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This report considers the structurol cesign problems araising directly
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from the use of distributed wing suction.

are discussed and estimates arc mode of tae lncrease in alrcraft <l wp
welght due to these constructions and duc to the exbra pover reculrced for

suction.,
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4 Introduction

There is reason to believe that low wing drag may be achieved by
stebiliciry the boundary layer by distributed suction. This repori is
acncerned with the structural design problems arising from the use of
distributed cuction, and with the weirght penalties directly ancurred.

These structural weight vena’tices need to be offset agalnet ths
advantagces of reduced drag in the overall study of the economics of wing
suction. The weight of the svction machinery would also need to be faken
into conzideration in such a study. This aspect comes rather outside the
scope of the present papgcre, but since the calculations are simple a brief
outline is rncivded for the cake of completeness,

1.1 Standard wing for compariion

In order to obtain quantitatave comparison with a wing without suc-
tion it will Le assumed that the corresponding non-suction wing is 15% of
the all up weight end has the U'sllcring structural breskdown: -

Spars 25% of wing structure weight
Skin 25 of wirg structurc weight
Stringers 15 of ving structurc weight
Ribso 12, of wing structurc wewght

Remainder 230 of wing sitructurc werght

It wiil be further assumed thal the flexural strength and torsional
atiffness orf the two wangs arc the samc, Possible offcets of changes in
flexural stiffness, however, arc disrcgarded In this study, as being nor-
mally a secondary Tactor in derign. Torsiomal strength is likewise dis-
regarded on the grounds inat wdequatc torsional strength is, on modern
alrcraft, readily obtalmabl. ~rithout weilght penalties owing o the
stringency of the torsional st~ fnes:z regulrements.

2 General Types of Construchtion Tor Suction Wing

There are two distinct tvpos of construvetion for a suction wing, In
one censtruction (type (a)) the svetion is carricd out along a number of
sparwise strips, so that the porous material covers a small proportion of
the wing chord, say 5 - 15%. [n th: other construction (4ype (b)) the
suction is carriel out through &0% or more of the wing chord. In both
casos the suction tokes place 1n sparwisc compariments: +this is simpler
structurally and better acrodynsmically than an uncompartmented suction
sys tem.

Types intermedisnte between (2) and (b) would present more practical
diffieculties and have not becp considered.

2.1 Stretural features of Type (2)

A possible type of eonstruction is showm in Fig, 1. Wuth such a
construction the porous matcrial (Vhich may be in comvenient lengths) -will
have a neggligible stress 1n chear because or the sliding it at its edgos
ard 1t will have o negligible nxrect stross when the wing bends if o few
of the end ruiitings of tho lengihs of porous material allow slight movement.

241 Strength and stiffrness of Type (a)

The porosint does not contributc to the stiffness of the wing in
bending o torsion =nd the perforatcd part of the stringer is only partially
effective, 1In bending the rest of the construction will be as effective as
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the correspording non-porous construction. In torsion, however, most of
the shear will now have to pass through the rivet line (C) comnecting the
outer skin to the stringer. The rivet line will thus be heavily loaded
and, furthermore, the shear sirength and stiffness will be reduced unless
the thickness of zkin and stringer in these regions is increased,

2,42 Werght penalty of Type (a)

An indication of the increase in weight of a porcus wing of type (a)
over a corresponding non-porcus wing can be found from an sxamination of
a particular example. The ving is assumed to have A% of the top and
bottom wing surfaces covered by porous strips. The thickness of the
Porosint will be tal.en to be ccual to that of the supporting edges which
are 50% thicker than the main skin.

The perforated part of the stringers will be taken to be 707 efficient.

