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1.  Summary.
(a) Reasens for Enouiry.- Considerable theoretical work has been done on

boundary layer flow involving distributud suction through a permeable surface, on
the other band there have been few experaments to check the theory and these have
used a series of slots to represent a porous surface. Their us in one case led
to negative results becnuse of their adverse effect on the pressurc gradient.
Henee the neced for a truly porous surface,

(b) Rang= of Investigation.- Attention in this note is mainly confined to
gintered bronzZe - 2 muberial which has wide range of porosity. A brief
descraption of its propertics is given and also the results of tests on a number of
samples roprosentative of the range available for commercial purposes, Measurements
were also made of the porusity of beechwood and of Plaster of Paris,

(c) Conclusiuns,- The size f pores, their distribution and the resistoncé
offered to thu flow mske porosint a very suitable material for constructing modsls
with porous surfucos. It has the defainite advantages of some mechanical strength
and 1t car be welded sand soldered, There 1s one digsadvantage - the surface
cannot be machined as the pores might be elosed up, hence accuracy of model
manufacture dupunds on the precasion to which it can be moulded and the
disturti on prescnt after being furnaced.

2. Introducticn.

The mathematical theory of boundary layer flow with dastributed suetion
has rucfnvcd consaderable attention (see R. & M., 2244 by one of the present
authors 1)). As a acans of boundary layer control, particularly in maintaining
lamanar flow and in preventing separation, distributed suction as very attractive
It has received little attent1n experamentally, presumebly because of the
Jdafficulty ,f 56my1at1ng the porous surface visualised in the thecry, A fow
uxperlmunts(g)’ 3Mnave been carried out using a number of relatively widely
spacud sluts, but these were not successful - failure an one casc beang traced
t. the strong advurse pgressure %r?dlunts associnted with the flow through the
alots, Ackeret and Pfenninger\ ¥ however, were successful in their suction
expurinents, in which thuy uscl closely spacel sluts. The buildang up of a
surf we f consaderable oxtent by such awans obvicusly presents difticulties,

Kathewatical theory visualises a continuous humogenous flow through the
surfce, which, for sumplicity, way bu ¢ nstant over the surface through which
suctii t-koes place, The 1dunl surface would be one of fine tubular structure in
the form of < honoycomb, the tubis being sufficiently fine for a consaderable
resisbanc, to the flow to be cveloped far 2 thin shect. This 1s Jesirable bocause
1n oxpurinents 1t may be nocessary to achieve unaform suction for comp:zrison with
thoory, Thue the suction hend inside the aerofoil or other body must be low cnough
to 'swarp' the oxturnal pressurc veriations, =t the same time the suction velocity
thr-ugh the surfece wall be fairly 1ow. The nearest approach to this idsal appeared
t ., be materials sueh as are usced in fine filters, We then got anto touch wath
C.H.L. and lesrned of tno sxistence £ sintsred mstal, which 1t seems wrll gou far
towards weotang our rugquircments, /
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3. Desoripbion of Sintcered Bronsze,

Sintered bronze is manufactured by "Sintered Products Limited"
Sutton=in-Ashficld Nottingham, under the tradc name of "Porosint", It is
apparently made from metallic granules, which are pressurc moulded to the desired
shape and thon heated in a furnace. The following ncotes are based on information
glven in the manufacturers! brochurc,

It 18 claimed that the pore size and porosity ar€ carefully controllad.‘
The peres are said to be uniformly distributed and interconnedted. The porosity
1s cortrolied both in respect of volume from 10% to 60% end in size-of pores fram
2% microns to 200 microns, The following grades ere available.

Maxdmim Particle Recopmended thickness

Grade No to pass for filtration,
A 0. 0001™ 118"
B 0. 0002" 1/18"
G 0. 000G 3/ %2n
D 0, 001" /32"
E No particulars given

The tensile strength in general varies with the porosity, Grade A gives
an ultimate tensile strength of from 2 to 3 toms p.s,i. with en elongation of 3%,
The ductility varies with porosity and is between 3% and 15% in tension.

