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SFF;piP.Y 

The performance of a 2£•-inch-diameter pulse-jet engir  using 
a net uf low -loss modified air valves vas determined in t ruet- 
stand tests at ram pressures equivalent to simulated flip t speeds 
of 0 to 330 miles per hour arid for a range of fuel-air ra ios at, 
each simulated flight speed. The results of these tests re com- 
pared with tests of the standard pulse-jet engine . 

In general, the modified engine showed an improvement in per- 
formance only at low simulated flight speeds. The predic ed flight 
thrust at high simulated flight speeds was slightly lower than that 
for the standard engine, and the specific fuel consumptic vas 
higher. From the results of these tests, it appears that only a 
negligible change in the over-all performance of the engi 3 can he 
exoected from low-loss valves. 

INTRODUCTION 

At the request of the Bureau of Aeronautics, Navy Pep ."tment, 
and the Air Materiel Command, Army Air Forces, the NACA h; 3 under- 
taken a study of methods of increasing the pover ana the t Pficiency 
of the pulae-jet engine. The nonreturn air valves in the ;ngine 
have "been found to have relatively high losses and it was .here fore 
decided to investigate the possibilities of a low-looa val e to 
improve the performance of this engine . Valves with re duo •& losses 
as compared with the standard valves should permit the fl: '  of larger 
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masses of charge air, which would result in higher cored) us tien-chartter 
densities at the start of combust:' on and higher peak cami asoion pres- 
sures. The higher peak pressures should result in an increase in 
both the power and the efficiency of the engine.  (See reference 1.) 

An investigation of variolas types of air valve van conducted in 
an apparatus tnat tested a small section of a pifJ.se- or intermittent- 
jet engine vnJve grid (reference 2) and a lov-lcss valve war. developed 
that could he substituted for the standard valve without further a] tr- 
at ion to the engine . 

The performance of a £2--inch-div.neter puJ.se-jet engine with the 
low-loos modified air valves -was determined hy thrust-stand tests at 
the JMCA Cleveland Jauoratory in Mr p, 1C±5. The resuJ.ts of the t«sts 
at simulated flight velocities varying from 0 to 330 miles per hour 
and a range of fueJ. flows arc careered with the tests of the standard 
engine reported in reference 3. 

DESCEJPTTQiJ OF LC//T-LCS3 MODIFIED VALVE 

The low-loss modified air valve for direct application to the 
pulse-jet engine grid and the standard valve are shewn in figure 1. 
The modified valve consists of two pieces of Hue spring steel fastened 
together by rivets. The valve spring is 0.006 inch thick and the valve 
body is 0,015 inch thick. The 0.006-inch spring is so preformed that 
the valve in the normal position fits the contour of the grid. Because 
the valve spring and body are lapped with the spring beneath, a gap 
0.006 inch high exists initially between the valve and the grid con- 
tour in the closed position. This gap is decreased bj operation 
because the 0.006-inch spring material cuts into the soft aluminum- 
alloy gridj thereby reducing any leakage . The general dimensions 
of the modified valve are the same as the standard valve and the 
modified valve can be installed vi-hout alto-ration to the grid or the 
support plates. The nature! frequency of the standard valve is 
approximately 125 cycles per second; whereas that of the modified 
valve is 55 cycles per second. 

TFST FROCED'OFE 

The standard valves in a grid assembly were replaced by a set 
of the modified valves and the modified grid, was mounted in a stand- 
ard engine shell. Details of the thrust-stand installation of the 
puJ.se-jet engine and the testing procedure are fully described in 
reference 3. 
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For normal operation the engine was started "by naint ning a 
gage pressure of aC inca.es of water in the surge tank up: .ream of 
the erfind and turning on the fuel and the spsrk.  In tht first 
four runs listed ir table I, starting was attempted with :urge- 
tank pressures decreasing from 20 to 10 inches of water. In each 
case above a starting pressure of 10 inches of water, th- burning 
was essentially steady. In the rest of the tests run "by starting 
with a pressure of 10 inches cf water, the unit cycled si :cessfully. 

TEST RESULTS 

In order to provide a direct comparison, the results 'f the 
modified engine tests are plotted with the performance cv *vcs for 
the standard unit token from the data in reference o. 

