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Summarz

This paper considers thc power requirecments for distributed
suction, It appears thot they are low for tekceoff and landing;
no estimates can be made for the casc of high-specd monoeuvres until
tests have boen made under the conditions of compressible flow.

Introduction

2
Suction through a porous surface is knOWn1’ 2594 4o be &

powerful method of boundary-layor control for the purpose of obtaining
high lift coefficicnts., The suction quantities rcquired arc small,
but considerable cnergy=~losscs may occur when the sucked air passes
through the porous matcerial,

This paper is concerned with the power cconomy of this
method of boundary-layer control.

Definitions and Notation

Let v(s) denote the mean velocity through the element 6s
of acrofoll surface, If & 13 the resistance coefficient of the
naterial the pressure P, on the inncr surface is given by

P =p, = #v

where t  is the thickness of the shect,

FIG,/



The suction purp is assumed to restore the tobal head of the
sucked air to that of the free stream (HQ), discharging it with a
velocity relative to the aeroplane which 1s equal and opposite to the
forward specd of the aircraft relotive to ths ground (UO), so that
therc is neither a sink drag nor a jet thrust. HNeglecting losses in
the ducting between the porous shect and the suction pump, and assuming
v to be small, the power requircd per unit span of a two-dimensional
serofoil is

P =z - (HD - pc) vds
p

wherc 7 1is the efficiency of the pup, If n, is the efficicney of
the propElSLVB system of the alrcreft, and ¢ tho serofoil chord, the
pump power can convenlently be cxpresscd ss an cguivalent drag
cozfficient,
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In the rest of this paper 1t will bg assumcd that Mo = Mgs 20 that

h

H, =p; v ]
A BEE A
[ Ho = p P - P, v 8
TN E ), e

Note thet for jet propulsion n, 1s low and likely to be less then ﬂp.

If thorc werc no loss across the porous meteraal, p, would
bc equal to p, and CDP would assumec the "ideal" value

n
. _ H0 “p v . 2
, = e g - -
De J _12_9 U% Uy e
g 8] 2 v 8
= - - dl -
Uo UO c
U

where U is the velocity at the edge of the boundary layer, assuming

that the pressurc is trensmitted through the boundary layer without
chenge.

When the resistancc of the porous material is not negligible
ve must add to CDpx the "porous-resistivity" drag, namely

P-DPc V 8
C =] s = d = js
bpk TpUS U, \o

References 1 and 2 suggest that the normal velocity (v) needed at a
given Cj to prevent laminar separation of the flow 1s determined by

the paramctor (v/U M E; Cppy ™Ay therefore be expected to vary as
R™z2.

Ixpressions when Py is Constant over Portions of the Chord

If p, 8nd «t were constont over the whole of the chordwise
vxtent of the pdrous surface, v would vary excessivclyali uniless the
rosistance of the matcrial were prohibatively high, It 1s probable,

however,/
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#and would be losst where the extornal pressurc p was least,
i.c,, an regaons of peak velocity over the aerofoirl surface,

which is preciscly wherc v would generally be roquired to
be greatest,.
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however; that the suetion chamber would be divided into seversal
compartments for cach of which p, would bc constant,  Then

H -p 'y 5
el
P UO U, e
by HO N PC |
= It Gy »
. z P Yy
where denotes intcgration over cach compartment and ¢l the

Q

corresponding contribution to the total suction quantity coefficient
(volume flow per unit spen per unit time, divaded by Uyc), and the
sumation refers to the several compartnents.
The condition for v +to be constant is
Kt o p = Dg

For & chosen value of p; in each canpartnent, this condition can be
satisfied by varying x« or t {or both),

applications

The following mumerical results rclate to the 8% thick H.S,u. V
section of Rcfercnces 2 end 3 at a lift coefficient of 1.5, with the
porous surface extending from the front stagnation point to the O.15c
position on the upper surface, a distance of 0,21c measurcd along the
arc. The velocity distribution over the surfacce was assumed to be thet
of potential flow; the suction velocity was assumed to be constant over
the surface and to corrcspond to the cxperimental value (17) of (v/0) VR
which it 1g estimated would produce the 1ift coefficient of 1.5 at
15° inc. according to tests of s two=dimensional aerofoil in the N.E,L.
L ft. No.2 tunnel”’. a8 the oxtrapolaotion froua the Reynolds numbers of
the tests is so great, 1t should be cuphasised thet the sssumption
v/U, « B2 needs additionsl experimontel verification. lioreover, in
the absence of further experimental data, it has not been peossible to
meke any sllowance for scale offcect on the couparative figures quoted
for the performance of the aercfoil withouf suction, In the present
state of knowledge, therefore, the numerical results here given indicste
little more than the orders of negnitude to be cxpected.

