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a set of low~l se pedified air valves was determined

stand tests at

In genercl, the modified engine
formance only at low simulated flight speeds.

tegts of the siandard pulse-jet engine.

Z2-inch-dlaveter pulse-jet englr

E ]
in o

rem pressures equivalent to simmlated 1lip
of O to 330 mile° psr hour and for a range of fucl-e
each simulated fligiit spesd.
pared with

ir ro
The results of these tests

ghowed an laprcvement
The predic

thrust at high simulated fligut speeds was slightly lowe:
for the standard engine, and the specific fuel consumptic
higher. From the results of these tests, it appears that

negligible change in the over-all per

exnected from low-1lcss valves.

INTRODUCT LON

formance of' the engi

At the request of thie Bureau of Aferonautics, Navy Dep
and the Alr Materiel Comuend, Army Air Forces, the NiCA h

taken a

of the pvlse-jet cngine.

study of methods of increasing the powrr and the
The nenreturn air valves in the

have been Tound to have relatively high losses end 1t wag

decided to investigate the pocuibllities of a low-loua
improve the perfornance of thisc englne.
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2 KACA MK No. E€ELS

masees of charge air, which wowld recult in highere corbucticn-shobeor
denoities at the start of conbust on and hizher pask combvsiion nres-
strec. The Liguer pevl” pressures npnould ln:ulJ in an incrence in
bcth the povwer and the efliclency of Llhe cngine. (Sce refeiwuce 1.)

An anrechioation of various types of air velve was condnctcd in
nn opoaretus trat tested a gnall gacticn of a vidse- or intermlttent:
Jet engine volve grid (raference 2) and o lov-less valve wan i.velomca

-

that could be substitutsd for the standard valve without fulkq hale it ol
ation to the <ngine.

The periovmancs of a 22-inch-1ilmeter pulce-jet engine with the
low-leous nodifdled alr valven wag Jebermined by thrust-stand teects atb
the NACA Cleveland lauormtu‘d . Ard 105, The results of the texts
at simulazed £light velocitins T&Tjind from O to %50 miles per hour
end a rzivze of fuel Tlowe arc combnired with tho tests of the standard
engine revcrted in referelice 3.

DESCRITULTCE OF LOA-LOSS MUDIPIED VALVE

The low-lcss mncified air velve Tor direct epplication to the
Tulse-Jsb enzine grid and the sotanlovwd ralve are chown in figure 1.

The modified valve counsicte of tws pieccs of Llue erring gtecel factened
tonether bty vrivets. The valve 0.0C6 1ach thuick and the volve
body is 0.015 inch thick. 4Yhe -?nch spring is oo preformed that
the valve in the normal pesition ILLS th:: contouvr of the grid. Becauss
the valve spring end body are loonmed with the spring beneqth, a 2ep
0.006 inch hich exists iultially between the velve and the grid ccn-
tour in the cloced position. This gan is decreased by opercticn
because Hhe 0.006-inch spring meterinl cuts into the soft aluminum-
alloy grid, thereby reducing any leak:ze. The genernal dimensions

of the modified valve are the same nus the standard valve and the
modified valve can be instwlled without alteration to the ""1d or the
support vlates. TShe notural frequency of th> stondard velve 1o
approximately 125 cyclss wer cscont; wherezs that of the modified

valve 1is 55 cycles per s=cond.

TEST TROCEDUR™

The standard valves in a grid csaembly were rebpleced by a sab
of the modifiled valves and the moditisd ~rid woe mounted in a stand-
ard engine ~hell. Details of thz thimist-stend installation of the
puwlse-jet engine ard the testing nrocedure are fully deccribed in
reference 3.
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For normal ogn”°tion the engine wee started by maint
grge prescure of TU lncoen orf weter In the gurge tang ube
the emyrine and turpicg on he fuel and the spsrk. In the
four runs listed ir tanle I, storting was attempted with

alk pregsures Ascreasing from 20 to 10 inches of water.
cage ahbove a sturtinge preusurs cf 10 inches of water, th
VAs sentially sgheady. In the rest of the tests run Ly
Wltu 1 pre* are of 10 inches of watzr, the unlt cycled s

TI3T RESULTS

In order to provide = direct compariscn, the reculis
nodified engine teats are plotbted with the performarnce o
the standora uvnit tilen from the deta in referconce 3.

