. It
would be better described as a functicn of an effective value,
(COeff, of the stiffness coefficient meaning an average value

taken over the jet sheet, such that the coefficient k2 can be
ý'd taken from non-viscous theory. This average value would bn

bounded by the inequality

(CE)t 4 (CE)ff< 2(CElt.

Not knowing* however, the effective average, we will use the
form (40), keeping in mind that with the p sical flow the coef-
ficient k must comprise a hidden factor (CE) /f f(C--t- > 1.

This factor must be a function of the nondimensinnal distance from
blowing slot to trailing edge, cfA and of secondary parameters

like f and a.f
4. The Finite-Sgan Blowing WinM in Viscous Incompressible Flow.

If the two-dimensional lift coefficient, C1 , can be presented

adequately by Eq. (39) an approximate solution of the simplest
type of the three-dimensional problem (untwisted elliptic wing,
elliptic cross section of the jet sheet) is o1btained (Ref. 5)
"from the equation +r

j K1 s~in (a-e.1) + [(C)t + kl, BCEit l (6 ~'e~j

-sin xi =tA sin a, (41)

FA-800-21A
.... .. .. .. ..-.-.
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where ai denotes the induced angle of the wing-jet config-

ration and A is the aspect ratio. The solution is

si U., (4+2)

with M -a C from Eq. (39)

and N rA +K Cosa+ (C) (l+cos 6 )+ (1 jk 2 y ~os bte

This approximate solution is expected to be satisfactory for
moderate values of sin ai, say, smaller than 0.4. The three-

dimensional lift coefficient becomes, with approximately constant
pressure along the jet sheet,

CIL [A+2(C tel sin a * Cos a,. (43)

The induced-drar coefficient is

CDi A sin2 ai (44)

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

CD +ACTj i A + 2(C)t sin2  C tan a (45)

2Simplified results can be obtained if YM/N) < 1. Let us in-
troduce the notation a k, + k2 ý CE and hereafter, in this

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

M=c 1 = sin + (C+K 2 )sin8, (46)

ax W = K1 cos a + (C+K)cos , (47)

"a la 11 + K2) c Os 6. =•+ c, (
:112

A + ~A C + Kcos L+ (C + KŽcos 6 nA+C+CL
ClcL (48)

FA-8OO-23A
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-~-n-K, sin a (C + K sinb 6 = (49)
2

jsincae M8/8c ~(6 + 6+ o)/ a 1. With (I/N) < 41

we obtain,

sina (5d~

¶A4-2A + 2C

;CA NAO2? +1 G 2C) sin at Cli9

Lit By +qs (4 to (6 h ig Ciruainl of

-c ein. (52
'coalcicuAti2 litCefcetcmpie h otiu
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(In the two-dimensional problem, A wio , we have CIC =1

since the momentum lift is completely converted into cir-,
culation lift of the jet sheet.) Generally CL<<Cc ex-

cept in the special case when C = cw because then the jet7i:
sheet becomes straight,c/r : const = 0, and cannot support
a circulation lift:

G~ =~ for C =.(54~)

For a- given aspect ratio

C ic A (55)
M2 + N2

has its maximum

CLC max = -- A (56a)

fC sin 6 + K sin o + K2 sin 6"for + =4-" (56b)N • A + C (l+cos 6)+Keos 8 +K2bo
+ les L+ K2 Cos 6

For C - C has the same maximum

C ax -4 A for (57)
cr2 2

since, with C = w , tho eondition (56b) is satisfied by
6 a ./2. Experimentally, this limiting value is never reached
inasmuch as, according to Fig. 4 of Ref. 6 where 6 = %/2, CLP

for a given ampect ratio has its maximum at a finite value of
U. The slope d(•r ) max/dA of the envelol , is about half the

theoretical value at A a 0 and approaches the theoretical value,
n/2, with increaskng aspect ratio. The theory does not account

Ref. 6F J8.02 Lowr? - R.D. Vogler, NACA-TN2 (19A)

FA-8OO-2?A ,
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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 cannot
assess with certainty the relative importance of these phe-
nomena. Presumably, leading-edge separation is the factor
principally responsible for the lift deficiency, at least
at hiUP aspect ratios. At A = 10 the experimental value of
(CIr ~max is about 12.84 instead of the theoretical value 15.71.