The suction chamber was asswaed to cooprise one or sceveral
compartments, the partitions being located so as to give mininmun power
requircients in each case, The pressure in cach compartment was teken
to be equal to the static presswre on the sercfoil surface at the point
of highest velocity over the appropriate portion of the surfacc. This
is equivelent to assuning that #t 1s zero ot this point, its velue
clsewhere boing detormined by the condition for constent v.  In two
of the cxamplcs, corresponding campartments on eithor side of the middle
were assunied to be interconnected and thus et the samc pressurc, as this
would simplify the puwmping arrengenents., The results ore as followst-

(1)/



chx/R"
(1) Ideal Casec (p = D, everywhere: 2zero porous
resistivity 15.3
(2) One suction compartment 5346
(3) * Threc caupartments most economieally placed 2544
(4) ] 1t " " I
(18t and 3rd interconmected) 26,4
(5) Five chambers most economically placed 21,3
(6) 1] n 1f " f
(1st end 5th, and 2nd and L4th intcreonnccted) 22.5
The analysis of Case 5 is given below in full:-
Cese B
2
s/c UM, (U/U.)°  Length of  (Hy - p,)/4pUc?  (U/U )pex. * (8/0)
Compartnent = (U/Uo)Anx, 8orpartment
QO 0] 0
0.030 1 0,030
0,030 1,0 1.0
0,011 8.3 0,093
Q.04 2,88 8¢3
(0.053 3.87 15.0) 0.0325 15 0.488
0.0735 2.67 715
0,0365 7445 0, 264
0.110 1,96 3,85
0.100 3.85 0,385
0,210 1.582 2.50
1.26

v

c VR = =2VR x 1.26
D U
9]

= 1?}{ 1.26 = 21.3-

In order to prevent «t frow felling to zero at onc peoint in
each campartnent, the thickness of the porous material could be
increased everywhere by & constant amount. For cxample, if in Case 5
we add a value of ¥kt equal to the nmaximum attaincd in tho compartuent
with the smallest ?ﬁgprnﬂl pressure variation, and hence with the
thinncst wall, CD R would only be incressed to 26,1, d.e., by 160

Power/
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Power Requirements for & Specifiic Aircraft

The aircraft dsta assumed asre as follows:-

Alrcraft weight 10,000 b,

Wing ares 250 sq. 1't.

Wing loasding 40 1b./sq. ft.
' liean chord 8 ft.

The lift coefficient of 1.5 corresponds to a landing speed of 102 w.p.h.
(150 ft./sec.) at sea level, the Reynolds number (based on the mcan wing
chord) being 7.66 x 10°, No attempt has been made to allow for three-
dimensional effects, and the suction has been assumed to be applicd

along the whole of the spen: the suction quantity is then 48 cu. £t./sec.
(3.7 1by/sec,)s The following teble gives the estimated power
requiremcnts, subject to the assumptions stated above, for producing the
asgumed lift coefficient of 1.5 at 150 inc,, at which the 1ift coefficient
with zero suction was 0.7. (The mexirum 1ift with zero suction was 0.87,
and occurred at 10—15o inc.,)

Horse Power

(1) TIdesl Case 10.0
(2) One suction campartment 35.1
(4) Three compartments, intcrconnccted 1743
(6) TFive compartments, interconnected 14,8

The suction head (H0 - pc) to be producced by the pump is most
in the compartment which covers the point of meximum valocity over the
asrofoll surface, 48 k% hos been sssumed to be zero at this point,
the required head is aboub 400 1b,/sg, ft.

No esiimntes can be given for the power required to apply
distributed suction to the nose of an aerofoil at very high speed until
wind-tunnel tests have been carried out to discover the effect of suction
on compressible flow and in the presence of shock waves.,

Conclusions

For the sircraft assumed, the order of magnitude of the suction
power requircments arc 10 h.p., for the "ideal" casec and 35 h.p., for a
suction chamber which consists of & single compartment. _ These powers
are estimated to produce a lift coeffaclent of 1.5 ut 150 inec.; without
suction the 1ift would have becn 0.7 at the same incidence, or 0.87 at
the stalling incidence (103°).

The above numerical volues arc based on tests of & two=-
dimcnsional agrofoil at low Reynolds number, together with fthe assumption
thet C, e« R™Z2; this assumption noeds further experimental verification,
In the dbsence of further deta, it has not been possible to allow for
scale offcet on the comparative figures quoted for the performence of the
wing without suction,
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