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NATIONAL ADVISORY COMMITTEE FCR AERONAUTICS
MEMORANTUM REPORT
for the
Bureau of Acransuticg, Navy Department
TESTS OF AIR VALVES FCR IWTERMIITENT-JET ENGINES
AT SFREDS OF ZO AND 25 CYCLES PER SECOND

By Josesh R, Bressman and Rcebert J. McCready

SUMMARY

A study of automatic nonreturn alr valves for use in an
intermittent-jet engine has been made., A test apnaratus that simu-
lates the cycle pressure variationa in san intermittent-jet engine
wag devised and Tive types of valve were tegted in this apparatus
at speeds of 20 and 25 cycles per second, Four valve-apring and
three velve-grill materials were used. Blue spring steel was the
begt valve-spring material tried and aluminum the best grill mate-
rial. Altering the contour of the valve support structure or grill,
with the result that the valve gpring in the normal position was
arched rather than fitted to the grill along its length, improved
the 1life of the valve, The rcesults of these tests are preliminary
in nature, inasmuch as the speeds of present applicaticon are highor
than those of this sgerlies of teste and relative in that the effect
of vuriousg factors was determined.

INTROTUCTION

Jital analyqﬁq ¢f the characteristics of the Geraan robot- bomb
intermitient-let engine indicates the effect of proper valve dogign
on the over~¢11 performance of the unit., The German alr valve
utillizes a large percentage of the available crogg-gectilonal arca
for valve-support structure and regiires relatively high pressure
differentials for full cpening. Thw 1life dig approximately 30 min-
utes under actual cperabting conditions. Limitebtlion of the Tree-
flow area reduces the amount of air chargsd into the combust’on
chamber during the Intake part of the cycle., High pressurs differ-
er:tials betwson the ccmk1et on uhamkgr and the Treec DtI am cause
excegoive powsr losses because of a reversgal of flow in the tail
pirs end low chargz-air deuSLti-s in the combustion chamber., A
life expectancy of 30 minutesg limits the renge f such a misasile.
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At the reguest of the Bureanv of Aeronautics, Navy Department, a
gtudy of automatic nonreturn ailr valves or use in an Intermitient-
Jjet engine has beea made at the FACL Claveland laboratory. The
valve investigatioas reported herein coinzentrated primarily on small
cross-gectional support area, low mressure~-drop valve springs, and
length of life. Relatively large sriils [as compared with the
German-tyne valve) werc chicgen becavss tie valve-support structure
would be a smaller percentaze of the available cross-sectional area.
Relatively large valves of thickressss of the order of the German-
typo valve can be degimed for low stiffnigs in order to reduce tle
pressure difTerentlials necessary for full opening of the valve; a2
maximum 1life, consistent with low losses, was scught.

Five types of valve wore terted at gpeeds of 20 and 25 cycles
per second. Four valve-avring and taree valve-grill matcorials were
ased.

TEICRIPTION OF VALVES

4 small oross section of the Gsrman-tyve valve (fig. 1) was
prepared in order that the stead;-7low pressure drop of this valve
could be compared with the valves of NACA design. No cyclic tests
on this valve were condlucted 1n tho serles cof teste reported hevein.

Tegts at 20 eycles per second srere conducted on valve A (fig. 2),
which ia approximately five times as large as the German-type valve,

=
The contour of this valve is an nvrc of 4g~inch radius. The valve

8pring was made of thicknesses of 0,008, 0,010, 0.012, and 0.C1F inch
blue spring steel and was fastened tc the grill with the aid of a
aupport plate, as showa iu figuce 2{(a). Mcat of the tests were per-
formed with blus apving steel becauge this material has ‘excellent
spring properties and a high endrrance limit. The average composi-
ticn determined by a metallurgical examination is gsiven in the
following table:

Carpoaltion Percentaze
Mickel 0.10-0,33
Mol bdenum L3~ ,12
Silicon b 30
Manganesse Li6-2,50
Chromim LAG~ U500
Carhbon LB0-1.20

Iron Renainder
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The physical progerties of blue syring steel for varicus thick-
negses8 are presentad in the fellcwing table:

— ! o e o —
Thick- {Dirsc- §Tnnuile {Yield Percentage
ness tion treng+h strengthlelongation
(in.) jof P (Lt/sy | (1b/sq '(2-in. aage

AteS'ingf ¢n.) Podn.) length)
0.008 Pl (285,000 1272,200 3
011 P 264,700 (242,700 7
o1l | % (263,500 240,000 4
01z | P 235,900 1223,800C 5
L0112 T (213,300 ?ld,rJ” e —————

T - ek .