Ii
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B. ANALYSIS OF EXPE)RI.07TS ON A T7,O-DI GIc:1AL
AIR1FOIL WITH SLOT•JD FLAP ý Al.) WIDE SLOWING SLOT

Wind tunnel tests on a blowing NACA 23015 airfoil with a 25% chord
slatted flap were carried out at the University of Wichita (Ref. 7).
The widtb 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 chord. In these experiments the total-pressure ratio
in the blowing slot, P 1< 52, 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 analysis are collected
in Tables la and lb. Angles of attack are refe!-red either to the air-
foil chord (a,) o0 to the zero lift axis of the basic airfoil (a =a
a + 10). Th• upper tangent at the trailing edge is inclined to the

zero lift axis by 6• a 100. Hence, the jet-deflecticn angle is 6e

+ + + 10 =f +a + .1
f f

FA-800-2ýA F/
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B. A•1ALYSIS OF E-XP~ERiENT.30,O A TWO-DIMNSICNAL
AIRFOIL WITH SLOTTD FLAP AND WIDE BLCA!ING SLOT

TABLE la.

6 0 0 c (C) (c ) C (C) (c2)i cE (CE)
f c P pj te p id 11 lto ZidCEE

slot slot slot
30 +O. 3.0544 O.0142 0.0702 O.0662 0.0430 0.0544 0.0516 0.0236

.1 .9745 .3410 .421 .4202 .3008 .402 .41no .3o44
-0.1 4.7075 1.5384 1.182 1.1872 .8559 1.165 1.1874 .8744

5.2 0.0525 0.0079 0.0710 0,0662 0.0370 0.0529 O,0506 0.0136
5.2 .9861 .3470 . 2 . 22. 2951 .407 .4094 .274?

5.1 4.697 1.5790 1.178 1.1872 .8324 1.160 1.1784 .8478

10.3 0.9698 0.3314 0.3915 o.4202 0.2886 0.3735 0.4107 0.2855
10.2 4.697 1.44916 1.179 1.1372 .7935 1.161 1.1803 .8200

60 -0.1 0.3687 0.1798 0.226 0.2089 0.1387 0.208 0.2114 0.2022

.1 1.5171 .9020 .561 ,5b77 .5624 5,543 .5503 .5&2

-0.05 4.555 2.296 1.155 1.1574 I.lO 1.138 1.1458 i.2306

5.3 0.3681 0.1729 0.2255 0.2089 0.1843 0,2075 0.2092 0.2034
5.2 1,5204 .8299 .561 .5677 .,5630 .544 .5464 .5864
5.1 4.432 2.653ý' 1.132 1,1574 1.1667 1.116 1.1276 1.311?

io.4 0.3823 0.1521 0.2312 0.2089 0.1710 0.2133 0.2172 0.1838
9.3 1.5158 .7370 o561 .5677 .4936 •543 .5509 .5539

70 +0.2 0.7022 0.3560 0.3405 0.3220 0.3039 0.323 0.3136 0.3436
.1 1.4362 .8240 .541 .5744 .5166 .524 .5534 .6020

o.1 4.324 2.162 1.114 1.1270 .99974 1.097 1.1188 1.1878

S5.30.6554 0.3396 0.3260 0.3220 0.2952 0.308 0.3090 0.3298
5.2 1.4927 .7762 .555 .5744 .5296 .537 .5460 .569?

10 l,4 0.6559 0.3003 0.3262 0.3220 0,2738 0.3088 0.3039 0.3111
1C0.3 1.4725 .8238 .550 .5744 .5477 .533 .5431 .6154

/; A-iO-O"2.'t
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f ac 0 e b 113 CI (C sin 6) C (/C-hcin 6) Cdf to pj 1 $L te if td
slot

30 +0.1 41,l O.38O 2'.14o 0.02b 2.112 0.101 -0.0227 -0o417
.1 41.. .9925 3.263 .198 3.065 .363 -0.3068 -0.738

-0.1 40.9 1.677 4.551 .560 3..991 .612 -0.9143 -1.211

5.2 46.2 0.3746 2.662 0.027 2.635 O.0842 -0.0033 -0.408
5.2 46.2 .986 3.930 .213 3.717 .3785 -0.2723 -0.748
5.1 46.1 1.685 5.228 .600 4.628 .664 -0.8135 -1.197

10.3 51.3 O.990 4.484 0.225 4.259 o.417 -0.2215 -0.733
10,2 51.2 1.675 5.927 .622 5.305 .706 -0.7224 -1.204

6o +0.1 71.1 0.718 -- 0.179 0.426 +0.0258 -0.985
,i 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 1.048 -0.4032 -1929