Tt must be nobved that the surfaces cannot be machined as the pores would
tend to closc up., It is thereforc neecessary to rely on accuracy in moulding, if a
surface of a specificd shapc is required, The material can be weldcd and soldered,
Thce material in shoet form can also be bent if carce is taken,

A eertain number of standsrd shapes arc available as listed below.
Cones  Mex, Dia. "
H Ht . 4_,"
Wall thickness 3/32%* to 3/16"
Sheets Max, Length 12"
" Width 8"
Thickness 1/16"

Discs Mex, Dia, 6"
Thickness 1/18" 4o 3/8"

Hollow Cylinders, Outside Dia, Max, Length

5/8" to 1" gt
l" to 5" 2"
Thickneas 3/32" te 1/4"

Messrs. ‘Sintered Preducts Lid,' ¥indly supplied us with two samples,
representing the extrems grades A and E, Grade A has an extremely fine porous
structure, which is almost invisible to the unaided eye, Grade E is quite coarsge,
the peores beang distinctly vizible and the surface texture reminiscent of sandstone.
Fig. 1 shows micro-photographs (magn 25) of the untouched surfaces and specially
prepared sections, which show up the details of the porous structure, It will be
noted %hat the pores do not lead through from one surface to the other in one plane,
but are S-dimensional, Experiments to mensure the resistance to air-flow ore
given in secfion 5,

s, Application to Models,

From the point of view of acrodynamic experiments the only standard
shapes of any interest are the caircular cylinder and the hollow cone, The latter

might/
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might form the cxpansion of a rapid diffuser, in which separsation is prevented by
suction.

There 18 no .reagson why small aerofoils (5" chord x 8" span) suatsble for
the N.P.L. H.5.T, should not be made by moulding in two helves, which could be
orazed together, herofoils of 8" chord (for the C.A,T.) might similarly bs made
in sections which could be joined together to form a wing of 4! span, Nose pieces
for tlun aerofoils, designed to achiewve hagh 1ifts by use of nouse suction, could
alsce be built up for modcels of 30" chord, which might be tested in the 13* x 9' or
the 9% x 7' tunnels, Surfaces of comsidersble extent say for large chord (6')
acroffoils designed for testing the stabailaty of laminar flow with suction would
have to be bualt up from smll sheets and might prove to Be a diffacult undertaking
1? preciszion an shape 18 reduired,

The great advantayges of this material over ceramics from the point
of wodel making are (o) some mechanical strongth, and (b) possibalaty of
attachment by brazing or solderings There should be no daffaculty in
locating pressurc tubes in the surface.

Alsigtance Mensurements on Somples of Grode A and Grade B 'Porosint!

|91
-

4 grapa wag supplied by the monufacturers showing the pressure drop in
1bs, /sg.1n. agaanst mean velocity of flow through discs 1/8" thick for grades A and
B, 4t smAll rotes of flow '1Ft, seec, =1 the curves produced did not pass through
the origin and a3 ocur experiments were lakely to be concerned with flows of this
order {1 #t. sec,=L) it was decided to moke measuremeats on the two samples,

othod of Tagts

Specimen discs of roughly 2" dia, were washed in petrol to free the
surface from grease cr dirt which maght have accunulated through handling. They
were 1n turn placed in the apporatus shown in Pig. 2. Porticular care was token
thaat no lenkage could occur around the ends of the dises. Pressure air from one
of" the H,5.T, aar bottles was lod in through o filter, It then passed through the
specimen disc ond was metered on one of two 'Rotometers!, covering a range of
0 - 8 cu,ft,/mn, These were losmed by the Engineeraing Divisicn and had been
carefully cnlabrated. The pressures on citner side of the specimen were recorded
ngainst atmosphere, using o U-tube contoimiag water or mercury. The pressure on
the outlet side was closely atmospheric, but for the grade A specimen, the pressure
on the inlet side was conziderable and because of this, the inlet and outlet
velocities of flow through the disc wers dafferent, The velocity on the inlet
side was computed by assuming iscthermal condations,

