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In order to assist in the design of neumatic systems for aircraft
some information on the flow of high pressure air in smell pipes is
urgently necessary, TFairly extensive search has revealed little useful
information on this subject and aecordingly a number of crperiments have
been made, from the results of which a formula is worked out which is
shovm to g:we reasonably nccu.rate results for pipe sizes up to 3" o.d,,
and pressures between 50 p,s.i, and 1250 p.s.i. The free air flows
occurring under these conuz* ions are in the rezion O - 100 oy, f£t./min,

.

Introduction

With the more general use of pneumatio systems in aircraft it has
become increasingly necessary to have some fairly simple and reliable
method of assessing the flow of high pressure air through small pipes,
Fairly extensive search has not revealed any source of information on
this subject which covers the conditions of pressure, velocity and pipe
diameters obtaining in aireraft and tnr’reforb this aotf is intended to

rovide & method whercby an estimate of tno performance of a pneumatio
system from this aspect may be made,

A large number of experimental results were obtained with different
pressures, flows, pipe sizes and leagths @nd a formula has been obtained
which corresponds reasonably well with these results,

2 Experimental results

" Three sizes of copper pipe werc tested of outside diamster 3/16",
4" and 2", The wall thiekness of all three vas 20 s w g. These wore
considered. to be representative of the sizes likely to he used in an
aircraft pnewratio aystem., Tests were made on-a sawumber of lengths in




ach size a
"l "

1 . - o,
L rt rt B85 Pt

Sn
.

The high pressure air was obtained from large capacity air
cylinders ani the pressures at each enl of t} ipe were measured by
standard bourdon tube gauges, The pipes were in lengths of 10 ft. to
14 £t, and these re Joined together by staudard 1100 series A,G,S,
couplings, The flow was measured at atmospheric pressure by Rotameter
flowmeters up to 15 cu.ft./min and above that by a Iritish Standard
orifice meter to B,8.1042, The inlet pressure vas controlled by letting
air from the large cylinders iato a smaller capacity attached to the pipe
length, and the back pressure by means of Pinely adjustablo restrictor.

Flows up to 70 cu,ft./min, at pressures up to 1250 p,s.i, were
rocorded,

A diagram of the apparatus is shom at Fig,1l, It was found that,
for any given pipe sizc, other conditions being equal the flow varied
inversely as the square root of the length, Furthermore the ratio of
the flows through two pipes of the same length but of different diameter
under the same conditions of prossure and tempcrature was nearly propor—
tional to the ratio of tho cubes of the diameters and this index was
therefore chosen as giving a simpler and more rational formula than a
possibly more exaot value, The inaccuracy resulting from this was corrected
by choosing a different frictional constant for each pipe size,

Flows multiplied by the squarec root of the pipe length and divided
by thc cube of the pipe diameter are plotted against inlot pressure at
Pigs.2, 3 and 4 showing the justifiability of thesc choices of indices,

Some actual flow results are plottcd at FPigs,5, 6 and 7 together
with the theorctical curves obtaincd from thc formula given below, These
show the degreo of agrvement obtained,

Throughout the tests the temperature was kept constant botween
59C and 10°C,

3 Symbols

o - velocity of sound - ft,/scc,

da pipe diametcr - f't,

g acceleration due to gravity = ft./sec,?
arbitrary indicos s ARSI =
arbitrary constants
pipe length - ft,
pressure ~ poundals/sq, £t, abs,

inlet pressure - p,8.,i, abs,

inlet pressure - potm-ials/sq.ft. abs,
back pressure - pP,8,1i, abs,

baok pressure =~ poundals/sq,ft, abs,

-2
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tmospheric pressur =~ peS<i. abs.
mospheric pressure ~ poundals/sq.f't.abs.

temporature of air

atmosphoeri yolob 4¢]

V‘:llr(.’..u_:’ of air i 1LPO

volumo flow of free air

voluue ilow

~ -li 3

viscosity of ai ~ 1be/ftesoc.

density of air -~ 1b./cu.ft.

density of aimosphero ~ Ilb./cu.ft.

Theorotical analysis

Using the above symbele we havo from dimensional theory,

L <Pvd)m (X_)f pv?
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Assuming an expansion law of the fom
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Now fram the experimental results it appears that

=L mi2fe5
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i.e. = 41

80 that the original dimension equation may be written
dpP k' v2

_— = e * —

dL, a2 o

and the final result becames

Py 3/2(141/n)

1 e Jeslee
CET S S S L €
3/4(241/n) 23 S L e T

q )
7 in
B HE o~ Po*

and converting pressure to Pe-s.i. and including the effect of temperature
we get

2 e /)
VL Eo_*_ 2,13 x 10° k oY / 2 1_;23/2(1+ n
W 2(1/n) a3 (T a pﬁ* —~JimJ? (Pl
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where = Lde
12.25 x 10™° 1b./ft.sec.
76 x 1072 1b,/ou.rt.
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fheoretical curves of V againat p are plotted at figures 5,
wyl 7 aine 1080 aro tho only anes which can usefully bo campared with
the experimental results as only free alr flows can bo easily moasured.

At Fige.8 tho variation of with pipe diamoter and n with py

are shovm, as obtained fron tho oxperimental results. It is probablo
that n in fact variecs along the pipo as tho prossure falls, but since
this would groatly cuamplicate the fomula and the results are in rcasonablo

agroanont as shovm, n  has boon assunod constant for a givon inlet
prossurc.

Tho flows at which sonic velocity is thooretically reached at the
Lovr proasure ond of tho pipe are shovm in Pigs. 5, 6 and 7.

Attached: Figs. 1 to & - Dry. Nos. SME.16150/R to
SUE. 16157/R inclusive.
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