?Parallel c dire tion of rolling.

Trangverse to direction of vclling.

Yhen samples of blue spring steel were examined nnder a milcro-

3cope,

feilure

3

indicated,

in scme

fine

rurning throngh an inclusion in the steel.

Tests at 25 cycles per second weie condicted on valves
3) is compcsed of twc
each »f which is a gcale model of valve A,
B is approximately the same as valve A.
made of blue
and 8pring bronze.

D, and B,
2 unit,
ecticnuil area of
springs for
gteel. spring
were uged
(fig.
arill-
regpectively.
in 211

Valve B (Iig.

valve B were
brass,
tirped supoort plates (Fig
in the tests
%) ave the same t,pe as valve B with the exception that the
contour radius was changed to a 4-inch and
The valve svring was the same ag that
¢ases had a 3-inch radius.

valve

. 3(a),

of valve 8.

a(b),
alve C

Valve B

valve B with the exception that the trailing

rounded »ff instead of coming to a point ag in valve
pregented in figure 6.

of va

~
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aypparatus

ard B are
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secticn of 4 vﬂﬂyle+6 vxlvo
gure 7, A
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I APPARATIC

an

cial nine-cylinder

st up with all of the cylinders ramoved exi

sSpring
Flat,
and 6(c)), reogpectively,

the material showéd inclusions »f foreisn substances arranged
in bands parallel to the direction of rolling.
instances,

Examination of valve
cracks starting at ov

B. C,
valves operating A8
The crcas-

The
bon ahiim
rubher-

cteel, low-car
curved, and

(fixz. 4) and valve D

S-inch radius,
of valve B and

is of the sams type as
ed.e of the «rill was
B. Protegrapns

- The apparatus designed to test a gmall
agseubly Tor

intermitient-Jet engine
radial engins wis
cept the ona contwining
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he master rad and piston., Thisg cylinder was then replaced by a
ylirdsr barvel on which the test chamber was mounted. The valve
gction was mounted cn the intake side of the chamber and the
sxhaust side was connected to the laboratory altltude exhaust. A
variable-speesd dynamoucter supplied the power to drive the engine
The air flow through the valve induced bty the altitude cxhaust
simulated ram velocity of an engine in flight, The rapid riss in
pressure due to combustion was approximated by the pressure rise
resulting from the up stroke cf the piston. The suction created by
the rush of hot gases out the tail pipe in an engine was gimulated
by the pressure dr.p caused by the down stroke.

O

]
£

aQ

Frequerncy of the cycie was vaiied by changing the gpeed of the
dynamometer, Test-chamber pressures were controlled by means »f
the butterfly valve and the asltitude-exhaist pressures. At a con-
stant cycle frequency, when the butterfly valve was cloged or the
air flow induced by the altitude exhaust was reduced by increasing
pressures downstrean of the test chamber with the aid of the
altitude-exhaust control valve, peak chamber pregsures could be
increased with only a 8light increase in the rinimum pressure. When
the btutterfly valve was opened ~r the pasgs flow was increased Fy
iowering the downstream pressurss, peak and minimm chamber pressures
cculd be lowered, In gensral, the minimum chamber pregsure was less
sengitive to controi than the peak wroessare.

Steady-flow apparatus. - Losses in total pressure with a steady
alr flow were dstermined with the aid of the apparatus shown in fig-
ure 8, The valve section was fastened to a transition plece that
changed from a rectangular crogs azsctlorn te that of a civeular pipe.
Tr.is pipe was connectsd to an osifice and then to the altitude
axhaust., A static-ring and a total-pressure tute were placed sufii-
siently far d-wnstiream to permit the flow pattern to stabilize, A
total -presaure survey was taken in a vertical plane and the lcss in
total pressurs was averagsd o~ver the area of the pipe. DBecause the
Reynolds mumber at the total-pregsure tube was of the order of
200,000, the total pressure averaged over the area was assumed to
be approximsately ejqual to the total pressire averaged over the mass
flow. The erntrance and the friction lesses In the syitem were
determined at various mass flowd without the valves., These values

were then dedacted Trom the gross losg determined with the valves.