As the densmity of Porosint 1s about 2.1 times that of dural, the increase
in weight, as a fractron of the skin weight is therefore

(2.4 2 1.5 + 0.3 x 1.5 = 3.6M
This 1s practically all due tc the Porosint, and therefore the main reduc-
tions 1n werght penalty are to come Trom a reduction in weight of the

porous material 1tself,

The rib and spar vweirht are unchanged and so the inorease in strueture
welght expressed as a perccntage increase an all up weight will be

3.6% x 0.25 x 0,45 = 0.135M\ (1)

2.2  Structural Featurcs of Type (b)

Two types of construvection, in which most of the wing surface is
covered with porovs material, arc

(i) an inverted stringer-shcet construction with the stringers on
the cutside of the load-carrying sheet so as to provide support
for the porous material strctched over thenm,

(1i) a sandwich construction, with the outer skin of a porous
material (or combination of materials) which will contribute
to the stifrness,

2.24  Strength and sizffness of Type (b)

For type (b)(1) the load-rarrying skins must be thickenod to maintain
torsional and flexural etrirfmess. The reguisite inerease in skin thickness
is gonsadered in Apvencix I, whore, for example, it s shown that at a sec-
tion where the mean ving thickness 1s 20 inc and the stringer depth 15 1 in
the skin thickness wst bo inereased by 25%,

Types of 1nwverted stringer-shoet construction emvisaged for type (b)(1)
are as shown 1n Fips, 3, 4 and 5

Wrinkling o tho porous cuter shan on the top surface might be pre-
vented by stretonlng the porous skin while it is being glued to the
stringers.

For type (b){(1i), thz sandwich construotion, the outer porous skin

will have to be made vp of a parforatcd lead-cerrying skin attached o a
porous skin, A& possible arrangoment would be as shown in Pig. 6.
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Tne closensss of the svupo ivmy, ridges can be adjusted so that the
porous oubter skin will not i1end o buckle urder axial strain nor collapse
under sustion pressure, A dramonda patiern for the supporting ridges would
be an ideal arrsngewent 1n that the porous skin would lie more securely on
the correct acroforl contour.

2,22 Verght penalty of Type (b)

Far type (b)(1) with tte struoturc the ssme as that given in the
previous example the weight penalty will be the same as that for {iype (a)
of para. 2.12 (takang h = 10) 1F the porous materisl has a surface density
of {36 « 26}% = 117 of the skin,

For type (b){1i) the incrcase 1n all vp weipht over a corresponding
non-suction wing wit a similar sandwich construetion is due practically
entirely to the porous material. A simple expression for this increase
can be given in terms of the wing leading.

Ir w = wing loading in 1/sq 4,
o = weicht ot poreous skin 1n 1lb/sq %,
i 28\
the percentage rrnorease in all up welight = peadt (2)

Thus «f 75;. of both top end bottom surfaces will be covered with
perous material and w = 50 1b/sqg 7%,

the percentage 1reorcasc wn oll 1p weight = 35, (3)

There are already porous vaterials with & & of about C.4 (see
para. 5) vhich would correspond to an 1lnereasc 1n a1l up welght of 4.2%.

The incroase in werght duc te the thickness of the awlr space and
porous material redvcing the diclmmce between top and bottom samdwlches
will be very smell. For exampls, 1f this thickness 1s 0.05" aad the
average distance betweer Sop rnd vottom sandwiches 1s 20 1ns the percen-
tage 1ncrease in all up weight is less than 0.1.

As would be expected, typs (b)(12) compures very favoursbly with the
standard stringer-shect wing, puomusc of reductions in the nmumber of ribs
Neccssary.

3 Suction Duect Sirmes

It will be assumed here that suction iz to take place over 75% of the
Wing surraces ard that the svetion velocity 1z constant over the entire
porous surface {sce TFip., 7).