Combustion-nir yolght flow. - The pulso-Jet engine w.
modified valves wan Tirst tested with & steady flow of al
Pressure in the lurge ouly < unvtr‘wm of the engine -
and the correspondi “g Tlow through tile unit was metsured
orifice upsirezm of the surge trunic. The charves ol variai
{low with uvpsiresm surge-tank prescure {or the standard
engines are shown in fugure 2. For the some upstreasm pre
medified wnlt permitited A fiow of about 4.5 ponnds of aix
nore thon the gtendsrd unit.

The variation in combustion-air weight flow with fuel
during actual oneration for severil simuleted [flight spec
in figure 3. At leca Tuel-nir rotics, the air flow for t
unit weg greater than tiat of the standard engine but ap:
thot of the standard engine at high fuel-alr ratios.

Flight thrust. - Predicted flight thrust is shown in
as a function of fuel-air ratio for several simuloted f11
The stotic thrust is approximately 14 percent greater for
enzine then for the stondard engine. At low flight speed
fied valves would permit engirne operation at lower fuel-a
than the standerd valves. At a speed of 190 mileo psr uc
tarust appeared to be epproximately thv seme in e¢ther en
speeds ol 280 and 340 milee per hour and a, fuel-air ratic
the thrust of the modifiled engine was slightly lower than
the standard engine.

Moeximum _combustion-chamber precoure. - Pealr combusti
Pregsure ag a fuaction of Ivcl-nir ratio for a range of
flight speeds ig shown In Tigure 5. Data o0 svceds »f O
per hour for the standurd engine were not available “or c
The peck pressure ¢f the modified ergine appeared to be s
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than that for the standard cuvine ot spoeda of 270 and 340 niles »er
howr and ab a fuel-ajr ratic of 0 070, 4 comparicen ¢f the plots of
peal pressure and thrast for the btest veinta of the modilied eryine
indicated that these maramet:rs varied 1n n siailar mopner with fuel-
air ratio =2nd flight spee?. Altncugh the wcak pressure for the modi-
fied univ apniaved te Le somowhet Lisler thun that for the etandrord
wmit, the {1liztt fhrust b high speeds wag lcver. Tn;s nneiialy mo
rave been due to swnll errers In crch set of mewgnwarwents that did nut
compensaete euch other.

[2ala)
C

Soecific fuel conmumution. - Tlhe power specifis fusl censumphicun
and thrust sreciiic fnsl comgimpticn are chown in figvre 6. The power
gpecitic fuel consumpbtlon for “he nedificd erzine was rovghly the san
as Tor the stendord encine ot a4 gipclated [lignt speed of 1C0 milce
par hour at wtuel-air rebicos cbare 0.07C Tut became greater at the
higher cpeeds. The Shiuvst ?f;ﬂiiﬂx el connwnption for the modified
engine was Lower than tho% Ter the stindurd engine av a simulated
flight soeed of O milesg Mor beny, aporcxurabely Lne orme av 190 miles
Ter hour, and greater ot the Ligher spscds of 270 2460 miles per
hour.

.}
o

Pressvre cycls. - No change in cycle fregusnc, was noted with

the chnDe in volves. Jnctographas of the precsure cycle are shown
igure 7 for severszl simulated ilisht coeeds and fuel-air ratics.

Photograuhu oI’ the pressure cycle toir the standsrd eng'ne are siven
In referencs 3. In gencrol, the shove of the cycle waz tne oume ior
both engines and no differsnce could be roted in the tinme reguirad
for various cycle events. sucnh az induction of air, pressure riso.
ard eXpangion.

Valve 1ife. - The life of the mcodificd valves was Cﬁnoldbrub'
shorter than the life of the standerd vedlves. After tect run 9
(toble I), the valve grid agscmbly wor removed end excx,reﬂ= Two
valves had separsted, with the C.0l5-inch vieces flying cut the rear.

. . , 1.
Aprroximately 7 percent of the valves were repiaced ofter GE rinutes

of opecration because they appeared about to split or froy. The englins

24

with the repaired grid wus run for an additicnal 4= minuvtes a% the

hirh simmlated flight soeeds end the grid was agein removed. Cno
valve had scpas aued and 50 ovcrcent 7 the valves were in variovs
stnges of Tiaying, ransing from incipiont froyins t~ the locs of as
much ue hali of tne valve bedy. DPhotograpiis of the grid at'tsr the
high-ilight-gpced runs are chewn in firure 8, The valve deseriora-
tlon apgears to be greater at hish simmis ted flight speeds then ot
he lov flight spredo. With o diiforent thickness, with a differo-nt
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Pody material tliamn
subgtance =zuch

h ﬁlic Turact nbaoy
wt 1
3ibly be comaideravly dnccecnsd.