The static-pressure-ring and the crifice readings were used
a8 a check cn the total-prossure tute swvey. The crifice measured
the mass flow and the density at the tosgt station was determired by
‘the atatic preessure, The mean velocity and the velocity preasure
at the test statiomn was then ccmputed, ¥rom the velocity pressure.

o

Ell
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ths votal-pressure logs averaged over the ares was checked. Dev!
tirms in the values ol 1vgg calculated by the iwo methods averiged
avrroximately 1 mercent,

QQLQ“ﬂu1S*£PE_§9:meTPJDE netural freguency’of the valves. -
The natural Trequency ¢ ,f the valves was detormined by an elccfro
nagnet conrected with an audic-oscillotor. The spring-steel valve
wid clamped n oo vise at the same polint at which it is fagtencd in
osctial test instullation. The elsctrumagnet w.s dbrought close

o the valve and the freguency »T the alterncting current wus varied
by the aundio-ogcillator until the valve was set into sympathetic
vitrations. The lowest Irequency st which this vibration cccurrcd
i c¢cnlled the natursl frequency of tho valve.

The natural froquency o a valve 3s an indication of its atiff
n688, which in turn controls tae steady-Tlow pressure loss and the
nresgure d‘l.&TOntldL reguired to cpen the valve. The higher the
natural Trequoncy of a valve the atiifeor it will be; conseguently,

a greater vressure differential ig necessary to ospen the valve £lly.
The steady-flow totul-vreossure loss will slso be larger iF the valve
does not open fally.

dngtrumentation for cyclic-test a.paratus. - FPressure Jluctun-
tions in the climber downstrerm of the valve wore measured 1Ly a
piszoelectric crystal rreusure pickurn and wore recorded as vertical
deflectiong on an oscillecscope. The pregeure-pickup characteristics
wore callbrated by o balanced-oregsure disvhragm pickup that per-
mitted the determinsation of the absclute value of the maximm vren-
sure in the cycle. The horizontal swecp on the oscilloscope wois
cbtained by an angular-gsweep notenticmeter that wns rigidly connected
toc turn with the engine shaft and maintained a substantinlly line o
rolation betwesn the sweep and the engine crark angle. Thus, the
rolation of pressure to crank angle and, therefore time (inasmuch 8
the cycle froquancy is known), wes determined. An averaged pressire
Tcr the cycle Tor use in chocking the vrossure pickurn dats and in
regetiing test conditinone wis obtalned by menns of a static-rressure
tar and a collector tank.

Valve motion wig obsorved by means of .« stroboscope taat waag
controlled by sn electric contactor. Tho contactor was gecred to
the sngine ghaft and by shifting the vosltion of the commutmtor
brughes, a flagh on the strobogcope could be achieved at any crank
apgle dosired. In this manner, the relation of valve Josltion with
crank angle, and thorefore time, whg found. By meang of the
presgure-time and valve-position-time records the velve movemant
w28 related to the pressare Tluctuations,

The: mean wags Flow was meagured by an oriflice far encugh down:
atreem from the ~reasure chamber to make the stntic-pressure

readings f-irly sonstant.
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Cycle frequency was determined by measuring the rotative cpeod
of the engine with the aid of a chronometric tachometer concleting of a
gtandard aircraft slectric tachometer and a combination revelusion
comnter-timer.

