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By Eugene J. Mangeniello, Michael F. Valerino
and Jobhn H. Broilsch

SUMMARY

Thrust-stend tests were conducted at high thrust outputs to
determine the operating life of a 22-inch-dtameter pulse-jet engine
equipped with a neoprene-coated valve grid. The results of the
endurance tests show that through the use of the neoprene-coated
grid the operating 1ife of the pulse-jet englne, as limited by
valve deterioration, was extended to more than 164 minutes, as
compared wlth 30 minutes for the standard uncoated grid. The
average Jet thrust (not deducting the momentum drag of the entering
air) developed by the engine was 855 pounds at a simulated ram
pressure of 58 Inches of water and a fuel flow of 2800 pounds
per hour; no decrease In thrust was obteined during the entire
164 minutes of operation. This jet-thrust value represents a sllght
reduction in performance from the average 890 pounds of thrust
obtained with the standard valve grid under similar operation condi-
tions.

INTRODUCTION

At the request of the Alr Technical Service Command, Army Alr
Forces, and of the Bureau of Aeoronautics, Navy Department, an inves-
tigation 18 being conducted at the NACA Cleveland laboratory to
improve the performeance and extend the operating 1llfe of the pulse-
Jet engine. As a part of this investigation, thrust-stend tests
were conducted to determine the sea-level performance of a
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22-inch-diameter pulse-jet engine at simulated rem pressures of O, 18,
40, and 58 inches of water over the entire fuel-flow operating range of
the Jet engine (reference 1).

The results of reference 1 and of tests conducted at Wright
Field (reference 2) indicate that the operating life of the pulse-Jet
englne, as limited by valve deterloration caused by the repeated impact
forces lmposed on the valves in closing during operation, is approximately
30 minutes, uTter which & rapid reduction in ergine-thrust output is
obtained. .

Attempts to increase valve life through change of valve material
and thickness have been unsuccessful, orai reports from Wright Field,
obtained subssquent to the tests reported serein indicate, however,
that the time of satlefactory operatlon can be increased to about
1 hour by careful selection, honing, and. finishing of the valves.

The method of reducing valve deterloration lnvestigatod in the
rresent tests conaists in diminishing the velve sbock forces by
cushioning the valves turough use of an cnwvrgy-absorbent meterlal on
the valve swats. The euatlre grid ou..’ace of a production flapper-
valve assembly was coated with a Lnin layer of neoprene by mesans of
a process develored by the B. F. Goourich Company of Akron, Ohlo.
Thrust-stand endurance tests of this wodiflied valve assembly installed
in a pulse-Jet engine was conducted at hlgh thrust outpute during
July 1945 and the results are presented herein.

APPARATUS AND METHODS

The 22-inch-diameter (maximum) pulse-jet engine used in the tests
18 described in references 1 and 2. The princlipel dimensions of the
engine sholl and the positions of the valve-grld assembly and the venturl
are shown in figure 1. The thrust test stand and the method of slmu-
lating rem pressure and other installation and instrumentatlon details
are essentially the same as those described in reference 1. In order to
obtain a better indication of the valve-grid operating temperatures, the
thexrmocouples previously installed on the upstream face of the grild
(see reference 1) were transferred to the downstream face. The process
used by the B. F. Goodrich Company to neoprene-coat the valve grid is
outlined as follows:

(a) The grid sections are degreased, painted with a primer,
brushed with neoprene cement, dipped in a coagulant and then in
neoprene latex, weshed with water, and drained with the traliling
edge up.
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channele is probably to improve mixing between the cambustion alr and
the fusl. A spurk plug installed on the combustlion-chamber shell in
 the- position indicated in figurc.l .is used for startling the engine.

Figures 2 and 3 are photographs of the downgstream and upstream
faces of the flapper-valve grid assembly and show the nlne centrifugal -
spray fuel-injection nozzles, the three compressed-dair Jets, the fuel-
distribution manifold, and the compressed-air lines. The campressed-
air Jjots, which are lncorporuted for statlc starting, were not used
in the tosts.