5.3 76.3 0.7167 -- 0.179 ---- 0.4385 +0.0679 -0.958
5.2 76.2 1.141 6.167 .'A6 5.621 .7445 -0.0765 -1.298
5.1 76.1 1.643 7.929 1.132 6.797 I.1l2 -0.2509 -1.875

10.4 0"1.4 0.726 .- 0169 .... 0.4295 +0.1123 -0.865
9.3 80.3 1.145 6.606 .487 6.119 .734 -0.0306? -1.278

70 +0.2 81.2 o.888 5.343 0.300 5.043 0.579 +0,084 -1.135
.1 81.1 1.122 6.205 .510 5.695 ,767 .0092 -1.418

"-0o.] 80.9 1.629 8.030 .985 7.045 1.('75 -0.1133 -2.042

5.3 86.3 0.869 5.627 0.295 5.332 0.5735 +0o.132 -1.072
5.2 86.2 1.125 6.7,22 .529 6.193 .7535 .0813 -1.40o

10.4 91.4 0.869 5.663 0.274 5.389 0.5575 +0.163 -0.955
10.3 91.3 1.138 6.702 .547 6.155 .785 .. 1165 -1.319

FA-800-2ýA



RF'RT 1O, R2k46k-A0p FAIRL!IIL9 AIRCRAFT DIVISION PAGES PAGE 2P
M, A ý 1. }4 FA[I R M 2 TNF & A ]PLA V CC RPORAT IOl ' A PPROV ED BY

ANALYSIS O' 1"RE, PC'•'-.E RkLUIPM.T OF A BLOWING DATE 9 April 1951-8

SUBJVCT:- AIRFOIL W-"iE. M•,OTTLD FLAp REY SED
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lo Comparison of Theoretical and Fxperimental Lift.

According to Ref. 8 the wing-circulation lift coefficient for a
non-mixing jet and for small angles is

C 1" aC" (C$i) te 6e = F1 a + Fz5f + Fo6j (58)

where F1 and F are functions of (C,) te only and F. is a func-

tion of (CE)te and the flap-chord ratio c/c. For larger angles

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

CI a C1 (Cr sin 6t= (1 + 0.77 -t-)F1 sin (a +
11to t c 1

+ F%71 
6 f, + ) (59)

The coefficients F., 7,1 and F ,F- are presented in Table 2

as functions of ¥ "-Ete for a flap-chord ratio c/c a 0.25.

TABE 2.

V( ' F1 F~iJ Fo/F!

0.0 6.283 o.6o9 0.000
.2 6.513 .615 .105
.4 6.764 .634 .195
.6 7.024 .657 .273
.8 7.299 .682 .340

1.0 7.592 .705 .450
1.2 7.89 .728 .45o

c/c 0.25

Ref. 7: P.E. Morris, University of Wichita, Engineering Rep. 273
(April 1957) w FAD Report R246-005

Ref. 8: D.,A. Spence, RAD-TN AerQ2450 (May 19=6)

FA-800-2?A
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Theoretical values of C I from Eq. (59) have been computed

for a = 1.1l, 6 30, 600, 70° and = 10° and are com-

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

Ete
is a loss of lift which must be caused by leading edge separa-
tion since the curves are based on measurements with flow at-
tached to the flap. The loss increases with the flap deflec-
tion as shown by Table 3.

TABLE 3

6f C at (C 0 Less %f iF te

Eq. (59) 1 Experiment

:• 30 2.325 1.737 25.3
6o 4.29 2.500 4l.8
70 4.84 2.668 44.9

It is not certain whether the flow was truly two-dimensional
in these tests because the airfoil was not shielded by fences
from the wind tunnel wall boundary layor. Therefore, it is
possible that the loss as given by Table 3 is greater than it
would be in truly two-dimensional flow. The slopes of the ex-
perimental curves are much steeper than the theoretical slopes

ias must be expected after the discussions of Sections A2 (stif-
fening effect) and A3 (sink effect). This shows that, from the
practical standpoint, present-day 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 covering all of the pertinent
phyeical 6phenomena.

FA- 800-23A
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2. An __•pirical Interpolation Formula for Wing-Circulation Lift.

The experimental values of Clr with flow attached to the

flap can be presented by the formula

CI aI sin a + kl in 80 '(CE)te sin 6t. (6o)

where ! 6 + 6 and the coefficients c, kl, k'2 are func-

tions of 6 . Since0

sin 6 sin (0 + a) = sin b cosa+ cos 6° sin a,

sin 8° = (sin 6rte -Cos sin a)/cos a

Eq. (60) becomes
Cos 0 k,.••gl'•-

C Cclsn k. '( k ' sin b (61)Cl os s (cos ) a')te' te(0112C151~ Co ,, +C k2 ytin (2For small angles of attack this simplifies to
1T, = o-1 0o oS a + k2 tet

a K sin a + K2 sin 8rt

where K, ic1 -- k cos 80 and K 2 8 k! + k 1/(CiE)6. The coef-

ficients of Eqs. (60) and (62) are presented by Table 4.

