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SUMMARY
Comparatively little has been publiched on 'heavy current' fluidic
st that they have a place in aircralt

devices yet thelr advantages sugges
fluid systens. As a Tiret briefl step towards assessing their valuve to

the aircrafi furel systen designer several devices were tested, singly and

in pairs, in aV’ation kerosene. Some of the resulbs from these experiments

are given ala scussed and it is considered that further work could produce
’}

sone extrene ]thhWhA¢e information,
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1. Introduction

B G e O ot D ) Lo

As aircrafit get larger and/or more complex, designers nust continuously
be on the lookout for the means to keep the systems and thelr components as
gimple, cheap, light and reliable as possible. TFluidic devices appeared to
answer many of the design ers' dreams and therefore a brief study was
initiated, both to gain familisrity with the devices involved and to check

3

the feasibllity of their use in aircraft fuel systemsz.

Robson'carried out the first experimental work in the Departnent on a
simple vortex valve and a Coanda (wall attachment ) device. The experiments
described here have used these same two basic units, shown in figures 1 and 2,
in various forme; throughout these experiments pressure P is measured in
sig and flow @ is measured in Imperial geallong per hour.

Work by RakerZon three rormeg of fluid diode suggested that the vortex
diode as described by Heim’and Zobel®could be the most suitable so our voritex
valve wag nodified accordingly and reverse to forward flow pressure drop
ratios of around 50:1 were achieved.

Further work on the vortex valve with its one radiaT'and one bangential
inlet showed that in several configurations it was unetable due to a form of
vortex switching. Thig confirmed that for sone awnl;ca ions two radial
inlets or an amnular inlet would be reguired rather than a single radial one.

Work on the Coanda and »propor nal ax 1 fier range of devices has only
Just begun bub here one of the nma i it is pressure recovery and since
this agpuvnu 1y conflictes with certa i ot her requirements, notably load
ingensitivity, COESI@E“d cle work is likely to be requlred on the splitter

o

shape and wall angles to give thc begt compromise for a particular application.

Combinations of Coanda d@vice/vortex valve and proportional ampli fier/
vortex valve have been investigated, the latter seeming parnlculurl v promising.

acilities veed throughout have been those afforded by the
fuel tanks and system of an Avro Canada CF-100 aircraft, these are chown

iagramatically in figure 3 and the aircraft booster pump characteristic
s shown in Tigure L.

The test

1".\

It had proved difficult to predict performence from earlier reports

since in nearly all casesg at least one major parameter had been kept constant,
a situation unlikely to occur in practice. No attempt therefore has been
made to test under such convenient conditions, instead pressures and fWqu
have been allowed to vary and hence gpeclal functions and ratios have had 1
be used to analyse the resulte obtained. It had been hoped that this ne ho
would show up any unexpected variations due to change of flow etc., in fact,
remarkable congistency has been ghown oOver a wide range of conditions and it

seeng sgurprising that the '#1low functionsg adopted here have apparently not
been exbtensively used in this rield so far.



2. Experimentel vork

Thig hag been mainly qualitative due to bad positioning of the
pressure tappings in the original unite. However, fairly accuratc Fflow
measurement has been possible and calculations based on these with the pressure
readings available have been sufTiciently consistent to inspire more confidence
in the quantitative performance than had originally been expected.
Nevertheless the curves presented should not be assumed to show more than
general trends.

2.1 Vortex diode

The basic vortex element (fig. 1) was obviously a long way from the
ither Heim's nor Zobel's report was available at
the start of these experiments, although their results were known Trom
Baker' s work, it was decided to modify the element stage by stage.
Equal emphasis wag given to keeping the pressure drop down in the forward
flow direction and to pushing it up in the veverse direction. The
technigue was to change the vortex chamber depth by fitting metal or
perspex discs te the bobtum and top and to change the ports by means of
“incerts' made to it inside the existing screwed alapters.

The most convenient way of assesgsing the performance was by means of
a 'flow function’ equal to flow divided by the square root of the pressure
drop.

a
.

Early improvements raised the pressure drop ratio (equal to the square
of the flow function ratio) from under 10 to over 20, the most significant
factor however, which confirmed Zobel's findings, was shown to be the exit
shape from the vortex body into the tangential outlet. When a new profiled
tangential insert was used a few strokes of a File to round off the corners
nore than doubled thep.d. ratio to over LO and subsequent refinements produced
ratios of over 5Q.

The final configuration of the vortex diode is shown in Ffigure 5, and
its pressure drop/flow characteristice are chown in figure 6. It will be
noted that in the high flow direction the pressure drop is very similar to
that of a conventional non-return valve to it the same gized (1 inch) pipe.