Rosonant ovperation of the engine is as followe: The flapper
valves opcn und admit alr intc the combustion chamber, The fuel opray
mixes with the incoming alr and forms a combustiblo mixture, which is
ignited by the resldual oxhaust gases of tho previous explosion. The
prossurc rise rcsulting from the explcsive combustion causes the
flappor valves to snap ghub aegninst tiie grid and the burned products
of combustior. avo dischargedl rearwurdly throwgh the tell plre, thus
providing a thrust Impulse on She engine in a forward direction, The
outward »ust of guscs from the tall pipo roducows tho prossroe within
thu combustion chumb:or, whicl cuuses tho flupprr valves to rvopon and
adnit a now chorgo cf alr, Tho cycle then :oponko 1tnolf at a fro-
quency govorniwd by the rosonant fruguuncy of the ungino tubo.

Thrust stand nd thrust-muaparing system. - Fizuro 4 1s n sche-
matic diagram of the tust sobup eaowing tho mounting framo, thoe thrust
plioform urd thrusc-meraurlng linkego, and tho gonurel ducting systom
for supplying caombustion zir to thy onglnu., The shrouds and ducting
of tho ccoling-air cystom and othor dotaila of thu tuat lnstallation
my bu ecn in tho photograph of figuwro H. Tho fronb (upstraam)
support for tho vniing consistu of an ad justable yokn.huving floxible
rvbbor-mountud buarings at tho two support polnte lor cusihioning the
viclontly fluctuating thivet {orcec vbtainod dvring cporation. The
rowxr (dovmotroam) suppert is fixed to tho frame with a simplo sliding
bolt und slot arrungoment to provido for they expanoion of thoe shull
whon heatod during normal oporation. After inmaitial toats, tho
vxtrem. und of tho tail pilpo ws clampod to tho frume by mownn of
motal strups to provent 't from whipping nnd ongging during opuration,
Tho thiust platform, upon which the mounting framo 1o beltod, 1o
gupportod by dall and rollor buecring linkajos sbovo & budplate
gocuroly anchored to an isolitod coneroto block mut In the ground.

The thrust platform;, the support linkagesa, and the bedplate form
the sides of a pin-Jointed parallslogrem. The rear support linkages
and a thrust axm are keyed to u common shaft to form a bell-orank
arrangement with a 10:1 leverage ratio. The forces on the englne
ars transmlitted from the thrust platform, through the boll crank, to
the piston of a hydraullc piston-cylinder assembly. Xeorosene 1s
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F predicted mea-level flight thrust, pounds

V free-stream.flight veloolty corresponding to the- slmilated ram
pressure at which Fjy 18 obtalned, feet per second

RESULTS AND DISGUSSION

A summary of the data obtainmed during the flrst 43.6 minutes of
testing at varlable operating conditions 1s presented in table I. A
similar summary of the data subsequently obtained at constant oper-
ating conditions (simulated ram pressure, 58 in. water; fuel flow,
2800 1b/hr) is presented in table II. The run numbers listed in the
tablea Indicate periocds of continuous operetion of the engine. Values
of both the Jet thrust Fj (see equation (1)) and the corresponding
predicted sea-level flight thrust F (see equation (2)) are included
in the tebles.

The Jet thrust and the combustion-alr weight flow for the con-
stant operating conditions (data from table II) are plotted agalnst
total operating time In figures 2 and 3, respectively. Imspectlon
of these flgures lndlcates that the englne apparetnly operates between
a low-power and a high-power level at irregular intervals; during
the teasts this change in power level was accompanled by a very
noticeable change in nolse intensity and in the amplitude of the
{nduced vibrationa. The explenation for the sporadlc vaeriation in
power level is not known. The average Jet thrust obtained during
the constant operating condition (fig. 2) is 855 pounds and the
average combustion-air flow (fig. 3) is 10.75 pounds per second.
During the tests of reference 1 a standard uncoated valve-grid
aspembly operating at the same ram pressure and fuel-flow condltlions
developed an average Jet thrust of anproximately 890 pounds at a
combustion-air flow rate of 11 pounds per second. This result would
Indicate a slightly adverse effect of the neopreme-coated valve-grid
assembly on the psrformance of the pulse-J}ot engine, which is
attributed to the reductlion in free-flow area of the grid caused
by the neoprene coating.