In ordcr that the pressure dvop alorng the dvets should not be large
compared with the drop acrose the vorous skain the air veloerty in the ducts
must be Limited to, say, 100 i’t/m:,c,, {This point 15 comsidered in greater
detarl in Appondix .LLI ) In a design rfor o constanmt duct velocity of
100 ft/sec the purcentage wing scebion area which 1= devobted to ducting
is Ag at any section Q and A, 1s given by

1
il ‘I-&)f1+k~g(1-k [ W)

) 28Ava(16k) " 1 (
E } (1+k) L1=E(1-k) 17 ]

]
& | K

The function inside the sccond sguare bracket has the value of unity
at the root scetion and has beoy vlotted against £ for various values of
taper ratio in Fug, 10,



To obtain some numerical values, suppoft., Tor example,

A &

V = 900 ft/sec

ko= &

K = 4Ch

Vs

7 ° 0,0005, a csomewhat pessimistrc value,

Subs tituting in equatron (4) gives

Ay = A%

A= 105,

1]~

For a 90°-delta wing, for which k =0 and A = 4, the corres-
ponding wvalues are

by = bg =57,
and for a 60°%delta wing

A = AE, - 375 .

These examples clearly demonstrate the importance of low aspect ratio
and taper ratic k in obtaiming low values for 4,. The analysis indi-
cates that 4y will generally be below sbout 155, so that the regLon
between the irher skin and the porcus skin in types {(b}(i) and (b)(ii)
will be sufficient for ducting, This also implies that the bulk of the
wing section between spars can be used for flexible fusl tanks, In this
respect type (b)(il) offers added advaniages because of the greater rib

spacing.

If the region between the rmmer skin and the porous skin 1s not
sufficient for ducting a possible solution, vhich leaves the region between
spars free for tanks, would be to usc the D-nose as a "by-pass duct" to
serve an outer region of the wing.

If the total suntion flow Tor type (a) 1s the same as for type (b)
it mey well be that the dueting avenlable Tor type (a) will be insufficient.

The cffect of duct friction 15 emnsidered 1in Appendix ITI and the
possibility of, varying porcsity in Appendix IV,

L Suction Power

The suction purp will nave 1o providc a suction pressure suificient
to overcome the pressurc drop across the porous skin and an additlonal
suction precssure suificient o balancce the meximum value of the localised
1ift pressure over the wing surface. Thus, ignoring the pressure drop due
to duet friction, wu can write

vy = Dby 4 W (5)

where & is some constent deperding on the acrofoil characteristics and
will usually be cbout 2.
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#long ducts where wne 1Lt vrossure s not at ite maxzmum the suction
pump pressure P, wirl bave 0 ve throttled dowa, and 1t might be advan-
tageous to use more than cne svefion pump to mimimise the losses due to
throttling.

The total volume of flow/secomd at the root sections 1s 1.5 Svg and,
if £ ib sec units are used throughout, the I,F, required for suction and
ejection at the spsed of the arrcralft is therefore

(83

F s J;S (2p + 5979). )

Thus 1f' pg = 25 1b/uq r'%

5 = 1500 sq TH
&ll up weight = 100,0C0 Ib

o = 2

p = 0,0005 (correspording to a height of about 45,000 £f)

and the other dimensions arc an for the first example on page 6,
P o= 320 + 370
= 590,

Allowing an increate in veipht orf 3 1b per H.P, developed this ropro-
sents an Lroccace ln all up weight of 2.1, Ffor the general casc tho per-
centage irercase 1a all up weighi can be expressed corweniently in the rorm

\\/ v \Lﬂj

Y
e
|
¢
)

(7)

:” ve /T, (100\\ Ty :—(pb. +ov) o

\ 0.000S/ "“‘/ \’tOG{;/L 250 “+l\C,OOO5 \1000) J

5 FPorcus Maberials

The porous material availebl. sor *ype {a) is not unsatisfactory but
2 lower domsity and the ability to withstand a compressive sirsin up Lo
about Q,005 would result in <tructur.] improvements.