iTicd viive 1

DICCUSLICH CF RISULES

a7 the }frfo“m;nCe curves it can be sean that < of -
of tre low-“ops v ive vog to roduce the eitecco of fuel-ai

the voviwdlce, guch oo cawbucticn~-aic vwelighv flow, tarust
and thrust specilic el conswmptions; that 1o, the perle:
for the modified engine are {latter than thorse for the st

In general, on fmproverent In power and thrust specif
congimpiions with Low-loss vildves ceems peasible at tcow 17
itiss put, at hicber veslocitiss., tiis imprevement so dimi.
the over-a2ll effcct on the porformance is neglisible.

The total air flow toalten inte the cnsine in one cycle
divided ﬁnto thres parts. that tulen in Jduring the verio
the valve iz opening, that token in while the valve is fu
and nat eritering while fthe vulve ig clowing. The loss i
nressure occeurring In any of there periocde will be a func

nagg flow entering during that perlbd and the flow losses
mass fiow. The total loss for the inteke portion cof the

then, the cum of the threc individual losses.

The flow loss In a valve of the type used In the nulo
engine, aside from that reculting {rom the grid-support o
is a function of the valve pocltion, which affects the co
of the fluid Jet throush the valve. Tor two similar valv
ag the ctandard and modifled valves, operating under iden:
tions, the total lousa ifor the period during which the val:
1s preoportional to the time required for opening. Bocaue:
fled valve 1o less stiff and therefore opens more quickly
for this valve should be swaller in the cpening period.

Tor the period in vhich the valve ig fully opeon, the |
in the two velves should be the smae. A visusl inspectia:
side of the valve exposed to the conbusticon chamber indic:
both valves opened fully and hit the upper support plate.

In the lost portion of the inbake cycle, becauss ths -
very rapldily (es evidenced by the froying) and the pr@~
ccubustion vthLO 1g rizcing, vhe widr entering may be aos

orly u very omall percentzge of the total air inteke. Cor

=

the lorcg occurring during this period muy be neglecicd.
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At low flight spoeds, the volves do not open urntil the ccmbustion-
chanbher proessure hac 1a11er Ltelow Lne free-stroam enstic roessere;
whereas at high fiight epesds, the valves will open when the ccmbustion—
chambeyr pressuce falls below ram pragsure. The valves will therefors
oren earlicr In the cycle at high spe=d:, as coupared with the cycle
at lcw epesde. The tine veculred vo opea the vaive at higa flight
gpeefs will to a sialler percentosce of tae totul time for alr intake
and a smaller pesrcentage of the toual mase flow euers while the valve
is opening. Tnasruch es the effect of a low-logs vaive is noted oniy
during the pericc wien the valve is opening, the over-all effect of
reduced losses in this period beccres smaller as the flight velocity
is aincreased.

CORCINEING RIMARLS .

Coopnrison of the performance of a 20-inch-disweter pulse-jet cnglne
with standerd velves airl with nedified low-loss valves at rom pressures
equivalent to flight velocitics of ¢ to 330 miles per hour and for a
range of fuel-air ratiosg av erch ciruiated flight sve.d chowe that the
modification resulted in culy a negligihle chauge in the over-all per-
forrmance of the evgine. (Qualitarivelry, the chanues were as follows
for the various performance paraieters: Predicted flight thrust was
digher for the modified engine than for the ctanderd encine gt low
specls and elightly lowsr at high specfs. Combustlion-zuir weipst flow
and peak combustion-charier rresoures were gonerally sllgutly higner
for the modified unit. Twe power and the thrust specifi: fuel consurpticns
wrre higher for the modilied unit, except at low veiocities. The life

[ the nodified valve was consideradbly shorter than taat of the stundard

valve.

Aircraft Engine Research Iaboratory
National Adviscry Commitree IJf Aercnautics,
Cleveland, Ohio.
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INCHES

ta}) Photographs of standard valvée (left) and low-loss
modified valve (right},.

NACA
C-14743
4-16- 46
. 0.006" blue
Rivets spring steel

Bent to fit contour

0.010" blue spring of grill

steel
0.015" blue spring steel

(b) Sketches of cross section of standard valve (left) and
low-l0oss modified valve (right}.

Figure 1. — Photographs and sketches of standard valve
and low-loss modified valve for 22-inch-diameter pulse-

jet engine,

ALT-T
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Figure 7. - Photographs of oscilloscope trace of pressu e
cycle for pulse—jet engine with modified valves.
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