The jet thrust and the combustion-alr welght flow show no tend-
ency to drop &135.2 and 3) even after 163.6 minutes of operation,
indicating that the valve deterioration at this point is of insuf-
ficient magnitude to affect performance. The condition of the
flapper-valve grid assembly efter a total operating time of
51.6 minutes and 163.6 minutes 1s shown 1in flgures 4 and 5, respec-
tively. After 51.6 minutes of operation no deterioration of the
valves was visible except for slight discolorations; which apparently
were not harmful. After 163.6 minutes of operation, omne valve was
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completely broken off near the rivet holes, evidently due to fatigne
" In flexure, and- three other valves vere beginning to split and fray
near the tralling edges. Although the valve assembly could possibly
have been oporated for addltlonal time without appreclable loss in
performance, 163.6 minutes is taken as & conservative estimate of
the life of the mneoprene-coated flapper-valve grid assembly for the
operating condition at high thrust output. This value of valve life
represents an appreciable increase ovar the 30-minute life of a
standard wnit. Observations of the temperature of thie downstream
face (flame side) of the valve grid during the last part of the
tests indicated a maximm grid temperature of 280° F, which is well
below the 320° F safe 1limit specified for the neoprene coating.

Inspection of the grid at intervals during the course of the
tests rovealed a slightiy adhesive or tacky conditlion of the rubber
coating, which caused the valves to stick to the grid. Although
thls condition apnarently did not affect the performaence of the
engling, 1t might vossibly have an adverse offect on stutic starting
of the engine. Representatives of the B, F. Goodrich Company
attributc the tackty condltion to the presonce of excess quantities
of the coagulant used in the coating process and not to the char-
acteristics of the neoprcne 1tself, which tends to harden with pro-
longed exposure to heat. They belleve that careful washling of the
coatlng prior to the drylnz und curing phases of the process will
€lve the desired results.

SUMMARY OF RESULTS

The results of thrust-stand tests at high thrust outputs of a
22-inch-diametor pulse-jet engine equipped with a neoprene-coated
valvo-grid indlcate that:

1. The operating life of the pulse-Jet engine, as limited by
valve deterloration, was longer than 164 minutes as compared with
30 minutes for the standard valve assembly.

2, The average Jet thrust developed by the englne was 855 pounds
at slmulated ram pressurc of 58 inches of water and fuel flow of
2800 pounds per hour and did not depreclate during the 164 minuntes
of operation. This value of thrust represesnts a 4-percent reduction
in performance from the average 890 pounds of thrust obtalned with
the standard valve grid under similar operating coudatlons,,

Alrcraft Engine Research Iaboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio, October 3, 1945,
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TABLE I - SUMMARY OF TEST DATA AT VARIABLE OPERATING TEST CONDITIONS
“Run |Total oper-|Similated| Fuel flow| Puel- - Combustion- |{Combustion-{ Jet thrust|Predicted
ating time |ram pres-| (lb/hr) |nozzle air weight [air temper- {1b) sea-level
of flapper |sure pressure low ature flight
valve at (in. (1b/sg (1b/hr) (°F) tnrust
end of run |water) in. gage) (1b)
(-inf
| 68.56 3400 68 39,960 80 842 668
58,7 3200 B3 40,320 77 883 707
69.0 2800 41 37,800 78 866 700
3.t 58,6 2400 31 36, 360 79 805 646
2 59. | 3400 59 39, 600 128 753 579
68.56 3200 53 38,880 128 858 688
55.5 2800 - 40 37,440 131 788 627
6.0 659.3 2400 32 36, 000 133 692 633
3 38.4 3000 37 356, 640 139 728 602
36,4 2800 33 32, 400 137 699 588
39.9 2400 24 30,960 138 699 488
9.0 40.8 2200 20 30, 240 137 551 440
4 37.6 3000 46 3€, 360 88 768 631
38.0 2800 40 35, 280 86 731 607
40.0 2400 30 32,040 87 699 583
12,0 40,2 2200 25 31,320 86 652 538
[ 68.8 3400 58 40, 320 86 867 89 |
13.6 658.9 2800 51 37,800 86 847 682
6 38.8 3000 - ————— 33,840 136 709 589
37.8 2800 40 35,280 135 738 614
37.8 2400 31 31,320 136 650 540
16.4 40. | 2200 27 30, 960 136 639 528
7 17.3 19.1 2400 ————— 30,960 135 531 454
8 B7.4 3200 ———— e 39, 600 85 794 623
19.9 67.6 2800 |-~ ——-- 37,800 84 843 679
9 69.0 2400 31 3€, 000 s 743 585
58.0 3200 Si 38, 160 130 774 608
69. | 2800 40 39, 960 132 800 624
22.4 68.7 2400 31 35,840 133 745 589
10 38.7 2800 37 33,480 134 725 606
38.8 2400 30 34,920 134 86| 537
26.0 38.9 2200 25 30,960 135 640 530
[} 37.€ 2800 38 35, 280 94 761 638
36.7 2400 30 32,040 93 723 612
37.6 40.3 2200 25 31,320 93 646 632
12 16.8 2400 25 28,080 79 644 581
20.4 2000 21 26, 840 79 558 490
30.t 20.5 1600 ——————— 24, 120 79 363 301
13 18.7 2400 25 28,080 126 586 513
9.3 2000 21 27, 360 128 509 440
32.7 19.8 1600 ,——————— 24,120 128 429 368
14 38.5 3000 43 33,48 134 703 584
38.7 2800 39 34, 200 135 737 616
36.4 37.6 2400 31 31,8680 136 . €96 685
is 37.5 3000 42 35, 640 gl 773 649
37. 1 2800 40 34, 920 89 764 642
38.2 a7.4 2400 31 32,040 89 702 690
16 57.9 3200 80 39,960 86 781 608
67.2 2800 41 37,440 84 821 659
40.9 60.3 2400 -——— 36.000 83 749 589
17 58.4 3200 50 38,5620 136 788 610
57.4 2800 41 37,800 136 784 620
43.6 60.3 2400 314 35,640 137 694 536