FA-800-2?A
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Table 4.

b 6° k k2  1

f o 1 Y

30 40 5.875 2.527 3.E83 3.94

45 55 5.67 2.53 3.71 4.22 (interpolated)

60 70 5.36 2.550 3.794 4.49

70 80 5.00 2.610 4.108 4.54

By adding the momentum-lift coefficient (C sin 6 te

to Eq. (62) we obtain for the total lift coefficient the ex-
pression (39) on which the three-dimensional theory (Section
A4) is based.

3. Connection between Jet Coefficients at Trailing Edge and Blowing
Slot.

In this section we are dealing with the second partial problem
mentioned toward the end of Section A3, ri-ht after Eq. (39).
One of the influences controlling the connection between the
jet coefficients at trailing edge and blowing slot is the influ-
ence of the pressure distribution along the suction side of the
flap on the sixin let. This is illustrated by Figs. 4 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. 4
shcws that stiffness coefficient, mcmentum coefficient and e::cess-
energy coefficient at the trailing edge have almost simultane-
ously their maximum at a flap deflection angle near 600, The in-
fluence of the static ressure distribution is qualitatively the
same on all of these coefficients. The stiffening effect on the

F!4-8OO--2ýA
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stiffness coefficient explains the fact that (C.) te ex-

ceeds (C ),o at the high deflection angles. At the end

of Section A2 an excess of 15.4% was precdicted for the special
case of constant static nressure and no losses by ski'n friction.
The static pressure distributions are prcý-entcd by Fie. 5.
There are two suction peaks at the higher flar. deflecti on
angles; the firct one is the regular one 'ý-:curring in p~oten-
tial flow, the second one is the result of mutual attraction
between the convex flap contour vand the fast mixing let at-
taching to it. At the low flarp Icflecticn angle both suction
peaks melt together. I~t is conjectured that without skin fric-
tion the 700 -distribution would bzý best because it diminishes
most zhe relative velocities between mixing jet and potential
flow, and that this advantage is overcome by the increase of skin
friction from 60~ to 700. (The second suction peak decreases
and finally vanishes with decreasing Jet-momentum coefficients
for any higher flap deflection because with low: jet-mo-mentum coef-
ficients the mixing jet nev,ýr attache-z to the deflected flap and
the flow separates therefrom. These states of flow have beer ex-
cludedi from the analysis-."

d ~ Since,, Vith the preoent configuration, the static presoures in
the blowing slot are not too different fromn fpee-stre.= static
pres:sure it is preferable to replace (C '0) sltnod (C 1,'

IL sot Bslot t
U,) and (C) rsetvltelte

1% id E)idt epcivltelte values being related
to (C Pi) slot by Ens. (37) and (33). This replacement is Justi-

$ fied by the figures of Table la.

)AThe ernerimental curves (C ) v.(C Fig. ''ad(

Va. (C)d Fig. 7, can be represented by functions of the type
ide ' d' ~ t

Ax + - C
1 +Ax

-13
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where y denotes the trailing-edgo values and x the corres-
ponding ideal values. The derivatives with respect to x are
Y' (0) '& (2.+ 0) and y'( o ) = B/A. Their ratio y'(°a )/
y'(O) - B/ [A2(i + 0)j< indinates a negative overall curva-
ture of the curves. Evaluation of the coefficients from ex-
perimental values suggests the hypotheses that B/A 2 is a linear
function of cos 6 and C is a linear function of 62 for both

f f
the C -relation and the CE-relation. Under these conditions it

happens that y'(oo)/y'(O) becomes practically the same function
of b f for both relations. Since this appears to be a reasonable

correlation smoothed values of the coefficients A, B, C for the
C -relation and A', B1', C' for the CE-relation have been deter-

mined according to the above hypotheses and are presented in
Table 5.