RESULTS AND DISCUSSION

Valve failures were classified ag either fraying or flexing
failures (oplits). A fraving failire is characterized by small saw-
tooth cute here chips of metal have Teen broken out at the tip or
trailing edge of the valve (fiz. 9(a)). A flsxing failure cccurs
back from the tip and is characterizad by a split in the material
along the linc of bending {(fig. 9(b);). Occaslonally large vicces of
valve material Tlew out when fallure started as a fléx split. A
valve was considered tc heve failed when the first digns of fraying
or splititing were noted. In most of the cases, a vaive consldered
& Traying failure still szaled and might have continued to operate
gatisfactorily for scme time. In orier to esvablish a uniform
standard of testing, the bime at shich initial failure occurred was
considered as the critericn ¢f uvoefl life.

Tests at 20 Cycles pzr Second

All tests at 20 cycles por second were comducted on type A
valves. V¥hen a flat valve abproximately 0.005 inch thick was tested
with a steady flow of alr, the valve had a tendency to flutter. By
meena of a stroboscope, the valve was obgerved to take a curved
ghape on reachlng the full-open position and to form a venturl sec-
ticn. The low pressuwres in the venturi tended to pull the valve
down. fhe air stream 1iftcd the valve again and the prccess repeated
itcelf, which resulted in Tlutterin;. In order to eliminate this
action, a circular valve was designed to straigihten out into a plane
when fully open inestead of takiag a curved shape. The result is
that the contour of valve A (fiz. 2(a)) 1s an arc of single radius.

Steedy-flow losses. - Stealdy-flow logsss are shown in figure 10
for three type A valvea of varicus bhicknocsses. Valve A 1s con-
sidcred a "soft" valve (as opposed to "stiff" in describing the
Gorman-type valve) and has a low total-pressure loss.

The effect of grill meterial . - The following results were
obtained fiom tests cn steecl, aluminum, and bakeliite grills in order
to demonstrate the effect of grilil material on valve life:

@
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Grill material Life
(min)

Steel 20
Bakelite 53
Aluminum Cver 100

Inaertg »f vakelite and of rubber 1/8 inch thick were placed in the
trailing edge of .the steel rill to prevent fraying. Tests of
0.012-inch-thick valves showed a life of €9 minutes without the
rubber insert and 78 minutes with the insert. No noticeable increase
in 1ife wag noted with the bakelite ingert.

The e sffect of upper-plate material. - In the course ol the ,
cyclic tests, 1t wag found that type & valves frayed as they hit the
upper support plate when opened (fig. 2(a)). For this reascn, it

ig protable that ingerts in the gritl d4i1d nct result in any remark-
able improvement in valve life. A rubker strip was cemonted t:o Lthe
upper suppert plate to absordt the impact when the valve openel and
increase the valve life. Tests with an 0.012-inch-thick valve and
steel grill regulted in 36 minutes of lzfc with a steel suppor

rlate and in excess of 7% minutes with a rubter-covered upper support
plate. An aluminum plate was more sutisfactory than the steel plate
tut not so good as the rutler-coversd plate. Urdouttedly, the
crdinary rubber used in these tests would be unsatisfactory for use
in an actual umt, btut a high-temperature silicon rutbter or plastic
might be used in its place.

An attempt was alsc made to absort the impact when the valve
opened by means of a piece of spring steel bent t. form a suppori-
plate gpring, as shown in figure 2(c). The life was only aseveral
nminuses.

The effect of valve thickness. - An aluminum grill lested with
a pubber-covered upper plate showed a variatior. of valve 1ife with
valve thickness as follows:

Tliickness Valve 1life
(in.) (min)
,
0,010 Dver 100
.012 Over 100
.C10 14

oo8 11
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@ ffe t &f valve material. - The trailing edge of a valve
was annealed to a depth of 3/4 inch, from a Rockwell hardness of
C-R5 bo C-30. NG increass in l1i1fe was noted. Failluroe cccurrad art
the Jjunction of the annealed and the.wnannealed sectlon as well A3
at the tip. In an attempt to absorb the impact stiesses with a
scfber material, a strip of low-cairbon shim steel 3/8 inch wide was
3ilver-scldersd to the trailing edge of the valve to form a dontls
thickness at the tip. This valve falled after several minutes,

Tests at higher gpeeds and pressues. - A1l the fﬁrpgcinc
results on valves were nbtained with tests in which the maximm ard
the minimum cycle pressurss were of the oider of +2 pounds por
squale irch gage. Steeds in excesa of 2D cycles per second or
pressures higher than 42 pounds per square inch gage resulted only
in rapid fallure, Valve A i3 therelore cir rgide~ed unsatigfactory
fior use in an intermifttent- jot engine.