For types (b)(1) and (b){(i1) a porous maberial which consists of a
nickel plated phosphor bronze gavze, and can be rolled o give a good sur-
face might be satisfactory, % nuchel plated 120 mesh gauzc weighs
0.L 1b/sq £t and 18 0,04 1n. ihick, Tersion tests parallel to and at 45°
o 2 mesh line cndicate yicld siroine orf the same order as for dural, bub
this peint neeods Further fnvestutlon. It 13 also possible that suitable
heat treatment may resndt In a higher v181d o irain. Such a thin material
woule buckle vnlesz supported at o 7 inch piteh; this would be possible
for the sandned type of consiruction, but for the inverted striager-sheet
type 1t veuwld meaa ftbal the porcus skin would have to be elther thicher or,
for example, ~upwer tod on o zhect of perforated dural,

Non=metollic porous materinla, such as Durestos, have been disregarded
on the grounds that they are morc Liable to bocome arfected by humids ty
conditions and thot tney well o alfreult to cloan,



& Normal Loading on the Porcus Swface

When the sucticon i3 operating the normel pressure on the outer skin
at any point will be equal to the pressure drop across the porous skin at
that point and will act xnwards. This lcading is of no significance for
type (a) because of the relatively high thideness/width ratio of the porous
strips, but for type (b) inward-quilting may take place depending on the
pressure, support spacing, curvature and stiffness of the porvus skin.

An approximate analysis to predici the suction pressure at which inward
quiltirg will take place 1s given in Appendix IL, TFigs. 41 and 12 have
been based on this amalysis, 1n which it is shown that

’
BtJ w
L o= —_— Pl o= 8
Por1t (Rv2> 1\,_/_ RE / ( )
where T4 /_{l—r‘: lies between 1.0 and 3.3, and the mexamum allowable
\IR
unsupported width of porous skin 18 pgiven by
. 1
E
Bt PeR
W = / j T / 9)
max \pSR) 2 \Etz ) (
p K
where fs ——“’-é— ires between 1.0 and 1,8,
Et

For example, for a structure in vhich

Py = 25 Ibfsqg £t
E = 107 1b/sq in
R = 100 ins
t = 0,04 1n,
it will be found that
Wy = 0.76 in.
and 1f t = 0,02 in,
Vimax = 2.1 1n.

On the top surface of the wi g it is probable that considerations of

buckling wder direct load will determine LA

7 Acknowledgemen t

The author 1s imiebted to Hessrs. Handley Page Lté. for certain useful
sugpestions embodied in the text.

8 Conclusions

The structural aspects of suction wings have been considered briefly
1n this report. Little attention has been paid %o actual detail design or
to some of the technical difficulties which will arise in manufacture, but
it is possible to draw the following general conclusions:-
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(1)

(1iz)

(iv)

for valves of vg/V less taan sbout ©,0005 the channels formed
by skin and stringers, or betwesn the two skins of a sandwich
construotion, are suf'ficirent for ductirg purposes,

the power remuired for suctlorn through the porous skin 1s
apprecliably less than the total power required for suction and
ajectlon, and 1t follows that a high suction pressure, say

25 lb/fté or more, 1s advisable,

for a given wing loading, V, vy and © the lnorease in
wel ght due to the total suctlon power 18 a eonstant fraction
of the all up weirght., Assmuming an sxtra weight of 3 b per

H,P. this ccnstant fraction is about 2%,

whether svetion 1s to take place along a number of spanwise
lines or over most of the wing surface, the percentage increaso
in all up welght is unlikely to coxoceed 2%, For a gven wing
loading this percuntzge inerease 15 practically independent of
the alrcraf't size and characterisiies,

the most promising type of construction sprears to be a4 sand-
wich type, such ag that shovm in Fig, €,
the main reauctions wn weight penalty will coms from a reduc-
tion 1n weight of the porouvs material itself, rather than from
design modiTrications,
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List of Symbols

percentage of top and bottom wing surfaces covered by porous
material

wing loading in 1b/sq ft

weight of porous skin in 1b/sq 't
suction velocuty through porous skin
velocity of aircraft

wing taper ratio in plan form

aspect ratio

percentage thickness/chord ratio
root chord (key = tip chord)
distance from root chord ~ semi-span

percentage Wing section area to be devoted to ducting at any
seaticn E

suction pressure in 1b/sq Tt
suction pump pressure in 1b/sq £t
maximum value of the locolised 1ift pressure + wing loading
H,P. requirsd for suction and ejection
wirg area
density of axr in slugs/cu £t
= guctlon pressure sufficient to cause buckling of porous skin
Young's modulus Tor the porous skin
thidiness of porous skin
unsupported width of porous skin

radivg of* curvature of porous skin
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APPINDIY I