For a few tests a non-kerosenewresistant plastic cotton reel wag usged
as a Ilow straightener in the axisl port (dotted in figure 5), and was
considered as being part of the diode. Befcre it distorted and began to
disintegrate sufficient work was done to indicate that although, of course,
the pressure drop with reverse flow was increased in the complete diode,
the pressure drop in the system was unchanged. Thus the extra system p.d.
previously due to the vortex continuing along the outlet pipe was equal to the
p.d. across the flow stradghtener when fitted. It was thus convenient to
add this extra p.d. to that across the diode during the majority of tests
when the flow‘straightener wag wnfit for uese.



urements obtaina ered insuff cLent7y
gate further 1mprovements or nodifications to the dicde
the vortex valve instead.

2.2 Vortex valve

ok .k o

Unlike the diode one is here interested not only in the tangential
to radiel p.d. ratio (i.e. the TDR or turn down ;auloﬁ but with the
conditions in between, that is, when there is flow into the vortex chamber
chrough both the radiel and the tengential inlet porte. In presenting
thig overall p mance the same flow function as use d for the diode
was found to be convenient and since flow measurements were far more accurate

than pressure measurements thic was plotted against the ¢atlo

. Other rescarch workerg seem to have favoured nlote against iniet

T
pregsure difference g0, to see if this would nmake any difference to the
{edmmy
N . R . ) . -
bacic ghane of the curves produced, = wag plotted againgt a function of the
) =T
- =T N . . o
pressure difference e tv {using the gign of P‘mPF)u
ey ) 4 .
‘I
Since, despite the inaccuracy laaerbp* in taking the small difference
between two larger quantities, this turned out %o be wvirtually a straight
ine, Tigure T, there is cvcry Justification for continuing to use

-, It can be seen that O_ = Q. when P_ = P_ which reflects the fact
Q. R T R T

T

that Tor this series of tests both inlebs were the same size (0.6 inches
diameter).

In this and in other curves where == becones negative fuel is entering

through the tangentiel port and is leaving throuzh both the axial port
and the radial vort, a situation usually i

Barly teste showed *i;ha+~ the vortex valve was exbremely sengitive Lo
pregsgure difference chang between the inlets In fact, it was soon
("\
oohe

i 5
d that a form of vortcx switching wvas occurring, thus confirming
63 and TippettsSthat a single r

th on of Syred, Ro o adial inlet
ghould not be used. However, not convenient to modify the valve
at the time, so further tests 1cd out w;tu Q¢ffcr€qt sized axial
cutlets and it was found that inch outlet the valve did not exhibit
this ewitching characteristic. ¢ was also felt thal the smeller sizes
would be dbetter if used with sharp edged radial and tangential ports instead
of the faired ofT ports developed during the vortex diode tests; this will
be the subject of future investigabtions.

Tigure & chows some typical results and from these can be derived the
TDRe (Larned down ratios) - in this case arnund hl»for the flow TDR and
around 20 for a pressure drop TDR. Note that both are useful measures of
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performance, as indeed ig the power index used by Gebben®, but care must

£

be taken to avoid the ambiguity noted in some reports).

A linited and go far inconclusive series of tests has been carried
cut to try and ascertain the optimum axial port size, from a TDR point of
view, to go with the 0.6 inch inlets and 4.5 inch diameter, 0.6 inch deep

W
w

S
chamber. It would appear at this stage that 0.5 inch diameter (the same
for the diode) is fairly near the optimum and Tigure 9 shows the shape of
curve to be expected.
Syred, Royle T T
night be expected by having both two radial ports and two axisl poris.

2.3 ggamda device

The hasic unit uszed by Robson*was found to have too large a supply
nozzle for the power available from a single CF-100 booster pump and wasg
aarrowed accordingly. At the same time the paral¢el gection of the nozzle
wvas shortencd to reducc tho ‘“ gsure arop Initial tests with different
lengths of splitter v e
and figuresz 10 arnd ll are faken from thie report (although both were themsely
Cerived or tak eporte). While the exact transition points

were not confirm roaao]y vﬁmv to some extent anyway, it is felt
that these Two f ures give a very good ! rJlu o@ tiumb' suide to geometry

effects. Other h;m:nsionc were chosen 'by eye' but witn regard to known
angles of expansion to give reasonable pregsure reCovery.

Switching was very eagy to achieve with the control ports supplied from
the inlet side of the device so further tests were carried out with then
connected to the cutlets With the pressure recovery being achleved at the
time, only about 307, 071Lcn;L~ ras distinctly more difficult. This was
found to be due t the comparatively low back pressures used, in some cages
ﬂv*#calr LOU¢Q not be achieved until the appropriate outlet cock had been

When tegting with no outlet votameters and with the cutlets joined by

a 'Y' piece, it was noted that considerable recirculation took place (as used

by Montgomery and Flovd for Serck!s self cleaning filter); this caused an
additional pressure drop through the system.