COMMITTEE FOR AERONAUTICS

NAT IONAL ADVISORY
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TABLE II - SUMMARY OF TEST DATA AT CONSTANT
OPERATING TEST CONDITIONS
[Nominal simulated ram pressure, 58 in. water; fuel flow,

2800 1b/hr; fuel-nozzle pressure, 41 1b/sq in. gage;
combustion-air temperature, 94° F]

Run |Total oper-|Simulated|Combustion- |Jet Predicted
ating time |ram pres-|air weight |thrust|sea-level
of flapper |sure flow (1b) |[flight
valve at (in. (1b/hr) thrust
end of run water) (1v)

(min)

18 46.8 58.4 36,720 766 605

19 49.9 59.2 36,720 766 605

20 51.6 59.0 36,360 702 540

21 58.0 39,960 876 702

56.8 37,800 814 651

59.1 57.3 37,440 838 676
22 60.0 38,520 867 696
57.9 38,520 851 883

57.5 38,160 868 703

57.6 38,160 837 672

58.6 38,160 863 696

57.6 39,600 812 640

57.8 39,600 794 621

58.5 37,080 860 698

57.2 37,800 879 716

57.8 38,160 897 732

57.2 37,440 868 706

56.9 37,800 853 690

58.1 37,440 820 657

74,1 58.0 38,520 838 671
23 57.0 37,440 843 682
57.6 37,800 853 689

57.2 38,520 875 708

57.7 39,600 867 696

58.3 38,160 894 728

57.9 39,600 944 772

87.0 58.5 37,800 873 708

National Advisory Committee
for Aeronautics
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TABLE II - SUMMARY OF TEST DATA AT CONSTANT

? OPERATING TEST CONDITIONS - Continued

Run|{Total oper- {Simulated{Combustion-|Jet Predicted
ating time |ram pres-lair weight |thrust{sea-level
of flapper |[sure flow (1b) {flight
valve at (in. (1v/hr) thrust
end of run water) (1b)

(min)
24 58.2 39,960 841 667
58.1 37,800 872 707
58.4 - 37,800 857 692
57.4 39,240 910 740
58.4 37,440 82C 657
57.2 37,800 861 698
57.3 37,800 840 577
55.3 37,800 907 746
58.0 37,440 845 682
58.0 38,520 843 675
112.1 56.8 37,440 865 704
25 58.0 39,600 839 667
59.2 39,960 851 675
60.1 39,960 859 682
57.1 39,960 914 741
59.0 39,960 926 750
57.3 39,960 788 615
57.0 38,880 861 693
56.3 38,880 788 622
57.6 39,960 872 698
57.7 38,880 890 721
57.0 38,520 890 723
59.0 37,800 862 696
58.0 39,600 897 725
58.0 37,440 839 676
58.0 39,240 886 716
58.0 39,960 865 691
58.0 37,800 860 696
142.1 59.0 39,600 900 727

i National Advisory Committee
for Aeronautics
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Figure 4. — Neoprene—coated flapper-valve grid assembiy after 51.6 minutes
run 20) operating time.
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