Results

The results for grade A arc sihown on Mg, 3, The resaistance 1s
comsidersble, The pressure difference Ap when plotted against the outlet velocaty
gives a gentls curve through the origin whachk is convex upwards, When plotted
againat the inlet velocity the curve is concave upwards and when plotted against the
mean velocity & straight line results - showing that the flow is of a truly viscous
type. TFor the bemefit of those who are used to thinking in terms of a preasure
coefficient,defined by CP = EVZ,where V 15 the meam velocity, " graph of Cp

2

sgninst V 13 shown, whaich is hyperbolic, For instance,at V = § ft./sec. Cp = 15,000.
at 2 £4./sec. this has fallen to Cp = 3,750, Ordinary gauzes or perforated plates
have resistance cocfficients ranging from 0.5 to 20.0.

Figs, 4a and 4b show thoe results for the coarse grade E. It is evident
taat it is only at low speeds that the flow is viscous, as the curve i1s appreciably
curved in a manner suggesting that 'hydraulic' resistance is predominating at the
higher speeds, where the resistamce coefficient 1s tending to & value of 10,

Fig. & shows the comparison with the manufacturers’ results for grades A
and E, and considerable discrepancies exist, particularly for grade E. It is not
known wnether these can be attributed to o less precise method of measurement being
used by the firm, or to variations of porosity amongst specimens of the same grade,
Nevertheless, 2t is evident from tnis figure that a very wide range of porosity and
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resistance can be covered by sintered bronze,

6. PFurther Tests un Samples of Porous Bronze and on Other Materaals,

With the conpletiion of tests on the two extreme grades of
porosint, sthor grades became availlable and were tested. In addition tests
were carricd out on a Jisc made from Plaster of Paris, and on a disc of
becchwood eut normal to the direction of the grain (the pores of beschwood
beang more closely and more uniforuly distributed than in any other wood).
AlLl the specimens were approximntely 1/8" thick,

Results, - These are shown an Fig.6., The resistance of thetwo
'"Porosint' grade 'A' saumples Jiffer greatly. The remaining samples have
rosistances which are antormediate between those of grades 'A' and 'D' and
these differ appreciably frowm the values Jetermined by the makers. Plaster
of Paris has a much greater resastance than the finest porcus bronze specimen
(grade 4) for o given rate of flow, It will be noted that Plagter of Paris
and grade A 'Porosint' give o linvar relation between pressure drop and mean
veloeity of flow through the Jise,  Por beechwnd and the 'Porosint' specimens
grades B to B, the graph of pressure drop agranst velocity is curved in such
a manner as to suggest that the flow is not truly viscous at the high rates
of flow and that 'hydraulice' resistance is present.

7. Coneclusions.

‘Porosint' frow the nodel poant of view would appear to be the best
porous material s, far discovered, as it can be really attached to solid metal
parts,  Although the surface cannot at present be machined, there is a hope
that thin shuet can be culd-pressed to the correct shape. The variations of
resistance between samples of the same grade imposes limitations on model
ormatruction, as 1t would matigate against a number of sheets being Joined
tug.ther, On the other nand, more careful cuntrol during monufacture might get
rid of this $rouble,

Subjuect tH the requisite precisivn in model manufancture being
attained by prussure moulding, porous bronze, particularly the finer grades,
should meet the requarcments for distributed suctiun tests, The pores eppesr
to ba fane and clusely spaced, sc that the destabilising effects arising from
the use Jf widely spaced slots or holes, of damensions comparable with the
boundary layer thicknuss, should be absent, The resistance to flow of the finer
grades will bo of the viscous type 1.e. the pressure drop varies directly as
the velocity and inverscly as the thickness,

Plastor of Paris has toc great a resistance for thicknessses which
vould be used in model experaments and meoreover it is too fragile.

Beuchwosd is a2 possability for model work, but with the grain rupning
normal to the gurface 1t is very weak., aAlso 1t seems fairly likely that
variations _f porosity will ovcewr across the sheet Jue %o nabural causes and the
sawing oni planing processes.
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9. N.B, 8ince the publication of thas note, M. E. Hsad(#) has measurel
the zvsistance of otncr porous materials suitable for oxperiments on bowndary
layer contrel,
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