Trgts at 2F Cycins per Second

The Tirst tests at 25 cycles per asscond were conducted oo
vilve B. The natural frejuency ~f valve B for var~ious thicknesses
is ag followa:

Thicknnss Frequency
(in.) (cycies/sec)
3.008 35
.01o A4
.G12 a2

Steady- fl“w icsses. - Steady-flow in3ges for valve B are shcwn

in flfUT“ 1G. In the cass of the 0,008-inch thickness, the lcas or

valve B 18 amest twice that of valve A, whereas for the 0.01C-inch
thickness +the loss for valve F ois aimeost three times bhat of

valve A, The losses in valve B, hovev are gtill fay below tlose
of the Serman ty;r and conzegn “"3 val;e B is congidered a aoit’

valve. A mart of a German tyype vilve 21ill assembly was jrepared
to fit the t,s+ gsoblon in which valve A was teated (faig. 1).

Steady-flow losses for the German tyre valve are also shown in
fi LEEue 10.

The effect of upper-plate alterationa. - A3 'n the case of

valve A, \t was necessary oo absmT the impact caused Ty the valve
s%r;k g the aupport plate wvher @panﬂd. Teats run with a valve of

"]

L0 L0~ ench thicknees with flab, ¢ rved, and rutbher-surved sunpt
1}'tps resilted in the fellowing valve Lives:

“
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Sunport plate . Valve life .
(min)
Flat al'minum (fig. 3(3)) 12
Curved zluuinum (fig. A(t)) 31
Rutber-tipped curved alminum (fig. £(c)) 67

'—1

e purpose of the curved support plates was to cause the val
Lo ‘}ex and slow dowr beforye the tip struck.

The effect of valve mJterlul - Varjous typeg of valve mnteria

were vested vnder 8imilar crraitions. The resulte place the mate-

Ve

1

‘ials in the following ovder of dscreasing Live: tlue spring steel,

1
iow-carbon shim steel, spring trass, and spring bronze.

The effect of cycle jressure. - With meximum and minimum g
gures of pprox1m¢fnly 12 potnds per sguare inch, the 1life of a
apring-steel valve 0.008 inch thick was b minutea. VWhen higher

pressures were tried, immedlate vilvs failare occurred. The valves

were gubjected to f JV1n? along the trailing edge similar tc the
failures ncted in valve A, (See fig. 9.) A possitle explanation

ITES-

for this rapid failure may be found in the characteristlic operation

of this valve., The valve appeared tc have a whip-like actlon in
zlosing; that 1s, the end of the valve near its point of fustening
vould follow the contour of the grill for approximutely half itg
iength, at whish time there would be 2 tendency for the rest of tae
valve to anap or whip shut.

The offect of altering the grill contour. - In order to el dms -

reto Lais waipping action, the grill contour was Tirst altered as
shown in Jlguro 4 (valve C) and then cut away once again as shown
- figure & {valve D). These alterutions left the valve unguppovy
71111 work for mest of its length in the normal positlon. The
aniting valve action was noticeakly 4if feren+ The valve nd
cnoer whipped shut but tended to descerd to its deat with a [ixad

<oy

i
Ty
re

15

curvature over most of its length, to hit the grill on the tip, and

Lhen to collapse and fit the grill along its length. The tip had

a terdency to hit edgowise vuather than flat and glide forward «long

he srill corntowr as the rest of the valve seated on the grill.
eate on valves B, C, and D of 0.01L0-inch thickness with pressurss
f 2 or 3 pounds per sguare inch gave the following resulta:

Valve Life
{min)
B o5
C :
D 158

sed
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The relation of valve-tlp position and pressure variabticn with
engine crank angle or time for one cycle !s shown in figive 11 for
valve C as a representative curve. The 1ifs of this valve was
138 minutes at which time the valve falled in flexing. The pressure
measurements were not accurate bezause vibrations from the engine
were detected by the piezoelectric crystal plckup and superimposed
on the pressure vecord on the oscilloscope. It was therefore neces- .
sary to choose an average line from an oscilloscope btrace approxi-
mately 1/4 to 1/2 inch wide.