Increase 1n Skin "hicknes: to Mainiain Torsioml and Flexural
Staffness tn Invertea Stringer-Sheet Construction

Torsion

If the wing section of ithe equivalent non-suction wing 13 represented
by a thin-walled doubly-synmetricel cylinder of rectangular section as in
Fig. 8 it car be shorn that tre forsionsl stuffness is proporticmal to

Ir, dve to the inversion of sheet and stringers, the effective distance
between top and hotiom shueds becomcs b(4-n) the thickness of these sheets
must therefore be irercased ko to(14m) where

a2 b a® b2 (']—11)2
N b a__ , b(1-n)
So by o (44m) b
l.c. 1+m = !

('1 -i) (1 -n-nr)

th
where r =
at,,
For exsmple, suppose L = Z0 ins
a = 100 wns
t1 = 2"59
so that r = 0.1
then if" strimger depth = 1 1rn.
n = 0,4 and from equation (10} m = 0.25,

PMlexure

The conlribution of the zpars to the stiffness and strength will be
unaltered 117 fnere 1s no porous material along the Iline of the spar booms,
ard the soatribuoiion Prom the stringers will be lowered by a negligible
amount due to the thidiacsc of porous materal snd awr space reducing the
effective distance beoweer 'hom,

Ii the skin thickness 1s incrcasced by an amount determined by equa-
tron (410) 1t 2an be rhom thab the flexural stiffness and strength contri-
bution from ihe skin 1s wreressed by a small amount, so that no further
thickening 1% necelsary.

-1 -
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Sritlcnl Suction Iressures Cousing Inner-Quilting

The method develoved here Jor estimeting pepr;t 18 based on the
following sumplifyirg assumptionsi=-

(1) the distance between supporis does not cnange,

{12) the connection between swwport ond skin 1s pin-jointed
r.ther {than clamped,

{(111) chordwise supports, if any, are so widely spaced as not to
1 luence the deflectea shapo of the skin,

(1v) the skin curvature 1s constant for any particvlar pressure,

(v) instability will take place when cither (a) ihe pressure is
surficient to flatten the skin or {b) the pressure is suffi-
crent to cause a compressive strain (from support to support)
sgual to that which weuld cause 1t to buckle as an Buler strut.
The Yundeamental Buler mode is siable and accordingly the Znd
Iuler mode is chosen,

A strain-cnerpy method will be vsed, For type (a) instability:-

2
chordwise strain vhan curvature venwishes = ALl
2L R?
. . sz
go that the chordwise stres. vwhen curvature vanishes =
2h B2
1 Bt
and the dwreet strain-cnergy stored = ———— =W, say.
1152 B
. ; . N Ewt? .
Similarly the bending energy stored = = Wo, say.
2 R®
o
Work done by pressure = Se—
2L R
= W, o+ Wy,
Simplirying and intreoducing B = Pt/wg gives
kB a
a0 Ve i
Porit = (&) .\;g*ﬁa/ (11)
For tyve (b) instab ility:- Y
A
buckling will occur at a crordwise strain of -"3'-(;;) = g, Bay,

This will oceamr before type (&) Lnolabilivy if




1
2RYD

ine| B < = Oi)l"zn

If this is so, 1% can be shown that the radivs of curvature Rs at
the strain e 15 related to the original radius of curvature by

R g0 42
RDZ G wh
: 0
Direct strain-energy stored = = = W
3 1
18‘&
I 2
Bending energy stored = -_EEB_ L Bt = W
’ o, | R |72 - - e
L
S T
Worx done by pressure = E_i =l - T
2"—4— LR lﬂ R

Simplifying and introducing B gives
-

-
Popit 7 E(ﬁ/’ ° !?+1+\-é_"1>‘11 - 87 BJ (12)

Figs, 11 and 12 have been based on equations (11) and (12).

