NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

TECHNICAL NOTE NO. 10C8.

THE USE OF MULTIPLTED PRESSURES FOR AUTOMATIC
ALTITUDE ADJUSTMENTS.

By Stanwood W. Sparrow.

The efficient performance of an airplape requires that cexr-
tain adjustments be made as the density of the air through which
the airplane passes, becomes changed, Hence, there is the Palti-
tude control" of the carpuretor which enables the »ilot to main-
tain the desired air-fuel ratio. Recent 6e$elopments have in-
creased both the nuwber and importance of such adjustuzsnts, For
example, the safety of the over-dimensionea engine depends upon
careful manipulation of spark advance and thrott;e ocpening and
a proper control of a variable pitch propeller, if the maximun

srformance of the supsrcharged engine is to be obtained, It is
s7ident that %here ig a real need for satisfactcry devices to
12ke such adjustments autoratically. The follcowning discussion
deals with a method of autoratic compensatiam which czssrves, bub
never to the writer's knqwledge has received, consideravion in
t:e design of such devices.

Prior to this ciscussion a few remarks corcerning existing
schemes for autcmatic comrensation seem desirable, The majprity

of these schemes depend upon some contrivance which functions

primarily becavse of changes in atmospheric pressure, Though
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u.dinfluenced by temperature, these devices are usvally arranged
so that the adjustment effected by a change in pressure cormpen-
sates also for the change .n temperature by which it is normally
accompanied. Hence 3the inability of these devices tc alter an
aajustment solely because of a change in terprerature is of minqr
iwportance except in rare instances where the temperasure is far
removed from its normel value., Néarly all of thesz automatic
controls are essentially the same in yprinciple. Their chief ele-
~2nt is a tight chamber oontaining a gas Tusually air'. When %tne
~-tmospheri€¢. pressure changes, the resultant chanes in the diffe--
zuce between it and the pressure of the 2zas within the chamber
causes motion of some wall of the chambsr., This moticn effects
the desirea adjustment.

Iz suck dsvices a lezk ia the sup.o0sedly vi.at chauoer weans
utter failure., The elimination of this scurce of dangsr is one
of the aims of the rethod cf altitude compensation about to be
described. To this ernd the most important step is a change in
the method of operatinc the automatic device, The chanze suggest-
ed is to make the scurce of operatiorn the 3if-ecreace tetween at-

ressure

1t

mospheric pressure and some multiple of etmos;lieris
instead of the difference between atmosrheric rressure and that
nf a gas confired in 2 tight chamber. Following are tabulated
values of the difference between atmospheric pressure and twice

~-.d ten times atmospheric pressure respectively,



irproximate Barometric  (3-1) Atmospheric (10-1) Atmosgheric

Altitude. Pressure’ Pressure. Pressure.

feet Cm. Hg., 1b./ s3.in. 1b./ sq. in.
Sea level 70 14,7 132
5,000 83 12.23 1xC
10,000 52 o By | o1
15,000 44 8.5 T
z0,000 35 . 7.0 - 63
QV,OOO 30 5.8 53

Using 2 as the multiple gifes a force for orerating the ad-
justment equal to that which would be obtained in thae convertional
device if the sealed chamber were completely evacuated. With the
higher multipies sufficiznt pressure is cobtainsd to make it un-
necessary either to provide a relay or to rake the unit of larze
dimensions to care for adjustments whose operation requires con-
siderable force.

The acéompanying drawing shows & possibtle device based on
this method of 2ltitude compensation, The multipzlication of
pressure is obtained with a pump comparable in size %o those now
used for supplying pressure to fuel systems. Tor a pump of this
type the following relaticn is true:

= p. (=21}
Pg= Py (75’0

shere
Pl = absolute pressure at becinning of comprression strcke.
Vl = volume at beginning of corpression strcke
P5 = absolute pressure at end of compression strcke.
n- = exponent having a value between 1,3 and 1.4,
Vo = volure av end of compressicn siroke,

V,, Vg, and n are constant for any given pump and hence the quan-

tity (%é)n is also constart. This relation can be chosen to give
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any multiple of the initial oressure that is desired. Sincq,_

with adequate port orening, Pl is very néarly atmospheric pqesm

_sure it is evident that the compression pressure of a pump of

this sort is a constant‘multiple of the pressure of the air
which surrounds it. Thais is the conditich sought,

A study of the crawinz will make the action of the device
clear, When the'piéton is at lower center, air enters the cyl-
inder through Port A, On its upward stroke the piston first
Closes this port and then compresses the air above.it. This
2ir as soon as its pressure is Sufficiéntly high opens check
valve C and passes into reservoir B, The process continues until
the pressure in B is aprroximately the same as that in the gylin—
der at the end of the compression stroke; From then on, thé'
plston merely compresses and re-expands the sams charze and ifs
operation rsquirss an amouat of power only slizhily in'excess of
toat necessary to overccme the piston friction, If the pump were
exactly as aescribed it would function satisfactorily ornly when
the airplane was daescendins, that is to say, when the compressiqn
pressure was increasing, Vith the compressicn pressure decreasing,
as in passing from a lower %0 a higher altitude,.qheck valve C
wvould fail to open and the pressure in B would ceass %o be a con-
stant multiple of the pressure of the surroundinc atmosphere, The
Temedy is to oren positively a passace tetween the »ump and reser-

voir for a short time durings each cycie. This permits an equali-



zation of reserveir and cy.inder pressures rezardless of

whether the atmosrheric pressure is increaszirn: or Jdecresasing,

To secure this positive openinz check valve C, ac shown in the
drawinz, is provided rith & boss which cones in contact with
the piston head causinz the valve to be lifted frox its seat by
about one thirty ssecond of an inch at each revolution,  When tae
pressure in reservoir B chanies, D, cne of its confininz walls,
moves until the sprinc preséure on one side balances the ¢iffer-
ence in pressure between the gas iheide and that outéide of
this cylinder. It is the rovement of D which actually effects
vhe desired adjustuent.