Combustion-air- weight flow. -• The pulse-Jet engine wl  h the 
modified valves was first tested with a steady flow of a: •• The 
pressure in the large surge tank upstream of the engine a ,s set 
and the corresponding flow through the unit was measured y an 
orifice upstream of the surge tank. The curves of variai on in air 
flow with upstream surge-tank pressure for the standard ; d modified 
engines are shown in figure 2. For the some upstream prr sure, the 
modified unit permitted a flow of about 4,5 pounds of air per second 
more than the Standard unit. 

The variation in combustion-air weight flow with fuel air ratio 
during actual operation for several simulated flight spec s is shown 
in figure 3. At lean fuel-air ratios, the air flow for t e modified 
unit was greater than that of the standard engine but apv oached 
that of the standard engine at high fuel-air ratios. 

Flight thrust. - Predicted flight thrust is shown in igure 4 
as a function of fuel-air ratio for several simulated fll ht speeds. 
The static thrust is approximately 14 percent greater for the modified 
engine than for the standard engine. At low flight speed the modi- 
fied valves would permit engine operation at lower fuel-a r ratios 
than the standard valves. At a speed of 190 miles par ho r, the 
thrust appeared to be approximately the seme in either er, ine . At 
speeds of 200 and 340 miles per hour and a. fuel-air ratio of 0.070, 
the thrust of the modified engine was slightly lower than chat of 
the standard engine. 

Maximum combustion-chamber pressure. - Peak combustion -chamber 
pressure as a function of fuel-air ratio for a range of s lulated 
flight speeds is shown in figure 5. Data at speeds of 0 ; id 190 miles 
per hoar for the standard engine were not available for c iparison. 
The peak pressure of the modified engine appeared to be s." -ghtly higher 
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than that for the standard ermine at speeds of 230 and 540 miles ^er 
hour and at a fuel-air ratio cf 0.079. A comparison cf the plots of 
peak pressure and  thrust for thy best points of the moäiiieö engine 
indicated that these parameters varied In a similar manner with fxiel- 
air ratio and flight speed. Although the ^cak pressure for the modi- 
fied uai-c appeared to be somewhat higher than that for bhe standard 
unit, the flight thrash at high speeds was lower.  Tnis orionaly may 
have been duo to small errors in each set of measurements that did not 
compensate euch other. 

Specific fuel consumption. - The power specific fuel consuraptd.cn 
and thrust speciiic fael consumption arc shown in figure 6. The power 
specific fuel consvumption for the modified engine was roughly the same 
as for the standard engine at a eira dated flight speed of ICO miles 
per hour at fuel-air ret LOG ••'bo "3 0.070 tut became greater at the 
higher speeds. The thrust specifP.: feel consumption for the modified 
engine was lower than thet for the standard engine at a simulated 
flight speed of 0 miles per hour, approximately tne some ax 190 miles 
per hour, and greater at the higher speeds of ip0 tad 340 miles per 
hour. 

Pressure .Cjypls . - No change in cycle frequency was noted with 
the change in valves. Photographs of the pressure cycle arc shown 
in figure 7 for several simulated flight speeds and fuel-air ratios. 
Photographs cf the pressure cycle for the standard engine are given 
in reference 5. In general, the shape of the ejele was the same for 
both engines and no difference could he noted in the time required 
for various cycle events, such as induction of air- pressur~ rise, 
and expansion. 

Valve life. - The life of the modified valves was considerably 
shorter than the life of the standard valves. After test run 9 
(table I), the valve grid assembly woe removed end examined: Two 
valves had separated, with the C.016-inch pieces living out bhe rear. 

Approximately 7 percent cf the valves were replaced .after 0— minutes 
2 

of operation because thej appeared about to split or fray. The engine 

with the repaired grid was ran for an additional 4— minutes at the 
4 

high simulated flight speeds and the grid was again removed. One 
valve had separated and 50 percent :>f bhe valves were in various 
sto.ges of fraying, ranging from incipient fraying to the lass of as 
much as half of the valve body. Photographs of the grid after the 
high-flight-speed runs are shewn in figure 8. The val^e deteriora- 
tion appears to be greater at high simnl; bed flight o.peeds than at 
the lew flight speeds- With a different thickness, with a different 
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bod,/ material than spr:; aß  steel, or with 
substance such as rubber, the life 
sibly be considerably Increased. 