- 13 -



ADPENDLE TLT

Plow Along a Rovgh Luvct with a Porous Wall

The problem corsidered herc 18 the elTect of duct rriection on the
distribution of pressure and suction velocity along the ducts. The
problem ls aggravated ty the Tact tha’ a drop ln suction pressure along
the duct means thal, 1f the sucilon pressure ab the wing tip 18 to be
malntained, inboard secotions will be sucking more than nscessary thus
nereasing the duoct valoorty and thercefore the loss of head along the

duct,

Notation
X
hy

Wy

v

1

i

(see Fig., 9)

drstance alorg duci measursd from trp inboard
heipnt or rectangular secetioned dvet

width of rectangular <ectioncd duet

witih of porows srlo of quot

critical suctrion veloceity

suctlon velooitfy b seetion x

puroslty coerTicient

s/ Py

ocritical suction proussure

suction pressure at scetron x

duct velocity a. scetion x

length of “uct, x =+ at a/c g, ¥ = 0 at wing tup

friction cosfficient in duct at section x (see equations

(1) anc (19))

on o/

BLp p/hy

! 3 2 3,24 2
ulp ¢ £ vo/heT = Cp,e ¥ g /hy Pg
v o+ {,P*\fz \

— 5 (oee para, L)

. . 2
As p, io aporecisbly mreat.r than variations in ipVy,"~ there 1s
no need to distinguiish betweon the dynamic and sitatic pressures.

the velocity through the rorous surface ip determincd by

Vep = “’PK

.+ volume of Llov 1n/imet longih = up, w

-1 -



volume orf flow in duct = V_ h,_w

o
e (VX hy WX) = WPy (13)

If we ignore the slight cf'fect of varving Reynolds' number we can
write

c'ipx i
E;:- h CD:X VX ’ (1}+)

where OD,x 18 a drag ooefficiont for the duct.

Eliminating py from equations (13) and {(14) gives
-

T 2 —_ l..(j... f/.__j......\ .._a:._ kt 5
CDaX Ve " i :\“W}c) ax (VX i NX) (45)

Twe coses will now be congidered; in the flret there will be no
taper of the duct, tn the second i btaper ratio Lk 1s considered,

Case (1) No taper

The difrerential squation ror V. reduces to

<A, )
E:—{'-Z- = AV, (16)
[IRe:
where o= D
h

Now Vg 18 sero and a solution may thercefore be sought ln the form

V}c = @gX 4 anxl‘L + 067}&'7 -+ cx,lo}:1o + oiaoes

Substituting in equation (16) and scuating coefiicients of like powcrs of
x gilves

(7“11)

Ut1+ = OC1 12
2

)

e T
(?»(21)3

00T ™ g

Also et x =0
c'iVX Ve

'f"_" = “—:— = a
ax h 1



2 )
'% T
. - VX .f1 ?\a»IX’ (?wt1 XB) (?\(11 X))
. . = e - += - * coavce
& h L 12 252 GOLE |

and 1'rom equation (13)

P E 3
-~ ?\&115 (‘e\a»]X)) (‘7\“1:{5)
Py = Pg g + + + oeenas
5 35 oL, 8

e S

2
L "}ﬂ & v, op @3 Vs
¢ - - =
he n? o

we oan write

- vcﬂ{_’ja !r [99) 12‘62 (‘5} °\ i

Y - M R T—— R \ - . ) f

& v | 327 252 T G ) (17)
and

vf, Lp - y ¢2 3 5

v = o = J! ? + .:-,— + s + 'S + LR (18)

Vs Py { o 36 GO, 8 J

The factors inside the braces represent the extra effort to ocvercome
duct friction, and have been plotted in Fip. 13.