TAME 5

Coefficients for- (CM) vs.(C
~te iid

6 A B C y'C(a )/7'(0)

30 o.763 o.4725 0.0021 o.316
45 1.131 .863 .0585 .637 (interpolated)

S60 1.481 2.069 .1375 ,428
!70 1.673 0. 964 .2027 .,2326

Coefficients for (C )tV8.(CE te E Cid

f A' BI ,•,(co Cy,(0)

30 0.8772 0.570 0.0220 0.815
45 1.?42 1.O66 .o886 .636 (interpolated)
60 1.646 1.373 .182 .429
70 2.071 1.567 .259 e2905

FA-8OO-2VA
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ANALYSIS OF THE PQER RE'-" PITI OTF A ,4-IM! DATE A l 58

3SU•JECT:- AIU'IL 'ITI ,SLO'FED FLAP REYSED

B. ANALYSIS OF EXPERI1 S ON A TWO-DIMU;SIONAL
AIRFOIL WITH SLOTTED FLAP AND YIDL BLOYING 5OT

The curves in Figs. 6 and 7 have been computed from these
ensoothed values. No systematic influence of the angle of
attack was discernible except at f = 300. Similarly to

Fig. 3, the intersection of the extrapolated curves with the
abscissa axis indicates lcading-edge separation at the higher
flap-deflection angles. T;:eze is however the difference that
at Lf = 300 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 if the assump-
tion is true that premature separation is caused by the pres-
ence of the wind tiunnel wall boundary layer which means that 5,
the flow is not truly two-dimensional. At b = 300 the sepa-

ration would be confined to the neighborhood of the wall.

4 E Fxtrapolation of the Lift-Power Relationship to Higher Power
Coef fi ¢i ents.

The lift-powwer relationship is established by the compound of
Eq. (39) with the coefficients of T-ble 4, Eq. (63) with the
coefficients of Table 5, and Eqs. (3N) and (38). The result
of extending these computations over a much wider range of jet-
power coefficients than in the wind tunnel tests is shown in
Fig. 8. The full line3 indicate flow attached to the flap, the
broken lines indicate flow separated from and re-attaching to,
the flap.

5. Drag of the Blowing Airfoil.

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

C d = do + Cd' (Cl1)te. (64) 4,

F A-*(cI
( • 0 "'

S .. . .. . . . .. .. . .. . . .. . . . ".. ... . . .. ... . .. .... . . ... . . . .. . - ,Q-O- ,-2 ?A r ' • • , • • •, , ,.,.,.• , ., . .,... ... . • . .,- . . .. •. .. .. .. . .... . "
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ARALY,,.;2S OF TE PO42 REýUIP0rLIT 0' A BLOWING
SHJ[CT:- AIRFOIL WTIIT SLOTTED FLAP REVI _ _

B. ANALYSIS C' MC•PF-RT ON A T'O-DIMMSIONAL
AIRFOILJ WItsh7 SLO 1 -FLAF AND "-f= 4 OJN SLOT1

Except for one point, the values of the slope, C•, plotted

against the zero value, Cdo, arrange themselves along a

single curve, Fig. 9. The sequence of the parameters 6f and

a along the curve indicates a continuously increasing loss

of leading-edge thrust (increasing leading-edge drag) with in-
creasing angles. This is consistent with the inferences from
Figs. 7,6 and 7. Without leading-edge separation, C1 should

be essentially independent of Cdo and not much different from -1.

=A-SO0-23A
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A•iALTST1 OF TIHE POWER REQ1, UrI I OV A BLOUinG DATE 22 April 1953

, IAJJECT:- AIRFOIL WITH SLOTTED FAP REYISED

C. ANALYSIS OF EXPERIMENTS ON' A T'WO-DIMENSIcNAL AIRFIL WITH SLCýD
FLAP AND NARROW BLOING SLO-T

This Part C of the present report deals with the wind tunnel tests
on the same model as in Part B, with the only difference that the blcw-
ing-slot width was decreased from 0.9r to O.15%a airfoil chord. Because
of the higher total-pressure ratio in the blowing slot, ptj/ptoZ 1.693,

compressibility effects were not always negligible. The basic data of
the analysis are collected in Tables 6a and 6b.

(0
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ANALYSIS oU r 2, POWER RE•B UIRMNT cF A BLcWING DATE 22 ApA2ril ir5

U•,EC]:. AIRFOIL WIMH SL01TF.D FLfP __REY_ _._ ....