the modified, v 
;d by a 
.gilt pOD- 

DT^CUoS •R' KlLDU-LO.3 

On the r-arformanCe curves it can be seen that cm: of - lc results 
of the low-loss '* jve was to r^uoe the ei'-ect of fuel-ai, ratio on 
the variables, such at; combustion-air weight flow, thrust and power 
and thrust specific fuel consimaitions: that is, the oerfoi lance curves 

Tor the at- idard engine - 
thrust specific fuel consumptions; that is; 

for the modified engine are flatter than those : 

In general; on improvement in power and thrust specif ; fuel 
consumptions with lew-] oss valves seems possible at low f" Lght veloc- 
ities but, at higher velocities, this improvement so dimi: Lshes that 
the over-all efiect en the performance is negligible. 

The total air flow taken into the engine in one cycle lay be 
divided into three parts.  that taken in luring the pcric-; in vhich 
the valve is opening, that taken in while the valve is fu. _y open, 
and that entering while the vadve is closing. The loss i? total 
nressure occurring in any of these periods will be a func .on of the 
mass flow entering during that period and the flow losses ">er unit 
mass flow. The total loss for the intake portion of the >. rede is, 
then, the sum of the three individual losses. 

The flow loss in a valve of the type used in the pulse -jet 
engine, aside fron that resulting from the grid-support si -ucture, 
is a function of the valve position, which affects the co: ;raction 
of the fluid jet through the valve. For two similar valv. ), such 
as the standard and modified valves, operating under idem .cal condi- 
tions, the total loss for the period during which thy val\ * is opening 
is proportional to the time required for opening. Becaust the modi- 
fied valve is less stiff and therefore opens more quickly- the loss 
for this valve should be smaller in the opening period. 

For the period in which the valve is fully open, the j .ow losses 
in the two valves should be the same. A visual ingpoctici of the 
side of the valve exposed to the combustion chamber indie? .cd that 
both valves opened fully and hit the upper support plate. 

In the last portion of the intake cycle, because the - Ives close 
very rapidly (as evidenced by the fraying) and the press: 'e in the 
combustion chamber ia rising;, the- air entering may bo assi iod to be 
only a very small percentage of the total air intake. Cor -equently, 
the loss occurring during this period, may be neglected. 
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At low flight speede, the valves do not open until the combustion- 
chamber pressure hae fallen below the fr^e--stream static pressure: 
whereas at high flight speeds., the valves will open when the combusticn- 
chamber pressu^ce falls below -rarn.  pressure..  Tue valves will therefore 
open earlier In the cycle at high speed», as compared with the cycle 
at lev; speeds.  The tne reouired to open the valve at high flight 
speeds will be a smaller percentage of tne total time for air intake 
and a smaller percentage of the total mass flow eaters wiile the valve 
is opening;:  Inasmuch as the effect of a low-loss valve Is noted only 
during the period when the valve irj opening, the over-all effect of 
reduced losses In this period beccv.es smaller as the flight velocity 
is increased« 

CONCLüCIKO LEMAPfS * 

Comparison of the performance cf a 22-inch--diameter pulse-jet engine 
with standard valves a::! with modified, low-loss valves at ram pressures 
equivalent to flight velocities of 0 to 330 miles per hour and for a 
range of fuel-air ratios ai eech csir.ujp.ted flight spe :A  chows that the 
modification resulted in only a negligible change in the over-all per- 
formance of the engine-  Qualitatively, the changes were as follows 
for the various performance parameters:  Predicted flight thrust was 
higher for the modified engine than for the standard engine at low 
speeds and slightly lowor at high speed3.  Combustion-air woigut flow 
and peak combustion-charier pressures were general]y slightly higher 
for the modified unit. The power ai'd the thrust specific fuel consumptions 
were higher for the modified unit, except at low velocities*  The life 
of the modified valve was considerably shorter than that of the standard 
valve. 

Aircraft Engine Research Laboratory; 
National Advisory Committee for Aeronautics; 

Cleveland, Ohio. 
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la)      Photographs   of   standard   valve   (  left)    and    low-loss 
modified   valve   (right). 

NACA 
C-14743 
4.16-46 

0.010"   blue   spring 
stee I 

Rivets 
\ 

7 

0.006" blue 
/     spring steeI 

Bent to fit contour 
of grill 

0.015" blue spring steel 

(bl      Sketches   of   cross   section   of   standard   valve   ( left)   and 
low-loss   modified   valve   (right!. 

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