A suitable valve vor Cp . 15 gaven by
S

0,03 (duet parime ter)
CD x = 91 (19)
> -F 7z
3 (duet area)

-~

where R iz Reynolds' number and 1o avproxmatelvy given b
e p NS v

R = Vx (WX “ hx)/l;. (kinematic viscosity)

Assumang a duct speed of about 100 £t/sec and p = 0,0005 it may be
accurate enough tc take an average valve for R of sbout 104 so that

/
3 x 107" (w, + hy)
I:":D X = £ & (193.)

2 -
vv"x hx

For ecxample, consiler a duci for which

W = O.)] %

h = 0,15 1%

£ = LOT

vy = 0.5 ©t/sce
Py = 25 1b/sq Tt



(1 dvet Triction 17 1gnored this would gave rise to a duct velocity
or zero at the Par end ircressing linearly to 133 ft/sec at the root.)

Substituting 1n covation (19a) gives

5 x 407

!

Cp
whence ¢ = 1.k,

The factors inside the braces of cquations (17) and (18) are there-
fore 1,12 and 1,52 respectively, and the extra erergy reguired for suction

N 1
2 -1, = 16 af
4

) v
and ejecticn ig therefore 400 x 1,12 "1 +

L v+
¥ =15, say. But if w and h are increased by 20% so that ¢ =1.4 +
1.25 = 0,81, these factors become 1,07 and 4,30 and the total extra

energy roequired is 9, .

Case (11} Taper ratio k

The d1fferential equation {15) dces not now reduce to a form that
can be readily integrated but .. method of successive spproximation yields
the followirg expressions for the svotion prescure and duch veloci ty at
the root chord necessary to ensure that the suction velocl ty nowhere fzlls
below vg.

sy (14k) T 2\ 1
Ve 2B g w ¢RIk + 0
- g ] ¢ Py(k) (¢%)
; (20)
Voo By 2 j
- R " B
v o L’|+w o(k) + 0 (¢7)
A
v k 5 ’ 2 -
%k2+~—8~~8—(—?+k) log k
where (k) =
2(1 + 1) (1 - 1)
(21)
W8 e ki L3l 100k
Fz(k) = 3
L{1 - 1)
vy
Values of F; and Fy are given below,
3 0.25 6. 0.6} 1.0
| y 0,236 RO /A 0,130 0.083
X 0.L15 0,370 0.344 0,333

As an example, congider a dvet for which



uf‘; = 1 1in,
hﬁ = 1;— in
i = L0 PE
Ve = 0,5 fu/see
By = 25 1b/se [%
50 that V, = 100 fi/sec 1f Auct friction is Ignored.

Substrtubting in equation (192) gives

6 x 10'5

,}

o

-
i

whencs Y= 246,

The Tactors inside the braces of equation (20) are therefore

-~ -~ ~
i | !

e

U + 2,46 x 0,236 + ..., rnd sL*. + 246 x 0445 + ...,
J

1.7 and 2.2 respectively, and taking v = 15 the extra energy reauired

for suction and c,cction ic about 757.

. or, say,

If wy;, h. and { are incrcased ia the szame proportion these fac-
tors ars unaltered,

If wy and hg are increased by a factor of 2, 4 remaining
unaltered, 1t will be tbund that 4 = 0,31 so that the factors imside
the braces of equation (20) arc now 1.08 and 7,14 respectively, and the
extra energy required for suction and sjection is sbout 9%,
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Variable Porosity to Give Correct Suction Flow

It was showvn 1n Appendex TII that She pressure drop due to frietion
along the duct ls not negligible and may n some cases nccessliate a suc-
tion flow near the root thati 1o appreeiably higher than the design value
Vo It will be shown herc how tho svetion flow along the whole length of
the duct can be kept constent at the value vy by varying the porosuity
coeffioient 1. For comvenlence the variation alonmg the duct of vgfiy
(: Px) will be considered.