A device very similar to that showsn in the Jdrawing was cor-
constructed at the Burcau of Standards and subjiected to & few
tests to cdemonstrate that it would operate essentially as ex-
pected. These tests showed that with a pump of srall dimensions

care should be taken to ensure that piston ana rings fit nicely

~or that the piston be equipped with leather or some ejually sat-

1sfac£ory type of packing, With a loosely fittinz piston the
compression pressure decreases ﬁith decrease of sreed sresumatly
becagse of the lonzer time allowed for the =zas to leak by the
pietoﬁ at the slower speed, This peint is of importance because
a device of this sort can be driven most conveniently directly
from the engine and this means that it must operate at variable
Speedé. Increasing the pump size does much to minimize the dif -

ficulty from leakage in that it increases the amount of air
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handled more than i+t increases the dircumferential.area <hrough
which leaksgs can take nisce. In fact if thé'inérea;e in pump
size is obtained by lencthening the stroke the circumferenf151
area is not increased at all. Strase‘has been placed én this
leakaze problem not because it is considered & trouble very dif-
ficult to overcome, tut one that it is'very nscessary %o overccre.
Yorwarned of its existence the designer will adopt the sane pelizy
of at first building units of somewhat greater capacity than ap-
csars necessary and then decreasing‘their size as better mesthods
of piston packing are developed.
The mechanical features of the device can be altered in
_countless ways wvithout chansing its basic prirncipie of operaticn,
One interesting poseibility, particularly in view of the leakage
problem, is %o use a "sylphon" type of pump and to replace the
reservoir movable wall D by a "sylphon". The "sylphon" which is
a trade name for a type of copper bellows, has an advantage over
the cpnventional “ype of piston in that it requires no packing
gland, * .
There remains to be considered what advantazes this method

of automatic adjustrent may possess, The most important of these

* 1A description of "Tne 'Sylphon' Fuel System for Liberty '127
and Wright Model 'H' Engines"™ as develorsd by the Enginsering
Division of the Air Service at McCook Field is ziven in "The
Aerial Age Weekly" of January 16, 1923 and in "Air Service In-
formation Circular", Voi. III, No, 381,
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has alreaay been stated, - the elimination Sf a chamber upon

the absolute tightaees of which thé satisfactory operation of
the device depends. To be sure the chamber still existe and
functions much the same &s in the conventional device. 8o long,
however, as the rate of leakage from this chamber, storage res-
ervoir B, does not exceed the rate at which air can be supplied
oy the pump, the adjustment will remain unchanged. Moreover a
leak of any greater ragnitude ought easily to be detected. Even
in the improbable event of the leakage exceeding the rate of
supply failure is likely to be partial rather than complete. The
reason is two-fold. First, when excessive lezkace reduces the
cressure in s%orage reservoir B, it decreases the uead prodgﬁigé
flow throuzh thesz leaks and hence tke leakaze rate, Secondiy
the amount of air supplied to the reservoir increases'beoause of

the reduction in the pressure against which the pump delivers its

charge. From the combined influence of a lower rate of outflow

and & higher rate of inflow a point of ecuilibriuw is apt to be
rsached at a pressure only slightly below nornal,

If desired theee may be conmnected %0 reservoir B a pressure

" zauge by observing which the pilot can see whether or not the ap-

paratus is functioning properly. Needlees to say ‘the danger of
leakage precludes connecting a similar gauge to the air tight
chmnber of the conventional device. The cperation of the latter
4ay be checked by other methode but these often require installa-

tions so awkward as to be hardly feasibdle.

-~
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In sealed chamber devices of any except the comrletely
evacuated typé the range of motion of the movable wall is limited
by the fact that by its motion the pressure in the crhamber be-

comes changed. This limitation disaprcars when using the device

: described herein because the purp maintains the pressure ccnstant

regardless of the motion of the walls of the reservoir, Further-
more it would be possible to operate geveral devices from a single
pump installation., This would require merely that eéch individ-
wal reservoir should have a movable wall similaTr %o D in the araw-
ing and that each should be connected by a pipe with the main
reservoir.

Whatever merit the device under discussion may possess de-
pends upon the cvercoming of some of the faulte of existing de-
vices, ?or this reason it is extremely difficult to describe %le
device without seeming to unduly emphasize such fau_ts., It is
realized that the suggested method of adjustment may have faults
equally grave and equally numeroﬁs. This note therefore should
not be construed as an attexzpt to prove the superiority of any
particular methed of autoratic adjustrsat, but as an endeavor %o
show the possibilities of a method which seems to nave received

no attention heretofore.



. 3

/Z//////éf////jf////////jy/// "

\

§ R

N

\\\\\ N
3 x%r\\ 7
A Y
AT R

p % \' 75
B N 27
g 7
2%,

SANIIINAR

NN

o~
AN

.

/4J
W

NI

N

&&\\

NN

_-D, connected to adjustment.

4 Reservoir B

- Check valveC |,

&

Air entrance

N e Port A. S
17 | 7R
: 4 P

R 75 i ® ,_7///"
Y /M///%

V4

Piston at upper center

Piston at Lig;ver center.