0 0 c (c) (c) (C) C
S f c~c p ( id (LCte CEid E te

slot

33 0.1 0.2671 0.0969 0.0609 O.0940 0. 0564

30 .1 1.0550 .2395 1922 .2360 .1l19
.0 6.013 .760 .5320 .757 .575

33 5.2 0.2669 0.0969 o.0418 0.00940 0.032)

30 5.2 1.0545 .23)5 .1672 .2360 .17W1

5.1 6.013 .760 .5-4 .757 .6097

30 10.3 1.0540 0.2395 0.1578 0.2360 0.1837
10.2 6.014 .760 .5546 .757 .6374

"60 0.1 0.7103 0.1840 0.1540 0.1813 0.1823
i 1. 848o .347 .2910 .3436 .3334

.0 5.471 .712 .5557 .710 6•32

5.2 0.7102 O.1840 0.1481 0. 1ý13 0.1755

5'. 2 1.3479 .347 .2881 .3436 .-32••9

5.1 5.469 .712 .5494 .710 .6531
O). I1ý C.)- . -2

10.4 0.7102 0.1840 - 0.1813
9.3 1.8477 .347 .2611 .3436 .3123

70 0.2 0,3164 0.1083 0. 0900 0.1053 0.0861
.2 .671 1-3174 ,lý.15 .' 157 .1 O06
.1 1 . 7874 •339 .3114 .336 T 54r4

.0 5.235 .692 .5973 .690 .7110

5.3 0.3164 O.10(83 0.0822 0.1053 0.0748

5.3 .6777 .1734 .1573 .1757 .1770

5.2 1.7872 .339 .2989 .336 .3536
5.1 5.234 .692 .6437 .690 .7731

10.4 0.6776 0.1734 0.1479 0.1757 0.1630

7.3 1.7369 .339 .3056 .336 .360

......................



FAIRCiILD AIRCRAFT DIVISION PAGES PAGE 32jlN R246A-02 ?I INHTU ENG I'F & A ~I PPANY COkPORAT 1ONI

..z- l_"_I A )TV fII;_H__

ANALYSIS OF TIM. POWE2 RE U!IR• T OF A BLOWING DATE 22 April 1958

1c- :_ liC AIRFOIL WITH SLOTITED AP REYISED

TABLE 6b

0 0 ~1/3 cf te CI (C sin6) C ()Ci6'n6b)te C Cd C

33 44.1 2.500 0.0+24 2.458 o.1653 0.644 -0.0455 -0.505.2,::;0 -0. "Dug
30 41;1 3.108 .1264 2.974 *2:03 1.013 - -

41.o 4.1k8 .349 3.731 .4975 1.319 - -1.0O$

33 49.2 3.057 0.0316 3.205 0.1370 0.644 -0.0237 -0.505
30 46.2 3.704 .1206 3.583 .3054 1.01 - -O. S3o

46.1 4.379 .382 4.497 .558 1. 19 - -1.057

30 51.3 4.312 0.1231 4.139 o.53 1.018 _0. ,
51.2 5.515 .424 5.091 .6225 1.819 - -1. 090

60 71.1 4.931 o.1456 4.785 0.404 0.S92 +O.oo61 -i.03
71.1 5.75 .211 5.47 .550 1_226 -0o.o63 -o.356
71.o 6.736 .525 6.211 .770 1.762 +0.057? -1.722

76.2 5.526 0.1438 5.382 0.407 o.3•9•2 2 +0.0o4Lo -1..O.3,
76.2 6.273 .276 5.997 .554 1, 226 -0.03O -1.35W4
76.1 7.452 .534 6.918 .788 1.762 +0.04.?? -1.749

81.4 6.0,02 0.1372 5.865 o.402 0.892 +0.0721 -i.042
80.3 6.554 .2573 6.297 .551 1.2,26 .0106 -1.202

70 81.2 4.632 o. O8,9 4.543 0.290 0.6•6,3S 0.0720 -0.95,
21.2 5.340 .1532 5.1-7 .'20 .072 .079S - 41749

i1.1 6.263 .308 5.955 5`9u 0.?1 Y7 -1.45.
81.o 7.602 .5,so 7.012 .34 1.736 - -2.315

86.3 4.981 O.O020 4. 399 0.273 0.-62 0. 0`37 -0.393
W6.3 5.331 .1569 5.674 .420 .378 ý.1167 -1.135
86.2 6.694 .283 6. 406 .594 1.214 .0 359 -1.401
36.1 7.952" .647 7.305 .881 1.736 - -1.367

91.4 6.148* o.1479 6.000 O.410 0.378 0.1476 -1.O63
3...3 6.911" ,3055 6.605 .607 1.214 .1141 -1.393

"near stall

(.'