The valve cpened in approximately 45° or 0.005 second and
struck the top with a velocity of approximately 18.3 feet per second.
It then rebounded until it was about half-way open, was again picked
up bty the alr stream, opened about thise-fourths cf the way, and
finally closed with a velecity of 13.2 feet per seccnd, The opening
and the closing striking velocitiss wevre considered to be represented
by the average slope of the curve during the cpening and the closging
parta of the cycle, TFor approximately 0.0044 second after the valvs
tip touched the grill, the valve had not completely closed agalnst
the grill and sealed, Similarly the valve tended to ungeal before
the valve tip started to open.

Valve E was made by rounding off the trailing edge of a grill
of the same type as valve B (fig. 4(4)). The valve-spring tip now
had to bend before hitiing the grill and in so doing had the opposing
gpring force decelerating its metion prior to hitting the grill.
The tests showed that the valve would not seal completely and,
therefore, were discontinued. Subsequent tests, however, indlcated
that it was extremely difficult to degign a grill whereby an’
adeguate spring ferce could be used for deceleration without
resulting in a permanent deformation of the valve at the point where
the radiuz of curvature of the grill contour changed abruptiy.

SUMMARY JF RESULTS

Tegts of five types of nonretwn air valve were conducted in
a cyclic-test apparatus at spesds of 20 and 25 cycles per second t
determine the effects of varicus changes in srill contowr and grril
and valve material. The following resultis were obtained:

1

1. The tests on valve A at 20 cycles per 3escond demcnstrate
that of the grill materials tried, aluminum was most satisfactory,
that annealing the spring steel was detrimental tc the life of the
valve, that there is a minimur thickness for any specified life
axpectancy, ard that the life of the vnlve doves not vary linearly
witihh thickness.
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2. The *tests on valves B, C, and D at 25 cycles per second
indicate that of the spring or valve materials tried, blue spring
dteel is the best and that considerable improvement in 1ife can be
attained by altering the grill contcur from that of a single radius
to one in which the valve in the normal position was arched over
the grill (as in valve D). A valve of this type requires pressure
to geal.

3. The results of tests on valve E were Iinconclusive,

Afrcraft Bngine Research Laboratory,
Natlonal Advisory Committee for Aeronautics,
Cleveland, Ohlo, May 8, 19450,

viw






£-288

NACA MR No. EDEO0S8

H

[
==
.

|
ﬁéﬁ

JIN
[

L]
33 J
4 M
(a) Rear view,
a
- !
- !
—— e e — - t
o TS~ |
\\ I
——————— o>
_________ !
// !
- |
_______ [
=55 T
~<_ |
\\ |
————————— =
—————————— -
- t
-7 [
_______ ]

(b) Side view.

figure |. - Section of German-type valve used for steady-flow

tests.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA MR No. ESEOQ8

Point of fastening
Upper support piate

(a) Side view,

1

ij Seven equally spaced ribs %gthick

1
8
(b) Rear view.
Steelplate

4<<:§;;ang-steel support

plate

Spring-steel valve

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(c) Sering-steel support plate.

Figure 2. - Sketches of vaive A,
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Rear view,

Figure 3, - Sketches of vaive 8.
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Support plate

27

Valve qrill

(-7 Valve, 3" R

Figure 4. - Sketch of valve (.

- —

valve grill

Figure 5, - Sketch of valve D.
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{a)

{c)

Rubber stripJ///

Curved support plat:&

Side view of valve A. (b) Side view of valve B.

Side view of valve D, (d) Side view of valve E.

Q

Figure 6. — Photographs of valves A, B, D, and E.
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Figure 7. - Apparatus used in tests of air valves for intermittent-jet engines.
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tal Failure by fraying at valve
tip or trailing edge.
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a

Flex split

(b} Failure by flexing.

Figure 9. - Typical valve failures,
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Figure 10. - Loss in total oressure at various mass flows for valves
A, B, and the German type. Cross-sectional area of valve test sections,
approximately 9 square inches.
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