By adjusting the ouﬁlet cocik setting it was gsgible to establish varilous
switching delays (i.e. tine between opening the contrml cock and switching
talking place) from about 1 secend up to avout 7 seconds with good repeatabili
However no attempt has yet “eeﬁ made to ecece how this delay varies with flow,
or any other parameter, so neither ite usefulness nor ite significance has

been eastablished.

Due to the undesirable pressure drop characteristices of ths rotameters
and gince a Coanda QAVlCE/VOTtCX valve combination wasg of interest anyway,
nost tests were carried ovt with the vortex valve [itted and only a gingle
rotameter in the supply pipe. As switching within the vortex valve would

and Tippetts®also show the improvements on performance that

of the geomctry effaczc described by Robson™

ree

o

ty.



have complicated things the 1 inch diameter axial port was used in agll
the tests.

2.4 Coanda dev1ce/vortey valve combination

The performance of the Coanda device was in no way affected by having
a variable pressure drop device downstream of it since the resulting back
pressures change in both legs simultaneously.

However the vortex valve proved very useful in deriving the flow in
each leg, knowing the total flow and the relevant static pressures the Fflow
function® for the vortex valve could be calculated thus giving the ratio
QR
=~ and hence QT and Q.

Q R T
T

Further testing is planned for this combination but at this stage the
Coanda device was chenged into a proportional amplifier by fitting a very
long pecinted splitter block.

2.5 E:QQ?E&,Oé?jnqﬁrf‘tlilélﬁiiﬁé valve combination.

Although this teste was directed at establishing the performance
of a simple proport anifie the above heading is used since no tests
haves yat been CdlAi d ut with 'free' outlets from the amplifier. As
D“Dlawped earlier, joining the outlet legs at the vowrtex valve determines the

ack pressures in a particular way and some change in the amplifying
characuerlqtlcc might bhe expected with no such commmication between the
outlets.

The long splitter used was slightly assymetric near ite tip and this may
have helped create the convenient bias to the right hand outlet which fed the
radial inlet of the vertex valve. The control port on the right hand sgide was
congiderably narrower than the supply nozzle and was fed from upstream of the

vlifier, thus an increage in conbrol flow would Dbe expacted to increase the
ﬂlo in the left hand (tangential) leg at the expense of the right hand (radial)
leg thus increasing ths back pressure due to the vortex valve. Thisg worked
very well in the first and only arrangement tried before a pressure tapping
stub failed and brought the tesbs teo an early end.

During ‘hese tests flow rate was measured in the supply line and in the
control line and derived in the two outlets from the vortex valve characteristics.
Figure 12 snowe the veriation in the outlet leg Tlows with increasing control
flow slthough the smallest rotameter available was not small enough to record
below about 26 gpm and therefore a certain amount of extrapolation ig necesgsary.
Figure 1% shows Loth the variation of the differences between these outpub
flows vith increasing control flow and the resulting "flow gain',

AQC

which is remarkably high
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To eliminate the effect of the supply pump cparacterlstww, figure 1k
shows the variation of outlet flow ratios with control flow and figure 15
shows how thig affects the flow function of the vortex valve and the azpllflar/
vortex valve ccmbination.

Certain shortcomings of the arrangement used can be seen from figures
1Lk and 15; firstly it must be remembered that the vortex valve used gave

novhere near the optimum TDR to be expected, secondly the amplifier although
sengitive over part of the range did not reduce the QP to Q ratio as far as

was hoped and thirdly the pressure drop acrosg the amplifier was high and
therefore reduced the overall TDR of the combination. Further work will
aim to remedy these shortcomings.

3. Conelusions

Any experiments carried out only at sea level on devices that may find
application in aircraft are obviously of limited value. However the results
obteined are encouraging and a measure of familijarity has already been
achieved that would have been impossible from just reading other people’
reports. The Tact that reasonable results were obtained with devices
dezigned almost entirely by eye and by feel was particularly valuable in
removing somz of the mystery that may daunt a newcomer to fluidics It has
aleo opened up many further avenues which it is hoped can be explored in the
near future.
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Figure 1 Basic vortex unit
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Test facilities

Figure 3
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Vortex diode

Figure 5
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Flow functions

Vortex valve

Figure 7 Figure 9
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Coanda device

Figure 10
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Coanda device

Figure 11

Increasing load Moving splitter downstream
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Proportional amplifier/ vortex valve combination
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