____ __ .
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ANALYSIS OF THE POWER RLUIREMENT OF A BLOWIG DATE 22 April 198 ,
AIRFOIL WITH SLOTTED FLAP -v- __-_ __

C. ANALYSIS OF EXPERIMNTS ON A TWO-DIMF NSIONAL

ArFrOIL WITH S O'TTED FLKP • RO BLOWING SLO- T

I. Modification of Basic Formlae for Compressibility Effects.

The expression for the jet-power coefficient Eq. (35), has to
be replaced by

(1pj)slot a (.-, DC ) V-I (65)

where m P PV 3 bS.

Theoreticalyl, the ideal jet-momentum and stiffness coefficienta

should be modified by multlpy the right-hand sides of Eqs. (37)
and (38) by the factor (pp/pj)I • where

'IP T ýp K-
S: tj (1 ) N

Pj Tto Ptj (66)

since, with a subsonic jet, p& pj * This ccrrection, however, was

neglected because it was smaller than the eTerimantal scatter.

The total-momantum coefficient at the trailing edge is defined
by Eq. (30). The velocities and densittes occurring in that oqiation
are evaluated by the formnlae

U gopt tx 

(67)V1 (67)

.-..- ----- -- ~ t [I- P- -_____----.-.-
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V V2g c T Pt' X ('59)

j v Pt

j j bft

The stiffness coefficient at thc trailinr edge is definocc b- ,K' (1
where

2 k-'? ? ()*(K) pt t
pu -P0 V k-1 i PP 7

2. Commria-nn of Theoretical iana Lýxzcrioment Lif t.

According to Eq. (.59) tl-e thleoretical valuec cf C, are in,,e-

pendent of thbe blowing-slot widthý rato. -ccriscntla! vzlues of
c 1  at a 1.1c extrapolite4l to (C7 C) are present,,2d in Thblc 7.

Table .Z

0 6 C ~at (C) =0Losf T" E te

Eq.(59) Experimient

30 2.325 1. 9 l7 14k5
60 4.29 3.2-10 2.
70 4.84 3.312 3.

FA-SOO- 22ZA
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Comparison, of Tables 3 (wide slot) 6nd 7 (narrow slot) shows that
the loss of wing--circulatlon lift ie considerably dcecro:sed by the
change from the wide to the narrow blowing slot. This is explained
by the considerations that, wit' equzl jet momentum, the sinh effect
is stronger for the narrow slot the-n for the wide slot, and that a

Sstronger sink effect results in an eariler reatt!.chment of the flow
separated at the trailing edge and, consequently, in a snaller loss
of lift. The conclusion about the sink effect can be checked from
the influence of blowing-slot width on the t°atic pressure o, the
suction side near the blowing slot. With a nen-mi2in, jet the pres-
sire ooefticient C at a given station on the airfoil contour, for

p
fixed values of a and bf, is a linear function of the wing-circulation

lift coefficient C , only, independent of blowing-slot width. Under

these conditions C can be varied only by variaticn of (CEte or

(C ) With the mixing jet the pressure coefficient is influenced

by its sink effect ,.-hMch, in turn, is a function of 3 ) slot' Dif-

ferences in the sink effect must change the relationship between C
p

at a given poiat and CI , for fixed values of a and 6f. This re-

lationship is shown in Fig. 10 for both blow<ing-slot width ratios un-
der consideration, "t fixed values of a - 1.1o and 6f. he station

of the static rxessure tap, No. 16, was at 76.26% of airfo:i chord on
the suction side. The slopes of the curves -C 16s C are re-

sented in Table 8.

Table S,

d 'C%6  0.0015 8 0.00.90 Difference

8 30 1.308 O.S15 0.493
7Q0  

1.410 1.042 .368
1.59? 1.194 .20?

S ~,,.----------------------------,.~.-*.,.-. ';c
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The slopes are systematically rtee-pcr for the .... rc-. -lot th.n for
the wide slot, a fact to be explained only by a Ltron-e-r si effc ct.

3. Coefficients for the Co! -utation a: ,n;-CirouJhtin offt.

The formulae for, CIl: Eqs. (60) aznd (62), -re valid for both

blov-ing-slot width ratios, with different coefficients;. The coef-
ficients- for the narrow slot are presented in Table ).

Tab"le

6f °oeIk, k, K2
f 0 2

30 40 5-175 2.934 3. 455 2.925
+5 55 5.09 5.24 3.70 2.97 ,inter; oxated)
60 0 4. 96 3.333 4.02 4
70 80 4.1 3.270 1 4.• '

c ccor ing to Eq. (40), k 2 is the coefIficient of a'"t-Thducad lift, Co""

ixarison of Table 9 with Table 4 &.ows tlh•t this cocfficient ja not much
affected by the change from the wide to the narrow blo,.wing slot, the
difference being withinix the mar•gi. of + 7ý- over the investigated range
of flap deflections. The kl-values relect the sin!. effect on leading-

edge separation discussed in the prezeding Section C2. No exphlanation
has been found for the decreLse of the al-values.