Equatron (13) may nov be wratten

d T - -
E:; (JK hX 'n'x) = W}C V& (22)
and integrating gives
%
. Vg - ;
Vi = 1 Vo X {23)
Ny Vg
Substituting in couation (1L} to determine p, gives
X b 2
2 i px E 5
szpo"-vs/';—L—‘Qw—é-ﬂ/wxéx~dx (24)
o x
o) )

where P, 15 an arbitrary suction pressurce at the tip trom which the tip
porosity p, = V:,/Po may be doterminca,

Iff the duct has a taper ratio k cuch that

hX

)

n, {k+ (1 =) x/8] L

(25)
J

il

iy W {k+ (1 -L) /%

we can write equation (Z24) in the form

Py = Py 11+ OF (k,x)} (26)

where ¢ = Op,e ¢ Vsz/h62 P (27)
r 2 )
| 1 i |
and P (,x) = —nt Tog (144) - HErN(2613Y ) (28)
b(1-)3 (14 0k
where 11" - -(_..1_:.1}._)_.3 .
k&

- 19 -



4t the root seetron (x = ¢) equation (26) reduces to

Nyvay p./os = 1+ $Fy (k) (29)

o

where Fy (k) is defined in egustion (21).

Valuss of the function inside the square brackets of equation (28)
are given below.

v 0 { 0.5 1.0 ! 1.5 2,0 3.0 L0 £.0

[} of eq. (28) |0 \ 0.051} 0.178| 0.3201 0.458 | 0,700 0,900 | 1.216

i
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FIG.| &2.
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LEGEND
A= POROSINT (A SINTERED BRONZE)
B= OUTER SKIN
C=LINE OF RIVETS
DAND E= ROX STRINGER
F =AIR SUCTION DUCT
G = PERFORATIONS
H = AIR TIGHT JOINTS
J = SLIDING FIT

FIG.. CONSTRUCTION FOR SUCTION
ALONG SPANWISE STRIPS.

CONTINUOUS PORQUS OUTER SKIN
LOAD-CARRYING INNER SKIN

FIG.2. GENERAL ARRANGEMENT OF
WING SECTION IN TYPES (b) (i) AND () (ii).



FIG.34&5,

POROUS OQUTER SKIiN

/ GLUED

Z- STRINGERS

SUCTION DUCT

\¥—J——|[ \—T .

FIG.3. INVERTED STRINGER—-SHEET
CONSTRUCTION.,

POCROUS OUTER SKIN
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WITH WIDELY
SPACED AIR
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FIG4. INVERTED CORRUGATION -SHEET
CONSTRUCTI|ON.

/PORDUS OQUTER SKIN
ASYMMETRICAL

CONTINUOUS
CORRUGATIONS
(YO INCREASE
DUCT SIZE)

SUCTION DUCT

, |
FIG.5.INVERTED ASYMMETR|CAL CORRUGATION-
' SHEET CONSTRUCTION.



FIG.6,7.88&9.

WIDELY SPACED PERFORATIONS

GLUED
POROUS OQUTER
—r c]/smm GLUED TO

- RIDGES

Qucr OUTER SKIN OF

SANDWICH WITH
RIDGES FOR
SUPPORTING THE
POROUS SKIN

-—

!
FIG.6. SANDW|CH CONSTRUCT|ON.

.
‘Ci: w
\SUCTLDN ON TOP AND
BOTTOM SURFACES

FIG.7. SUCTION ON TOP AND BOTTOM SURFACES

[

T 1

[)
L7

FI1G.8. ILLUSTRATIVE SKETCH.

POROUS SURFACE

8] X .

FIG.9. ILLUSTRATIVE SKETCH.
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FIG.II& 2.
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