F1

FA- 800-23 A
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4. Cohnection between Jet Coefficients at Trailing E4dc and Blowing
Slot.

The experi~mental curves (CIte vs. (C id and (C)te vs. (C )id

are plotted in Fig. 11. Their comparison with Figs. 6 -and 7 confiras
the concluaion of Section C2. that the leading-edgo separatican is less
developed then with the wide blow-ng slot, a- can be seen from the in-
tersection of the curves with the abscissa axes. The curves for be =

0
30 remain practically unchanged by theŽ variation of blowing-slot Width.
At higher abscissa values the ordinates increase monotonically with in-
creasing flap deflection; there is no optimum defl:ction angle in the
investigated range. At the higher flap-deflection angles, f = 600 and
70 , the ordinatcs &re higher at low abscissa val.ues and lowir :t high

abscissa values than with the wide blowing slot. The latter pheno-
menon is the effect of a change in the static pressure distributions for
the higher flan deflections, Fig. 12. With the narrow blowing-slot
width the first suction peaks are less developed than with the v.ide slot
because the main airfoil extends to P0.93% airfoil chord, with the narrow

,slot, instead of 78.44% airfoil chord, with the wide slot.

The experimental curves ca-n be repres-ented by functions of the
tyne 263). Smoothed values of the coefficients are prez;ented in Table
F0A

H

F'
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Table 10.
Coefficients for (C te vs (C )d

5 A B C y )/y'M
f

30 0.760 0.4725 0. 02Y21 o. ,16
45 .368 .520 .n163 .668 (interpolated)
60 1.052 .5505 .0374 *5

70 1.256 .627 . 0 5 +43 37?

Coefficients for (C ) vs. (C-)

y.0 O,8772 0.570 0.0220 5.M,.,±
45 1.0,8 .730 .0370 .679 (interero!:ted)
6O 1.284 . K33 5657 .567
70 1.rS4 .998 .0754 .3?,

5. The Effect of Blowing-Slot Width on the Lift-Power `'elationchip.

The total-lift coefficients have been plotted h.t . h.- cubic
root of the 4et-power coefficient for both blowing- slot vidth ratios
in Fig. 13. "The diagram contains a set of lift curves at a = 1.10 and
6 = 300, 600, 70 for each wid'h ratio, and, further-cre, a set of

lift curves at 6 = 70 and variable a for the wide slot only.

The discussion of the slot-width effect is simplest for 6 = 300

where there is no appreciable effect of slot width on, the relation be-
tween jet coefficients at trailing edge and blowing slot. Independently
of flan' deflecticn angle the jet-power requirement for given ideal values

k- o
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of jet-momentum end stiffness coefficients is higher for the narrow
slot. According to Eqs; (37) and (3C) the jet-power coefficient (Cp )Slot

is approximately proportiona1 to (si:) ". In o:.r cas.e, with the wide
slot 6.0 times wider than the nar;,:y. one, the narrow slot *.ould require
a C -value about 2.45 tines higher than required by the wide slot if

J
the lift coefficient were determi 'ned by the ideal- jet coefficients only;
th.e values of (C )i/3at equal CI wcul] differ by a f.-ctor about 1.3..

tctually, the direct effcct just defined is counteracted by the snink ef-
fect on leading-edge separ,.tion discus.;ed in Section C2: the 1ift co-
ficients for the narrow blowing slot are somewhat high•i: than -,redicted
by the first consideration.

c 0SWith the higher flzap deflecticns, %f=0- and 70 , the sink ef-

fect on leadin,(-edge separation is strong encugh to overcome tihe direct
effect at the lower values of C . With increasing Cp , however, the

direct effect becomes prevalent and is supported by the adverse effect
of narrow slot width on the relation bet,, en jet coefficiente at trail-
in- edge and blowing slot.

With the narrow blowing slot the l]imitation of the lift by
stall is clearly recognizable for the highest flap-deflection angle,
6, = 70. The ex-oerimentol data for the wide blowing slot are not quite

sufficient to determine the stalling c,ýadition; there is, how, ver, no
doubt that the stall curve is co.i era'yste'per with the si'le slot.

FA-800-2?A
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